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Abstract
Chromoblastomycosis (CBM) is a neglected, chronic subcutaneous disease with progressive development, caused by a variety of
melanized fungal species. The main etiological agent of CBM in Brazil and throughout the world is Fonsecaea pedrosoi. However,
there is a significant knowledge gap regarding the relationship between other CBM-causing species and the host, which needs to be
further investigated. We report a case of CBM in which Alternaria alternata was identified as the etiological agent in a patient with no
history of immunodeficiency or other medical conditions that impair the immune response. In particular, the patient’s skin exhibited a
predominant T-regulatory immune response, marked by IL-10 production, which may have contributed to the persistence of the fungus
in the tissue. This is the first report identifying Alternaria alternata as the etiological agent of CBM in Brazil.
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1. Introduction
Chromoblastomycosis (CBM) is a chronic subcutaneous disease
caused by at least 41 species of melanized saprophytic fungi,
with the genera Fonsecaea and Cladophialophora having greater
medical and epidemiological relevance due to the number of
infected patients [1]. The disease is mainly reported in tropical
and subtropical regions of the world, but the exact number of
affected patients is unknown due to lack of monitoring [2]. CBM
is considered an occupational disease, since the etiological agents
are inoculated traumatically in the skin of humans during field
work [3]. Socioeconomic condition is associated with this disease,
as access to protective equipment and medical services remains
a challenge in countries [3]. Recently, CBM was included in the
list of neglected tropical diseases by the World Health Organiza-
tion [2].

The onset of human infection starts after a traumatic inoculation
of the filamentous forms of fungus in the skin, which rapidly
differentiate into the parasitic form of the fungi, called muriform
cells, which are spherical and highly pigmented [4, 5]. The
muriform cell has been considered an adaptation to extreme
environments such as those provided by the immune response of
the host [6]. Such forms are easily observed in histopathological
sections stained with hematoxylin and eosin, and their presence
in tissue has been considered the gold standard for the diagnosis
of CBM [7–9]. At the site of a traumatic lesion, where the fungi
accessed the dermis, an initial CBM lesion develops slowly as an
asymptomatic papule [10]; the epidermis progressively thickens

and can develop into one of the five different clinical forms: nodu-
lar, tumoral, verrucous, plaque, and cicatricial [11]. The thick-
ening of the epidermis occurs through pseudo-epitheliomatous
hyperplasia and hyperkeratosis, which correspond to the thick-
ening of the spinosum and corneum layers, respectively; these
histopathological features are findings frequently observed in
CBM lesions [12–14].

Brazil is the country with the highest number of reported cases of
CBM in Latin America, and, although different species of etiolog-
ical agents can cause this infection, most of them are caused by
Fonsecaea pedrosoi, which can cause all clinical forms of the dis-
ease [6, 15–17]. Due to the medical and epidemiological relevance
of this species, F. pedrosoi has been the focus of numerous pub-
lished studies related to the relationship between fungi and the
host [18–21]. During the first steps of infection, macrophages act
as the first line of defense against F. pedrosoi, developing a gran-
ulomatous response and activating T cells. These cells, along with
neutrophils and dendritic cells, are responsible for recognizing
hyphae and conidia implanted in the skin [18, 19, 21]. However,
in vitro experiments have shown that, although macrophages are
capable of phagocytosing F. pedrosoi conidia, they are unable to
eliminate the intracellular form of fungi [20, 22]. Immunological
evasion of the fungus has been associated with the presence of
melanin in the cell wall; this component can neutralize the action
of hydrolytic enzymes and reactive oxygen and nitrogen species
produced by phagocytic cells [22, 23].
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In the context of acquired immune response, participation of
CD4+ and CD8+ T lymphocytes was observed in all clinical forms
of CBM; however, disease severity was associated with high levels
of IL-10 production, while milder forms showed higher produc-
tion of IFN-γ [24]. On the other hand, d’Ávila et al. (2002) [25]
demonstrated that the skin CBM patients (undetermined species)
exhibited a higher density of CD8+ compared to CD4+ T cells,
suggesting that the pattern of immunity can be associatedwith the
infecting species [25].

It is important to emphasize that the treatment of CBM is chal-
lenging and prolonged. Its effectiveness is influenced by the
causative fungal species, the extent of the lesions, and the side
effects of therapeutic agents [10]. In cases of localized and well-
defined lesions, surgical excision may be a valid therapeutic op-
tion. However, chemotherapeutic approaches that use antifun-
gal or immunomodulatory agents are used in all severities of
CBM [26]. The antifungal agents currently used belong to the
azole class [27, 28], which inhibit the demethylation of lanosterol,
a precursor of ergosterol, an essential component of the fungal
cell membrane [29]. However, the efficacy of azoles depends
on the progression stage of the lesions and the specific fungal
species involved. Therefore, combination therapies with antifun-
gal drugs, such as 5-fluorocytosine and terbinafine, are often
recommended [30–32]. These agents act by interfering with DNA
synthesis and ergosterol production, respectively [29]. A signifi-
cant obstacle related to the efficacy of treatment is the presence of
fungal melanin, which can hinder the efficacy of antifungal agents
by binding directly to these compounds or acting as a physical
barrier that limits drug penetration [33].

Despite the slow expansion of knowledge about the species that
cause CBM, there is a lack of understanding about the host–fungi
relationship, such as the case of Alternaria alternata, which has
been implicated as an etiologic agent of CBM in only one pub-
lished report [34]. Another species of the same genus, Alternaria
infectoria, was recently reported as an agent of CBM [35]. This
genus has been described as a pathogenic genus of plants and
some animals [36]. Although Alternaria species have been asso-
ciated with alternariosis and CBM, to date, there are no reports
associating A. alternata infection with CBM in Brazil. Therefore,
this work aimed to present a case of CBM caused by A. alternata
and characterize the inflammatory infiltrate histologically and
immunologically to uncover the features of CBM caused by A.
alternata. The lack of identification of the etiological agents of
CBM results in limited recognition of uncommon species causing
this disease, such as Alternaria, limiting the understanding of
its histopathology and treatment, considering that the success of
treatment is also influenced by the causative species [26].

2. Case presentation
We present a report of a patient with CBM admitted to the
outpatient Dermatology service of the ‘Hospital das Clínicas da
Universidade de São Paulo’. The skin biopsy from the lesion was
collected in the “Ambulatório de Micologia do Departamento de

Dermatologia do Hospital das Clínicas da Faculdade de Medicina
daUniversidade de São Paulo”, São Paulo, SP, Brazil, during 2014.
In 2024, the etiological agent from this biopsy was identified,
enabling the description of the present case report. At the time
of sample collection, no pictures were taken of the patient’s le-
sion or culture plate. The patient was a 74-year-old man, retired
carpenter, resident of São Paulo city, São Paulo State, Brazil,
for 30 years. Previously he was a resident of the Rio Real city,
Bahia State, Brazil. He had systemic arterial hypertension and had
no history of diabetes or autoimmune disease. Although CBM is
a slow and progressive subcutaneous mycosis, the patient only
sought medical attention at an advanced stage of the disease,
so it was not possible to record the onset of the skin disease.
His lesion was classified as a verrucous plaque in the proximal
interphalangeal space of the left fourth finger. The treatment used
was a combination of itraconazole (200 mg/day) and terbinafine
(250 mg/day).

Histopathological analysis of the skin histological sections
showed pseudoepitheliomatous hyperplasia and hyperkerato-
sis (Figure 1a). The inflammatory infiltrate was composed of
macrophages, polymorphonuclear cells, lymphocytes, and plasma
cells (Figure 1b). Muriform cells (Figure 1b, black arrow)
were detected primarily in the dermis of the patient, as well as
macrophages fused into giant cells (GC), as shown in Figure 1b.

To identify the etiological agent of CBM, DNA was isolated from
paraffin-embedded skin, and PCR reactions were performed with
the internal transcribed spacer (ITS) ITS1–ITS4 primer pairs.
As a positive control, DNA of F. pedrosoi was submitted to a
PCR reaction employing ITS1 (5′-CCGTAGGTGAACCTGCGG-3′)
and ITS4 (5′-TCCTCCGCTTATTGATATGC-3′), and, as an inter-
nal control, the β-actin gene was amplified using the following
primer pairs: forward (5′-GACAGGATG-CAGAAGGAGAT-3′) and
reverse (5′-TTGCTGATCCACATC-TGCTG-3′); DNA from human
blood cells was used as a positive control for β-actin reaction.
The PCRproducts were analyzed by electrophoresis on 1% agarose
gel containing 0.1% GelRed (Uniscience). Visualization of ampli-
fied genes was performed in a Gel Logic 212 PRO transillumi-
nator (Carestream). The PCR products were purified using the
QIAquick® PCR Purification kit (QIAgen), and sequencing of the
amplified ITS1–ITS4 regions was performed using an AB 3500
Genetic Analyzer automatic sequencer. It was possible to ob-
serve that the PCR reaction for ITS1–ITS4 produced an amplified
product of ~600 bp (Figure 1c), and the reaction for β-actin
resulted in a fragment of ~250 bp (Figure 1d). Partial sequencing
of ITS1–ITS4 revealed a sequence containing 336 nucleotides,
which matched with A. alternata sequence, deposited in Gen-
Bank (access number: ON411173.1). The homology of amplified
sequenceswith those present inGenBankwas 94.6% (Figure2a).
An alignment between the patient-derived sequence and the pos-
itive control of F. pedrosoi was also performed (Figure 2b). A
phylogenetic tree analysis was performed using the Neighbor-
Joining method with the MEGA12 software, exhibiting that the
patient sequence is more related to A. alternaria than F. pedrosoi
ITS1–ITS4 sequence (Figure 2c).
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Figure 1 • The skin histological sections stained with hematoxylin and eosin exhibit pseudoepitheliomatous hyperplasia and hyper-
keratosis (a). Muriform cells (black arrow; insights (b1) and (b2)) and giant cells (GC) were observed in the inflammatory infiltrate
(b). Electrophoretic analysis of ITS1–ITS4 transcripts from the patient and positive control (c) and of β-actin transcripts from the
patient and positive control (d). Photomicrographs are recorded at magnifications of 10× (a) and 40× (b). MM—molecular marker
(bp); F. pedrosoi—DNA extracted from F. pedrosoi culture; Blood—DNA extracted from human blood cells; and Neg—negative control.
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Figure 2 • Alignment of the ITS1–ITS4 sequence of the patient
with the Alternaria alternata sequence exhibits a similarity of
94.6% (a). Alignment of ITS1–ITS4 sequence of the patient with
the positive control Fonsecaea pedrosoi (b). Phylogenetic tree
analysis (c). Highlights indicate areas of discrepancy between the
two sequences (a,b).

For immunological evaluation, silanized slides were prepared

from paraffin-embedded biopsy. Histological sections were de-
waxed and hydrated in xylene and a decreasing series of alcohol,
respectively. Subsequently, endogenous peroxidase was blocked.
Three different recovery buffers were used according to the pri-
mary antibody: (1) citrate buffer was used for IFN-γ, IL-4, IL-
10, and CD8 (clone C8/144B) antibodies; (2) EDTA buffer was
used for the reaction performed with IL-17A antibody; and (3)
Tris-EDTA buffer for the reaction with the CD4 antibody (clone
OKT-4) antibody. Antigen retrieval was performed in a water bath
(96–99 ◦C), and nonspecific binding was avoided using a block-
ing solution produced with 6% nonfat milk in PBS (w/w). The
primary antibodies were diluted in the following dilutions: anti-
CD4 (1:10), anti-CD8 (1:25), anti-IFN-γ (1:125), anti-IL-4 (1:150),
anti-IL-10 (1:700), and anti-IL-17A (1:500) in PBS containing 1%
BSA—PBS-BSA (w/w). A negative control for the reaction was
established by omitting the primary antibody from the PBS-BSA
solution during incubation. After an overnight incubation, the
histological sections were washed three times with a solution con-
taining PBS plus 0.05% Tween 20 (PBS-T). Subsequently, incuba-
tionwith post-primary antibody (Novolink,NewcastleUponTyne,
UK) was performed, followed by five washes with PBS-T. Finally,
the slides were incubated with the polymer-HRP (Novolink, UK)
for 30 min and washed five times with PBS-T. The reaction was
revealed by the addition of 3,3-diaminobenzidine (DAB) (Dako-
Cytomation, Carpinteria, CA, USA) for 5 min. The reaction was
stopped by immersing the histological sections in distilled water.
The sections were counterstained with hematoxylin and washed
in distilled water. Dehydration and clearing of the sections were
then performed using an increasing series of alcohol and xylene,
respectively. To analyze the densities of immunolabeled cells, 10
random fields of the inflammatory infiltrate from the immunola-
beled slide were captured using an optical microscope connected
to a microcomputer. The immunostained cells were quantified
considering differential staining in the histological sections, and
cell density (d) was calculated using the ratio d = N/A, where
N—number of immunostained cells and A—area of each recorded
histological image.

Analysis of immunostained skin histological sections revealed
the presence of CD4+ (Figure 3a,c) and CD8+ (Figure 3a,d)
T lymphocytes in the inflammatory infiltrate, as well as IL-10-
(Figure 3b,e), IFN-γ- (Figure 3b,f), IL-17- (Figure 3b,g),
and IL-4 producing cells (Figure 3b,h). Immunohistochemistry
reactions using the same antibodies were performed in the skin
of healthy individuals who were submitted to plastic surgeries; in
this specific case, immunolabeled cells were absent or present at
very low densities.
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Figure 3 •Quantification of CD4+ and CD8+ T cell densities (a) and IL-10+, IFN-γ+, IL-17+, IL-4+ and cell densities (b). Data displayed
as NI refer to healthy (non-infected) skin. Photomicrographs of immunostained skin histological sections from patient showing CD4+

cells (c), CD8+ cells (d), IL-10+ cells (e), IFN-γ+ cells (f), IL-17+ cells (g), IL-4+ cells (h); photomicrographs of immunostained healthy
skin histological sections showing CD4+ cells (i), CD8+ cells (j), IL-10+ cells (k), IFN-γ+ cells (l), IL-17+ cells (m), IL-4+ cells (n);
photomicrographs of negative control of immunostaining of different recovery buffers: Tris-EDTA (o), citrate (p), EDTA (q). Labeled
cells are shown with black arrows. Photomicrographs taken with a 40× objective lens; scale bar = 20 µm.
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3. Discussion
The patient reported here was diagnosed with CBM through clin-
ical and histopathological study. The patient’s cutaneous lesion
presented as a verrucous lesion that has been considered one
of the most prevalent clinical forms of CBM [10]. Additionally,
all histopathological features recorded in the skin of this patient
were related to the changes observed in the CBM with the pres-
ence of pseudoepitheliomatous hyperplasia and hyperkeratosis.
Pseudoepitheliomatous hyperplasia is a typical feature of CBM
lesions, also observed in skin histological sections of patients
infected with F. pedrosoi [12], C. carionii [37], P. verrucosa [38],
R. aquaspersa [39], and with the following uncommon species
related to CBM: A. alternata [34], Bipolaris cynodontis [40],
andRhytidhysteron rufulum [41]. Hyperkeratosis, although com-
mon, is not seen in all CBM cases; it is a striking feature of
verrucous lesions and can be found less frequently in other types
of lesions [10]. It has been observed in CBM caused by F. pe-
drosoi and F. monophora [42], C. carionii [43], Cladosporium
tenuissimum [44], Phialophora chinensis [45], and species less
reported such as A. infectoria [35] and Chrysosporium ker-
atinophilum [46]. Importantly, muriform cells were observed
sparsely distributed within the patient’s inflammatory infiltrate,
a significant feature to diagnose CBM [6]; these cells can divide to
form aggregates divided by longitudinal or transverse septa [6].

Using molecular biology techniques, based on the amplification
and sequencing of the genetic region ITS1–ITS4, the etiological
agent of this patient was identified. The ITS1–ITS4 genetic frag-
ment is a non-coding region of ribosomal DNA that has been used
as a universal barcode to identify fungal species as it contains
certain characteristics, such as the following: (1) it is a multicopy
region, which facilitates its amplification and sequencing, even
with low amounts of genetic material, which is the case showed
herein, since the fungal geneticmaterial originates frommuriform
cells in the histological sections of the patient’s biopsy; (2) it
possesses well-conserved specific initiation sites and highly vari-
able adjacent regions that, combined with (3) high availability of
sequences for comparison, it allows the identification of unknown
samples; additionally, (4) the ITS region had greater amplification
success and resolving efficiency for species discrimination within
theDikarya group than other ribosomal regions such as LSU, SSU,
and the RPB1 protein-coding region [47]. Thus, considering the
superiority of ITS1–ITS4 over other genetic regions, the study
presented herein used this region to identify the etiological agent
of CBM in the skin of the patient studied herein. It was possible
to identify a partial sequence of ITS1–ITS4, allowing the identi-
fication with 94% of certainty that A. alternata is the etiological
agent of CBM in the Brazilian patient, suggesting thatA. alternata
may have a broader occurrence as an etiological agent of CBM,
especially considering that this mycosis is not a notifiable disease
and PCR analysis is not always used for species identification [48].

It is important to note that, in this report, the fungal species A.
alternata was identified for the first time as the etiological agent
of CBM in Brazil. This species has been described as a pathogenic
species of plants and some animals [36, 49], whose airborne
spores are associated with allergic reactions in humans [50, 51]
and, when its hyphae are inoculated in the skin, cause mycoses
such as keratitis, phaeohyphomycosis, and alternariosis [52, 53].
A. alternata has been implicated as an etiological agent of CBM

in only one case in 2014, involving a 50-year-old immunocompe-
tent farmer living in Ningbo, China, who presented two clinical
forms of the disease, an erythematous plaque surrounded by
verrucous hyperplasia on the dorsum of the left hand [34]. The
lesion appeared after trauma and gradually increased over six
months. Histopathological studies showed pseudoepithelioma-
tous hyperplasia and granulomatous inflammation in the der-
mis with the presence of muriform and giant cells, features also
found in CBM caused by other species. The initial treatment was
oral itraconazole (400 mg/day for 15 weeks), and then the use
of 5-aminolevulinic acid associated with photodynamic therapy
(ALA-PDT) was started. At the end of the treatment, the lesion
healed completely [34]. In Brazil, this is the first report suggesting
that A. alternata may be incriminate as a causative agent of
CBM in Brazil; furthermore, it would be important to note that
the presence of this etiological agent can be more common than
reported in the literature, as CBM is not a notifiable disease, and
the etiological agent is not identified in all patients with CBM [48].
In Brazil, A. alternata has been strictly associated with plants
such as coffee and potatoes [54, 55]; therefore, injuries caused
by handling these vegetables can mediate the inoculation of this
fungus in the skin. This finding is relevant and possibly under-
scores the importance of the species for public health in Brazil
as a CBM agent. Therefore, identification of the etiological agent
can facilitate the search for treatments, as the action of antifungals
varies according to the species that causes the disease [26].

Regarding the composition of the inflammatory infiltrate, the
cells commonly found in CBM lesions include polymorphonu-
clear cells, macrophages, and other mononuclear cells composed
of lymphocytes and plasma cells [11]. In the case presented
herein, the main component of the inflammatory infiltrate was
macrophages that appeared as a single cell or fused cells, char-
acterizing the giant cells, which are a common immunological
occurrence in CBM, and, regardless of the fungi species, the main
aims are to restrain and eliminate the parasitic forms of the
fungus [56–59]. Polymorphonuclear cells were also present in the
skin; this cell type contributes to the granulomatous characteristic
observed in the histopathology of the lesions [11]. Furthermore,
macrophages and neutrophils represent the first line of defense in
fungal infections due to their phagocytic andmicrobicidal proper-
ties [60].

Lymphocytes are commonly found in the skin inflammatory infil-
trate of patients with CBM [56]. CD4+ T cells can determine the
immune response in CBM through cytokine production [61]. Due
to the quantification of IFN-γ, IL-17, IL-4, and IL-10-producing
cells, it was possible to determine that the patient reported in
this study exhibited a mixed immune response, as documented
in previous studies [24, 56, 62]. The Th1 immune response is
predominant in patients with milder forms of CBM, characterized
by single lesions in plaque and nodular forms [24], since IFN-γ ac-
tivates and polarizesmacrophages to amicrobicidal profile, which
become able to eliminate the intracellular fungi [24, 56]. Another
important cytokine found in patients with the verrucous form
caused by F. pedrosoi is IL-17 [63–65], which is associated with
neutrophil influx to the site of infection [66]. High densities of
IFN and IL-17-producing cells in the inflammatory infiltrate tend
to eliminate intracellular fungi due to macrophage activation and
induction of antimicrobial compounds in neutrophils [24, 66].
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On the other hand, a high density of IL-10-producing cells was
recorded in the skin of the patient, suggesting an active im-
mune regulatory response in the inflammatory environment. IL-
10 is frequently observed in CBM with one or more extensive
lesions [24, 25, 62], and elevated levels of this cytokine have been
associated with IFN-γ inhibition in patients with CBM prior to
treatment [62]. Furthermore, IL-10 can inhibit antigen presen-
tation and downregulate the proinflammatory activity of IL-17,
leading to the persistence of etiological agents of CBM [62]; con-
sequently, the infection progresses. Despite the low number of
IL-4+ cells, these cytokine-producing cells may reduce Th1 and
Th17 immune responses, as this cytokine polarizes macrophages
to the anti-inflammatoryM2profile [67], favoring fungus survival.

CD8+ T cells were also evidenced in the inflammatory infiltrate
of the patient reported here. This subset of lymphocytes induces
apoptosis in target cells, controlling intracellular infections, as
described in patients with CBM [25]. This subpopulation of T
lymphocytes can be activated when hosts exhibit a compromised
or insufficient CD4+ T cell response [25], as is the case with this
patient who presented a mixed immune response that activates
and deactivates the microbicidal immune response. The influx of
CD8+ T lymphocytes into the inflammatory infiltrate observed
here may be related to the partial control of fungal infection,
considering the clinical form of CBMobserved in this patient [56].

4. Conclusions
The partial sequence of IT1-ITS4 recorded allowed the identi-
fication of A. alternata as a possible etiological agent of CBM,
reinforcing the participation of this species in the cycle of this
infectious disease, as previously reported. Furthermore, this is the
first description of A. alternata as a probable causative agent of
CBM in Brazil. The data presented here suggest that A. alternata
causes a verrucous clinical form of CBM with histopathological
features similar to those of other species. In addition, this infec-
tion establishes a mixed immune response, based on Th1, Th17,
and Treg responses.

Funding

This research was sponsoredby the São Paulo Research Foun-
dation (FAPESP), grant number 2023/01641-1, LIM50-FMUSP,
and PROPe-UNESP, grant number 05/2023/PROPe. The au-
thors also thank FAPESP for the fellowship awarded to I.N.C.
(2021/13772-8) and the National Council for Scientific and Tech-
nological Development (CNPq) for the grant awarded to L.F.D.P.
(305708/2024-4) and M.D.L. (308817/2021-4).

Author contributions
Conceptualization, L.F.D.P.; methodology, I.N.C., M.D.L.,W.B.J.,
C.H.C.d.C. and L.F.D.P.; validation, I.N.C. and L.F.D.P.; formal
analysis, I.N.C., M.D.L., W.B.J., C.H.C.d.C. and L.F.D.P.; investi-
gation, I.N.C.,W.B.J. andM.D.L.; resources, M.D.L. and L.F.D.P.;
data curation, I.N.C. and L.F.D.P.; writing—original draft prepa-
ration, I.N.C. and L.F.D.P.; writing—review and editing, I.N.C.,
M.D.L., W.B.J., C.H.C.d.C. and L.F.D.P.; visualization, I.N.C.,
M.D.L., W.B.J., C.H.C.d.C. and L.F.D.P.; supervision, L.F.D.P.;
project administration, L.F.D.P.; funding acquisition, M.D.L. and

L.F.D.P. All authors have read and agreed to the published version
of the manuscript.

Conflict of interest
The authors declare that they have no competing interests.

Data availability statement
All data supporting the findings of this publication are available
within this article.

Institutional review board statement
The study was conducted according to the guidelines of the Dec-
laration of Helsinki and approved by the ethics committees of the
São Paulo State University and the Hospital das Clínicas of the
University of São Paulo (protocol codes #55998421.2.0000.5411
and #55998421.2.3001.0068, and date of approval 2023 Apr 27).

Informed consent statement

Informed consent was waved by the ethics committees of the São
Paulo State University and the Hospital das Clínicas of the Uni-
versity of São Paulo, due to the patient is no longer in follow-up.

Additional information
Received: 2025-08-14

Accepted: 2025-09-25

Published: 2025-10-16

Academia Biology papers should be cited as Academia Biology
2025, ISSN 2837-4010, https://doi.org/10.20935/AcadBiol7933.
The journal’s official abbreviation is Acad. Biol.

Publisher’s note
Academia.edu Journals stays neutral with regard to jurisdictional
claims in published maps and institutional affiliations. All claims
expressed in this article are solely those of the authors and do
not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may bemade by
its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright
© 2025 copyright by the authors. This article is an open access
article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommon
s.org/licenses/by/4.0/).

ACADEMIA BIOLOGY 2025, 4 7 of 10



https://doi.org/10.20935/AcadBiol7933

References
1. Krzyściak PM, Pindycka-Piaszczyńska M, Piaszczyński M.
Chromoblastomycosis. Adv Dermatol Allergol. 2014;5:310–21.
doi: 10.5114/pdia.2014.40949

2. WHO. Global report on neglected tropical diseases 2023.
Geneva: WHO; 2023.

3. Santos DWCL, de Azevedo CdMPeS, Vicente VA, Queiroz-
Telles F, Rodrigues AM, de Hoog GS, et al. The global
burden of chromoblastomycosis. PLoS Negl Trop Dis.
2021;15:e0009611. doi: 10.1371/journal.pntd.0009611

4. Kurien G, Sugumar K, Chandran V. Chromoblastomycosis.
In: StatPearls. Treasure Island (FL): StatPearls Publishing;
2024.

5. López Martínez R, Méndez Tovar LJ. Chromoblastomycosis.
ClinDermatol. 2007;25:188–94. doi: 10.1016/j.clindermatol
.2006.05.007

6. Queiroz-Telles F, deHoog S, Santos DWCL, Salgado CG, Vi-
cente VA, Bonifaz A, et al. Chromoblastomycosis. Clin Mi-
crobiol Rev. 2017;30:233–76. doi: 10.1128/CMR.00032-16

7. Wei L,Yu J. Chromoblastomycosis causedbyCladophialophora
carrionii. Infection. 2021;49:567–8. doi: 10.1007/s15010-020
-01437-0

8. Xia X, Liu Z, Shen H. A case of chromoblastomycosis caused
by Fonsecaea monophora misdiagnosed as neurodermati-
tis. Mycopathologia. 2022;187:617–8. doi: 10.1007/s11046
-022-00652-7

9. Le TA, Nguyen KL, Pham MH, Vi TT, Do NA. Case report: a
case of chromoblastomycosis caused by Fonsecaea pedrosoi
in Vietnam.Mycopathologia. 2019;184:115–9. doi: 10.1007/
s11046-018-0284-3

10. de Brito AC, de Jesus Semblano Bittencourt M.
Chromoblastomycosis: an etiological, epidemiological,
clinical, diagnostic, and treatment update. An Bras
Dermatol. 2018;93:495–506. doi: 10.1590/abd1806-
4841.20187321

11. Uribe JF, Zuluaga AI, Leon W, Restrepo A. Histopathology
of chromoblastomycosis. Mycopathologia. 1989;105:1–6.
doi: 10.1007/BF00443822

12. Belda W, Criado PR, Passero LFD. Successful treatment of
chromoblastomycosis caused by Fonsecaea pedrosoi using
imiquimod. J Dermatol. 2020;47:409–12. doi: 10.1111/1346
-8138.15225

13. Rasamoelina T, Maubon D, Andrianarison M, Ranaivo I,
Sendrasoa F, Rakotozandrindrainy N, et al. Endemic chro-
moblastomycosis caused predominantly by Fonsecaea nu-
bica, Madagascar1. Emerg Infect Dis. 2020;26:1201–11. doi:
10.3201/eid2606.191498

14. Shen Y, Jiang B, Zhang H, Feng J, Hua H. Combination
therapy for an elderly patient with chromoblastomycosis
caused by Fonsecaeamonophora: a case report. Ann Transl
Med. 2022;10:114–4. doi: 10.21037/atm-21-6119

15. Queiroz-Telles F, Purim KS, Fillus JN, Bordignon GF,
Lameira RP, Van Cutsem J, et al. Itraconazole in the
treament of chromoblastomycosis due to Fonsecaea
pedrosoi. Int J Dermatol. 1992;31:805–12. doi:
10.1111/j.1365-4362.1992.tb04252.x

16. de Andrade TS, de Almeida AMZ, de Almeida Basano S, Tak-
agi EH, Szeszs MW,Melhem MSC, et al. Chromoblastomycosis
in the Amazon region, Brazil, caused by Fonsecaea pedrosoi,
Fonsecaea nubica, and Rhinocladiella similis: clinicopathol-
ogy, susceptibility, and molecular identification. Med Mycol.
2019;58:172–80. doi: 10.1093/mmy/myz034

17. Silva JP, de Souza W, Rozental S. Chromoblastomycosis:
a retrospective study of 325 cases on Amazonic Region
(Brazil). Mycopathologia. 1998;143:171–5. doi: 10.1023/A:
1006957415346

18. Wüthrich M, Wang H, Li M, Lerksuthirat T, Hardison SE,
Brown GD, et al. Fonsecaea pedrosoi-induced Th17-cell dif-
ferentiation in mice is fostered by Dectin-2 and suppressed
by Mincle recognition. Eur J Immunol. 2015;45:2542–52.
doi: 10.1002/eji.201545591

19. Breda LCD, de Souza Breda CN, de Almeida JRF, Paulo LNM,
Jannuzzi GP, de Godoy Menezes I, et al. Fonsecaeapedrosoi
conidia and hyphae activate neutrophils distinctly: require-
ment of TLR-2 and TLR-4 in neutrophil effector functions.
Front Immunol. 2020;11:540064. doi: 10.3389/fimmu.2020
.540064

20. Hayakawa M, Ghosn EEB, da Gloria Teixeria de Sousa M,
Ferreira KS, Almeida SR. Phagocytosis, production of nitric
oxide and pro-inflammatory cytokines by macrophages in
the presence of dematiaceus fungi that causes chromoblas-
tomycosis. Scand J Immunol. 2006;64:382–7. doi: 10.1111/
j.1365-3083.2006.01804.x

21. Wevers BA, Kaptein TM, Zijlstra-Willems EM, Theelen B,
Boekhout T, Geijtenbeek TBH, et al. Fungal engagement of
the C-type lectin mincle suppresses Dectin-1-induced anti-
fungal immunity. Cell Host Microbe. 2014;15:494–505. doi:
10.1016/j.chom.2014.03.008

22. Bocca AL, Brito PPMS, Figueiredo F, Tosta CE. Inhibition
of nitric oxide production by macrophages in chromoblas-
tomycosis: a role for Fonsecaea pedrosoi melanin. Myco-
pathologia. 2006;161:195–203. doi: 10.1007/s11046-005-0
228-6

23. Revankar SG, Sutton DA. Melanized fungi in human dis-
ease. Clin Microbiol Rev. 2010;23:884–928. doi: 10.1128/
CMR.00019-10

24. MazoFáveroGimenes V,DaGlória de Souza M, Ferreira KS,
Marques SG, Gonçalves AG, Vagner de Castro Lima San-
tos D, et al. Cytokines and lymphocyte proliferation in pa-
tients with different clinical forms of chromoblastomycosis.
Microbes Infect. 2005;7:708–13. doi: 10.1016/j.micinf.200
5.01.006

25. Corrêa Garcia Pires d’Ávila S, Pagliari C, Seixas Duarte
MI. The cell-mediated immune reaction in the cutaneous
lesion of chromoblastomycosis and their correlation with
different clinical forms of the disease. Mycopathologia.
2002;156:51–60. doi: 10.1023/A:1022948329193

ACADEMIA BIOLOGY 2025, 4 8 of 10



https://doi.org/10.20935/AcadBiol7933

26. Passero LFD, Cavallone IN, Belda W. Reviewing the etio-
logic agents, microbe-host relationship, immune response,
diagnosis, and treatment in chromoblastomycosis. J Im-
munol Res. 2021;2021:9742832. doi: 10.1155/2021/97428
32

27. Bai J, Qiao J. Chromoblastomycosis. QJM Int J Med.
2023;116:133–3. doi: 10.1093/qjmed/hcac221

28. Schwalb A, Seas C. Chromoblastomycosis. N Engl J Med.
2020;383:e7. doi: 10.1056/NEJMicm1913199

29. Nivoix Y, Ledoux M-P, Herbrecht R. Antifungal therapy:
new and evolving therapies. Semin Respir Crit Care Med.
2020;41:158–74. doi: 10.1055/s-0039-3400291

30. Gupta AK, Taborda PR, Sanzovo AD. Alternate week and
combination itraconazole and terbinafine therapy for chro-
moblastomycosis caused by Fonsecaea pedrosoi in Brazil.
Med Mycol. 2002;40:529–34. doi: 10.1080/mmy.40.5.529
.534

31. Belda W, Passero LFD, de Carvalho CHC, Mojica PCR,
Vale PA. Chromoblastomycosis: new perspective on
adjuvant treatment with acitretin. Diseases. 2023;11:162.
doi: 10.3390/diseases11040162

32. He L, Ma J, Mei X, Lu S, Li X, Xi L. Successful treatment of
chromoblastomycosis of 10-year duration due to Fonsecaea
nubica. Mycoses. 2018;61:231–6. doi: 10.1111/myc.12732

33. Koehler A, Heidrich D, Pagani DM, Corbellini VA, Scrofer-
neker ML. Melanin and chromoblastomycosis agents: char-
acterization, functions, and relation with antifungals. J Ba-
sicMicrobiol. 2021;61:203–11. doi: 10.1002/jobm.2020006
64

34. Liu Z-H, Xia X-J. Successful sequential treatment with itra-
conazole and ALA-PDT for chromoblastomycosis because of
A lternaria alternata. Dermatol Ther. 2014;27:357–60. doi:
10.1111/dth.12149

35. Mahmoudi H, Ramezanalipour Z, Khansari M, Meijer EFJ,
Mahmoudi S, Spruijtenburg B, et al. Chromoblastomycosis
caused by Alternaria infectoria, concurrent with myiasis, in
a recipient of a kidney transplant: a compelling case report.
Front Med. 2024;11:1396224. doi: 10.3389/fmed.2024.13
96224

36. Fernandes C, Casadevall A, Gonçalves T. Mechanisms ofAl-
ternaria pathogenesis in animals and plants. FEMS Micro-
biol Rev. 2023;47:fuad061. doi: 10.1093/femsre/fuad061

37. Abadías-Granado I, Gómez-Mateo MC, Stchigel AM, López
C. Chromoblastomycosis due to Cladophialophora im-
munda: an emerging pathogen in immunocompromised pa-
tients? Enfermedades Infecc Microbiol Clin (English Ed).
2023;41:51–3. doi: 10.1016/j.eimce.2022.11.006

38. Takeuchi A, Anzawa K, Mochizuki T, Takehara K, Hamaguchi
Y. Chromoblastomycosis caused by Phialophora verrucosa
on the hand. Eur J Dermatol. 2015;25:274–5. doi: 10.1684/
ejd.2015.2581

39. González GM, Rojas OC, González JG, Kang Y, de Hoog
GS. Chromoblastomycosis caused by Rhinocladiella
aquaspersa. Med Mycol Case Rep. 2013;2:148–51. doi:
10.1016/j.mmcr.2013.08.001

40. Nath R, Barua S, Barman J, Swargiary P, Borgohain M,
Saikia L. Subcutaneous mycosis due to Cladosporium cla-
dosporioides and Bipolaris cynodontis from Assam, North-
East India and review of published literature. Mycopatholo-
gia. 2015;180:379–87. doi: 10.1007/s11046-015-9926-x

41. Chowdhary A, Guarro J, Randhawa HS, Gené J, Cano J,
Jain RK, et al. A rare case of chromoblastomycosis in a renal
transplant recipient caused by a non-sporulating species of
Rhytidhysteron. MedMycol. 2008;46:163–6. doi: 10.1080/
13693780701630420

42. Yang Y-P, Li W, Huang W-M, Zhou Y, Fan Y-M. Chromobl-
astomycosis caused by Fonsecaea: clinicopathology,
susceptibility and molecular identification of seven
consecutive cases in southern China. Clin Microbiol
Infect. 2013;19:1023–8. doi: 10.1111/1469-0691.12067

43. Pradeepkumar NS, Joseph NM. Chromoblastomycosis caused
by Cladophialophora carrionii in a child from India. J Infect
Dev Ctries. 2011;5:556–60. doi: 10.3855/jidc.1392

44. Agarwal R, Singh G, Ghosh A, Verma KK, Pandey M,
Xess I. Chromoblastomycosis in India: review of 169
cases. PLoS Negl Trop Dis. 2017;11:e0005534. doi:
10.1371/journal.pntd.0005534

45. Ahmed SA, Bonifaz A, González GM, Moreno LF, Menezes
da Silva N, Vicente VA, et al. Chromoblastomycosis caused
by phialophora—proven cases from Mexico. J Fungi.
2021;7:95. doi: 10.3390/jof7020095

46. Mijiti J, Pan B, de Hoog S, Horie Y, Matsuzawa T, Yilifan Y,
et al. Severe chromoblastomycosis-like cutaneous infection
causedbyChrysosporiumkeratinophilum. FrontMicrobiol.
2017;8:83. doi: 10.3389/fmicb.2017.00083

47. Schoch CL, Seifert KA, Huhndorf S, Robert V, Spouge JL,
Levesque CA, et al. Nuclear ribosomal internal transcribed
spacer (ITS) region as a universal DNA barcode marker
for Fungi. Proc Natl Acad Sci USA. 2012;109:6241–6. doi:
10.1073/pnas.1117018109

48. Maubon D, Garnaud C, Ramarozatovo LS, Fahafahantsoa
RR, Cornet M, Rasamoelina T. Molecular diagnosis of two
major implantation mycoses: chromoblastomycosis and
sporotrichosis. J Fungi. 2022;8:382. doi: 10.3390/jof80403
82

49. DeMers M. Alternaria alternata as endophyte and pathogen.
Microbiology. 2022;168:001153. doi: 10.1099/mic.0.001153

50. Hernandez-Ramirez G, Barber D, Tome-Amat J, Garrido-
Arandia M,Diaz-Perales A. Alternaria as an inducer of aller-
gic sensitization. J Fungi. 2021;7:838. doi: 10.3390/jof710
0838

51. Kustrzeba-Wójcicka I, Siwak E, Terlecki G, Wolańczyk-
Mędrala A, Mędrala W. Alternaria alternata and its
allergens: a comprehensive review. Clin Rev Allergy
Immunol. 2014;47:354–65. doi: 10.1007/s12016-014-844
7-6

ACADEMIA BIOLOGY 2025, 4 9 of 10



https://doi.org/10.20935/AcadBiol7933

52. Borman AM, Fraser M, Patterson Z, Linton CJ, Palmer M,
Johnson EM. Fungal infections of implantation: more than
five years of cases of subcutaneous fungal infections seen at
theUKmycology reference laboratory. J Fungi. 2022;8:343.
doi: 10.3390/jof8040343

53. Pastor FJ, Guarro J. Alternaria infections: laboratory diag-
nosis and relevant clinical features. Clin Microbiol Infect.
2008;14:734–46. doi: 10.1111/j.1469-0691.2008.02024.x

54. Vasconcelos CV, da Silva DC, Carvalho DDC. Ocorrência de
Alternaria alternata (Fr.:Fr.) Keissl. em tubérculos de
batata, no Brasil. Pesqui Agropecu Trop. 2014;44:219–22.
doi: 10.1590/S1983-40632014000200015

55. dos Reis Vieira Fernandes M, Silva TAC, Pfenning LH,
da Costa-Neto CM, Heinrich TA, de Alencar SM, et al.
Biological activities of the fermentation extract of the en-
dophytic fungus Alternaria alternata isolated from Coffea
arabica L. Braz J Pharm Sci. 2009;45:677–85. doi: 10.159
0/S1984-82502009000400010

56. Cavallone IN, Belda W, de Carvalho CHC, Laurenti MD,
Passero LFD. New immunological markers in
chromoblastomycosis—the importance of PD-1 and PD-L1
molecules in human infection. J Fungi. 2023;9:1172. doi:
10.3390/jof9121172

57. You Z, Yang X, Yu J, Zhang J, Ran Y. Chromoblastomycosis
caused by Fonsecaea nubica: first report in northern China
and literature review. Mycopathologia. 2019;184:97–105.
doi: 10.1007/s11046-018-0307-0

58. Zhu CY, Yang YP, Sheng P, Li W, Huang WM, Fan YM.
Cutaneous Chromoblastomycosis caused by Veronaea
botryosa in a patient with pemphigus vulgaris and review of
published reports. Mycopathologia. 2015;180:123–9. doi:
10.1007/s11046-015-9887-0

59. Assefa W, Sinatayehu R, Sendeku MA, Dires M. Chromo-
blastomycosis: delayed diagnosis with extensive cutaneous
lesions. Int J Infect Dis. 2023;131:50–2. doi: 10.1016/j.ijid
.2023.03.040

60. Burgess TB, Condliffe AM, Elks PM. A fun-guide to in-
nate immune responses to fungal infections. J Fungi.
2022;8:805. doi: 10.3390/jof8080805

61. Zhu J, Yamane H, Paul WE. Differentiation of effector CD4
T cell populations. Annu Rev Immunol. 2010;28:445–89.
doi: 10.1146/annurev-immunol-030409-101212

62. Gimenes VMF, Criado PR, Martins JEC, Almeida SR. Cellular
immune response of patients with chromoblastomycosis un-
dergoing antifungal therapy. Mycopathologia. 2006;162:97–
101. doi: 10.1007/s11046-006-0041-x

63. Alves de Lima Silva A, Criado PR, Nunes RS, Kanashiro-
Galo L, Seixas Duarte MI, Sotto MN, et al. Langerhans cells
express IL-17A in the epidermis of chromoblastomycosis
lesions. Biomed Hub. 2017;2:1–8. doi: 10.1159/000477954

64. de Lima Silva AA, Criado PR, Nunes RS, da Silva WLF,
Kanashiro-Galo L, Duarte MIS, et al. In situ immune re-
sponse in human chromoblastomycosis—a possible role
for regulatory and Th17 T Cells. PLoS Negl Trop Dis.
2014;8:e3162. doi: 10.1371/journal.pntd.0003162

65. Siqueira IM, Wüthrich M, Li M, Wang H, de Oliveira Las-
Casas L, de Castro RJA, et al. Early immune response
against Fonsecaea pedrosoi requires Dectin-2-mediated
Th17 activity, whereas Th1 response, aided by Treg cells,
is crucial for fungal clearance in later stage of ex-
perimental chromoblastomycosis. PLoS Negl Trop Dis.
2020;14:e0008386. doi: 10.1371/journal.pntd.0008386

66. Holanda IRM, Lacerda PN, da Silva CN, de Camargo RMP,
Miola AC, Marques SA. Chromoblastomycosis in a renal
transplant patient. An Bras Dermatol. 2024;99:142–5. doi:
10.1016/j.abd.2023.02.008

67. Shapouri-Moghaddam A, Mohammadian S, Vazini H,
Taghadosi M, Esmaeili S, Mardani F, et al. Macrophage
plasticity, polarization, and function in health and disease.
J Cell Physiol. 2018;233:6425–40. doi: 10.1002/jcp.26429

ACADEMIA BIOLOGY 2025, 4 10 of 10


