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Mucormycosis is an aggressive and potentially devastating fungal infection which typically manifests in
pulmonary, rhinocerebral, or disseminated forms in patients with hematologic malignancy. Mucormycosis confined to
the periodontium is uncommon, and to our knowledge only 6 cases have been reported in the English-language
literature. This case report describes a patient with acute leukemia and periodontal mucormycosis. Calcofluor
fluorescence microscopy is also proposed as a method for establishing a prompt diagnosis and guiding extent of

intraoperative surgical debridement. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2010;109:e64-e69)
Mucormycosis is an aggressive, invasive, and poten-
tially devastating opportunistic fungal infection first
described by Paultauf in 1885.1 The mucoraceae are a
ubiquitous saprophytic group of fungi found in soil,
dust, and decaying fruit and bread as well as in the
nasal mucosa, oral cavity, and stool of healthy individ-
uals. They belong to the class Zygomycetes, order
Mucorales, and family Mucoraceae. The most common
genera are Absidia, Rhizomucor, Rhizopus, and Mucor.
The genus Mucor contains several species, including
amphibiorum, circinelloides, hiemalis, indicus, race-
mosus, and ramosissimus.2

Despite the widespread distribution of these organ-
isms, infection due to mucormycosis is essentially lim-
ited to patients with poorly controlled diabetes mellitus,
hematologic malignancy, organ transplant, chemother-
apy, chronic renal insufficiency, malnutrition, deferox-
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amine therapy, and severe burns. Because neutrophils
play a crucial role in the protective host response, it
follows that the immune impairments associated with
hematologic malignancy may increase the risk for this
opportunistic fungal infection.3,4

Mucormycosis manifests in 7 predominant clinical
forms: rhinocerebral, pulmonary, cutaneous, gastroin-
testinal, central nervous system, disseminated, and,
rarely, miscellaneous (i.e., bone, kidney, cardiac, me-
diastinum, oral). In patients with hematologic malig-
nancies, pulmonary and rhinocerebral manifestations
are common.3

Mucormycosis is diagnosed histologically when
broad, irregularly shaped, nonseptate hyphae with
right-angle branching are seen invading tissue. If arte-
rial invasion occurs, thrombosis and ischemic necrosis
ensues. Identification of the fungal species requires
culture, morphologic evaluation, and, where feasible,
genetic analysis.

Herein, we present a patient with periodontal mucor-
mycosis complicating her hematopoietic stem cell
transplantation for acute leukemia. Using Calcofluor-
guided fluorescence microscopy, we established a rapid
and accurate diagnosis as well as the extent of surgical
debridement. Prompt treatment of this infection was
critical to preventing extension of this destructive pro-
cess into the hard palate and maxillary sinus.

CASE REPORT
The patient was a 47-year-old Vietnamese woman with

myelodysplastic syndrome and acute myelogenous leukemia
(AML) who was hospitalized for management of a neutro-
penic fever 5 days after completing cytoreductive chemother-
apy with fludarabine, cytarabine, idarubicin, and filgrastim in
preparation for allogeneic (sibling donor) stem cell transplant.

Admission laboratory values showed: white blood cell count
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(WBC) of 60 cells/�L (0.06 K/�L) and an absolute neutrophil
count (ANC) undetected (�0.00 K/�L) using electronic
counting methods. Additional values included hemoglobin
10.8 g/dL, hematocrit 31.2%, and platelets 20 K/�L. Review
of systems and physical exam were noncontributory. Pancul-
tures and computerized tomography (CT) imaging were neg-
ative for infectious etiology. Empirical vancomycin, cefta-
zidime, and fluconazole were initiated. After 2 days,
fluconazole was switched to caspofungin owing to persis-
tent fever.

On hospital day 6, a conditioning regimen was started
using fludarabine (25 mg/m2 for 5 days) and total body
irradiation (12 Gy in 8 fractions for 4 days), followed by
cytoxan (60 mg/kg for 2 days). Laboratory values showed
WBC 0.07 K/�L, ANC undetected (�0.00 K/�L), and plate-
lets 25 K/�L. By hospital day 8, the patient complained of
pain in the left maxilla. Examination revealed gray fibrous
gingiva involving the buccal, palatal, and interdental peri-
odontal aspects of the left second premolar and first molar
teeth with several pinpoint black foci (Fig. 1). The teeth were
intact, nonmobile, and nontender. Maxillofacial CT showed a
stable left maxillary retention cyst with no evidence of tissue
or bone destruction. Nasal pharyngolaryngoscopy showed
intact structures with no evidence of tissue breakdown. Lab-
oratories showed WBC 0.04 K/�L, ANC undetected (�0.00
K/�L), and platelets 52 K/�L. Gingival swabs of the region
revealed broad, nondichotomous branching, nonseptate, rib-
bon-like hyphae which later grew Mucor indicus (Fig. 2).
Liposomal amphotericin B (5 mg/kg IV daily), micafungin (1
mg/kg IV daily), metronidazole, and amphotericin B oral
rinse were started. Caspofungin was discontinued.

Despite the patient’s profound immunocompromise and the
concern for fulminant infection and sepsis with an interven-
tional procedure, it was decided that the benefit of conserva-
tive local debridement in conjunction with antifungal therapy

Fig. 1. Intraoral image of initial presentation, showing gray
fibrotic gingiva adjacent to left maxillary second premolar
and first molar.
outweighed the risks of antifungal therapy alone, given the
potentially devastating outcome associated with inadequate
treatment of this fungal infection. After platelet transfusion to
the 50 K/�L range, the patient underwent urgent full-thick-
ness debridement of the involved gingiva with a 0.5 mm
surgical margin. The underlying bone appeared normal. Go-
mori methenamine silver (GMS) staining and Calcofluor
fluorescence microscopy of the resected gingiva showed
abundant broad, right-angle branching, nonseptate hyphae
consistent with mucormycosis (Figs. 3 and 4).

The next morning, �12 hours after debridement, gray
fibrous boggy gingiva was noted in the surgical bed with
several new pinpoint black foci along the buccal and lingual
alveolar bone. Laboratory values showed WBC �0.01 K/�L,
ANC undetected (�0.00 K/�L), and platelets 74 K/�L. At
this point, there was renewed concern about the virulence of
the infection and the decision was made to perform a second

Fig. 2. Wet mount of gingival swab, showing broad, irregu-
larly branching, ribbon-like, nonseptate hyphae (original
magnification �400).

Fig. 3. Gingiva specimen, showing broad nonseptate hyphae
with 90°-angle branching (Gomori methenamine silver stain;
original magnification �400).
debridement consisting of wider gingival resection, extrac-
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tions of the second premolar and first molar and ostectomy of
the associated alveolar bone up to the maxillary sinus mem-

Fig. 4. Calcofluor fluorescence microscopy showing irregular
nonseptate hyphae (original magnification �400).

Fig. 5. Intravascular invasion by fungal hyphae (Gomori
methenamine silver (top) and periodic acid–Schiff (bottom)
stains; original magnification �400).
brane. The resection was performed with a 0.5 mm surgical
margin and until healthy-appearing bleeding bone and soft
tissue was encountered. The surgical site was left open to
facilitate serial examinations. Periodic acid–Schiff (PAS) and
GMS staining of the gingiva revealed intravascular hyphal
infiltration (Fig. 5). PAS staining of the alveolar bone showed
marrow infiltration by fungal hyphae (Fig. 6).

After surgery, vancomycin was discontinued and regular
granulocyte infusions were started to maintain the WBC
around 2-3 K/�L. Within 2 days after debridement, the ANC
was 3.69 K/�L. The patient denied pain, nasal/sinus conges-
tion, ocular abnormality, and headache. Over the next few
days, healthy vascular granulation tissue was noted in the
surgical bed with no evidence of tissue breakdown, discolor-
ation, or sinus communication.

On day 4 after the second debridement, the patient received
a T-cell–depleted allogeneic stem cell transplant. Maxillofa-
cial CT showed no evidence of bone or soft tissue destruction.
Laboratory values showed WBC 2.37 K/�L, ANC 2.34
K/�L, and platelets 83 K/�L.

On postoperative day #6, the patient developed tachypnea
with transient oxygen desaturation. Three days later, she was
transfered to the Intensive Care Unit for worsening respira-
tory distress, a left ventricular ejection fraction of 28%, lactic
acidosis, acute renal failure with oliguria, and liver failure
with rising transaminases and bilirubins. Laboratory values
showed WBC 0.72 K/�L, ANC 0.71 K/�L, platelets 18
K/�L, creatinine 2.9 mg/dL, alanine aminotransferase 780
U/L, aspartate aminotransferase 6,114 U/L, lactate 13
mmol/L, lactate dehydrogenase 10,145 U/L, bilirubinT 2.6
mg/dL, and bilirubinD 1.7 mg/dL. Deferasirox iron chelation
therapy, which had been administered for approximately 2
days, was stopped owing to its potential adverse effect on
renal and hepatic function. Regular red blood cell and platelet
infusions were continued. Given the concern that multiorgan
failure in the context of profound immunosuppression was
due to disseminated mucormycosis, the decision was made to
take the patient to the operating room for exploratory lapa-

Fig. 6. Bone marrow invasion by fungal hyphae (periodic
acid–Schiff stain; original magnification �400).
rotomy, esophagogastroduodenoscopy, and maxillary biop-
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sies with intraoperative Calcofluor analysis to rule out per-
sistent oral mucormycosis.

Intraoperative findings showed no evidence of gastrointes-
tinal mucormycosis. Ascites cultures and gastric biopsies
were negative for fungus. Multiple oral biopsies of the resec-
tion bed, including the eschar and buccal and hard palate
tissues, were negative for fungus on intraoperative Calcofluor
analysis. Given these findings, further oral debridement was
not performed and a working diagnosis of noninfectious toxic
tissue injury following the conditioning regimen was made.

Within a few weeks the patient was extubated and her
cardiac, hepatic, and renal function improved, and her labo-
ratories trended into normal range. Approximately one month
after debridement, her neutropenia was resolved and the oral
surgical site was fully healed (Fig. 7). Liposomal amphoter-
icin was discontinued after a 4 week course. She was dis-
charged and she remains in remission and is doing well.

DISCUSSION
Mucormycosis is an acute and rapidly progressing

infection with a high mortality rate unless identified and
treated promptly. It is the third most frequent fungal
infection in patients with hematologic malignancies,
with candida and aspergillosis being more common. In
1993, a 17-year consecutive series by Morrison and
McGlave reported a 0.9% incidence (13 out of 1,500
patients) of mucormycosis in bone marrow transplant
patients.5 Ten of the transplants were allogeneic and 3
were autologous; six infections occurred within 90 days
of the transplant; 54% of patients were neutropenic at
the time of diagnosis; death from mucormycosis oc-
curred in 77% (10 out of 13) of the patients. In a 2004
retrospective study, Pagano et al. described 59 patients
with hematologic malignancy and mucormycosis. Pul-

Fig. 7. Surgical site approximately 1 month after surgery,
showing healing without evidence of recurrence.
monary (64%) and rhinocerebral (24%) were the most
common manifestations.3 Patients with acute leukemias
(78%) had a higher incidence of infection compared
with patients with other hematologic malignancies.

In 2002, a retrospective study by Marr et al. identi-
fied age �40 years, hematologic malignancy other than
chronic myeloid leukemia, mismatched or unrelated
donor, and graft-versus-host disease as risk factors for
mucormycosis infection in hematopoietic stem cell
transplant recipients.6 Neutropenia is also a well rec-
ognized risk factor for infection in patients with hema-
tologic malignancy, and several studies correlate the
recovery from aplasia with granulocyte infusions or by
enhancement of endogenous neutrophil production
with a lower mortality rate.3,7-10 Univariate analysis by
Pagano et al. found that gender (male greater than
female), amphotericin B, and neutrophil recovery from
postchemotherapy aplasia were positively correlated
with recovery from mucormycosis.3 With multivariate
analysis, however, only amphotericin B was signifi-
cantly correlated with recovery. In that study, 47 out of
59 patients (79%) were neutropenic for a median 12
days before the diagnosis of mucormycosis, and 33 out
of those 47 patients (70%) recovered from neutropenia
within 7 days of diagnosis. Death from mucormycosis
occurred in 41 out of 59 patients (69%). In this present
report, the patient was neutropenic for 8 days before her
diagnosis of mucormycosis. After diagnosis and de-
bridement, she received regular granulocyte infusions
to maintain the absolute neutrophil count in the 1,000-
3,000 range.

To our knowledge, only 5 cases of human infection
with Mucor indicus (previously known as Mucor
rouxii) have been reported in the literature.11-15 Four of
those cases (80%) involved the gastrointestinal tract,
and infection was thought to be the result of oral
ingestion of the pathogen. Two cases (40%) involved
hematologic malignancy, and 4 patients (80%) sur-
vived. In the present patient, the absence of gastroin-
testinal dissemination was surprising, given the oral
location of her infection and her immunocompromised
status.

Mucormycosis of the oral cavity is usually due to
transpalatal extension of rhinocerebral infection, and
mucormycosis localized to the periodontal tissues (i.e.,
gingiva and alveolar bone) is exceedingly rare; to our
knowledge, only 6 cases have been reported in the
English-language literature in the past 25 years.16-19

The clinical features of these cases are summarized in
Table I. Of note, all of the patients were neutropenic as
a result of chemotherapy for hematologic malignancy
or carried a diagnosis of diabetes mellitus. In 3 patients,
mucormycosis arose at the site of recent dental extrac-

tion. Treatment involved amphotericin B with or with-



mia.

OOOOE
e68 McDermott et al. March 2010
out local debridement. Five patients made a full recov-
ery, and 1 patient was lost to follow-up.

Mucormycosis has a very poor prognosis, with mor-
tality rates of 80%-100%;20 however, with early recog-
nition and aggressive treatment, survival rates can ex-
ceed 80%.21 Extensive surgical debridement to remove
all devitalized tissue is generally believed to be the
most important component of treatment. Concomitant
correction of the predisposing condition and amphoter-
icin B therapy are also critical.

Despite profound immunosuppression and infection
with a virulent Mucor species, the present patient made
a full recovery. This may have been due in part to early
recognition and aggressive intervention. It is also pos-
sible that deferasirox chelation therapy, which the pa-
tient received briefly, provided adjunctive fungicidal
therapy.22,23

A diagnosis of mucormycosis can be established by
direct examination of a wet mount and touch prep of
tissue by using Calcofluor, Fungifluor, or Blankofluor.
Each of these reagents works on the principal of bind-
ing to the chitin and glucans of the fungal cell wall.24

When treated specimens are evaluated by fluorescence
microscopy, they have a distinct blue-white color. For
cost-effectiveness, Calcofluor analysis is most com-
monly performed in a medical center setting owing to
the need for fluorescence microscopy. It has been
shown to be useful in the diagnosis of dermatophytosis,
onychomycosis, ocular mycotic keratitis, and pulmo-
nary fungal infections.25,26,29,30 In the present case, we
used Calcofluor fluorescent wet mounts of resected oral
tissue to rapidly establish a diagnosis and to define clear
surgical margins for invasive fungal infection.

Although not widely used in clinical practice, we
believe that Calcofluor fluorescence may have a greater
sensitivity compared with more traditional diagnostic
methods (i.e., potassium hydroxide, PAS, and GMS
stains), and this is supported by several studies.25-30

Calcofluor fluorescence is also inexpensive and may be
less costly compared with other detection methods. It
can provide rapid results (30 seconds), which is con-
ducive to timely treatment planning, intraoperative de-

Table I. Periodontal mucormycosis
Case source Age(yr)/gender Underlying condition

Dogan et al. (2007)16 7/M AML/neutropenia M
9/M ALL/neutropenia M

Auluck (2007)17 58/M Diabetes M
Salisbury et al. (1997)18 60/M AML/neutropenia M
Jones et al. (1993)19 43/M AML/neutropenia M

68/M Diabetes M

AML, acute myelogenous leukemia; ALL, acute lymphoblastic leuke
cision making, and optimal management of an aggres-
sive and potentially life-threatening infection. As such,
we conclude that Calcofluor fluorescence provides a
simple, rapid, and inexpensive method to detect fungal
pathogens. This is especially important when early di-
agnosis and meticulous timely debridement is critical to
optimizing outcome.
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