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Abstract

Zygomycosis is a rare invasive opportunistic fungal infection that occurs in the setting of
hematologic malignancies, chemotherapy-induced neutropenia, and immunosuppressive
therapies. We report the first case of disseminated appendiceal zygomycosis due to Absidia
spp. in a neutropenic patient who initially presented as acute appendicitis. A 63-year-old
woman with acute myeloid leukemia presented as acute appendicitis while receiving induc-
tion chemotherapy and ultimately succumbed to overwhelming disseminated zygomycosis.
Initial symptoms included loose stools and right lower abdominal pain unresponsive to
broad-spectrum antibiotics. Clinical examination and cross-sectional imaging suggested
acute appendicitis. The final diagnosis was established by histological evaluations of the
ileocecectomy specimen, which showed angioinvasive fungal organisms within the necrotic
appendiceal wall with characteristics typical of zygomycetes. Fungal cultures demonstrated
Absidia spp. The patient was treated with amphotericin B but expired in the setting of fun-
gal sepsis. A diagnosis of a fungal infection, including zygomycosis, should be considered in
all chemotherapy-induced neutropenic patients who present with symptoms of acute ap-
pendicitis. A high index of clinical suspicion with prompt histologic and culture diagnosis of
zygomycosis may reduce the high mortality and morbidity associated with zygomycosis of

the gastrointestinal tract. © 2016 The Author(s)
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Introduction

Zygomycosis is an uncommon but often fatal opportunistic fungal infection that occurs
in the setting of hematologic malignancies, chemotherapy-induced neutropenia, hemato-
poietic stem cell transplantation, immunosuppressive therapies, diabetes mellitus, and solid
organ transplantation [1-6]. Preterm infants are also at risk of developing zygomycosis due
to general immune incompetence [7]. The class Zygomycetes consists of two orders: Mucora-
les and Entomophthorales [2]. Mucorales are further divided into two main families: Mu-
coraceae and Cunninghamellaceae. Infection caused by Mucorales is called zygomycosis [2].
The members of Mucoraceae, which include Rhizopus, Rhizomucor, Mucor, and Absidia, cause
the vast majority of zygomycosis [2].

Zygomycetes are ubiquitous in nature [2]. Spores are released into the air, rapidly ger-
minate, and gain entry through inoculation of respiratory mucosa, skin, or gastrointestinal
(GI) tract, ultimately causing angioinvasion (leading to hematogenous dissemination),
thrombosis, infarction, and necrosis [2, 8]. The main manifestations of disease include rhi-
nocerebral, pulmonary, cutaneous/subcutaneous, and disseminated diseases, with the first
two being the most common forms of infection [2, 8]. GI infection is relatively uncommon,
but gastric [5, 6], small bowel [9], ileocecum [4, 10], colon [5], or liver [9] involvement has
been reported. A case of primary GI zygomycosis due to Absidia spp. mimicking necrotizing
enterocolitis in a preterm infant has also been reported [7].

GI zygomycosis typically presents with nonspecific symptoms, including abdominal
pain, nausea, dyspepsia, vomiting, bloody diarrhea, upper GI bleeding, abdominal distension,
intestinal obstruction, and perforation peritonitis [5, 6, 10], making early antemortem diag-
nosis very difficult. As such, zygomycosis of the GI tract is associated with high mortality and
morbidity [5]. A high index of suspicion is required for early diagnosis, especially in the
presence of predisposing conditions, such as hematologic malignancies, neutropenia, diabe-
tes mellitus, and immunosuppressive therapies [1-6].

We report a case of disseminated appendiceal zygomycosis in a neutropenic patient who
initially presented as acute appendicitis during induction chemotherapy for acute myeloid
leukemia (AML) and highlight features that may lead to earlier diagnosis. To our knowledge,
appendiceal zygomycosis due to Absidia spp. mimicking acute appendicitis has never been
reported in the literature.

Case Presentation

A 63-year-old woman with relapsed AML and diabetes mellitus was admitted for induc-
tion chemotherapy with cytarabine and clofarabine as part of the management plan for allo-
geneic stem cell transplantation. Six days after chemotherapy, she developed loose stools
and diffuse abdominal pain. She was found to have Clostridium difficile infection, and oral
metronidazole treatment was started. Her abdominal pain persisted and began to localize to
the right lower quadrant. She was neutropenic but remained afebrile. An abdominal and
pelvic computer tomography (CT) scan showed a segmental hypoenhancing area in the mid
appendix with minimal surrounding fat stranding concerning for appendicitis. There were
no drainable fluid collections (fig. 1a). Given the patient’s high risk of perioperative morbidi-
ty and mortality, she was initially treated with broad-spectrum intravenous antibiotics con-
sisting of meropenem. The patient remained afebrile and hemodynamically normal on medi-
cal treatment. However, her right lower quadrant abdominal pain continued and she develo-
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ped localized peritoneal signs. A repeat CT scan obtained 3 days later showed stable inflam-
mation of the appendix with a new finding of an adjacent loop of small bowel with thickened
wall. There remained no extraluminal air or drainable fluid collections to suggest perforation
(fig. 1b). Since the patient was not responding to medical therapy, she was taken urgently to
the operating room for an appendectomy for treatment of acute appendicitis.

The operation began with a laparoscopic approach. Upon inspection of the right lower
quadrant, the appendix was found to be completely necrotic down to the base. The necrotic
appendix was lying on top of an adjacent loop of terminal ileum that was also segmentally
necrotic at the contacting surface (fig. 2). The case was converted to open in order to per-
form an ileocecectomy with primary stapled anastomosis. The fascia was closed but the skin
was left open to heal by secondary intention due to the infected wound classification.

The patient was admitted to the intensive care unit postoperatively and extubated on
postoperative day (POD) 1. Despite empiric broad-spectrum antimicrobial therapy with
meropenem, linezolid, and fluconazole, the patient spiked a fever to 38.5°C on POD2. She
clinically deteriorated on POD4 and was re-intubated for tachypnea and hypoxia. A CT scan
of the chest showed numerous peripheral cavitary lesions that were either septic emboli or
fungal infection. A bronchoalveolar lavage was performed to aid diagnosis.

On PODS5, pathological diagnosis of zygomycosis was made from the ileocecectomy spe-
cimen. Hematoxylin and eosin (H&E)-stained sections showed ischemic changes, hemorrha-
ge, and thrombosed vessels filled with broad irregular aseptate hyphae (fig. 3a, b). Inflamm-
atory cells were rare as expected in a neutropenic patient. Gomori methenamine silver
(GMS)-stained sections also demonstrated characteristic wide ribbon-like aseptate hyphae
that branch at wide angles, typical of Zygomycetes, involving both vessels and adjacent sub-
mucosa (fig. 3C) as well as invading through the muscularis propria of the appendix (fig. 3D).
Antifungal therapy was immediately switched to amphotericin B.

On POD6, fungal overgrowth was found in the surgical wound. Culture of the bronchoal-
veolar lavage recovered Absidia spp., confirming disseminated angioinvasive zygomycosis.
The patient’s clinical condition continued to worsen with severe hypotension that required
increasing doses of vasopressors. Given the patient’s dismal prognosis of surviving such an
overwhelming systemic fungal infection, goals of care were transitioned to comfort and she
expired on PODS.

Discussion

We report an unusual presentation of disseminated GI zygomycosis initially presenting
as acute appendicitis in a neutropenic patient with relapsed AML. To our knowledge, appen-
diceal zygomycosis due to Absidia spp. mimicking acute appendicitis has never been re-
ported in the literature. Absidia spp. is ubiquitous in nature and found in soil, decaying orga-
nic matter, cotton, and many different grains, seeds, and nuts [2]. It is a rare pathogen of the
order Mucorales, accounting for only 2-3% of all Zygomycete infections, and shows almost
no pathogenicity in immunocompetent hosts [2]. Infections with Absidia spp. usually occur in
immunocompromised hosts, including leukemia or lymphoma patients, especially in the
setting of chemotherapy-induced neutropenia and broad-spectrum antibiotics [11, 12]. Alt-
hough 7% of all Zygomycete infections are known to involve the GI tract [2], zygomycosis
due to Absidia spp. (absidiomycosis) is extremely rare in these sites, even in patients with
leukemia or lymphoma [9].
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Disseminated zygomycosis is associated with a mortality rate of approximately 96%
[13]. Several disseminated infections with Absidia spp. have been reported, including a case
of brain abscess following bone marrow transplantation [14] as well as a case of metastatic
carcinoma with disseminated zygomycosis involving the brain, lungs, and heart [15]. Alt-
hough it involved a different member of Mucoraceae, one case of zygomycosis caused by
Mucor indicus, presenting as an appendiceal mass with spread to the liver, has been reported
as well [4].

The diagnosis of zygomycosis requires demonstration of characteristic wide ribbon-like
aseptate hyphae that branch at wide angles (45-90°), especially with fungal specific stains
such as GMS stain, and should be supported by culture [2]. Vascular invasion resulting in
thrombus formation with infarction, necrosis, and hemorrhage is the most characteristic
feature of zygomycosis [2]. Disseminated zygomycosis rapidly invades vessels to spread to
multiple organs, most frequently involving the lung [2, 3]. Successful treatment of zygomy-
cosis has been attributed to early diagnosis, aggressive surgical intervention with resection
of the involved tissue, and antifungal therapy with amphotericin B [2]. Since surgery is most
effective in the setting of localized disease without dissemination [13], early diagnosis is
crucial in reducing the high mortality associated with zygomycosis. Pathology of the resected
ileocecectomy specimen played a crucial role in diagnosing zygomycosis in this case, leading
to the initiation of amphotericin B as the appropriate antifungal therapy. However, the pati-
ent developed fatal disease with evidence of dissemination to the lung and abdominal surgi-
cal wound at the time of diagnosis.

In conclusion, a diagnosis of a fungal infection, including zygomycosis, should be consi-
dered in all chemotherapy-induced neutropenic patients who present with symptoms of
acute appendicitis. This is further supported by a previous study reporting that immune
defects, especially absolute neutrophil count <1,000/ul, is a major risk factor for the develo-
pment of fungal disease [3]. A high index of clinical suspicion with prompt histologic and
culture diagnosis of zygomycosis may lead to earlier surgical and/or antifungal treatment
that can potentially reduce the high mortality and morbidity associated with GI zygomycosis.
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Fig. 1. Abdominal pelvis CT scan. a Initial CT scan showing dilated appendix with hypoenhancing wall (ar-
row) and minimal surrounding fat stranding. There were no drainable fluid collections. b Repeat CT scan 3
days later showing dilated appendix with hypoenhancing wall (arrow), now with an adjacent loop of small
bowel with thickened wall (arrowhead). There remained no drainable fluid collections, no free fluid, and
no free air.
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Fig. 2. lleocecectomy specimen. The appendix was completely necrotic (arrowhead) as was a segment of
ileum that was in direct contact with the appendix (arrows).

,...yw'

Fig. 3. Microscopic examination of the ileocecectomy specimen. a H&E-stained section shows thrombosed
vessels (arrows) and ischemic changes associated with hemorrhage (arrowheads). x4. b H&E-stained
section of a vessel filled with hyphae in a patient with neutropenia. Inflammatory cells are largely absent.
Pale-staining hyphae that do not stain well with H&E often look like bubbles or holes in the tissue. x40. c
GMS-stained section of a vessel containing fungal hyphae that also involve adjacent submucosa. Charac-
teristic wide ribbon-like aseptate hyphae with broad-angle branching are seen (arrows). x40. d GMS-
stained section of fungal hyphae (arrows) in the muscularis propria of the appendix. x40.
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