
Eur J Clin Microbiol Infect Dis (2003) 22:753–756
DOI 10.1007/s10096-003-1035-y

C O N C I S E A R T I C L E

G. Petrikkos · A. Skiada · H. Sambatakou · A. Toskas ·
G. Vaiopoulos · M. Giannopoulou · N. Katsilambros

Mucormycosis: Ten-Year Experience at a Tertiary-Care Center in Greece

Published online: 6 November 2003
� Springer-Verlag 2003

Abstract Presented here are the results of a retrospective
analysis of all mucormycoses infections recorded at a
tertiary hospital in Greece during the last 10 years. A total
of 24 patients were identified, 15 male and 9 female, with
ages ranging from 37 to 80 years. Twelve of the patients
had soft tissue infections (2 with concomitant pulmonary
infections), and 12 had rhinocerebral infections. Trans-
mission could be traced in two cases; to nitroglycerin
patches in one patient and to a lemon-tree-thorn scratch in
the other. Among the 17 patients who underwent surgery,
11 survived. All seven patients on whom surgery was not
performed died. Rapid diagnosis and treatment of
mucormycosis are essential for patient survival. The
severity of the patient’s underlying condition, the degree
of immunosuppression, and prompt surgical treatment are
the most important factors contributing to the outcome.

Introduction

Mucormycosis is a rare fungal infection caused by
saprophytic, fungal hyphae of the order Mucorales, to
which several genera belong: Rhizopus, Mucor, Rhizomu-
cor, Absidia and Apophysomyces [1]. Even with early
diagnosis and aggressive surgical and medical therapy,
the mortality rate is high. For this reason, a high degree of
suspicion is needed in order to initiate treatment prompt-
ly. In recent years, mucormycosis has been increasingly
recognized in Greece. Thus, we analyzed all cases of this
disease recorded at the infectious diseases department of a

tertiary hospital in Athens during the last 10 years, and we
reviewed the literature for all other cases reported from
Greece.

Materials and Methods

From January 1993 to December 2002, a total of 24 cases of
mucormycoses were recorded at the Infectious Diseases Depart-
ment of “Laiko” General Hospital in Athens, Greece. The patients
were either hospitalized in this hospital or consultation was sought
at our department for patients hospitalized elsewhere, and a
specimen was brought to our laboratory for microscopy and culture.
The diagnosis of mucormycosis was confirmed by histopathology,
revealing non-septate, thick-walled hyphae with right-angle branch-
ing. For this study, the medical records, laboratory data, radio-
graphic images, and operative reports of every patient were
examined retrospectively.

A literature review was then conducted to identify other cases of
mucormycosis in Greece. We searched both Medline and the Greek
MedNet using the key words “mucormycosis”, “zygomycosis”,
“Mucor”, and “Rhizopus”. A total of 11 publications were
identified; one in 1988, one in 1995 and nine from 1999 onwards.
The characteristics of these cases were analyzed.

Results and Discussion

In our hospital, 24 cases of mucormycosis were recorded
during the 10-year period studied. Fifteen of the patients
were male and nine were female. Their ages ranged from
37 to 80 years, with a mean age of 59 years. Eight patients
were infected by Rhizopus spp. and 16 by Mucor spp.
Nine of the patients had an hematologic malignancy (6
acute myelogenous leukemia, 1 chronic lymphocytic
leukemia, and 2 myelodysplastic syndrome). The patient
with chronic leukemia had received corticosteroids for
6 months, while the other eight patients had experienced
prolonged neutropenia (15–45 days). Of these nine
patients, four had rhinocerebral mucormycosis (1 extend-
ing to the orbit), three had mucormycosis of the paranasal
sinuses (1 with extension to the soft palate), and two had
mucormycosis of the soft tissues. One patient had recently
undergone kidney transplantation and was receiving
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cyclosporine and steroids; he developed mucormycosis of
the soft tissues of the leg.

Seven patients had underlying diabetes. In two of these
patients the condition was steroid-induced (1 had derma-
tomyositis, 1 had nephrotic syndrome, and both had
metabolic acidosis). These two patients, as well as two
other patients with diabetes, had rhinocerebral mucormy-
cosis with extension to the orbit. A fifth patient with
diabetes developed mucormycosis due to contaminated
nitroglycerin patches. This patient had kept patches at
home for a long period of time and, after he was admitted
for treatment of a soft tissue infection, it was found that
the patches had been contaminated by a Mucor sp.
(confirmed by culture on Sabouraud agar). The infection
started at the site where the patch was adhered and
progressively extended to the pleura. A sixth patient with
diabetes developed Mucor infection of decubitus ulcers.
The seventh patient with diabetes had infection of the soft
tissues of the left leg.

Three patients with no predisposing factors developed
mucormycosis of the skin and soft tissues as a result of
car accidents. One of these patients had extensive injury
of the scalp; she presented with necrotic eschars covering
wide areas of her head, which were initially attributed to
bacterial infection. One other patient was a burn victim
who developed soft tissue mucormycosis after recon-
structive surgery. Another patient developed invasive
mucormycosis in a pre-existing lung cavity, due to
previous tuberculosis.

The final two patients also had no identified predis-
posing factors. The first one had mucormycosis of the
abdominal soft tissues and, interestingly, had a brother
who had been treated for mucormycosis a few months
earlier; he was not included in this study, since he was
hospitalized at another institution and complete records
were not available. She spent a lot of time with her
brother, and her infection developed on an abdominal scar
resulting from a previous cholecystectomy. On question-
ing, she said she often had pruritus and scratched the scar.
Presumably, this was the mode of transmission. The
siblings had no underlying immune defects, such as
chronic granulomatous disease. The second patient with
no recognized predisposing factor reported that a lemon-

tree thorn had pricked his arm at the site where
mucormycosis subsequently developed.

In summary, 11 patients had rhinocerebral mucormy-
cosis, 12 had soft tissue infections, and 1 had a lung
infection. Necrotic eschars were the characteristic clinical
findings in all patients, whether on the nasal mucosa, the
palate or the skin. In one case of limb mucormycosis, the
initial diagnosis was gangrene and in another one the
eschar was thought to be a cancerous growth. The patients
with orbital involvement presented with intense headache,
periorbital edema on the affected side, retro-orbital pain,
exophthalmus, and vision disturbances. Three of the cases
progressed to ophthalmoplegia and blindness. In the case
of lung mucormycosis beginning in a pre-existing cavity,
the infection extended to the mediastinum and soft tissues
of the neck. Initially, the patient presented with cough and
later he developed fever and hemoptysis.

All patients received medical treatment and 13 of them
also underwent surgical intervention. The primary med-
ication used was liposomal amphotericin B (AmBisome;
Gilead Sciences, USA) or conventional amphotericin B.
The total dose of liposomal amphotericin B given ranged
between 1.6 g and 30 g (from 3 to 5 mg/kg/day). The
duration of administration ranged from 8 days to
3 months. The short periods of treatment reflect cases
that were already at an advanced stage when the diagnosis
was made; despite initiation of treatment, these patients
deteriorated rapidly and died soon thereafter. A total of 13
patients died as a result of their infections. The charac-
teristics of the 11 patients who recovered are presented
in Table 1. It should be noted that all of the patients who
survived underwent extensive surgical debridement of the
infected tissues in addition to medical treatment. A total
of 17 patients underwent surgery, and 11 of them
survived. All seven patients who did not undergo surgery
died.

In our review of the literature, we found eleven
publications pertaining to cases of mucormycosis in
Greece. The characteristics of these cases are summarized
in Table 2. As can be seen, one was in 1988, one in 1995,
and nine in the years following 1999. This increase in
reported incidence can be attributed to the heightened
awareness of mucormycosis as a disease entity in Greece
in recent years. This may be due both to a heightened

Table 1 Characteristics of patients with mucormycosis who had either partial or complete recovery

Sex/age (y) Underlying disease Site of infection Drug (total g – daily dose mg/kg/day) Surgery

M/41 previous tuberculosis lung, mediastinum, neck L-AmB (3–3) yes
M/65 diabetes mellitus rhinocerebral L-AmB (8.4–5) yes
M/66 diabetes mellitus soft tissue L-AmB (6–5) yes
F/76 nitroglycerin patch, diabetes mellitus skin, pleura L-AmB (3–5) yes
F/51 none soft tissues L-AmB (7.5–3) yes
F/75 car accident soft tissues L-AmB (9–5) yes
M/60 acute myelogenous leukemia rhinocerebral L-AmB (17.5–3) yes
M/69 acute myelogenous leukemia nasal mucosa L-AmB (6–4) yes
M/41 kidney transplantation soft tissue L-AmB (6–5) yes
M/50 none soft tissue AmB (1.8–0.8) yes
F/33 MDS-RAEB rhinocerebral L-AmB (9–5) yes

M, male; F, female; MDS, myelodysplastic syndrome; L-AmB, liposomal amphotericin B; AmB, conventional amphotericin B
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index of suspicion and, perhaps, to an actual increase in
incidence. It should be noted, however, that while there is
a trend to publish more in recent years, for academic
reasons, the recent reports of mucormycosis in Greece
might not reflect the true incidence of the disease, but
rather a sample of it.

The major mode of disease transmission for the
Zygomycetes is presumed to be via inhalation of spores
from environmental sources. There have been outbreaks
of rhinocerebral or pulmonary zygomycosis linked to
excavation and construction [2]. The spores may enter
through the nose, deposit on the nasal turbinates and
extend into the paranasal sinuses and orbit, or they may be
inhaled directly into the lungs. Once the organism
becomes invasive, tissue necrosis develops by arterial
occlusion [3]. The organism continues to spread by direct
extension along the injured blood vessels. The histopath-
ological picture is consequently a mixture of necrosis and
varying amounts of neutrophilic infiltration. The hyphae
may not be prominent and the pathologist should be
apprised of the clinical diagnosis in order to use stains
that will demonstrate the fungal elements.

Percutaneous modes of exposure are also very impor-
tant. The usual mode of transmission is traumatic
implantation of spores contained in dirt [4]. Such was
the case in the three patients presented here who had
mucormycosis after being involved in car accidents.
There have also been several reports of skin infection by
Rhizopus spp. occurring in surgical patients following
exposure to contaminated surgical adhesives [5], but no
other case of transmission by nitroglycerin patches was
found in the literature. Needle-sticks have been implicat-
ed in zygomycotic infections occurring at the site of
injection [6]. Although we found no cases of mucormy-
cosis due to a lemon-tree-thorn scratch in our literature
search, since the fungus is ubiquitous in nature, it may be
that in the case of our patient the thorn produced the
wound that was later infected by a Mucor sp.

Several medical conditions have been associated with
mucormycosis, though only two major factors clearly
predispose patients to this disease. The first factor is
metabolic acidosis and the second a defect in either
neutrophil or monocytic function. Metabolic acidosis
interferes with the ability of transferrin to bind iron,

thereby leading to high iron levels in tissue that enhance
the growth of fungal organisms. Reduced neutrophil
chemotaxis and adhesion to hyphae have been demon-
strated in patients with diabetes mellitus [7]. In our series
only two patients had metabolic acidosis. Hematological
malignancies, especially leukemias, present a high risk for
mucormycosis [3]. Aggressive chemotherapy, resulting in
sustained neutropenia, in conjunction with prolonged use
of broad-spectrum antibiotics and immunosuppressive
therapy, have been shown to increase the risk of fungal
infections [1]. The usual site of infection in leukemia
patients is the lung, but no such case was found in our
series. Transplantation is another factor leading to
immunosuppression and increased fungal infections [8].
Exactly what role, if any, cyclosporine plays in the
development of fungal infections in transplant recipients
is unknown, but some studies have shown that it primarily
inhibits lymphokine production and not macrophage
function [9].

Invasive burn wound infections have historically been
the primary cause of death in patients with burn injuries.
Burn injury causes generalized, multifactorial immuno-
suppression, but the main factor predisposing individuals
to mucormycosis is skin trauma. Fungus ball in a pre-
existing cavity is a known entity and is more often due to
Aspergillus spp. In immunocompetent patients it may
have an indolent course for a long time. However, there
have been reports of Mucor infections that started as
fungus balls and, producing necrotizing tissue, extended
to the adjacent pleura or to the mediastinum [10]. Tojima
et al. [11] published a case of chronic pulmonary
mucormycosis that developed in pre-existing cavities
caused by tuberculosis in a patient with diabetes mellitus
and liver cirrhosis.

Although the vast majority of patients with mucormy-
cosis have either an underlying disease or major trauma,
there have been several reports of patients with no
predisposing factors whatsoever who developed mucor-
mycosis [12]. Mucormycosis can manifest as different
clinical forms, namely rhinocerebral, cutaneous, pulmo-
nary, disseminated, gastrointestinal, and other rare forms
[3], but the black necrotic eschar is the hallmark of the
disease. A similar clinical presentation can be the result of

Table 2 Characteristics of previously reported cases of mucormycosis occurring in Greece

Reference Year of
publication

Site of infection Underlying disease Therapy Outcome

[16] 1988 orbit cataract extraction, systemic steroids amphotericin B death
[17] 1995 rhinocerebral diabetes mellitus amphotericin B, surgery cure
[18] 1998 soft tissue acute lymphocytic leukemia amphotericin B cure
[19] 1999 cutaneous none ambisome, surgery cure
[20] 1999 orbital, sinus and neck soft

tissues
diabetes mellitus ambisome, surgery cure

[21] 2000 liver, brain diabetes mellitus ambisome cure
[22] 2001 soft tissue burn injury amphotericin B, surgery death
[23] 2001 orbital diabetes mellitus amphotericin B death
[24] 2002 rhinocerebral diabetes mellitus amphotericin B death
[25] 2002 palate, sinonasal diabetes mellitus ambisome, surgery cure
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infection by Aspergillus spp., especially in patients with
hematological malignancies.

Cutaneous and soft tissue disease may occur from
primary inoculation or as a result of disseminated disease.
Growth of the fungus in a pre-existing lesion may produce
an acute inflammatory response with pus, abscess forma-
tion, tissue swelling, and necrosis. The lesions may
appear red and indurated, but they often progress to form
black eschars. Infections may be polymicrobial and are
generally rapidly aggressive, even in the face of appro-
priate debridement and medical treatment [1]. Primary
cutaneous mucormycosis may progress to necrotizing
fasciitis. It extends to adjacent tissues, invading fat,
muscle, and bone. Because it starts from the skin, it can
be diagnosed at an early stage; however, the curative
surgical intervention may be disfiguring or may involve
amputation of the involved limb.

As a general rule, treatment of mucormycosis is
multimodal. It includes the use of antifungal medications
(either amphotericin B or its liposomal forms), surgical
debridement, and medical management or correction of
the underlying condition that is predisposing the patient to
the disease. There have been reports of cure by medical
treatment alone [13] in cases where surgical intervention
is not possible or not preferable due to the site of the
infection. There have also been reports of cure of
mucormycosis by isolated surgical resection [14]. These
cases, however, are the exception and survival rates are
higher when all modalities are used [15]. In a review by
Kontoyannis et al. [15], the survival rate was reported as
33% and favorable outcome in patients with hematologic
malignancies seemed to correlate with lack of pulmonary
involvement, surgical debridement, neutrophil recovery,
and a cumulative total amphotericin B dose of 2000 mg.
In our series, the survival rate in patients who underwent
surgery was 65%, while the seven patients on whom
surgery was not performed all died. It seems that the
severity of the underlying condition, the degree of
immunosuppression and surgical treatment were the most
important factors contributing to the outcome.
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