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Abstract A case report of cutaneous mucormycosis
and obstacles to early diagnosis is presented. A
38-year-old male was involved in a car accident that
led to amputation of both lower limbs. Subsequently,
he developed fungal wound infection of the left lower
limb stump. The infection was detected very early,
although the diagnosis was difficult because only a
small area was affected and histopathological exam-
ination was initially negative. The infection was
proven by microscopy, culture and histopathology.
The isolate was identified by sequencing of the rDNA
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ITS region gene (internal transcribed spacer region of
ribosomal DNA) as Lichtheimia corymbifera. Lipo-
somal amphotericin B and surgery were successful in
management of the disease.
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Introduction

Invasive fungal infections are an important cause of
morbidity and mortality in predisposed patients [1].
Mucormycosis is an angioinvasive infection caused by
ubiquitous filamentous fungi of the order Mucorales
[2]. It is the second most frequent opportunistic fungal
infection causing systemic involvement [1]. The
majority of cases are caused by the genera Rhizopus,
Mucor, Lichtheimia, Cunninghamella, Apophyso-
myces and Saksenaea [3]. Underlying conditions play
an important role in the development of the disease.
Granulocytopenia, immunosuppression, diabetes and
penetrating trauma are the most prevalent predispos-
ing factors [4]. Based on anatomic location, mucormy-
cosis can be classified into six forms: rhinocerebral,
pulmonary, cutaneous, gastrointestinal, disseminated
and uncommon presentations [3, 5]. The most com-
mon clinical manifestation is pulmonary disease,
followed by rhinocerebral affection, infection of the
soft tissues and disseminated disease [6]. The mortal-
ity rate remains high [3, 7]. In this respect, early
diagnosis of the disease plays a crucial role [8].

A case of cutaneous mucormycosis developed after
a car accident with discrepancies in the early diagnosis
is presented.

Case Report

A 38-year-old healthy male was involved in a car
accident in June 2014. The patient remained trapped in
a car for 45 min before mechanical extrication. He
was transported by helicopter to the University
Military Hospital in Prague with developing hemor-
rhagic traumatic shock due to severe multiple trauma
(an injury severity score of 66). He was treated
according to the Advanced Trauma Life Support
protocol. He underwent urgent abdominal exploration
and amputation of the left leg below the knee joint.
Laceration and open fracture of the right tibia were
treated with external bone fixation. Other injuries
included dissection of the right internal carotid artery,
multiple rib fractures and traumatic laceration of the
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liver. Given the extent of the injury, a severe shock
state occurred first due to the patient’s traumatic
hemorrhagic injury. Multiorgan dysfunction syn-
drome developed that required vasopressor support,
artificial ventilation and continuous renal replacement
therapy for non-oliguric renal failure. Prophylactic
antibiotic treatment was started with a combination of
clindamycin (4.8 gi.v./day for 6 days) and gentamicin
(480 mg i.v./day for 2 days). Treatment of the right
leg was complicated by gas gangrene with typical
local findings and a positive culture for Clostridium
perfringens. Despite aggressive treatment including
antibiotic therapy (metronidazole 1.5 g i.v./day for
8 days and tigecycline 100 mg i.v./day for 7 days),
right leg amputation above the knee had to be
performed. In addition, no signs of healing were
observed in the wound on his left amputated leg. One
week after amputation, on day 9 after admission, a
fungus suggestive of a mucormycete was cultured
from a stump swab. Thereafter, antifungal treatment
with amphotericin B lipid complex (L-AmB, 400 mg
i.v./day in continuous infusion for 18 days) was
started. On day 16, biopsy samples were sent for
histopathological analysis and for mycological micro-
scopy and culture. In contrast to negative histopatho-
logical findings in tissue slices stained with
hematoxylin—eosin, microscopic examination in the
mycology laboratory using fluorescence microscopy
revealed the presence of non-septate hyphae variable
in width and suggestive of the presence of a
mucormycete (Fig. 1). The antifungal treatment was
continued. However, surgery was not indicated at that

Fig. 1 Lichtheimia corymbifera hyphae in fluorescence micro-
scopy stained with Blankophor (Bar 20 pum)
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Fig. 2 Wound appearance 2 weeks after amputation and
intensive local therapy

Fig. 3 Histochemical demonstration of the hyphae stained with
hematoxylin—eosin (magnification x400)

time because of the absence of clinical signs of
infection and negative histological finding. Despite
intensive systemic therapy and local wound care (daily
bandage, debridement as necessary; povidone/iodine
and hydrogen peroxide solution), the wound remained
unchanged in appearance, with the defect being
surrounded by gray-brownish skin without specific
signs of inflammation (Fig. 2).

On day 22, tissue biopsy was sent for histopatho-
logical and mycological investigation again. This time,
both microscopy examinations confirmed the presence
of sparsely septate fungal hyphae in the tissue (Fig. 3).
Further, histopathology showed necrotic tissue pene-
trated by leukocytes, fibrin and non-specific granular

tissue. On day 26, based on these results, reamputation
of the patient’s lower left extremity at the knee joint
was performed. No complications were observed after
the surgery, and a mucormycete was never found by
further investigations. Based on the negative findings,
the treatment with L-AmB was terminated on day 31
and the wound healed completely in the next couple of
days.

On day 38, the patient in stable condition was
transferred to a surgical intensive care unit and
subsequently to a general surgical ward; after that,
rehabilitation procedures were started. Eight months
after the accident, the patient is able to move on a
wheelchair by himself.

Mycological Examination

The schedule of sampling and results of mycological
examination are summarized in Table 1.

The biopsy material was examined by fluorescence
microscopy using the optical brightener Blankophor
(Bayer, Leverkusen, Germany). Wide, sparsely sep-
tate hyphae were revealed (Fig. 1). All samples (swabs
and biopsies) were cultured on Sabouraud dextrose
agar (Trios, Prague, Czech Republic) at 25 and 35 °C.
Rapidly growing colonies of the suspected mucormy-
cete always of the same appearance were observed
after 24 h. The isolates were identified as Lichtheimia
sp. based on the micromorphological features in the
slide culture. The strain is available from the Culture
Collection of Fungi (CCF), Department of Botany,
Charles University in Prague under the accession
number CCF 5092.

Molecular Analysis

The identification of the isolate was verified based on
rDNA ITS sequencing (internal transcribed spacer
region of ribosomal DNA) and by comparison of
similarities with sequences stated in a recent taxo-
nomic monograph on the order Mucorales [9]. The
rDNA ITS region (ITS1-5.8S-ITS2 cluster) was
amplified using the primer set ITS1 (5-TCCGTAGG
TGAACCTGCGG) and ITS4 (5-TCCTCCGCTTAT
TGATATGC). The reaction mixture and PCR protocol
were described by Hubka et al. [10]. PCR product
purification and sequencing were performed at
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Table 1 Results of

Method Sampling time® Material Result
mycological investigation
Culture 9 Stump swab Lichtheimia corymbifera
16 Stump swab Lichtheimia corymbifera
16 Biopsy Lichtheimia corymbifera
22 Biopsy Lichtheimia corymbifera
25 Biopsy Negative
Fluorescent microscopy 16 Biopsy Fungal hyphae present
22 Biopsy Fungal hyphae present
25 Biopsy Fungal hyphae present
Histopathology 16 Biopsy Fungal hyphae absent
* Sampling time = days 22 Biopsy Fungal hyphae present

from the hospital admission

Macrogen Europe (Amsterdam, the Netherlands) using
the terminal primers. The sequence was deposited into
the European Molecular Biology Laboratory under the
accession number LN812956. The sequence showed
98 % similarity (696/710 identical base pairs) with that
of the ex-type strain of Lichtheimia corymbifera CBS
429.75 (GQ342878). Some of the strains from the
aforementioned study (determined as L. corymbifera)
possessed 100 % conformity, e.g., CBS 100.31
(GQ342879).

Discussion

Based on the data in the literature, skin infection is the
third most common clinical manifestation of
mucormycosis [6, 11]. The main risk factor is
disruption of the normal protective barrier [3-6, 12].
Mucormycetes are incapable of penetrating through
intact skin. However, burns, traumatic disruption and
persistent maceration of skin enable fungi to penetrate
into deeper tissues [3, 5]. This happens particularly as
aresult of traumatic implantation of soil in relation to a
traffic accident as shown in our report [4-6, 13].
Mucormycosis is mostly a very aggressive fungal
disease [14, 15]. A hallmark of mucormycete infec-
tion is extensive angioinvasion with resultant vessel
thrombosis and tissue necrosis [5]. Skin infection can
be also very aggressive, and fungi can rapidly
penetrate through damaged skin and subcutaneous
tissues into adjacent fat, muscle, fascia and even
bone [5, 16]. A typical sign of cutaneous mucormy-
cosis is necrotic eschar surrounded by erythema and
induration [3]. The infection may disseminate
hematogenously, and it may occur also in
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immunocompetent individuals [12]. However, the
skin infection itself has a favorable prognosis and a
low mortality rate if radical surgical intervention is
done promptly [5, 6]. In our case, the infection was
only local. The wound did not show any signs of
purulent inflammation, even though the skin defect in
the amputation stump did not heal and was bordered
by brown-gray colored skin.

Four factors are crucial for the treatment of
mucormycosis: early diagnosis, elimination of predis-
posing factors, extensive surgical intervention and
appropriate antifungal therapy [14, 15, 17]. Early
diagnosis plays the most important role in the initial
phase, as the infection is usually restricted only to a
small body area [8, 11, 18]. Unfortunately, varied and
uncommon clinical manifestations often delay the
diagnosis, which may result in poor outcome [3].
Lanternier et al. [19] reported that the time elapsed
between the first symptoms and diagnosis was signif-
icantly shorter in patients with cutaneous mucormy-
cosis as compared with rhinocerebral, pulmonary or
disseminated disease. In our case, the infection was
revealed very early and only a small area of the stump
was affected.

For the diagnosis of fungal infections including
mucormycosis, microscopy, culture, serological and
molecular methods can be used [20-22]. Histopatho-
logical examination, fluorescent microscopy and cul-
ture were used in the reported case. The sensitivity of
microscopy techniques including histopathology and
also culture is often reported to be low; nevertheless,
culture and histopathology are considered as the gold
standard in the laboratory diagnosis of fungal infec-
tions [20, 23]. To detect the infection in skin or
subcutaneous tissue, it is necessary to take a biopsy
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sample [12, 13, 18, 22]. For direct examination in the
mycology laboratory, fluorescence microscopy is
frequently used [14]. The method is rapid, has higher
sensitivity than culture and allows finding hyphae
easily and rapidly [20]. Cuenca-Estrella et al. [23]
state that hyphae can be detected in a sample by
microscopy only in advanced stages of infection. We
do not share this opinion as, in accordance with some
other authors, we have good experience with fluores-
cence microscopy of tissue mounts stained with
Blankophor [24, 25]. Hyphae of mucormycetes are
different from other fungi: they are usually non-
septate, 616 pm in width and have square branching
[8, 22]. However, isolates from clinical samples,
particularly from swabs, are frequently not associated
with infection; they are contaminants from the air only
[18].

The main problem with early diagnosis of
mucormycosis in the reported case was discrepancy
between histopathological and mycological results.
Microscopy and culture of the tissue biopsy were
repeatedly positive for the presence of the fungus in the
mycology laboratory, in contrast to negative
histopathology in the initial sample. This result led to
the diagnostic doubts of clinicians considering surgery.
However, examination of subsequent biopsy samples
showed concordant findings in both laboratories and
fungal infection was confirmed. Chen et al. [26]
reported a similar problem with negative histopathol-
ogy in early stages of L. corymbifera infection.

A consensus on treatment of soft tissue mucormy-
cosis is available in the literature, with combined
surgical and pharmacological (antifungal) treatment
being recommended [14, 17, 27]. The suggested
antifungal agent is amphotericin B, preferably its lipid
formulations having less adverse organ toxicity [14,
15, 17]. However, antifungal therapy alone is usually
insufficient for elimination of the infection. Further-
more, fungal angioinvasion which leads to thromboses
and tissue necrosis is a reason for poor penetration of
the drug to the site of infection [5]. Cutaneous
mucormycosis treated with aggressive surgical
debridement and adjunctive antifungal therapy has a
mortality rate of less than 10 % [11]. In the present
case, antifungal therapy was started immediately after
initial detection of the mucormycete in a swab sample
(Table 1). We hypothesize that administration of
L-AmB in the early stage of infection when a very
small area of the skin was affected prevented the

mucormycete from rapidly spreading to adjacent
tissues. Initially, surgical treatment was refused by a
traumatologist because there were no signs of sys-
temic infection and no histopathological evidence of
the fungus. In the course of antifungal therapy, local
findings remained unchanged for 2 weeks. Then,
surgical reamputation was indicated as no signs of
healing were observed and both histological and
mycological findings were positive for fungal infec-
tion. The surgery supported by antifungal therapy
finally led to eradication of the fungus.

An interesting question is whether continued refusal
of surgical intervention would have led to the harm of
the patient. Although the reported patient was not
immunologically investigated, we can suppose that a
patient with multiple traumas undergoing several
surgical interventions and suffering from multiorgan
dysfunction syndrome cannot be fully immunocom-
petent [28]. We are convinced that antifungal therapy
alone, even if prolonged, would not have led to wound
healing in the reported patient. A fatal course cannot be
excluded because of the aggressive nature of diseases
caused by mucormycetes.
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