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Abstract We report the case of a 63-year-old man who
presented at our hospital after experiencing fever and dysp-
nea for more than 1 month. Because his general condition
was deteriorating, he was referred to our intensive care unit.
He needed critical care and was treated with vasopressors,
artificial ventilation, and continuous hemodialysis. Consid-
ering his systemic condition, hematological malignancy was
suspected. Bone marrow and skin biopsies were performed,
and the condition was diagnosed as diffuse large B-cell
lymphoma. On the 15th day, suspecting infectious lung
disease, we performed bronchoscopy, which showed Rhi-
zopus infection. Thus, the patient was administered high-
dose liposomal amphotericin B (10 mg/kg) therapy. On the
54th day, he died of a massive pulmonary hemorrhage.
Autopsy revealed mucormycosis infection in multiple
organs, including the lungs and liver. Vigilance regarding
possible mucormycosis infection is required, even after ini-
tial chemotherapy in patients whose bone marrow is signif-
icantly affected by lymphoma cells and leukemic changes.

Keywords Disseminated mucormycosis - Rhizopus -
First chemotherapy
Introduction

It is generally considered that mucormycosis is associated
with diabetes mellitus (mostly diabetic ketoacidosis),
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severe hematological malignancy, solid organ or hemato-
poietic stem cell transplantation, or deferoxamine admin-
istration [1]. Mucormycosis may also develop occasionally
in immunocompromised patients.

A definitive diagnosis of mucormycosis requires the
histopathological identification of organisms in tissue, with
culture confirmation. Because tissue biopsy might be dif-
ficult to perform in critically ill patients because of a ten-
dency to bleed, mucormycosis is diagnosed in only about
half the cases before death [2].

In lymphoma patients, disseminated mucormycosis
usually develops after multiple courses of chemotherapy.
We encountered a rare case of a patient with lymphoma
who developed disseminated mucormycosis after the first
course of chemotherapy.

Case report

A 63-year-old man had experienced fever and dyspnea for
more than 1 month. He was hospitalized at our affiliated
hospital and was treated for community-acquired pneu-
monia. His general condition did not improve, and con-
sciousness disturbance, respiratory exacerbation, renal
dysfunction, and remarkable acidemia caused by metabolic
acidosis occurred early in the clinical course.

He was transferred to our intensive care unit (ICU). His
medical history included hypertension but not diabetes, and
his hypertension was well controlled with amlodipine
(5 mg/day) and atenolol (25 mg/day).

On physical examination, the patient’s Glasgow coma
scale score was E1VTM4, body temperature was 37.8°C,
blood pressure was 85/50 mm Hg (dopamine infusion at
5 pg/kg/min), pulse rate was regular at 109 bpm, SpO,
was 100% on 10 1/min of oxygen via mask, and respiratory
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rate was 27/min. On auscultation, bilateral moist rales
could be heard. Rashes were found over his entire body,
mainly on the precordium; this finding had been diagnosed
as a drug allergy in the previous hospital. There was pitting
edema in both lower extremities. Except these, no abnor-
mal findings were found, and no superficial lymph nodes
were palpable.

On laboratory testing, his white blood cell (WBC) count
was 2,700/ul (neutrophils 1,782/ul, lymphocytes 351/ul,
monocytes 243/ul, lymphoma cells 324/ul), Hb level 8.1 g/
dl, platelet (PLT) count 2.0 x 10%pl, aspartate amino-
transferase (AST) level 77 U/L, alanine aminotransferase
(ALT) level 19 U/l, creatine kinase (CK) level 257 U/,
lactate dehydrogenase (LDH) level 1,285 U/l, creatinine
(Cr) level 4.97 mg/dl, blood urea nitrogen (BUN) level
87 mg/dl, uric acid (UA) level 23.2 mg/dl, Ca level
8.6 mg/dl, IP level 14.3 mg/dl, C-reactive protein (CRP)
level 15.47 mg/dl, IL-2R level 20,000 U/ml, IgG level
780 mg/dl, IgM level 75 mg/dl, and IgA level 133 mg/dl.

Initial blood glucose level was 131 mg/dl (blood glu-
cose level in the intensive care unit was controlled at about
150-220 mg/dl). HbAlc level was not assessed.

Arterial blood gas analysis was performed while the
patient was on 10 1/min via an oxygen mask. Arterial pH
was 7.135, PCO, was 48.4 torr, PO, was 236 torr, HCO3™
was 15.6 mmol/l, lactate level was 130 mmol/l, and anion
gap was 25.2 mEq/l.

Various imaging studies were performed. Chest radio-
graph and computed tomography (CT) scan of the chest
showed left lower lobe consolidation and slight bilateral
pleural effusion. Abdominal CT and ultrasonography
showed mild hepatosplenomegaly and lymph node swell-
ing of the porta hepatis and the right mesenterium.

At this point, septic shock was diagnosed consequent to
nosocomial pneumonia, and the presence of lymphoid
malignancy and acute kidney injury caused by sepsis or
tumor lysis syndrome was suspected.

Several life support treatments such as vasopressors,
artificial ventilation, and continuous hemodialysis were
performed in our ICU, and antibacterial agents [tazobactam/
piperacillin (2.25 g every 8 h) 4 ciprofloxacin (200 mg
every 12 h), adjusted according to his renal function] were
administered.

Because we strongly suspected the presence of lym-
phoid malignancy and estimated that the tumor burden was
large, steroid therapy (prednisone 40 mg/day) was admin-
istered at the time of admission. Immediately, bone marrow
and skin biopsies were performed, and diffuse large B-cell
lymphoma (DLBCL) was diagnosed. His Ann Arbor
stage was IV BS, International Prognostic Index (IPI) high,
revised IPI poor, and he showed a phenotype of CD5 (+),
CD10 (-), CD20 (+), MUM-1 (+), and MIB-1 (high). As
per Hans classification, the phenotype was nongerminal
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center B-cell. This phenotype results in a poor prognosis,
and the growth of the tumor was rapid from the high MIB-1
index. The nucleated cell count was 2.6 x 10*pl, and the
megakaryocyte count was 15 x 10%/ul (myeloblasts 0.6%,
lymphoma cells 30.4%).

On the 5th day, initial chemotherapy was administered
(dose-modified R-EPOCH: rituximab, 670 mg/day for
6 days; etoposide, 66 mg/day for 4 consecutive days;
prednisolone, 80 mg/day for 14 days; vincristine, 0.7 mg/
day for 4 consecutive days; cyclophosphamide, 330 mg/day
for 5 days; doxorubicin, 17 mg/day for 4 consecutive days).
The hematological nadir was reached on the 13th day
(leukocyte count 100/pl, neutrophils 48/pl, monocytes 20/
pl). The leukocyte count improved to 3,000/pl (neutrophils
2,550/ul, lymphocytes 30/ul, monocytes 330/ul) 1 week
later.

The complete blood count improved gradually. On the
25th day, bone marrow obtained from the second biopsy
revealed the disappearance of lymphoma cells. We then
thought that the disease was in remission.

Fever developed despite administration of a broad-
spectrum antibiotic. We suspected fungal catheter-related
bloodstream infection, and therefore administered mica-
fungin (100 mg/day) on the 15th day; the dose was further
increased to 150 mg/day on the 32nd day. Later, growth of
Candida glabrata was noted in the blood cultures.

On the 19th day, progressive respiratory failure occurred
while fever and increases in sputum production persisted.
Therefore, chest CT was obtained; suspecting infectious
lung disease, bronchoscopy and bronchoalveolar lavage
were performed. In the right lower lobe bronchus, white
lesions with destruction of neighboring tissues were
detected; therefore, transbronchial lung biopsy was per-
formed (Fig. 1).

After a few days, mucormycosis was suspected based on
pathological examination, and this was confirmed when
Rhizopus species grew in his sputum culture. High-dose
liposomal amphotericin B (10 mg/kg) therapy was started.
However, after 6 days, black lesions appeared on his
nose and his left upper extremity (Fig. 2). Biopsies were
obtained from both these lesions, and Rhizopus species
grew similarly from both. Magnetic resonance imaging
(MRI) of the head was performed, and a soft tissue intensity
was found in the right accessory sinus cavity.

Because of these infections and the patient’s serious
general condition, the second course of chemotherapy
could not be provided to him. For the same reason, surgical
intervention for mucormycosis of his lungs and sinus could
not be performed. Micafungin (150 mg/day) was added
because disseminated mucormycosis had become worse
despite the high-dose liposomal amphotericin B treatment.
The total dose of micafungin was 4,650 mg and that of
liposomal amphotericin B was 19,200 mg.
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Fig. 1 Bronchoscopy findings:
1, entry of the middle lobe
bronchus; 2, right lower lobe
bronchus; 3, white lesions with
destruction of the neighboring
tissues. These lesions were soft
and tend to bleed easily.
Transbronchial lung biopsy was
performed on the same lesions,
and Rhizopus sp. infection was
diagnosed

Fig. 2 Black skin lesions on the left upper extremity. Later, a skin
biopsy was performed and Rhizopus sp. infection was diagnosed

On the 54th day, the patient died of a massive pul-
monary hemorrhage resulting from angio-invasion by
mucormycosis. Permission for an autopsy was granted. On
final pathology, we found that a few large-sized lymphoma
cells existed in the spleen and in the systemic lymph nodes.
In terms of disseminated mucormycosis, additional infec-
tion sites were found, including the left lung and liver.
Many fungi were found in the lung tissue (Fig. 3), nasal
mucosa, and skin in each biopsy. Growth of Rhizopus
species was noted in each culture.

Discussion

Rhizopus species are the most common pathogens of
mucormycosis infection. Diabetes is the most common

Fig. 3 Many fungi were found in the lung tissue

risk factor, found in 36% of cases, followed by hema-
tological malignancies in 17% of cases, and solid organ
or hematopoietic stem cell transplantation in 12% of
cases [3].

At first glance, it could not be said that there were severe
risk factors, for example, long-term lymphoma, multiple-
course chemotherapy, or aggressive chemotherapy. How-
ever, we consider that the significant invasion of the bone
marrow by lymphoma cells and the leukemic changes
resulted in a severely immunocompromised status. In
addition, we could have estimated in more detail the
duration of immunosuppression. Based on the facts that
dyspnea had been present for more than 1 month,
involvement of the bone marrow was demonstrated, and
the first chemotherapy treatment was carried out, the
duration of immunosuppression might be several months.
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Particularly in patients with lymphoma who have bone
marrow infiltration, disseminated mucormycosis can
develop even after only one course of chemotherapy. A
high index of suspicion is required for this lethal infection.
Disseminated mucormycosis occurs most commonly in
severely immunocompromised patients, burn patients,
premature infants, and patients who have received defer-
oxamine [4].

During the clinical course of this case, disseminated
zygomycosis infection occurred without aggressive che-
motherapy or prolonged neutropenia; therefore, this
underlying condition cannot be considered a common
occurrence.

We believe that the present case is rare in that it
involved disseminated mucormycosis, and lymphoma, and
developed after only the first chemotherapy.

In this case, there were several risk factors, including
chemotherapy (steroids and rituximab), severe neutropenia,
renal failure, and hemodialysis. In addition, we consider
that the following special factors also played a part.

First, this was not a case of diabetic ketoacidosis, but a
remarkable tumor lysis syndrome was found, and together
with remarkable acidemia such that persistent blood puri-
fication was necessary.

Second, before the onset of disseminated mucormycosis,
the patient experienced sepsis from a catheter-related
bloodstream infection. We, therefore, began treatment with
micafungin at 150 mg every 24 h for Candida glabrata
infection. A case—control study showed that prior treatment
with an antifungal agent such as voriconazole or caspo-
fungin is a risk factor for mucormycosis (odds ratio, 4.41;
P = 0.033) [5]. Commonly, breakthrough of mucormyco-
sis may develop under the long-term use of voriconazole or
caspofungin. In this case, we thought that short-term use
may have contributed to the dissemination of the infection
from the lung.

Finally, the target glucose level in the critical care unit
was higher than that in the regular ward or outpatient
department. A large-scale multi-institutional randomized
controlled trial showed that a target glucose level of
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180 mg/dl or less resulted in lower mortality than did a
target of 81-108 mg/dl [6]. Recently, this target has
become standard in the ICU. In fact, in our patient, the
range of glucose level was about 150-220 mg/dl. We
believe that the contribution of glucose level to the likeli-
hood of infection is low, but this glucose level may suggest
a slight possibility of being the trigger for the development
of mucormycosis.

We encountered a rare case of mucormycosis after first
chemotherapy. The case involved a lymphoma patient who
exhibited leukemic changes. Because several infections
were noted, we concluded that the functions of neutrophils
and monocytes were likely to be poor in this patient.

Unfortunately, the functions of neutrophils and mono-
cytes were not analyzed in this case, and the route of
infection was not clear; these may be considered as limi-
tations of this case report.
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Abstract A 69-year-old man, who had been receiving
prednisolone for 11 months for treatment of interstitial
pneumonia, was diagnosed with acute myeloid leukemia.
During induction therapy, he developed severe pneumonia.
Although meropenem and micafungin were started, he died
of circulatory failure owing to massive gastrointestinal
bleeding. Autopsy specimens obtained from the stomach
revealed fungal hyphae, which had invaded diffusely into
submucosal vessels and caused the massive gastric bleeding.
The same hyphae were also observed in both lungs. A diag-
nosis of disseminated zygomycosis was confirmed by its
characteristic histopathological findings. Because zygomy-
cetes are spontaneously resistant to the newer antifungal
agents, such as voriconazole or micafungin, it seems likely
that the prevalence of zygomycosis as a breakthrough
infection may increase in the future. Zygomycosis is a rare,
but life-threatening, deep fungal infection that appears in
immunologically or metabolically compromised hosts. Its
manifestations are clinically similar to those of invasive
aspergillosis. In addition to the well-established epidemiol-
ogy of zygomyecosis, this case suggests the following new
characteristics. (1) Although the gastrointestinal manifesta-
tion of zygomycosis is relatively rare, it is observed more
frequently than invasive aspergillosis. (2) Gastrointestinal
zygomycosis occasionally leads to the development of
necrotic ulcers and may induce hemorrhagic shock.(3) We
should be cautious of an occurrence of breakthrough zygo-
mycosis when we use echinocandins for patients with known
risk factors, especially steroid use and neutropenia. (4) For
patients who are receiving broad-spectrum antibiotics and
echinocandins, who are negative for culture studies and
aspergillus antigen, and who present with unresolved fever,
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it is important to make a prompt clinical diagnosis of
Zygomycosis.

Key words Zygomycosis - Leukemia - Micafungin - Gastro-
intestinal bleeding

Introduction

Zygomycosis is a rare, but life-threatening, deep fungal
infection that appears in immunologically or metabolically
compromised hosts." Because its clinical manifestation is
similar to that of invasive aspergillosis, cultures are often
negative and no reliable serologic tests are currently avail-
able; therefore, antemortem diagnosis is usually difficult. In
addition, because zygomycetes are spontaneously resistant
to most antifungal agents, except for amphotericin B, it
seems likely that zygomycosis might occur as a breakthrough
infection associated with the use of newer antifungal agents,
such as voriconazole or micafungin. In fact, in the voricon-
azole era, the incidence of zygomycosis in patients with
hematological malignancies has been reported to be increas-
ing.>* Here, we report a case of breakthrough disseminated
zygomycosis, which resulted in massive gastrointestinal
bleeding, in a patient receiving micafungin.

Case report

A 69-year-old man, with known interstitial pneumonia, was
admitted to our hospital with thrombocytopenia and an
abnormal leukocyte count and was diagnosed with acute
myeloid leukemia (M4 according to the French-American-
British [FAB] classification). He had been receiving pred-
nisolone 20-40 mg per day for 11 months to treat persistent
respiratory symptoms resulting from the interstitial pneu-
monia. He also had steroid-induced diabetes mellitus, with
a hemoglobin (Hb) Alc level of 7.4%. Induction chemo-
therapy with idarubicin and cytosine arabinoside for acute
leukemia was initiated. On the fifth day after the initiation



of the chemotherapy, he developed sudden dyspnea and
had a temperature of 38.9°C. His absolute neutrophil count
(ANC) had decreased to 80pl™". Physical assessment
revealed no infectious focus, and no evidence of infection
was found on chest X-rays or on computed tomography
(CT) scans. Two sets of blood cultures were negative and
no clinically significant organisms grew from sputum cul-
tures. Tests for circulating galactomannan antigen assay and
serum 1, 3-B-D-glucan were also negative. However, con-
sidering his neutropenic state, the induction chemotherapy
was discontinued and empirical treatment with meropenem
2 g per day and micafungin 150 mg per day was started for
the treatment of febrile neutropenia. Considering the pos-
sibility of a detrimental effect on the underlying interstitial
pneumonia related to his febrile condition, intermittent
methylprednisolone, 125 mg per day, was initiated to relieve
his respiratory condition. Intravenous insulin therapy was
also started for his hyperglycemia. On the eleventh day, he
had symptoms of severe chest pain and developed respira-
tory failure. A chest X-ray and CT scan revealed pneumo-
nia in the upper-left pulmonary lobe. These findings were

Fig. 1. Clinical course. AMK,
Amikacin; ABK, arbekacin;
MEPM, meropenem; MCFG,
micafungin; G-CSF, granulocyte
colony-stimulating factor; mPSL,
methylprednisolone; DNR,
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consistent with invasive pulmonary aspergillosis. He was
intubated and granulocyte colony-stimulating factor (G-
CSF), 300 pg per day, was started. His respiratory condition
was stabilized by mechanical ventilation. Because a sputum
survey taken from the tracheal tube revealed abundant
methicillin-resistant Staphylococcus aureus (MRSA) with
phagocytosis, arbekacin, an aminoglycoside antibiotic with
anti-MRSA activity, was added, at 200 mg per day. On the
seventeenth day, because his ANC exceeded 2000 pl™', G-
CSF was discontinued; however, his general condition
showed no significant change. On the seventeenth day, he
suddenly developed circulatory failure with massive tarry
stool and his hemoglobin level decreased, from 9.1 g/dl to
5.4 g/dl. However, his clinical condition did not allow for
invasive medical intervention, except for blood transfu-
sions, and he died on the eighteenth day (Fig. 1).

Autopsy findings showed expansion of the stomach with
a massive hematoma collection, with mucosal erosion.
Microscopic findings revealed many fungi with broad, rarely
septate hyphae of uneven diameter, branching at 90° angles
and invading tissues with an angiocentric tendency, causing
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Fig. 2a,b. Histological appearance of an autopsy specimen obtained
from the gastric lesion. a Numerous fungal hyphae, which were char-
acterized as zygomycetes, were observed in the eroded vascular lesion.

infarction, ulceration, and hemorrhagic necrosis (Fig. 2a, b).
These fungi invaded diffusely to gastric submucosal vessels
and were responsible for the massive gastric bleeding. The
same angioinvasive findings of these fungi were observed in
both lungs, which showed bacterial pneumonia, probably
due to MRSA. Although cultures from an autopsy speci-
men were unsuccessful, these findings were consistent with
zygomycetes, and therefore the histopathological diagnosis
was disseminated zygomycosis. Persistent leukemia was
detected in the bone marrow.

Discussion

Zygomycosis is a rare life-threatening fungal infection
caused by ordinarily avirulent fungi that are widespread
in nature. Zygomycosis mainly occurs in immunocompro-
mised hosts, including neutropenic patients with hemato-
logical malignancies such as acute leukemia, or in patients
under immunosuppressive therapy, particularly after hema-
topoietic stem cell or solid organ transplantation.”* Addi-
tional risk factors include diabetes mellitus; metabolic
acidosis; intravenous drug use; iron overload; malnutrition;
prior therapy with broad-spectrum antibiotics (including
antimycotic therapy with voriconazole or micafungin, as
mentioned below), corticosteroids, and deferoxamine; and
male sex.”” The primary site of infection at the time of
initial diagnosis varies with the underlying disease.* Neu-
tropenic patients are at high risk of developing pulmonary
infections or disseminated disease, and all of these mani-
festations are associated with high mortality. Generally,
symptoms are nonspecific and antemortem diagnosis is
usually difficult. Cultures of sputum or bronchoalveolar
lavage fluid show the growth of zygomycetes in only 5%
of cases.’” Moreover, cultures from autopsy or surgical
specimens have insufficient sensitivity; these specimens are
positive in only 52% and 30% of cases, respectively.’
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b Gastric subserous vascular infiltration was also observed. a and b
PAS x 200

Hence, the most sensitive diagnostic procedure for zygo-
mycosis is the identification of the organism in the tissue
by histopathology. Although zygomycosis may sometimes
be confused with invasive aspergillosis, even histopatho-
logically, it can be diagnosed quite accurately by careful
observation. In fact, most cases of zygomycosis in previous
reports were diagnosed by histopathology. However,
because invasive testing is usually difficult owing to the
patient’s poor general condition, there is a possibility that
many patients with zygomycosis have died but remained
undiagnosed. As mentioned above, careful histopathologi-
cal observation can provide an accurate diagnosis. There-
fore, autopsy analysis plays an important role in revealing
the epidemiological characteristics of zygomycosis, which
is particularly important, given that zygomycosis is clini-
cally quite similar to invasive aspergillosis. However,
Aspergillus sp. seldom, if ever, involve the gastrointestinal
tract; gastrointestinal zygomycosis is rare but is occasion-
ally found in patients with severe malnutrition or after
intensive chemotherapy."”” Zygomycetes probably enter
the host via the mouth, invade the gastrointestinal mucosa,
with the development of an ulcer and at times stricture,
and enter the circulation from the ulcer in cases of dis-
seminated disease.® Therefore, gastrointestinal manifesta-
tions such as abdominal pain, hematemesis, or melena are
more likely to indicate zygomycosis than aspergillosis.
Additionally, during upper gastrointestinal endoscopy, gas-
trointestinal zygomycosis can be seen as a characteristic
dark green hemorrhagic appearance, unlike the white
slough of ordinary gastric ulcers.” Therefore, these findings
might provide significant clues to aid in the diagnosis of
zygomycosis. In the present patient, a pulmonary lesion
owing to zygomycetes was also observed. However, during
his hospitalization, he was cared for under high-efficiency
particulate air-filtered conditions. Furthermore, because
the gastric mucosa was primarily affected, rather than the
lungs, we believe that the infection route in this patient
was endogenous via the gastrointestinal tract.



Considering the above-mentioned histopathological
findings in the present patient, and considering that endo-
scopic intervention was not possible because of his hemo-
dynamic instability, it was reasonable to make a diagnosis
that the direct cause of death was hemorrhagic shock occur-
ring as a result of gastrointestinal zygomycosis.

We note that, with the new antifungal agents, break-
through infection is becoming a significant public health
problem. For example, breakthrough trichosporonosis
related to micafungin is well known.'"”"" Micafungin is a
newly approved antifungal agent in the echinocandin class
that inhibits the synthesis of 1, 3-B-D-glucan, an essential
fungal cell-wall component. Because of its safety and broad
spectrum of activity, including against Candida and Asper-
gillus sp., micafungin is widely used in Japan. However, this
agent has no activity against zygomycetes or against Tricho-
sporon and Cryptococcus sp. Because invasive aspergillosis
is the most commonly observed pulmonary mycosis in
patients with acute leukemia, micafungin was used for 15
days against suspected aspergillosis in the present patient.
The lung tissue damage caused by bacterial pneumonia as
a result of MRSA probably provided the breakthrough
infectious focus for the zygomycetes, which may have selec-
tively proliferated with the use of micafungin. In fact,
breakthrough zygomycosis related to voriconazole has
already been reported.”" Therefore, we should also use
echinocandins with care. Our patient had many factors that
predisposed to the development of zygomycosis, including
acute leukemia, diabetes mellitus, prolonged corticosteroid
use, and being male. Unfortunately, because of the relative
rarity of this infection, large comparative studies of antifun-
gal agents have not been feasible. Some reports have sug-
gested that posaconazole hasefficacy against zygomycosis, ***
although its efficacy remains controversial."” In retrospect,
however, because amphotericin B is still the only reliable
antifungal agent against zygomycosis, we should have used
a high dose of amphotericin B instead of micafungin.

In summary, it is well known that disseminated zygomy-
cosis is a life-threatening deep fungal infection that
commonly occurs in neutropenic or immunologically com-
promised hosts. Based on our clinical experience, the
following characteristics are noted.. (1) Although gastro-
intestinal manifestation of zygomycosis is relatively rare,
it is observed more frequently than invasive aspergillosis.
(2) Gastrointestinal zygomycosis occasionally leads to the
development of necrotic ulcers and may induce hemor-
rhagic shock. (3) We should be cautious of the occurrence
of breakthrough zygomycosis when we use echinocandins
for patients with known risk factors, especially steroid use
and neutropenia. (4) For patients who are receiving broad-
spectrum antibiotics and echinocandins, who are negative
for culture studies and aspergillus antigen, and who present
with unresolved fever, it is important to make a prompt
clinical diagnosis of zygomycosis.

Based on autopsy results, zygomycosis is the third most
common cause of deep fungal infection in patients with
leukemia, including myelodysplastic syndrome, and was
observed in 5.7%-9.2% of cases of deep fungal infection in
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such patients.'” However, although zygomycosis has not
shown an upward trend since 2001, the incidence of zygo-
mycosis may increase with the increasing use of the newer
antifungal agents in the near future, and we should follow
the trends of this disease closely.
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