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ygomycosis (Mucormycosis) is a rare but highly invasive infection
caused by fungi belonging to the order Mucorales, which includes the
genera Rhizopus, Mucor, Rhizomucor, Lichtheimia, Apophysomyces,

Saksenaea, Cunninghamella, Cokeromyces and Syncephalastrum.1-3 It is as-
sociated with high mortality and debilitating morbidity. Though uncom-
mon, its incidence appears to have increased in recent years.4 Rhizopus is
the most common genus causing human infections in most case series,
followed by genera such as Mucor and Lichtheimia, accounting for 70 to
80% of all zygomycosis cases.5,6 The other genera including, Lichtheimia,

Widespread Colonization of
Mucor circinelloides in a Patient with

Type 2 Diabetes and Colon Cancer:
Case Report

AABBSSTTRRAACCTT  A case of widespread colonization with Mucor circinelloides in a diabetic patient who
had a history of colon cancer was presented. A 49-year-old male patient, admitted to our hospital
with the complaints of fever, cough, sputum. He was diagnosed to have pneumonia based on the
clinical, radiological and laboratory findings and empirical antibiotic treatment was initiated. Potas-
sium hydroxide mount of sputum yielded aseptate hyphae and mold grown in the sputum and stool
culture. On the basis of microscopic features, the fungus was identified as Mucor spp. The isolate
was confirmed as Mucor circinelloides by sequencing of the Internal transcribed spacer (ITS) regions
of the rDNA gene. Thorax and paranasal sinus computed tomography findings were not compati-
ble with fungal infection. The patient died on the 21st day of hospitalization and no autopsy was
performed. As the patient was not compatible with systemic mucormycosis, he was accepted as a
case of widespread colonization with Mucor spp.
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ÖÖZZEETT  Kolon kanseri tanısı alan diabetik hastanın Mucor circinelloides ile yaygın kolonizasyon ol-
gusu sunulmuştur. 49 yaşında erkek hasta, öksürük, ateş, balgam şikayetleriyle hastanemize ba-
şvurmuştur. Hastaya pnömoni tanısı klinik, radyolojik ve laboratuvar bulgularıyla konulmuştur.
Balgamın potasyum hidroksit ile incelemesinde septasız hif görülmüş olup, balgam ve gaita kültü-
ründe küf mantarı üremiştir. Küf mantarı mikroskobik morfolojisine göre Mucor spp. olarak teşhis
edilmiştir. Etken, rDNA gen üzerindeki Internal transcribed spacer (ITS) bölgesinin dizi analizi ile
Mucor circinelloides olarak tanımlanmıştır. Toraks ve paranazal sinus tomografi bulguları fungal en-
feksiyon ile uyumlu bulunmamıştır. Yatışının 21. gününde hasta kaybedilmiş, otopsi yapılamamıştır.
Hasta, sistemik mukormikoz ile uyumlu olmaması nedeniyle Mucor spp. ile yaygın kolonize olgu
olarak kabul edilmiştir. 
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Apophysomyces, Saksenaea, Cunninghamella,
Cokeromyces, and Syncephalastrum have been re-
ported rarely in the literature.7,8 

These ubiquitous, mainly thermotolerant
moulds can be found in soil and decomposing or-
ganic matter.2,9 Their spores are transmitted by in-
halation, ingestion, or percutaneously.10,11 Healthy
people are rarely affected and immuncompromised
patients are primarily under risk. The type, extent
and severity of the disease depend on the host de-
fences and different risk factors.2 The risk factors
for developing Zygomycosis include uncontrolled
diabetes mellitus, ketoacidosis, severe burns,
haematological malignancies (particularly during 
neutropenia), receiving chemotraphy, hyperali-
mentation, severe malnutrition, corticosteroid ther-
apy, desferoxamine therapy for iron or aluminium
overload and receipt of solid or haematopoietic stem
cell transplant.2,12-14 The manifestations of disease
have also evolved from primarily rhinocerebral,
pulmonary and disseminated disease to include gas-
trointestinal, cutaneous/subcutaneous, allergic dis-
ease, and even asymptomatic colonization.7,15

We describe a case of widespread colonization
of respiratory and gastrointestinal tracts with
Mucor circinelloides in a diabetic patient who had
a history of colon cancer.

CASE REPORT

A 49-year-old male patient, who had been diag-
nosed with colon cancer in February 2011, was
hospitalized at Department of Infectious Diseases
of Gazi University Medical School in November
2011 for the treatment of pneumonia. He was di-
agnosed with type 2 diabetes mellitus in March
2011 and insulin treatment was initiated. The pa-
tient received the last dose of chemotherapy in
October 2011. Ciprofloxacin and metronidazole
were started for treating diarrhea which devel-
oped during pneumonia. He wasn’t neutropenic.
The leukocyte count was 19.730 cells/mm3 with
96% neutrophils. 

On the 4th day after admission, he developed
hypoxia and cough with sputum production. Fun-
gal hypha was observed on the microscopic exam-

ination of the sputum material prepared by 10% of
potassium hydroxide (Figure 1), as later confirmed
by mycological culture. A fast-growing mold grew
from the sputum material on Sabouraud dextrose
agar. He developed abdominal cramps and diar-
rhoea. Stool examinations were performed and cul-
ture of the stool specimen showed heavy growth of
mold. Repeated sputum and stool cultures revealed
the morphologically same mold. Amphotericin B
was added to the treatment regimen upon the mold
growth in sputum and stool samples. Serum galac-
tomannan antigen was measured by means of EIA
(Platelia Aspergillus EIA; Bio-Rad) according to the
manufacturer’s instructions and was found to be
negative. 

Culture of both sputum and stool specimens at
30°C on Sabouraud dextrose agar yielded a fast-
growing fungus that formed white cottony colonies
up to 6 mm in height and which became greyish
brown as sporulation occurred. The fungus grew
well at 37°C but failed to grow at 40°C. Microscopic
examination of the growth by lactophenol cotton
blue staining showed the absence of stolons, apoph-
ysis and rhizoids. The sporangiophores were either
tall or short and most were sympodially branched.
The sporangia were globose, with finely roughened

FIGURE 1: Microscopic examination of a sputum material revealed broad,
irregular, nonseptate, fungal hyphae. 
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walls, ranged in size from 35 to 67 µm in diameter.
Sporangiospores were hyaline and ellipsoidal to
slightly asymmetrical or obovoidal, and measured
5.5 to 7 µm long and 3.5 to 5.5 µm wide (Figure 2).
Due to the aforementioned characteristics, the fun-
gus was tentatively identified as Mucor spp. 

Computed tomography of the thorax demon-
strated pulmonary lesions compatible with metas-
tasis but incompatible with fungal infection. In
addition, paranasal sinus computed tomography
findings were not indicative of any invasive fungal
disease. The source of fungal infection was not de-
tected in this case. 

On the 7th day of Amphotericin B therapy, the
patient was intubated due to hypoxia and severe res-
piratory complaints. Linezolid treatment was added
due to septic shock. The patient died on the 21st day
of hospitalization and no autopsy was performed.
These findings were not compatible with systemic
mucormycosis. Therefore, the patient was accepted
as a case of widespread colonization with Mucor spp. 

DNA sequencing has been carried out retro-
spectively in order to confirm and identify the
mold on species level. Genomic DNA was extracted
from the mold colony isolated on SDA plates. DNA
extraction was performed by the standard phenol-
chloroform-isoamyl alcohol extraction method.
Internal Transcribed Spacer (ITS) region of the ri-
bosomal DNA (rDNA) were amplified using primers
ITS1 (5’-TCC GTA GGT GAA CGT GCG G-3’) and
ITS4 (5’-TCC TCC GCT TAT TGA TAT GC-3’). PCR
products were purified using ExoSAP-IT PCR-clean
up kit (USB, USA) following the manufacturer’s di-
rections. Purified DNA fragments were quantifed
using NANO DROP® ND-1000 spectrophotometer
(Thermo Fisher Scientific, USA). Both strands of
amplified DNA were sequenced by the BigDye ter-
minator cycle sequencing ready reaction kit, ver-
sion 3.1 (Applied Biosystems, USA) with primers
ITS1 and ITS4. Labeled DNA was repurified by
Sephadex G-50 (Sigma, USA). The reaction prod-
ucts were analyzed on an ABI 310 Genetic Ana-
lyzer (Applied Biosystems, USA). 

The assembled DNA sequences were examined
using the Basic BLAST (nucleotide-nucleotide) soft-
ware of the National Center for Biotechnology In-

formation web database (http://www.blast.ncbi.nlm.
nih.gov/Blast.cgi). The DNA sequence of the 600-bp
PCR product of the etiologic strain was 99% identi-
cal (423 of 424 bases) with the Mucor circinelloides
reference strain (CNRMA 04.805, GenBank acces-
sion no. DQ118990.1) sequences deposited in Gen-
Bank. The genotypic identification was supported by
thermotolerance, our isolate grew well at 37° C
which is characteristic of Mucor circinelloides. 

DISCUSSION

Zygomycosis (Mucormycosis) is an opportunistic
and fulminant, fungal infection caused by a mem-
ber of the class Zygomycetes.13,16 Although zy-
gomycosis has historically been considered a rare
disease, it has emerged as an increasingly impor-
tant pathogen during the past decade.17 It is the
third most common invasive fungal infection, fol-
lowing aspergillosis and candidiasis and mortality
rate ranging from 23 to 100%.2,3,18 Patients with di-
abetes, malignancies, solid organ or bone marrow
transplants, or iron overload and those receiving
immunosuppressive agents, deferoxamine therapy
are at highest risk for zygomycosis.13 Because of
high mortality rate (75-95%, depending on the
form of the zygomycosis) and the fact that these
fungi display intrinsic resistance to the most widely

FI GU RE 2: Mic ros co pic fe a tu res of the Mu cor cir ci nel lo i des on SDA af ter 6
days at 30°C, sho wing co lu mel la, spo ran gi um and spo ran gi os po res (lac top -
he nol cot ton blu e mo unt pre pa ra ti on; ori gi nal mag ni fi ca ti on, X40). 
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used antifungal drugs, accurate diagnosis in early
phase of the infection is essential for a successful
treatment of zygomycosis.9 

Growth of Zygomycetes in culture may not
represent clinically significant invasive disease.7

However, isolation of Zygomycetes from a sterile
site or repeated positive cultures of the fungi from
a nonsterile site is considered significant in a
high-risk patient with predisposing factors for ac-
quisition of zygomycosis. Positive cultures from
nonsterile specimens should be interpreted with
caution and will require correlation between the
finding and the clinical situation.19 

Identification of the Zygomycetes at the genus
and species levels requires culture studies; how-
ever, in a high proportion of cases, cultures do not
yield a fungus. Cultures are negative in about 50%
of cases of zygomycosis, including all sites of in-
fection.17 Zygomycetes appear as irregular, large,
non-septate hyphae by histopathology or direct
examination.19 However, it is not possible to make
more precise identification to species, or even to
genus, level based on morphology in tissues. Fur-
thermore, differentiation between a Zygomycetes
and another hyalohyphomycetes may be difficult
by histopathology or direct examination.20

The diagnosis of zygomycosis is very challeng-
ing: most such infections are identified only as 
zygomycosis, without species or at least genus de-
termination.7 The classical method of identification
of Zygomycetes involves phenotypic identification
based mainly on morphological characteristics.
However, identification by morphology is difficult
and time-consuming and sometimes needs the ex-
pertise of a reference laboratory.21

To overcome this limitation, molecular tech-
niques are now being increasingly applied to iden-
tify Zygomycetes in grown cultures and tissue
samples. The molecular identification of clinical
Zygomycetes using the ITS region has been suc-
cessfully used in recent years.18,22-25 Iwan et al re-
ported a case of primer cutaneous Zygomycosis due
to M.circinelloides with a history of myelodysplas-
tic syndrome and diabetes. The histopathology
showed hyphae typical of a Zygomycetes and cul-

ture yielded a fungus identified as a Mucor species.
Identification as M.circinelloides was suggested by
morphological characteristics and confirmed by
comparison of an ITS sequences which aligned
with 98% similarity to multiple sequences of M.
circinelloides.23

In Turkish literature, the sequence-based mo-
lecular confirmation of the etiologic agent was per-
formed only in four cases including the current
case.18,24,25 The first was described in 2006, a his-
tologically and mycologically proven sinonasal
mucormycosis case causing palatal necrosis in a
nondiabetic patient with renal failure. The fungus
was isolated from surgical specimens and identified
as Rhizopus oryzae by phenotypic and genotypic
tests.24 The second was reported in 2009, a case of
fungemia and cutaneous mucormycosis cause due to
Mucor circinelloides in a neurological intensive care
unit patient with diabetes mellitus. The diagnosis
was made based on the growth of fungi in the blood,
skin biopsy cultures and histopathologic examina-
tion of the skin biopsy.25 The third case was an acute
lymphoblastic leukemia patient who had rhinoor-
bital mucormycosis caused by Rhizopus oryzae. The
diagnosis was made with endoscopic appearance,
computerized tomography of the paranasal sinuses,
and culture of the surgical materials.18 

Identification of etiological agent to species
level is necessary for better clinical outcome be-
cause of different susceptibility patterns of the Mu-
corales.26 It has been reported that Rhizopus spp.
are significantly less susceptible to itraconazole,
posaconazole, terbinafine, and amphotericin B than
Lichtheimia spp., and less susceptible than Mucor
spp. to amphotericin B. Rhizopus microsporus ap-
pears to be more susceptible to terbinafine than
Rhizopus oryzae.27 

In conclusion, the identification of Zy-
gomycete species on morphological features alone
is difficult, time consuming. The importance of zy-
gomycosis as an emerging infectious disease in
compromised patients enhances the need for better
methods to diagnose and treat this condition. This
study has demonstrated that ITS sequencing can be
a useful tool in the identification of the most com-
mon clinically significant species of Zygomycetes.
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