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Abstract

Purpose of Review We present the risk factors, clinical presentation, and current recommendations for diagnosing and treat-
ing cutaneous infections due to Geotrichum spp.

Recent Findings Skin infections caused by Geotrichum spp. are infrequent. G. candidum and G. klebahnii are the only species
of the genus responsible for human infections. In immunocompetent patients, these infections occur due to severe trauma or
burns, while in immunosuppressed patients, they are mainly a consequence of dissemination.

Summary Geotrichum spp. infection is challenging to discriminate with colonization because it is a ubiquitous skin colonizer,
in such a way that clinical suspicion is essential to achieve the diagnosis. There are no breakpoints or epidemiological cut-off
values to interpret antifungal susceptibility tests. Amphotericin B and voriconazole have been the most widely used anti-
fungals in treatment. Active surveillance studies are required to understand these infections’ characteristics and real burden.
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Introduction

The recent increase in the number of immunosuppressed
patients has increased the number of systemic fungal
infections, but also cutaneous. The skin is the first line
of defense against pathogens; however, in recent years,
the number of skin infections caused by pathogenic or
opportunistic fungi has been increasing in both immuno-
suppressed and immunocompetent patients. Skin lesions
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can result from a local infection, but they can also be a
manifestation of a disseminated infection. The primary
pathogens involved include yeasts such as Candida or
Malassezia furfur or dermatophytes such as Trichophy-
ton, Microsporum, and Epidermophyton, but Aspergillus
spp., Fusarium spp., Mucorales, Talaromyces marneffei,
Sporothrix spp., and dematiaceous fungi [1]. Another
organism responsible for skin infections, although rare,
is Geotrichum, an imperfect, filamentous, yeast-like
fungus that belongs to the phylum Ascomycota, order
Saccharomycetales.

Previously, the species of the genus Geotrichum were
singled out to it, based on their morphological characteris-
tics, in such a way that the species most frequently isolated
from clinical samples were commonly named Geotrichum
candidum (with its teleomorph Galactomyces candidus and
its anamorph Geotrichum candidum), Geotrichum capi-
tatum (with its teleomorph Magnusiomyces capitatus and
its anamorph Saprochaete capitata), and Geotrichum clava-
tum (of which its teleomorph is unknown and its anamo-
rph Saprochaete clavata). However, in recent years, this
genus, after several phylogenetic analyses based on rDNA
and multilocus analyses, underwent a series of changes,
placing Saprochaete clavata in the genus Magnusiomyces
(Magnusiomyces clavatus), leaving Geotrichum candidum as
the only genus pathogenic species of the genus Geotrichum
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[2, 3]. However, the case of an invasive skin infection by
Geotrichum klebahnii in a patient with no known chronic
conditions was recently described [4e].

Geotrichum candidum is a ubiquitous, saprophytic fun-
gus found in soil, fruits, dairy products, and vegetables; it
is also a commensal that colonizes the skin, digestive, and
respiratory tracts of humans [5, 6]; however, it is also an
emerging opportunistic pathogen that although rare (less
than 100 cases between 1842 and 2006) has high mortality
rates, being higher than 60% in cancer patients but less than
40% in other groups of patients [7, 8e, 9].

Risk Factors and Specter of Geotrichum spp.
Infections

No specific risk factors have been described for Geotrichum
candidum infections, and some case reports have been in
immunocompetent people, although diabetes [4e, 5, 10e]
and COVID-19 have been associated [11].

According to the reports, the spectrum of disease ranges
from skin disease, oral cavity, otomycosis, symptomatic
and asymptomatic urinary tract infection, post-surgical
and post-trauma infection, and osteoarticular to pulmonary
disease, endocarditis, and disseminated infection [11-20].
However, one case series reports that immunosuppression,
such as hematological malignancies and the use of immu-
nosuppressors, is associated with cases of invasive infection
at the pulmonary level and even fungemia [9, 21e]. Unlike
Magnusiomyces clavatum, there are no reports of outbreaks
caused by G. candidum.

Epidemiology of Geotrichosis

Regarding geographic distribution, we found only a few case
reports with a worldwide distribution; countries with more
case reports include the USA, with nine reports, followed by
Germany and India, shown in Fig. 1A countries with case
reports. Interestingly, more recent cases have been observed,
which could mean that geotrichosis is an emerging infection.

Cutaneous Geotrichosis

Geotrichum disease is an unusual mycosis. There are few
reports of infection by this organism; however, pulmonary
and disseminated diseases in immunocompromised hosts,
such as leukemia and cancer, are the most common among
these. Cutaneous geotrichosis is infrequent and can occur
in animals [22, 23] and humans. In the latter, the reported
cases are from various countries, including the USA [21e,

24e, 25e], Korea [26¢], Greece [10e], Indonesia [27¢], and
Mexico [28e], and report affection in adults of various ages
(20 years until 80 years) as mentioned below.

Cutaneous Geotrichosis Risk Factors

Cutaneous geotrichosis (CG) was described in immuno-
competent hosts and was associated with diabetes [4e, 10e],
history of local trauma [10e, 26e, 29], and burns [24e, 25e].
CG has also been described in immunosuppressed patients
as acute leukemia patients [21e, 30, 31] and solid organ
neoplasias (as squamous cell carcinoma) [27¢], although
associated with disseminated infection in most. In burn and
immunosuppressed hosts, the clinical presentation can be
severe with disseminated infection; this last group usually
has a fatal outcome due to their immune status [21e, 30, 31].

Clinical Presentation of Cutaneous Geotrichosis

It can cause a superficial and deep tissue disease. The super-
ficial cutaneous presentation was described in a patient with
diabetes in breast folds, presenting as erythematous scaly
plaques with satellite and pruritic lesions. Therefore, the first
suspicion was candidiasis [28e]. Another case is a healthy
woman who suffered a rock injury to her shin; the lesion
presented as mildly itchy, painless, scaly, and secretive. This
patient received steroids three times before G. candidum was
detected [26¢]. In summary, superficial lesions can present
with lesions with erythema pruritus; there may or may not
be scales, similar to mucocutaneous candida.

Cutaneous deep geotrichosis was described; lesions are
described in the finger [10e], hands [29], arms [30], feet
[27¢], and face [4e, 28], as well as in the insertion cath-
eter site, which indicates no preference for any particular
area. Skin lesions can range from 3 to 12-cm long by 3 to
4-cm wide, are generally characterized by slow growth, with
3-7 months evolution, and may present painlessly or mod-
erately painful and erythema; swelling, edema, mild itch-
ing, and nodular and granulomatous lesions may be present.
Ulcerative lesions and obstructive arterial disease have also
occurred [4e, 10e, 21e, 27 29 30]. In a facial case for G.
klebahnii in a patient with no history of trauma and with dia-
betes mellitus, orbital involvement was found with mild ocu-
lar proptosis and visual alteration due to inflammation [4e].

Clinical differential diagnosis must be made with inflam-
matory and neoplastic cutaneous diseases, other infections
such as conventional bacteria or nontuberculous mycobacte-
rial skin diseases, etc. Microbiologically, there are reported
cases of coinfection with other fungi such as Rhizopus spp.,
Fusarium spp. [25¢], dematiaceous fungus (Microsphaerop-
sis arundinis) [27¢], and C. orthopsilosis [24e].
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Fig.1 A Worldwide distribution of case reports or geotrichosis. B
Colony morphology of Geotrichum candidum on Sabouraud agar
medium at 30 °C for 48 h, culture shows chalk-white, dry, star-shaped
colonies with a raised surface and a chamois leatherlike appearance.
C Massive growth of Geotrichum candidum on Sabouraud agar

Diagnosis

Cutaneous infections tend to be challenging to define an
etiologic diagnosis since, as mentioned above, G. candi-
dum is commonly found colonizing the skin and is a ubiq-
uitous fungus; therefore, histopathology demonstration
would be required to establish the definitive diagnosis.
It is worth mentioning that there are few reports in which
tissue invasion has been demonstrated by histopathology
[4e, 10e, 21e, 26¢, 30]. It is essential to highlight that
the mucosal affection of Geotrichum is practically indis-
tinguishable from mucocutaneous candidiasis due to its
clinical features. The lack of response to treatment may
lead to seeking a diagnosis.
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medium at 30 °C for 96 h, white, velvety, and moist colonies are
observed. D Preparation with lactophenol cotton blue with a mag-
nification of 400X, where septate hyaline hyphae are observed, seg-
mented into chains of rectangular arthroconidia of very variable size
of Geotrichum candidum

Histopathology Evidence by pathology is usually a require-
ment for the proven diagnosis of invasive fungal infections,
as the European Organization for Research and Treatment
of Cancer and the Mycoses Study Group Education and
Research Consortium (EORTC/MSGERC) indicates [32].
In Grocott-Gomori methenamine silver (GMS) or peri-
odic acid-Schiff (PAS) stains, Geotrichum spp. observed
as septate hyphae (arthroconidia) with variable diameter
and length without blastospores; rectangular, oval forms
observed, and branching is infrequent [4e, 21e, 30]. It is
possible to find mixed inflammatory infiltration with lym-
phocytes, neutrophils, monocytes, and a few eosinophils, as
well as a granuloma with the formation of a central neutro-
philic microabscess [4e, 10e].
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Molecular Diagnosis Tests To establish proven invasive
fungal infection, the EORTC/MSGERC proposes amplify-
ing fungal DNA by PCR combined with DNA sequencing
when fungal structures are observed in tissue [32]. Unfortu-
nately, since no reports and guidelines have been used for the
molecular detection of Geotrichum spp. and no standardized
test, this method is only moderately supported for the detec-
tion of G. candidum [8].

Utility of Fungal Biomarkers Currently, the use of biomark-
ers for diagnosing Geotrichum spp. infections has not been
established because there are very few reports in which
galactomannan and 1,3-p-D-glucan detection has been used.
Galactomannan detection was negative in one patient with
invasive skin infection by G. klebahnii and another with G.
candidum, while 1,3-B-D-glucan was positive in the latter
case [4e, 33]. The European Society for Clinical Microbiol-
ogy and Infectious Diseases (ESCMID) and the European
Confederation of Medical Mycology (ECMM) joint clinical
guidelines for diagnosing and managing rare invasive yeast
infections do not recommend its use [34].

Conventional Mycology Tests

Fungal Stain The KOH and Gram stains from skin sam-
ples can provide a rapid and presumptive diagnosis of G.
candidum presence, so their use is strongly recommended.
However, culture remains essential for diagnosis [8e].

Fungal Culture Identification at the species level is strongly
recommended to understand geotrichosis’s epidemiology
and clinical characteristics. In contrast, there is currently
no data indicating that identification of Geotrichum to the
species level can guide the choice of antifungal treatment;
the recommendation for identification at this level, for this
purpose, is only moderate [8e].

Historically, the identification of fungi has been based on
macroscopic and microscopic characteristics. G. candidum
commonly grows on Sabouraud dextrose agar (SDA) after
48 h at 25 °C, while at 36 °C, growth is slower and may take
more than 4 days [10e]. Geotrichum spp. grows on SDA
as cream-colored, moist, yeast-like, and hairy colonies [16,
35]; in contrast, it grows as a chalky white stellate colony on
blood agar with a chamois-like surface and sinks in the agar
[17]. Figure 1B shows the colony growth of G. candidum
in SDA media at 30 °C for 48 h. Figure 1C shows massive
growth of G. candidum in SDA media at 30 °C for 96 h.
Microscopically, with lactophenol blue staining, it appears
as hyaline septate hyphae segmented into chains of rectan-
gular arthroconidia of quite variable size without producing
blastoconidia [4e, 16, 24, 35]. Figure 1D shows a lactophe-
nol cotton blue preparation from Geotrichum candidum at
400x magnification. Biochemically, it assimilates glucose,

galactose, and xylose but not lactose, maltose, and sucrose
[24]. The detection of the lack of urease activity has been
used for its identification and differentiation mainly from
Trichosporon [16, 17, 24e].

Phenotypic identification systems that have been used
for the identification of Geotrichum spp. include API 20C
(bioMérieux, Marcy I’Etoile, France), VITEK 2 (bioMé-
rieux, Marcy-1’Etoile, France), API ID 32C (bioMérieux,
France) and MicroScan (Beckman Coulter), some of which
have shown limitations in achieving identification to the
species level [4e, 16, 36, 37]. The recent introduction of
matrix-assisted laser desorption ionization-time of flight
mass spectrometry (MALDI-TOF MS) has come to revo-
lutionize the identification of bacteria and fungi in clini-
cal microbiology laboratories; unfortunately, the cases
of infection by Geotrichum spp., in which MALDI-TOF
MS has been used for identification, are scarce [4e, 24e]
and the few MALDI-TOF MS performance evaluations
for identification of this genus include only a few samples
[37—-41]. It is well described that the number of species and
spectra contained in the library used directly influence the
identification performance of MALDI-TOF MS. Currently,
the MALDI-TOF Biotyper (Bruker Daltonics Bremen, Ger-
many) Filamentous Fungi Library v5.0 includes only 12
spectra of G. candidum and one of Geotrichum sp., which
shows the need to enrich the libraries with more species,
even non-pathogenic ones, to improve this tool’s perfor-
mance in identifying Geotrichum species. Regarding the
method to achieve identification, using MALDI-TOF is
moderately recommended, considering that its performance
will depend on the library’s richness [8e].

On the other hand, the gold standard for identification is
rDNA molecular analysis; however, most routine laborato-
ries cannot perform it, being limited to only a few research
laboratories. There are less than a handful of clinical cases
in which molecular sequencing has been used to identify G.
candidum [19, 20, 21e]. Molecular identification by ITS or
28S ribosomal DNA sequencing is strongly recommended
instead of identification based on morphological character-
istics or biochemical behavior [8e].

Antifungal Susceptibility Tests There are no breakpoints
or epidemiological cut-off values (ECV) for interpreting
the different antifungals’ minimum inhibitory concentra-
tions (MICs) against G. candidum. There are few studies
and few isolates in which susceptibility has been analyzed.
The reported MICs are diverse across the different studies
(Table 1) [4e, 10e, 11, 14, 20, 21e, 42-49].

Determining susceptibility to antifungals is moderately
recommended to guide antifungal treatment; it can be
clinically helpful in treatment failure or refractory disease
cases. However, the recommendation is strong from the
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Table 1 Summary of the minimum inhibitory concentrations (pg/mL) reported of different antifungals on clinical isolates of Geotrichum candi-

dum
Reference (n) KTZ FCZ 1TZ VRZ PSZ 1SZ AMB MICA CAS 5-FC
Buchta V (11)% 6.25 - 6.25 - - - 0.78 - - 6.25
Wildfeuer A (22)  0.195-3.125 - 0.098-6.250  0.098-0.782 - - 0.195-1.563 - - -
Nenoff P (2) - 0.25 - - - - - - - -

2
Cuenca EM (22)% - 16 8 4 1 - 0.25 >16 1
Sfakianakis A (1)  0.03 1 0.03 <0.008 - - 1 - 1 <0.03
Dannaoui E (1) - - - - — — - >8 >8 -
Henrich TJ (1) - 8 - 0.125 - - 0.5 0.06 - -
Cordoba S (1) - 32 - - - - 1 - - -
Myint T (1) - 128 6 0.125 - - 0.047 - - -
Duran GL (1) - 32 4 0.25 4 0.5 2 0.06 0.25 0.03
Meena S (1) - - >16 0.016 0.016 - >16 0.016 0.032 -
Esposto MC (3) - 4(DH) 0.12 (2) 0.06 (2) 0.12(1) 0.12(2) 0.25(2) - - 0.25(2)

32(2) 025(1) 0.12 (1) 025(2) 025(1) 0.5 0.5 (1)
Tshisevhe V (1)*  — 16 0.12 0.06 0.5 - 0.12 - - 8
Selvan K (1) - 32 - 0.5 1 - 1 - - -

KTZ ketoconazole, FCZ fluconazole, ITZ itraconazole, VRZ voriconazole, PSZ posaconazole, ISZ isavuconazole, AMB amphotericin B, MICA

micafungin, CAS caspofungin, 5-FC 5-flucytosine
*Geotrichum klebahnii
AMIC90

epidemiological data support, and the determination must
be made using standardized reference methods [8e].

Treatment Recommendations

Antifungals. The optimal treatment has yet to be estab-
lished. Data are limited to in vitro data, case reports, and
case series. A high index of clinical suspicion is necessary
to start antifungal therapy.

The choice of treatment will depend on the severity of
the infection. The literature supports the treatment with
amphotericin B liposomal plus or not flucytosine in severe
or invasive cases, and there is scarce data on voriconazole.
Neither echinocandins nor fluconazole can be recommended
because of high MICs and no clinical support for efficacy
[4e, 2160, 44, 46].

Treatment duration is empirical and should be individual-
ized, guided by clinical response, site and extent of infection,
and patient immune status [8e]. The treatment recommended
by the authors is from 2 to 12 weeks in invasive infections
and with difficulty in controlling the focus of infection. The
decision must be individualized and consulted with the
expert.

Regarding experience in superficial cutaneous geotricho-
sis, Bonifaz et al. [28] reported improvement in a patient
who self-medicated with topical 1% gentian violet for 20
days; in another case described by Choi et al. [26], the
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patient was given treatment with 200 mg of itraconazole plus
topical 1% isoconazole nitrate for 6 weeks, with recovery
and leaving post-inflammatory hyperpigmentation.

Oral geotrichosis treatment is anecdotic; reports described
a treatment with topical nystatin vaginal tablets for several
weeks; no other data supported this recommendation [50].
Oral geotrichosis should be treated as an alternative therapy,
such as posaconazole and isavuconazole, which are promis-
ing potential therapies, although not many studies support
this information [46].

Surgical Treatment. For the treatment of skin or soft
tissue infections, surgical debridement with infection-free
margins is recommended, in addition to systemic antifun-
gal therapy. Resection or debridement should be repeated
as necessary [8e].

Summary of Geotrichosis Antifungal Treatment
Options

Based on the review and the evidence found, the authors
summarize the treatment recommendations according to the
presentation of geotrichosis. We summarize all treatment
recommendations in Table 2.

Invasive Cutaneous Geotrichosis or Systemic Disease

First-line therapy: amphotericin B liposomal formulation
+/— flucytosine (Ampho B Lipid complex as 5 mg/kg/day
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Table 2 Summary of geotrichosis treatment

Invasive cutaneous geotrichosis or systemic disease

Superficial cutaneous geotrichosis

First line

First-line alternative

Amphotericin B liposomal formulation +/— flucytosine.

Voriconazole, posaconazole, or isavuconazole (IV/ OR)

Ketoconazole or miconazole in topical formulation

Voriconazole, posaconazole, or isavuconazole (IV/OR)

Intravenous dosing (IV)/oral formulation (OR). The doses are specified in the text

as single infusion or Ampho B Liposomal 3—5 mg/kg/day
as single infusion).

The first-line alternative: voriconazole, posaconazole,
or isavuconazole (intravenous dosing (IV)/oral formula.

The authors recommend seeing numerous drug interac-
tions with these drug classes regarding azole drugs. Vori-
conazole IV dosing 6 mg/kg IV 12 x 2 doses (load) and
then 3—4 mg/kg IV q12h. Oral dosing of voriconazole 400
mg OR q12h X 2 doses and then 200 mg OR q12h should
be an oral dose 1 h before or 1 h after eating.

Superficial Cutaneous Geotrichosis

Topical first-line therapy: ketoconazole or miconazole in
topical formulation.

Systemic first-line therapy: voriconazole, posaconazole,
or isavuconazole (IV/OR).

G. candidum Industrial Relevance

However, from a clinical point of view, there is an increase
in the number of cutaneous and disseminated infection
cases by Geotrichum in several regions worldwide. Nev-
ertheless, we must recognize the advantages of its wide-
spread use in the food and beverage industry and many
other industrial uses.

A recent review revealed the importance of G. candi-
dum for the food, biotechnology, and agro-industry, point-
ing out its role as a starter culture in the dairy and brewing
industry, its importance as a probiotic nutritional supple-
ment in fish, its role in the production of a large number
of biotechnologically necessary enzymes, in addition to
pointing out the existence of strains that produce second-
ary metabolites with antimicrobial activity. Likewise, G.
candidum has bioremediation capacity by removing or
reducing contaminants and heavy metals from the aquatic
environment and degrading various types of organic waste
from wastewater [51]. Another recent study showed the
potential of G. candidum arthrospore cell wall particles
for curcumin encapsulation, proposing it as a new natural
encapsulation carrier with potential superiority for prac-
tice in the food industry [52].

Sources of Exposure

Sources of exposure to G. candidum are ingestion, inhala-
tion, and contact. The existence of workers exposed to large
amounts of G. candidum spores (for example, cheese mak-
ers) has been described; however, no occupational disease
related to G. candidum has been reported. It has also been
described that cheese consumption is an essential source
of exposure; however, G. candidum circulates through the
digestive tract until it is eliminated in the feces without
achieving colonization [7].

The recent review by Pottier et al., in which the dangers and
risks of developing an infection by G. candidum concerning its
technological use and the consumption of dairy products were
evaluated, found that G. candidum has never been reported as a
pathogen potentially transmitted by food, nor as a producer of
mycotoxins in them, and concluded that the risk is practically
nil; therefore, they suggested proposing G. candidum for the
status of “Qualified Presumption of Safety” (QPS).

However, more studies are required to establish the poten-
tial risk of Geotrichum candidum-based food consumption
or use by people with a compromised immune system since
the pathogenic role of this organism in these patients has
been demonstrated.

Conclusions

Geotrichum species have low virulence; however, they can
cause disseminated disease with high mortality, so it is
crucial to keep them in mind in the diagnosis when a dis-
seminated fungal infection is suspected in immunocompro-
mised patients. In immunocompetent patients, the diagnosis
is even more challenging in skin manifestations because it
is a ubiquitous organism commonly found colonizing the
skin; the call is to keep them in mind and not rule out their
possible pathogenic role. There are no clinical or epidemio-
logical cut-off points. Among the azoles, voriconazole is
the one that has shown the lowest MICs; the most widely
used antifungals in the treatment of invasive and dissemi-
nated skin infections are amphotericin B and voriconazole.
Active surveillance studies are required to allow us to detect
all cases of skin infection by this organism and thus better
understand its clinical behavior and epidemiology, improve
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the diagnostic approach, and know the susceptibility data to
establish cut-off points that allow the choice of the appro-
priate treatment and thus favor the outcome of the patients.
Given its low frequency, it is also associated with less suspi-
cion, and thus, it could be an underestimated disease.
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