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Majocchi’s granuloma: a symptom complex caused
by fungal pathogens
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Majocchi’s granuloma (MG) is a well-recognized but uncommon infection of dermal
and subcutaneous tissues that is caused by mold fungi. Although primarily caused by
keratinophilic dermatophytes such as anthropophilic Trichophyton rubrum, species from
the Aspergillus and Phoma genera have been occasionally detected as etiologic agents of
MG. In both healthy individuals and immunocompromised hosts, MG often presents as
nodules, plaques, and papules on areas that are prone to trauma. Although MG generally
appears on the upper and lower extremities (forearms, hands, legs, or ankles), it occasion-
ally appears on the scalp and face. The clinical, mycologic, and/or cytologic diagnosis
should be confirmed by the demonstration of perifollicular granulomatous inflammation
by histologic examination. This review focuses on the clinical presentation, pathogen-
esis, laboratory diagnostic methods (including the Tzanck smear test), etiologic agents,
histopathologic characteristics, and therapeutic approaches to the treatment of MG.

Keywords dermatophytes, immunodeficiency, tinea pedis, transplantation, Trichophyton

rubrum, Tzanck smear

Introduction

Dermatophytic fungi compose three anamorphic (asexual,
conidial, or imperfect) genera: Epidermophyton, Trichophy-
ton, and Microsporum. Each genus includes several recog-
nized species. These fungi are keratinophilic and colonize
or infect the superficial keratinized tissues (the skin, nails,
and hair) of humans and animals. The organisms are
usually restricted to the non-living cornified layer of the
epidermis and do not invade beyond the epidermis. In an
immunocompetent host, these fungi are usually unable to
penetrate into viable tissues [1]. There are four well-
described forms of invasive dermatophytic infections:
(1) Majocchi’s granuloma (MG), which is also known
as nodular granulomatous perifolliculitis; (i) deeper
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dermatophytosis; (iii) disseminated dermatophytosis; and
(iv) mycetoma and pseudomycetoma caused by dermato-
phytes [2-5]. MG was first described in 1883 by Professor
Domenico Majocchi (1849-1929) as an intracutaneous or
subcutaneous granulomatous inflammation that arose as a
result of invasion by a dermatophytic fungus (7. tonsurans);
he termed the condition ‘Granuloma tricofitico’ [2].

This review provides information regarding the different
clinical presentations and underlying mechanisms of MG;
additionally, accurate diagnostic and management strategies
for microbiologists, dermatologists, and pathologists are dis-
cussed. For this review, PubMed (Medline) and Google
Scholar were searched for clinical and mycologic studies
published in English (prior to July 2011) using the key
words ‘Majocchi’s granuloma’, ‘trichophytic granuloma’,
and ‘dermatophytic granuloma’. The reports retrieved within
these search criteria were reviewed for inclusion in the study.
However, papers concerning other forms of invasive der-
matophytic infections, such as deeper or disseminated
dermatophytosis, mycetoma, and pseudomycetoma, were
excluded.

DOI: 10.3109/13693786.2012.669503
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MG: an overview

MG is a fungal disease that may result from a modified
local and/or systemic response or a damaged skin barrier
[6-8]. Dermatophytic MG is characterized by the presence
of inflammatory papular, pustular, or nodular lesions,
usually on the limbs [7]. Briefly, it is a folliculitic and
perifolliculitic dermatophyte infection of the dermis [9,10].
There are two forms of MG: (i) the small, perifollicular
papular form, which is a localized dermal infection that
usually occurs in healthy individuals (Fig. 1a) and (ii) the
form featuring deep subcutaneous plaques or nodular
lesions that occur in immunosuppressed hosts [8—13].

The superficial perifollicular form occurs predominately
on the legs of otherwise healthy young women who repeat-
edly shave their legs and develop hair follicle occlusions
that directly or indirectly disrupt the follicle and allow for
passive introduction of the organism into the dermis. Ker-
atin and/or necrotic material can also be introduced into
the dermis with the infectious organism [9,14—17]. MG of
the beard may have a similar etiology. Razor trauma may
result in introduction of the infectious organism beneath
the skin [18]. Because keratinophilic dermatophytes digest
keratin, the introduction of keratin into the dermis may act
as a medium for continued growth [3].

(a)

(.

Fig. 1 (a) A 46-year-old immunocompetent man diagnosed with MG
with well-demarcated, non-tender, indurated erythematous plaques,
pustules, and crusts on the right shin; the lesion had been present for
4 weeks at the time of the photo. (b) Lesions were completely improved
with the use of oral terbinafine (250 mg/day) and topical terbinafine cream
for 4 weeks.

Firm or fluctuant subcutaneous nodules or abscesses
represent a second form of MG that is generally observed
in immunosuppressed hosts. Nodules may develop in any
hair-bearing part of the body but are most often observed
on the forearms, hands, and legs of infected individuals.
Involvement of the scalp and face is rarely observed.
Lesions start as solitary or multiple well-circumscribed
perifollicular papulopustules and nodules with or without
background erythema and scaling. In rare circumstances,
the lesions may have keloidal features [7,8,10,19,20].

Clinical manifestations

In this study, 79 (48 men, 31 women) cases of MG were
reviewed (Table 1) [7-10,12,13,17,19-49]. The mean
patient age was 42 years (range, 3—87 years). The mean
duration of the lesions prior to diagnosis was 10 months
(range, 1 week—96 months). In the related literature, most
cases with MG (62%) were immunocompetent patients. In
the patient cohort that was reviewed, dermatophytic MG
was characterized by inflammatory nodular (60.7%), papu-
lar (17.7%), or pustular (16.4%) lesions that generally
occurred on the limbs (72%). Discrete or grouped papules
(0.3-0.5 cm in size) and nodules (0.5-2 cm in size) can
occur on the more active border of the erythematous
plaques or alone; additionally, they can rarely be keloidal
or verrucous in nature. The application of pressure does
not usually cause the lesions to extrude pus. Unlike keri-
ons, MG lesions do not suppurate until late in their course,
unless secondary impetigo occurs. Pustules (16.4%) and
crusts (4.1%) are observed on the erythematous plaques.
Red-purple or occasionally brown papular and nodular
lesions may resolve spontaneously without cutaneous scar-
ring; however, lesions may result in eventual atrophic and
hypertrophic scar formation [7,50]. The features of cellu-
litis, such as indurated plaques without papules, nodules,
or pustules, are observed in 5.4% of all cases. Although
subjective complaints are usually not reported, pruritus
(10.9%) and slight tenderness following the application of
pressure (9.5%) have been observed. Vulvar swelling was
reported in one case [30]. MG may have a variable clinical
presentation, such as abscess formation, especially when
occurring in an immunodeficient host [10,16]. It was also
reported that MG lesions on the right ankle of a patient
became worse during pregnancy [9].

Importantly, our review of the literature found that nod-
ular lesions were reported in 65.3% of MG cases in healthy
individuals, 58.1% of which were nodular lesions that were
not associated with papular lesions. Nodular lesions were
detected in 53.3% and 65.3% of cases in immunosup-
pressed hosts and healthy individuals, respectively. For
papular lesions, incidence rates of 23.3% and 14.3% were
reported in immunosuppressed hosts and healthy individuals,
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Table 1 Clinical characteristics of Majocchi’s granuloma patients
reviewed from the related literature.

Immunocompetent Immunosuppressed
cases cases
Number of cases 49 30
Male/Female 24/25 24/6
The mean age (range) 40 (3-87) 48 (20-70)
Mean duration of lesions 13 months 6 months
Localizations
Lower extremities 22 12
Upper extremities 17 8
Trunk 2 1
Scalp 1 -
Face 4 1
Genital region 2 3
Multiple anatomic 1 5
localization
Type of lesion
Papule 7 7
Nodule 32 16
Plaque 16 13
Pustule 8
Abscess - 1
Associated diseases
Solid organ transplant - 15
recipients
AIDS - 1
ITatrogenic Cushing - 1
syndrome
CREST syndrome - 1
Systemic lupus - 1
erythematosus
Rheumatoid arthritis - 1
Chronic lymphocytic - 2
leukemia
Lymphoma - 3
Behget’s disease - 1
Leucocytosis - 1
Chronic obstructive - 1
lung disease
Use of topical steroid 9 1

respectively. Lesions were most commonly located on the
lower extremities (43.1%) with 24% of the lesions occur-
ring on only one leg. Only two (10.5%) cases involving the
leg were treated with immunosuppressive therapy, whereas
leg involvement alone was reported in 34.2% of MG cases
in healthy individuals. In immunocompetent patients
(62%), the second most common area of localization was
the upper extremities (34.7%), particularly the forearm
(12.6%) and the back of the hand (12.6%). In immunosup-
pressed hosts, lesions most commonly occurred on the
upper (40%) and lower (26.6%) extremities. Other loca-
tions of MG lesions included the face (6.8%), groin and
gluteal region (4.1%), trunk (4.1%), ear (2.7%), vulva
(1.3%), and scrotum (1.3%).

Only the scalp was affected in one (1.2%) adult case of
MG [22]. Additionally, scalp involvement was reported in
two of six cases with lesions in multiple anatomic areas.

© 2012 ISHAM, Medical Mycology, 50, 449457

Among cases with multiple sites of involvement, five
occurred in immunodeficient patients. Face-only involve-
ment was reported in five (6.3%) cases. The first case was
a patient with chronic obstructive lung disease who received
oral corticosteroid treatment, and the second case was a
patient without any underlying medical problems who had
a lesion on the jaw [8]. The remaining face-only cases
involved a 40-year-old man with alcohol-induced liver dis-
ease [20], an immunocompetent 53-year-old man who
developed MG caused by T. fonsurans on the lower part
of his right ear that subsequently spread to the right cheek
[31], and an immunocompetent woman who used clothes
to hide her face [37]. Additionally, two cases with facial
involvement were reported in cases with lesions in multiple
anatomic sites [17,21].

MG of the genital organs only, an unusual presentation,
has been reported in only two case reports to date [30,36].
First, Chang et al. [30] reported a case of MG caused by
T. mentagrophytes on the vulva of a 23-year-old woman
with chronic eczematous disease. The patient had used
topical steroids for approximately five years. Her dog was
described as a possible source of the infection. Second, Cho
et al. [36] observed a case of the superficial perifollicular
form of MG that was caused by 7. rubrum in a 66-year-old
male; the lesions were located on the scrotal skin of an
otherwise healthy man with tinea cruris. The involvement
of the groin and gluteal region was present in three (3.8%)
individuals who used immunosuppressive therapy after
solid organ transplantation (SOT) [12,21,33].

Source of infection

MG occurs when a long-standing superficial fungal infec-
tion (e.g., dermatophytosis of the buttock, foot, or toenail)
progressively disseminates into the subcutaneous tissues as
a complication of the long-term use of potent topical cor-
ticosteroids, chemotherapeutic agents, or systemic immu-
nosuppression [7,8,10,16,21,42,50]. Generally, the source
of the infection can be found in the patient’s skin or nails
[9,33,42,51]. However, most cases that have been described
in the literature were not associated with tinea pedis
[11,30,31]. In one case, the infection may have been trans-
mitted from a bedmate’s infected toenails [11].

Predisposing factors

MG is a rare fungal infection. The available literature
revealed either no specific data on the actual incidence of
MG or its increasing frequency. However, some predispos-
ing factors were addressed. The various immunosuppressed
conditions that have been described in 79 patients with MG
include the following: malnutrition (1.3%), leukemia
(2.5%), lymphoma (3.8%), AIDS (1.3%), and Cushing’s
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syndrome (1.3%). Additionally, the use of immunosup-
pressive drugs that affect cell-mediated immunity and the
inflammatory response, including neutrophil production,
function, and chemotaxis, can be associated with nodular
dermatophytic infections [10,12,16,39].

Our review revealed that 28 of 79 (35.4%) patients with
MG had received immunosuppressive therapy, and 17 of
these 28 patients received two or more immunosuppressive
drugs, including the following: systemic corticosteroids
(25 cases), tacrolimus (nine cases), azathioprine (six
cases), mycophenolate mofetil (five cases), cyclosporine
(four cases), systemic chemotherapy (three cases), metho-
trexate (one case), and anti-thymocyte globulin (one case).
Among these cases, 15 were SOT recipients who under-
went kidney (seven cases), heart (six cases), or liver (two
cases) transplantation. The other patients treated with
immunosuppressive drugs had CREST syndrome (calcino-
sis, Raynaud’s phenomenon, esophageal dysmotility, scle-
rodactyly, or telangiectasia; one case), systemic lupus
erythematosus (one case), rheumatoid arthritis (one case),
Behcet’s disease (one case), and leukocytosis (one case)
(Table 1). Therefore, because the presence of MG may be
a sign of immunosuppressant overdose, serum drug levels
should be examined [35]. MG is a rare opportunistic infec-
tion in SOT recipients. However, because of increases in
the numbers of SOTs and the administration of immuno-
suppressive therapies, microbiologists and dermatologists
should consider the possibility of MG [12,49]. Because
immunosuppressive therapy lowers cellular immunity,
SOT recipients are highly predisposed to opportunistic
infections and to aggressive and atypical clinical courses
of infections with common pathogens [49]. In the litera-
ture, several cases of MG were reported in SOT recipients
who underwent renal [8,12,16,29,32,33,35], cardiac
[8,17,19,49], and liver transplants [42,44]. In a case report,
Ma et al. [42] observed a 48-year-old female patient with
MG who had undergone liver transplantation 9 months
earlier. She presented with red papules and nodular lesions
on her back, buttock, and thigh that were caused by
T. rubrum with a ‘raubitschekii’ morphotype and persisted
for 2 months. She also had onychomycosis of the toenail
that was due to the same organism. Onychomycosis per-
sisted for several years and worsened during the post-
transplant period. Recently, 11 cases of SOT recipients
with MG were reviewed, and potential risk factors, patho-
gens, clinical presentations, therapeutic approaches, and
outcomes were comprehensively analyzed. Most of the
patients were males who presented with nodules or plaques
on the lower extremities; these were predominantly caused
by T. rubrum [49].

Although rarely reported, individuals can be predis-
posed to MG by the long-standing natural occlusion of the
hair follicle (such as that occurring in the groin area) or the

long-term use of topical corticosteroids for pre-existing
tinea [46,47,51,52]. In the literature, 10 of 79 MG cases
(12.7%) had used topical corticosteroids to treat a pre-existing
condition (e.g., eczema). It has been demonstrated that
strong topical steroids can increase the number of hyphae
present on the surface of the skin in fungal infections and
modify the appearance of lesions [10,47]. Moreover, par-
ticularly when occlusion occurs, MG may present as tinea
incognito, the clinical manifestations of which are highly
variable and non-specific [46,52]. Therefore, topical ste-
roids should be applied to areas of the skin with follicular
occlusions only when one is confident that the eruption is
not a dermatophytosis, as the use of potent steroids under
these conditions may predispose an individual to the devel-
opment of MG [23,52,53].

Pathogenesis

In an earlier report, it was noted that the pathogenesis of
MG is puzzling because the mycelia are present in moist,
living tissues as opposed to their usual localization in non-
living, keratinized tissues [21]. However, the pathogenesis
of MG has been well delineated. In an immunocompetent
person, multiple factors prevent deep invasion by dermato-
phytes, including physical factors, antimicrobial peptides,
and innate and adaptive immunity [54]. First, the physical
barrier of the skin is important because it prevents the pen-
etration of microorganisms [54]. Physical factors that play
a major role in inhibiting dermal invasion include the inter-
play among keratin production, the rate of epidermal turn-
over, the degree of hydration and lipid composition of the
stratum corneum, CO, levels, and the presence or absence
of hair [14,55,56]. Notably, trauma may lead to impairment
of the epidermal barrier. The initiating factor in MG is
thought to be physical trauma that either directly or indi-
rectly leads to follicle disruption and passive introduction
of the organism into the dermis; keratin and/or necrotic
material can also be introduced into the dermis at the same
time, which may provide a substrate for survival of the
organism [8,14,57]. For example, Cho et al. [36] suggested
that physical trauma from tinea cruris-induced scratching
caused follicular disruption of the scrotal skin, leading to
the migration of 7. rubrum into the dermis and the develop-
ment of MG. Additionally, dermatophytic fungi may
directly invade the skin [17]. However, Rippon [58]
reported that dermatophytes can be converted to yeast-like
forms, which is a feature of dimorphic fungi. Notably, the
dermal environment is more alkaline than the epidermis,
and the dermis does not represent the ideal substrate for
the growth process outlined above [57]. Keratinous mate-
rial that is introduced into the dermis after follicular disrup-
tion can potentially provide a substrate for dermatophytic
fungi; however, this should not affect non-dermatophytic

© 2012 ISHAM, Medical Mycology, 50, 449457
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molds, such as those of the Alternaria and Aspergillus
genera [14,57]. Cellular destruction associated with fungal
growth and the increased amounts of stromal acid muco-
polysaccharides that are produced by inflammation reduce
the dermal pH, making the dermal environment more suit-
able for survival of the fungal pathogen [8,57].

Second, antimicrobial peptides such as cathelicidins
play a role in skin defense against dermatophytes and may
help to limit the dermal invasion of dermatophytes [59].
Toll-like receptor (TLR)-mediated activation of keratino-
cytes and monocytes by dermatophytes causes the degrada-
tion of cathelicidins [60]. However, levels of cathelicidins
are reduced in patients with atopic dermatitis [61]. For this
reason, severe generalized MG in a patient with atopic der-
matitis is here reported [60].

Third, the nonspecific phagocytic functions of neutro-
phils and macrophages appear to be crucial for the control
of deep or invasive forms of fungal infections [16]. Fungal
hyphae can activate complement via the alternative path-
way and generate chemotactic factors for neutrophils. Neu-
trophils and monocytes have been demonstrated to ingest
and kill the spores of 7. rubrum; additionally, neutrophils
destroy Aspergillus hyphae. Therapeutic immunosuppres-
sion with corticosteroids inhibits the resident tissue
macrophage-mediated killing of spores (but not via the
inhibition of phagocytosis) and impairs the neutrophil-
mediated killing of hyphae [16]. Th2-associated humoral
immunity is not protective against the dermatophytes, but
Th1-mediated adaptive immunity is important in dermato-
phytic infections [62]. Therefore, immunosuppressive
therapy lowers cellular immunity, resulting in generalized
MG lesions [10,12].

Laboratory diagnosis

A high index of suspicion will facilitate the diagnosis of
this uncommon and treatable disease and of any previously
unknown underlying immunodeficiencies [45]. The pres-
ence of non-tender, usually unilateral, erythematous or
purple nodules, papules, and plaques that are refractory to
the initial treatment should elicit a high degree of suspicion
[7,10,13].

Mycologic examination

Fungal hyphae can be observed by the potassium hydrox-
ide (KOH) test. Upon direct microscopic examination of
the extracted hairs, the fungi were detected mostly as an
ectothrix mosaic mantle of rather large spherical or oval
spores. However, on most hairs, an endothrix element was
also present. This structure consisted of short hyphal seg-
ments and chains of oval or rounded arthrospores that were
longitudinally directed in relation to their shaft [7]. In the

© 2012 ISHAM, Medical Mycology, 50, 449457

majority of patients (76.7%), the KOH examination was
positive. However, in some MG cases (23.3%), KOH prep-
arations of scales and pustules may reveal no hyphal struc-
tures [6,13]. Gram stains, calcofluor stains, scale cultures,
and exudate or tissue biopsy samples may reveal hyphae
when the KOH test result is negative [6].

Furthermore, if the KOH examination is negative, cyto-
logic examination can also be performed. Samples may be
taken by a slit-skin smear or fine-needle aspiration and can
then be quickly stained using the May-Griinwald-Giemsa
method (20-25 s) [63,64]. Hyphae and spores can be
detected in foreign body-type giant cells and/or in the
background (Fig. 2a and 2b). In suspected cases of MG,
confirmatory stains, such as periodic acid-Schiff (PAS) or
Gomori’s methenamine silver (GMS) staining, can be per-
formed [65]. In general, tissue homogenate cultures are
more sensitive than special stains [6].

Fig.2 (a) Hyphae (arrows) in a Langhans-type giant cell in a trunk scale
from a 37-year-old immunocompetent man with MG (May-Griinwald-
Giemsa stain; magnification, X 1000). (b) Hyphae in the background (red
arrow) and a foreign body-type giant cell (black arrow) in a trunk scale
from a 37-year-old immunocompetent man with MG (May-Griinwald-
Giemsa stain; magnification, X 1000).
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The pathogen must be identified by culture [7] or by
specific PCR [35]. For this purpose, fresh tissue should be
collected from the dermal granulomas. In one study, 7.
rubrum was detected using an ELISA-PCR of unstained
tissue specimens and paraffin sections [35]. As discussed
below, the clinical picture of MG is mostly caused by der-
matophytes but can also be caused by other molds that may
require treatment with particular antimycotic agents.
Therefore, an unambiguous identification of the fungus is
mandatory, especially in immunocompromised patients.

Etiologic agents

Dr Majocchi [2,66-70] worked at a time when anthropo-
philic 7. rubrum was uncommon in Europe and almost
always recovered T. tonsurans or T. violaceum from MG
cases. Currently, however, the most common dermatophyte
species that causes MG in both immunocompetent and
immunosuppressed individuals is 7. rubrum. Additionally,
T. rubrum is the most common fungal cause worldwide of
both acute and chronic cutaneous and nail dermatophytosis
[7-10,13,17,18,20,21,23,24,28,29,33,35-38,41,42,44,45,49,53].
Other causative agents include 7. rubrum with the
‘raubitschekii’ morphotype [42], T. mentagrophytes
[8,30,39], T. tonsurans [19,22,31,32,34], T. verrucosum

Table 2 Differential diagnosis in Majocchi’s granuloma according to
lesion type.

Type of lesion Differential diagnosis

Papule Folliculitis
Acne vulgaris
Lupus miliaris disseminatus facii
Insect bite
Cutaneous leishmaniasis
Granulomatous rosacea
Disseminated toxoplasmosis
Kaposi sarcoma
Nodule Erythema nodosum
Erythema induratum Bazin
Furunculosis
Sarcoidosis
Cutaneous leishmaniasis
Kaposi sarcoma
Foreign body granuloma
Lymphocytoma cutis
Thrombophlebitis
Squamous cell carcinoma
Plaque Bacterial cellulitis
Eosinophilic cellulitis
Chemical cellulitis
Sarcoidosis
Lupus vulgaris
Cutaneous leishmaniasis
Stasis dermatitis
Psoriasis
Contact dermatitis

[27], Microsporum canis [8,16,43,46], and Epidermophyton

floccosum [26]. Moreover, Smith et al. [8] identified
the following dermatophytic fungi from patients with
MG: T. violaceum, M. audouinii, M. gypseum, and
M. ferrugineum.

Majocchi [2] clearly thought that ‘Granuloma tricofitico’
was a dermatophyte-related problem. However, more than
a century after his initial report, an infection caused by a
saprophytic dematiaceous Phoma sp. found in soil and
plants was reported in a 53-year-old Hispanic man receiv-
ing tacrolimus treatment for a renal transplant [12]. Fur-
thermore, Saadat er al. [40] recovered Aspergillus
Sfumigatus from the left lower flank of a 27-year-old man
with AIDS (Table 3).

Histopathologic characteristics

The diagnosis of MG should be made by histopathologic
examination [8]. Histopathologic sectioning reveals perifol-
licular granulomatous inflammation with dermal abscesses.
Severe inflammation of hair follicles and shafts is also seen
in kerion. In both instances, giant cells can be present. In
kerion, perifollicular infiltrates spread rapidly to the inter-
follicular areas, and the infiltrate primarily includes neutro-
phils. However, MG is associated with chronic inflammation
with lymphocytes, macrophages, epithelioid cells, and scat-
tered multinucleated giant cells [71]. Like MG, pseudomy-
cetomas may arise through extension from hair follicles.
However, pseudomycetomas represent granulomatous infil-
trations with hyphal aggregates that form basophilic struc-
tures (grains) similar to eumycotic granules [5]. Clear
granuloma is usually observed in cutaneous alternariosis,
but this infiltration is not strictly perifollicular [72].

It has been reported that no specific features were char-
acteristic of particular etiologic agents, and no specific

Table 3 Etiologic agent of 79 cases of Majocchi’s granuloma and their
frequency.

Causative fungi Frequency (%)

Dermatophytic fungi 97.4
Trichophyton rubrum$ 70.8
T. mentagrophytes 6.3
T. tonsurans 7.5
T. verrucosum 1.3
T. violaceum 1.3
Microsporum canis 5
M. audouinii 1.3
M. ferrugineum 1.3
M. gypseum 1.3
Epidermophyton floccosum 1.3

Non-dermatophytic molds 2.6
Aspergillus fumigatus 1.3
Phoma sp. 1.3

ST. rubrum also includes T. rubrum of the ‘raubitschekii’ morphotype.

© 2012 ISHAM, Medical Mycology, 50, 449457
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changes are known to reflect the degree of immune
suppression of the infected patient. However, more extensive
tissue necrosis and abscess formation with less extensive
epidermal acanthosis and a less granulomatous reaction
were characteristic features of the specimens derived from
immunocompromised patients [8]. Importantly, fungal ele-
ments are not the typical slender hyphae found within the
stratum corneum during superficial infections; instead, fun-
gal elements include thicker, shorter hyphae and arthrospores.
Although some of the hyphae are large and can be up to 6
pum in diameter, variations in their size and shape do exist.
However, the presence of large hyphae can lead to the incor-
rect diagnosis of mucoraceous species such as Mucor sp.
and Rhizopus sp. Segmented hyphae form rectangular to
ovoid arthrospores that vary in size from 1040 um. These
arthrospores exhibit single or multiple budding sporulation
and areas of internal segmentation, occasionally with capsu-
lar sialomucin. In addition, some of the microconidia exhibit
double walls or single budding sporulation [8].

Detecting fungal elements is difficult when histopatho-
logic examination is performed with the hematoxylin-eosin
stain. However, PAS and GMS staining can facilitate the
detection of fungal spores, hyphae, and arthrospores within
hairs, hair follicles, and in dermal infiltrates [8,16,30,36].
If these confirmatory stains are also negative, the histo-
pathologic findings may be confused with other granu-
lomatous diseases, such as granulomatous rosacea,
sarcoidosis, cutaneous tuberculosis, or cutaneous leishma-
niasis [7]. If eosinophils are prominent and the fungal ele-
ments are negative, the diagnosis may be eosinophilic
cellulitis [30]. In this condition, tissue homogenate cultures
and molecular-based techniques, such as PCR, may be
used to detect dermatophytic fungi [6,35].

Differential diagnosis

We now consider MG as a localized ‘dermatophytic gran-
uloma’. Therefore, the correct diagnosis of MG relies upon
a high degree of clinical suspicion followed by skin biopsy
with pathologic correlation and fungal cultures of biopsy
materials. The disease should be differentiated from sev-
eral diseases that present with papules, nodules, or plaques
(Table 2) [6,10,35,45,50,57,73]. Additionally, when Phoma
sp. [12] and A. fumigatus [40] are included as the etiologic
fungi contributing to MG, a differential diagnosis to dis-
tinguish it from other diseases, such as hyphomycosis and
phaeohyphomycosis, is required.

Treatment

Historically, antifungal therapy has been successful in
controlling MG in most instances. The therapies utilized
have included oral potassium iodide, mildly filtered local
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X-radiation, and topical applications of 2-dimethylamino-
6-(B-diethylaminoethoxy)-benzothiazole (Asterol) as a
fungicide in both tincture and ointment forms [7]. In mod-
ern medicine, systemic antifungals, such as griseofulvin
[9,16,17,21-24,31,32,34,48], ketoconazole [10], itracon-
azole [ITR; 17,27-30,37,38,45,49], and terbinafine [TER;
12,20,25,35,39], are the mainstays of therapy, as they are
safe and effective. The duration of therapy should be at
least 4-8 weeks, and treatment should be continued until
all lesions are cleared. In the literature, nearly all lesions
resolved without scarring at the end of 6 weeks of antifun-
gal therapy (Fig. 1b). Specifically, Sequeira et al. [12]
treated a case of MG due to Phoma sp. with 2 months of
ITR (250 mg b.i.d.) therapy. ITR was discontinued due to
a lack of response, and treatment with TER (250 mg daily)
was started; significant clinical improvement was observed
after 4 weeks. A case of MG caused by A. fumigatus was
treated with intravenous amphotericin B (1.5 mg/kg/day),
and the cutaneous lesions exhibited some clinical improve-
ment after 2 weeks. However, this patient died from respi-
ratory failure 6 weeks after admission [40].

Systemic antifungals, such as TER given at a dose of
250 mg/day for 4-6 weeks, are being used successfully.
Following therapy with TER (250 mg/day), the drug can
be detected in the stratum corneum as early as 24 h after
administration, having diffused from the vascular system
and through the deeper structures of the skin. The response
of MG to oral TER can be explained on the basis of its
pharmacokinetics [74]. Attention should be paid to possible
interactions between antifungals and immunosuppressants.
In addition to its superior efficacy in eliminating dermato-
phytes, TER also has a lower risk of drug interactions and
is preferable to azole antifungals for treating MG [25]. In
another study by Gupta et al. [27], seven patients with MG
were treated up to three times with ITR pulse therapy
(200 mg twice daily for 1 week with 2 weeks between
pulses). All seven patients responded to therapy; clinical
and mycologic cures were achieved, with no patient relaps-
ing over a 6- to 18-month follow-up period. The authors
suggest that one pulse may be sufficient in some patients.

Topical antifungals are usually ineffective therapeuti-
cally because of insufficient drug penetration into the
deeper skin layers [27]. However, Cho et al. [36] success-
fully treated superficial and perifollicular forms of scrotal
MG with a topical antifungal agent alone (cloconazole
hydrochloride) for one month. In addition, surgical treat-
ment may be an option when the lesions are either solitary
or discrete and involve a limited area and when wound
healing is not a concern [19,33,42]. However, recurrence
is expected in many instances because foci of dermatophy-
tosis remain uncured in nails, feet, or other anatomic sites
[7]. In addition, in immunocompromised patients, pro-
longed treatment may be advisable as relapses have been
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reported [21]. Therefore, clinical and mycological clear-
ance is crucial for the follow-up of patients with MG.
Avoiding follicular occlusions, topical steroids, and
leg- shaving may help to prevent MG [6].

Conclusions

Described more than a century ago, MG is an infection of
dermal and subcutaneous tissues that is related to the disrup-
tion of hair follicles and spillage of fungi into the dermis,
which produces granulomatous inflammation. Briefly,
changes in the dermal environment induced by the introduc-
tion of foreign material and morphologic changes in the
organisms, including the production of sialomucin, may
enable the dermatophytes to persist and grow in areas other
than the epidermis. MG can occur in both immunocompetent
(62%) and immunosuppressed (38%) hosts. Patients receiv-
ing immunosuppressive treatments that lead to a reduction
of cellular immunity are at increased risk for MG.
Importantly, clinical and/or mycologic diagnoses should
be verified by the histologic examination of biopsy material.
T. rubrum is the most commonly recovered fungal pathogen;
however, in contrast to Majocchi’s original description in
1883, non-dermatophytic molds, including those from the
Aspergillus and Phoma genera, have occasionally been
implicated. It should be noted that the Tzanck smear method
is a rapid, easily performable diagnostic test that is routinely
used. Histopathologic examinations reveal a deep suppura-
tive and granulomatous folliculitis in patients with MG.
Systemic antifungals given at an adequate dose and for an
appropriate duration are the drugs of choice; in general,
topical antifungals alone do not clear the fungal infections.
Patients should be educated about the causative fungus of
MG as well as the predisposing and exacerbating factors.
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