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Chromoblastomycosis, subcutaneous phaeohyphomycosis, and 
mycetoma are implantation mycoses that cause substantial morbid-
ity and decreased quality of life. Limited data on the global epidemi-
ology of these diseases are available in addition to a lack of robust 
diagnostic and clinical options. The skin is the key starting point for 
the diagnosis and management of these infections, the steps for 
which are outlined in this article.

Implantation mycoses such as chromoblastomycosis, 
subcutaneous phaeohyphomycosis, and mycetoma are a 
diverse group of fungal diseases that occur when a break 

in the skin allows the entry of the causative fungus. These 

diseases disproportionately affect individuals in low- and 
middle-income countries causing substantial disability, 
decreased quality of life, and severe social stigma.1-3 
Timely diagnosis and appropriate treatment are critical. 

Chromoblastomycosis and mycetoma are designated 
as neglected tropical diseases, but research to improve 
their management is sparse, even compared to other 
neglected tropical diseases.4,5 Since there are no global 
diagnostic and treatment guidelines to date, we outline 
steps to diagnose and manage chromoblastomycosis, sub-
cutaneous phaeohyphomycosis, and mycetoma. 

Chromoblastomycosis 
Chromoblastomycosis is caused by dematiaceous fungi 
that typically affect the skin and subcutaneous tissue. 
Chromoblastomycosis is distinguished from subcutane-
ous phaeohyphomycosis by microscopically visualizing 
the characteristic thick-walled, single, or multicellular 
clusters of pigmented fungal cells (also known as medlar 
bodies, muriform cells, or sclerotic bodies).6 In phaeohy-
phomycosis, short hyphae and pseudohyphae plus some 
single cells typically are seen.

Epidemiology—Globally, the distribution and burden of 
chromoblastomycosis are relatively unknown. Infections 
are more common in tropical and subtropical areas but 
can be acquired anywhere. A literature review conducted 
in 2021 identified 7740 cases of chromoblastomycosis, 
mostly reported in South America, Africa, Central America 

PRACTICE POINTS
• �Chromoblastomycosis, subcutaneous 

phaeohyphomycosis, and mycetoma are implantation
mycoses that cause substantial morbidity, decreased
quality of life, and social stigma.

• �Consider obtaining a biopsy of suspected
chromoblastomycosis and subcutaneous
phaeohyphomycosis to confirm infection while sending
half of the sample for culture for organism identification.

• �Distinguishing between actinomycetoma (caused
by filamentous bacteria) and eumycetoma
(caused by fungi) is critical for appropriate
mycetoma treatment.
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and Mexico, and Asia.7 Most of the patients were male, 
and the median age was 52 years. One study found an 
incidence of 14.7 per 1,000,000 patients in the United 
States for both chromoblastomycosis and phaeohypho-
mycotic abscesses (which included both skin and brain 
abscesses).8 Most patients were aged 65 years or older, 
with a higher incidence in males. Geographically, the 
incidence was highest in the Northeast followed by the 
South; patients in rural areas also had higher incidence 
of disease.8 

Causative Organisms—Causative species cannot reli-
ably distinguish between chromoblastomycosis and sub-
cutaneous phaeohyphomycosis, as some species overlap. 
Cladophialophora carrionii, Fonsecaea species, Phialophora 
verrucosa species complex, and Rhinocladiella aquaspersa 
most commonly cause chromoblastomycosis.9,10  

Clinical Manifestations—Chromoblastomycosis ini-
tially manifests as a solitary erythematous macule at a 
site of trauma (often not recalled by the patient) that can 
evolve to a smooth pink papule and may progress to 1 of 
5 morphologies: nodular, verrucous, tumorous, cicatricial, 
or plaque.6 Patients may present with more than one 
morphology, particularly in long-standing or advanced 
disease. Lesions commonly manifest on the arms and 
legs in otherwise healthy individuals in environments (eg, 
rural, agricultural) that have more opportunities for injury 
and exposure to the causative fungi. Affected individuals 
often have small black specks on the lesion surface that 
are visible with the naked eye.6 

Diagnosis—Common differential diagnoses include 
cutaneous blastomycosis, fixed sporotrichosis, warty 
tuberculosis nocardiosis, cutaneous leishmaniasis, human 
papillomavirus (HPV) infection, podoconiosis, lym-
phatic filariasis, cutaneous tuberculosis, and psoriasis.6 
Squamous cell carcinoma is both a differential diagnosis 
as well as a potential complication of the disease.11

Potassium hydroxide preparation with skin scapings 
or a biopsy from the lesion has high sensitivity and quick 
turnaround times. There often is a background histo-
pathologic reaction of pseudoepitheliomatous hyperpla-
sia. Examining samples taken from areas with the visible 
small black dots on the skin surface can increase the like-
lihood of detecting fungal elements (Figure 1). Clinicians 
also may choose to obtain a 6- to 8-mm deep skin biopsy 
from the lesion and splice it in half, with one sample sent 
for histopathology and the other for culture (Figure 2). 
Skin scrapings can be sent for culture instead. In the case 
of verrucous lesions, biopsy is preferred if feasible. 

Treatment should not be delayed while awaiting the 
culture results if infection is otherwise confirmed by direct 
microscopy or histopathology. The treatment approach 
remains similar regardless of the causative species. If the cul-
ture results are positive, the causative genus can be identified 
by the microscopic morphology; however, molecular diag-
nostic tools are needed for accurate species identification.12,13 

Antifungal Susceptibility Testing—For most dema-
tiaceous fungi, interpreting minimum inhibitory 

concentrations (MICs) is challenging due to a lack of data 
from multicenter studies. One report examined sequen-
tial isolates of Fonsecaea pedrosoi and demonstrated both 
high MIC values and clinical resistance to itraconazole 
in some cases, likely from treatment pressure.14 Clinical 
Laboratory Standards Institute–approved epidemio-
logic cutoff values (ECVs) are established for F pedrosoi 
for commonly used antifungals including itraconazole  
(0.5 µg/mL), terbinafine (0.25 µg/mL), and posaconazole 
(0.5 µg/mL).15 Clinicians may choose to obtain sequential 
isolates for any causative fungi in recalcitrant disease to 
monitor for increases in MIC.

Management—In early-stage disease, excision of the 
skin nodule may be curative, although concomitant treat-
ment for several months with an antifungal is advised. 
If antifungals are needed, itraconazole is the most com-
monly prescribed agent, typically at a dose of 100 to  
200 mg twice daily. Terbinafine also has been used first-
line at a dose of 250 to 500 mg per day. Voriconazole and 
posaconazole also may be suitable options for first-line 
or for refractory disease treatment. Fluconazole does 
not have good activity against dematiaceous fungi and 
should be avoided.16 Topical antifungals will not reach 
the site of infection in adequate concentrations. Topical 
corticosteroids can make the disease worse and should 
be avoided. The duration of therapy usually is several 
months, but many patients require years of therapy until 
resolution of lesions. 

Clinicians can consider combination therapy with 
an antifungal and a topical immunomodulator such as 
imiquimod (applied topically 3 times per week); this 
combination can be considered in refractory disease 
and even upon initial diagnosis, especially in severe  
disease.17,18 Nonpharmacologic interventions such as 
cryotherapy, heat, and light-based therapies have been 
used, but outcome data are scarce.19-23

Subcutaneous Phaeohyphomycosis
Subcutaneous phaeohyphomycosis also is caused by 
dematiaceous fungi that typically affect the skin and 

FIGURE 1. Chromoblastomycosis on the dorsal foot with visible small 
black dots on the skin surface.
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subcutaneous tissue. Subcutaneous phaeohyphomyco-
sis is distinguished from chromoblastomycosis by short 
hyphae and hyphal fragments usually seen microscopi-
cally instead of visualizing thick-walled, single, or multi-
cellular clusters of pigmented fungal cells.6 

Epidemiology—Globally, the burden and distribution 
of phaeohyphomycosis, including its cutaneous mani-
festations, are not well understood. Infections are more 
common in tropical and subtropical areas but can be 
acquired anywhere. Phaeohyphomycosis is a generic term 
used to describe infections caused by pigmented hyphal 
fungi that can manifest on the skin (subcutaneous phaeo-
hyphomycosis) but also can affect deep structures includ-
ing the brain (systemic phaeohyphomycosis).24

Causative Organisms—Alternaria, Bipolaris, Cladosporium, 
Curvularia, Exophiala, and Exserohilum species most com-
monly cause subcutaneous phaeohyphomycosis. Alternaria 
infections manifesting with skin lesions often are referred 
to as cutaneous alternariosis.25 

Clinical Manifestations—The most common skin 
manifestation of phaeohyphomycosis is a subcutaneous 
cyst (cystic phaeohyphomycosis)(Figure 2). Subcutaneous 
phaeohyphomycosis also may manifest with nodules or 
plaques (Figure 3). Phaeohyphomycosis appears to occur 
more commonly in individuals who are immunosup-
pressed, those in whom T-cell function is affected, in 
congenital immunodeficiency states (eg, individuals with 
CARD9 mutations).26

Diagnosis—Culture is the gold standard for confirm-
ing phaeohyphomycosis.27 For cystic phaeohyphomyco-
sis, clinicians can consider aspiration of the cyst for direct 
microscopic examination and culture. Histopathology 
may be utilized but can have lower sensitivity in showing 
dematiaceous hyphae and granulomatous inflammation; 
using the Masson-Fontana stain for melanin can be help-
ful. Molecular diagnostic tools including metagenomics 
applied directly to the tissue may be useful but are likely 
to have lower sensitivity than culture and require special-
ist diagnostic facilities.

Management—The approaches to managing chromo-
blastomycosis and subcutaneous phaeohyphomycosis are 
similar, though the preferred agents often differ. In early-
stage disease, excision of the skin nodule may be curative, 
although concomitant treatment for several months with 
an antifungal is advised. In localized forms, itracon-
azole usually is used, but in those cases associated with 
immunodeficiency states, voriconazole may be necessary. 
Fluconazole does not have good activity against dematia-
ceous fungi and should be avoided.16 Topical antifungals 
will not reach the site of infection in adequate concentra-
tions. Topical corticosteroids can make the disease worse 
and should be avoided. The duration of therapy may be 
substantially longer for chromoblastomycosis (months to 
years) compared to subcutaneous phaeohyphomycosis 
(weeks to months), although in immunocompromised 
individuals treatment may be even more prolonged.

Mycetoma
Mycetoma is caused by one of several different types of 
fungi (eumycetoma) and bacteria (actinomycetoma) that 
lead to progressively debilitating yet painless subcutane-
ous tumorlike lesions. The lesions usually manifest on the 
arms and legs but can occur anywhere.

Epidemiology—Little is known about the true global 
burden of mycetoma, but it occurs more frequently in 
low-income communities in rural areas.28 A retrospective 
review identified 19,494 cases published from 1876 to 
2019, with cases reported in 102 countries.29 The countries 
with the highest numbers of cases are Sudan and Mexico, 
where there is more information on the distribution of 
the disease. Cases often are reported in what is known 
as the mycetoma belt (between latitudes 15° south and 
30° north) but are increasingly identified outside this 
region.28 Young men aged 20 to 40 years are most com-
monly affected.

In the United States, mycetoma is uncommon, but 
clinicians can encounter locally acquired and travel-
associated cases; hence, taking a good travel history is 
essential. One study specifically evaluating eumycetoma 
found a prevalence of 5.2 per 1,000,000 patients.8 Women 
and those aged 65 years or older had a higher incidence. 
Incidence was similar across US regions, but a higher 
incidence was reported in nonrural areas.8 

Causative Organisms—More than 60 different spe-
cies of fungi can cause eumycetoma; most cases are 
caused by Madurella mycetomatis, Trematosphaeria  
grisea (formerly Madurella grisea); Pseudallescheria 
boydii species complex, and Falciformispora (formerly 
Leptosphaeria) senegalensis.30 Actinomycetoma commonly 
is caused by Nocardia species (Nocardia brasiliensis, 
Nocardia asteroides, Nocardia otitidiscaviarum, Nocardia 
transvalensis, Nocardia harenae, and Nocardia takedensis),  
Streptomyces somaliensis, and Actinomadura species 
(Actinomadura madurae, Actinomadura pelletieri).31

Clinical Manifestations—Mycetoma is a chronic 
granulomatous disease with a progressive inflammatory 

FIGURE 2. Histopathology shows characteristic pigmented 
fungal cells (medlar bodies, muriform cells, or sclerotic bodies) of 
chromoblastomycosis and granulomatous inflammatory process (H&E, 
original magnification ×200). 
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reaction (Figures 4 and 5). Over the course of years, myce-
toma progresses from small nodules to large, bone-inva-
sive, mutilating lesions. Mycetoma manifests as a triad of 
painless firm subcutaneous masses, formation of multiple 
sinuses within the masses, and a purulent or seropurulent 
discharge containing sandlike visible particles (grains) 
that can be white, yellow, red, or black.28 Lesions usually 
are painless in early disease and are slowly progressive. 
Large lesion size, bone destruction, secondary bacterial 
infections, and actinomycetoma may lead to higher likeli-
hood of pain.32  

Diagnosis—Other conditions that could manifest with 
the same triad seen in mycetoma such as botryomycosis 
should be included in the differential. Other differential 
diagnoses include foreign body granuloma, filariasis, 
mycobacterial infection, skeletal tuberculosis, and yaws.  

Proper treatment requires an accurate diagnosis 
that distinguishes actinomycetoma from eumycetoma.33 
Culturing of grains obtained from deep lesion aspi-
rates enables identification of the causative organism  
(Figure 6). The color of the grains may provide clues to 
their etiology: black grains are caused by fungus, red 
grains by a bacterium (A pelletieri), and pale (yellow or 
white) grains can be caused by either one.31 Nocardia 
mycetoma grains are very small and usually cannot be 

appreciated with the naked eye. Histopathology of deep 
biopsy specimens (biopsy needle or surgical biopsy) 
stained with hematoxylin and eosin can diagnose actino-
mycetoma and eumycetoma. Punch biopsies often are not 
helpful, as the inflammatory mass is too deeply located. 
Deep surgical biopsy is preferred; however, species iden-
tification cannot be made without culture. Molecular tests 
for certain causative organisms of mycetoma have been 
developed but are not readily available.34,35 Currently, 
no serologic tests can diagnose mycetoma reliably. 
Ultrasonography can be used to diagnose mycetoma and, 
with appropriate training, distinguish between actinomy-
cetoma and eumycetoma; it also can be combined with 
needle aspiration for taking grain samples.36

Treatment—Treatment of mycetoma depends on  
identification of the causal etiology and requires long- 
term and expensive drug regimens. It is not pos-
sible to determine the causative organism clinically. 
Actinomycetoma generally responds to medical treat-
ment, and surgery rarely is needed. The current first-line 
treatment is co-trimoxazole (trimethoprim/sulfamethox-
azole) in combination with amoxicillin and clavulanate 
acid or co-trimoxazole and amikacin for refractory dis-
ease; linezolid also may be a promising option for refrac-
tory disease.37

FIGURE 3. Cystic phaeohyphomycosis manifesting on the arm. 

FIGURE 4. Cutaneous phaeohyphomycosis on the leg caused by 
Cladosporium species. 

FIGURE 5. Actinomycetoma caused by Norcardia species on the 
shoulder. 

FIGURE 6. Direct microscopy of Exophiala species culture that caused 
eumycetoma.
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Eumycetoma is less responsive to medical therapies, and 
recurrence is common. Current recommended therapy is 
itraconazole for 9 to 12 months; however, cure rates rang-
ing from 26% to 75% in combination with surgery have 
been reported, and fungi often can still be cultured from 
lesions posttreatment.38,39 Surgical excision often is used fol-
lowing 6 months of treatment with itraconazole to obtain  
better outcomes. Amputation may be required if the combina-
tion of antifungals and surgical excision fails. Fosravuconazole 
has shown promise in one clinical trial, but it is not approved 
in most countries, including the United States.39

Final Thoughts
Chromoblastomycosis, subcutaneous phaeohyphomyco-
sis, and mycetoma can cause devastating disease. Patients 
with these conditions often are unable to carry out daily 
activities and experience stigma and discrimination. 
Limited diagnostic and treatment options hamper the 
ability of clinicians to respond appropriately to suspect 
and confirmed disease. Effectively examining the skin 
is the starting point for diagnosing and managing these 
diseases and can help clinicians to care for patients and 
prevent severe disease. 
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