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Article

Case

A 5-year-old female was admitted to a general pediatric 
unit with fever and leukocytosis. She was diagnosed with 
high-risk pre-B cell acute lymphoblastic leukemia and 
began induction chemotherapy. On day 8 of induction, 
the patient was noted to have a small ecchymotic papule 
on the left forearm that expanded and evolved into a large 
necrotic plaque with a ring of erythema. The lesion was 
initially thought to be the result of an intravenous infil-
trate. The patient was evaluated by wound care and burn 
teams and started on topical bacitracin and warm soaks 
with a presumed diagnosis of spontaneous thrombocyto-
penia-induced bleeding. On day 16 of induction, the 
patient developed a fever and tachypnea and was started 
on vancomycin. As the pediatric oncology clinician 
(POC) caring for this patient, what diagnoses need to be 
considered as part of the differential?

Mucormycosis is a rare invasive fungal infection with 
high mortality rates, ranging from 50% to 100%, depend-
ing on the location of the disease and the patient’s underly-
ing condition (Katragkou, Walsh, & Roilides, 2014; 
Petrikkos et al., 2012). Immunocompromised patients are 
at highest risk for this infection (Riley, Muzny, Swiatlo, & 
Legendre, 2016). The infection presents with vague symp-
toms making it difficult to discern from other common 
infectious organisms (Phulpin-Weibel, Rivier, Leblanc, 
Bertrand, & Chastagner, 2012). This complicates and often 

delays diagnosis, resulting in dissemination of the disease, 
which increases the risk of death sevenfold (Guymer, 
Khurana, Suppiah, Hennessey, & Cooper, 2013). Pediatric 
mucormycosis most commonly affects children with 
malignancies (Pana et al., 2016). However, pediatric data 
are limited and current knowledge of mucormycosis in this 
population is primarily based on case reports (Dabritz 
et al., 2011). It is crucial for the POC to maintain a high 
index of clinical suspicion because prompt diagnosis and 
management improve prognosis (Spellberg, Edwards, & 
Ibrahim, 2005). This article will review the pathophysiol-
ogy, clinical manifestations, and diagnostics of mucormy-
cosis and will discuss current treatment and management 
strategies for the POC to allow for timely diagnosis and 
intervention to optimize patient outcomes.

Overview

Etiology and Pathophysiology

Immunocompromised patients are at the highest risk for 
mucormycosis, which is the third leading source of 
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invasive fungal disease in this population (Centers for 
Disease Control and Prevention [CDC], 2015; Phulpin-
Weibel et al., 2012). Mucormycosis is caused by mucor-
mycetes, a group of molds present throughout the 
environment, especially in soil (CDC, 2015). Most 
mucormycosis infections are contracted through inhala-
tion of fungal spores or direct entry of organisms into 
broken skin or mucosa (Petrikkos et al., 2012). There are 
several different species of mucormycetes that can cause 
mucormycosis, with the most prevalent being the 
Rhizopus species and Mucor species (CDC, 2015).

While it is known that mucormycosis is rare, accord-
ing to CDC (2015), the exact incidence is difficult to 
measure because there is no national surveillance in 
the United States. Additionally, since diagnosis is dif-
ficult and most cases in which a diagnosis is proven are 
underreported, the incidence of mucormycosis is prob-
ably underestimated (Riley et al., 2016). A retrospec-
tive study was conducted using the Premier Perspective 
Comparative Database, which covers more than 560 
hospitals and 104 million patients. The study included 
555 patients with 44 patients <18 years old, 351 
patients between the ages of 18 and 64 years, and 160 
patients ≥65 years old. The study found that the inci-
dence of mucormycosis-related hospitalizations 
between January 2005 and June 2014 was approxi-
mately 0.12 per 10,000 discharges (Kontoyiannis et al., 
2016).

There has been an increase in the prevalence of mucor-
mycosis in patients with hematological malignancies 
(Petrikkos et al., 2012). In a study conducted by 
Kontoyiannis, Wessel, Bodey, and Rolston (2000) at the 
University of Texas MD Anderson Cancer Center, the 
number of mucormycosis cases diagnosed in patients 
with hematological malignancies increased from 8 out of 
100,000 admissions from 1989 to 1993 to 20 out of 
100,000 admissions from 1994 to 1998. The rising inci-
dence of mucormycosis in this population has been attrib-
uted to the increasing intensity of chemotherapy 
protocols, resulting in more severe and prolonged neutro-
penia, and the increasing number of hemopoeitic stem 
cell transplantations done worldwide (Guymer et al., 
2013; Khattab, Atra, Felimban, Kamal, & Osoba, 2008).

Risk Factors

The main risk factor for mucormycosis in oncology patients 
is prolonged and severe neutropenia, which occurs most 
frequently in patients with leukemia and lymphoma under-
going high-dose chemotherapy (Mays, Bogle, & Bodey, 
2006). Patients with neutropenia are at highest risk because 
neutrophils damage the invasive hyphal form of the fungus 
(Wirth, Perry, Eskenazi, Schwalbe, & Kao, 1997). 
Mucormycosis in patients with cancer has been linked to 

hospital equipment such as linens, adhesive bandages and 
medication patches, wooden tongue depressors, and intra-
venous catheters, as well as building construction and anti-
fungal prophylaxis (CDC, 2015; Spellberg et al., 2005). 
Refer to Table 1 for a comprehensive list of risk factors in 
the oncology patient.

Clinical Presentations

Mucormycosis can be classified into 6 major categories 
based on clinical presentation and anatomic site: (a) cuta-
neous, (b) rhinocerebral, (c) pulmonary, (d) gastrointesti-
nal, (e) disseminated, and (f) uncommon rare forms, 
including osteomyelitis, peritonitis, endocarditis, and 
renal infection (Petrikkos et al., 2012). A literature review 
of 61 studies that identified 82 pediatric patients with 
cancer with mucormycosis, between the ages of 1 and 21 
years, found that cutaneous disease was present in 26%, 
rhinocerebral disease was present in 24%, and pulmonary 
disease was present in 17% of patients (Dehority, Willert, 
& Pong, 2009). This article will focus on the 3 most com-
mon presentations of mucormycosis in the pediatric 
patient with cancer.

Cutaneous

Cutaneous mucormycosis results from the direct entry 
of fungal spores into the skin (Petrikkos et al., 2012). 
Patients at high risk of acquiring cutaneous mucormy-
cosis have a break in their normal protective skin barrier 
since mucormycosis is not capable of penetrating intact 
skin. Organisms are able to enter into deeper tissues 
through traumatic disruption of skin, persistent macera-
tion of skin, and burns. Cutaneous infections can also 
occur at catheter insertion sites of immunocompromised 
patients (Spellberg et al., 2005). Cutaneous mucormy-
cosis is classified based on the degree of infection. 

Table 1. Risk Factors for Mucormycosis in Oncology 
Patients.

•• Severe and persistent neutropenia (Petrikkos et al., 2012)
•• Monocytopenia (Kontoyiannis & Lewis, 2011)
•• Iron overload (Petrikkos et al., 2012)
•• Prolonged use of corticosteroids (Petrikkos et al., 2012)
•• Protracted hyperglycemia, corticosteroid-associated 

hyperglycemia (Kontoyiannis & Lewis, 2011)
•• High-risk stem cell transplant (Kontoyiannis & Lewis, 2011)
•• Severe graft versus host disease and its treatment 

(Kontoyiannis & Lewis, 2011)
•• Relapsed leukemia (Kontoyiannis & Lewis, 2011)
•• Vascular and urinary catheters (Mays et al., 2006)
•• Disruption of gastrointestinal and oropharyngeal mucosa 

(Mays et al., 2006)
•• Use of broad-spectrum antibiotics (Mays et al., 2006)
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When it only affects the skin or subcutaneous layer of 
tissue, cutaneous mucormycosis is considered localized. 
When the organism gains access from the cutaneous and 
subcutaneous layers into the proximate fat, muscle, ten-
don, or bone, the disease is classified as deep extension. 
When cutaneous mucormycosis spreads to distant 
organs, the disease is considered disseminated (Petrikkos 
et al., 2012).

The presentation of cutaneous mucormycosis varies 
from a gradual onset, which progresses slowly, to a sud-
den and severe onset. The classic skin lesion of mucor-
mycosis is a necrotic eschar, surrounded by erythema and 
induration (Petrikkos et al., 2012). As the lesion increases 
in size, it also becomes deeper, resulting in sloughing of 
soft tissues (Khattab et al., 2008). In an immunocompro-
mised patient, the cutaneous manifestation of dissemi-
nated disease may be a small erythematous macule that 
appears to be insignificant (Petrikkos et al., 2012). Other 
presentations of cutaneous mucormycosis, which are less 
commonly seen, include targetoid plaques with erythem-
atous borders and ecchymotic or necrotic centers, super-
ficial lesions with squamous rims similar to tinea corporis, 
and lesions with a cotton-like appearance resembling 
bread mold (Petrikkos et al., 2012). Presenting symptoms 
may also include pain, swelling, and warmth at the site of 
infection (CDC, 2015).

Rhinocerebral

Rhinocerebral mucormycosis disease results from inha-
lation of fungal spores into the paranasal sinuses 
(Petrikkos et al., 2012). In the beginning stages of rhino-
cerebral mucormycosis, the infected tissue may appear 
healthy. The infection then advances through an ery-
thematous stage, with or without swelling, and ulti-
mately develops into black, necrotic eschar, which can 
result in brown rhinorrhea (Popa, Blag, & Sasca, 2008; 
Spellberg et al., 2005).

The initial presenting symptoms typically include eye 
or facial pain and facial numbness, followed by soft tis-
sue swelling, blurry vision, and conjunctival suffusion. 
The patient may or may not present with fever (Spellberg 
et al., 2005). Without treatment, the disease typically dis-
seminates from the ethmoid sinus to the orbit, causing 
proptosis, loss of extraocular muscle movement, and pos-
sibly chemosis. The infection can also spread into the 
mouth, which can result in painful, necrotic lesions on the 
hard palate, and to the central nervous system, which may 
cause bloody nasal discharge (Spellberg et al., 2005). 
Other signs and symptoms that may be indicative of rhi-
nocerebral mucormycosis in high-risk patients include 
blepharoptosis, internal or external ophthalmoplegia, 
multiple cranial nerve palsies, headache, and acute vision 
loss (Petrikkos et al., 2012).

Pulmonary

Pulmonary mucormycosis can develop from inhalation 
or by spread through the blood or lymphatic system 
(Spellberg et al., 2005). For unknown reasons, the infec-
tion more commonly occurs in the right lung and typi-
cally involves the upper lobes (Wang, Guo, Xue, & 
Chen, 2016). The clinical presentation of pulmonary 
mucormycosis is nonspecific, and symptoms can include 
a nonproductive cough, a prolonged high-grade fever 
that does not respond to broad-spectrum antibiotics, 
and, less commonly, dyspnea, pleuritic chest pain, and 
hemoptysis (Petrikkos et al., 2012). Without treatment, 
the infection disseminates to the contralateral lung, the 
chest wall, mediastinum, and pericardium (Petrikkos 
et al., 2012; Spellberg et al., 2005).

Diagnosis

The diagnosis of mucormycosis is often delayed, as the 
symptoms are nonspecific. A high index of suspicion, 
along with close communication between providers and 
microbiologists is necessary to make the diagnosis (De 
Leonardis, Perillo, Giudice, Favia, & Santoro, 2015). 
There are currently no serologic tests available for diag-
nosing mucormycosis (CDC, 2015). Diagnosis relies on 
early identification of risk factors, clinical presentations, 
and radiological findings, with confirmation by tissue 
culture or histological assessment (Katragkou et al., 
2014; Riley et al., 2016).

Diagnostic Studies

Biopsy. The gold standard for diagnosing cutaneous, rhi-
nocerebral, and pulmonary mucormycosis is biopsy of 
infected tissues with histopathological assessment. The 
hallmark of mucormycosis on biopsy is wide, ribbonlike, 
aseptate hyphal components, which branch at right angles 
and are frequently surrounded by widespread necrotic 
debris (Spellberg et al., 2005). Other fungi, such as Asper-
gillus, Fusarium, and Scedosporium, can appear similar to 
mucormycosis on biopsy but differ in that they are typi-
cally narrower, have septae, and divide at acute angles 
(Spellberg et al., 2005). In pulmonary mucormycosis, a 
biopsy can be obtained through either an open lung biopsy 
or a percutaneous needle biopsy (Wang et al., 2016).

Tissue biopsies can be used for culture in addition to 
histopathological assessment. However, fungal cultures 
are not reliable in diagnosing mucormycosis because 
even when fungal hyphae are visualized in biopsy, fungal 
cultures are positive only 50% of the time (Phulpin-
Weibel et al., 2012). A negative culture does not rule out 
a mucormycosis infection (Lass-Flörl, 2009). Refer to 
Figure 1 for a diagnostic approach to mucormycosis.
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Imaging. While a biopsy is needed to confirm the pres-
ence of mucormycosis, imaging is often utilized when 
rhinocerebral or pulmonary mucormycosis is suspected 
to help determine the extent of disease and rule out dif-
ferential diagnoses.

Rhinocerebral. Imaging tests may suggest rhinocere-
bral mucormycosis, but they are rarely diagnostic of the 
disease and the initial studies may be negative or have 
only subtle findings. On computed tomography (CT) 
scans of the head or sinuses, the most common finding 
is thickening of the extraocular muscles or subtle sinus 
mucosal thickening. Bony abnormalities of the sinuses 
may not be present, even when there is evidence of pro-
gressive disease. However, in the appropriate clinical 
scenario (eg, severely neutropenic patient with propto-
sis), the presence of bony erosion of the sinuses strongly 
suggests the diagnosis of rhinocerebral mucormycosis. 
Magnetic resonance imaging is more sensitive than CT 
scan in showing evidence of infection of the soft tis-
sues of the orbit; however, patients with early disease 
may have a normal magnetic resonance imaging (Spell-
berg et al., 2005). While imaging may be helpful for 
surgical planning, biopsy should always be performed 
to confirm a diagnosis of rhinocerebral mucormycosis 
(Herrera, Dublin, Ormsby, Aminpour, & Howell, 2009; 
Spellberg et al., 2005).

Pulmonary. The best tool for assessing the extent of pul-
monary mucormycosis is high-resolution chest CT scan 
(Spellberg et al., 2005). Findings on CT may suggest a 
fungal infection, but they are usually nonspecific making it 
difficult to distinguish from other infective causes (Guymer 
et al., 2013). A study that looked at CT scan features of 
45 oncology patients between the ages of 21 and 77 years 
with pulmonary mucormycosis versus invasive pulmonary 
aspergillosis showed that the presence of multiple (greater 
than or equal to 10) lung nodules was the strongest predic-
tor of pulmonary mucormycosis, and pleural effusions were 
independently associated with pulmonary mucormycosis 
(Chamilos, Marom, Lewis, Lionakis, & Kontoyiannis, 
2005). The radiographic findings of pulmonary mucormy-
cosis include consolidation, infiltration, nodules, isolated 
masses, effusion, atelectasis, cavitations, hilar or mediasti-
nal lymphadenopathy and posterior tracheal band thicken-
ing (Petrikkos et al., 2012; Spellberg et al., 2005).

Polymerase Chain Reaction. Quantitative polymerase chain 
reaction (PCR) detection of circulating DNA in the blood 
is a molecular approach under investigation that may help 
diagnose invasive mucormycosis more rapidly in patients 
at risk for the infection, resulting in more prompt treatment 
(Millon et al., 2013). Millon et al. (2013) conducted a ret-
rospective study from 2004 to 2012, which examined a 
combination of 3 quantitative PCR assays, targeting 

Direct Examination of
BAL, TS, biopsy, autopsy

Culture 
negative**

Broad, non-septate, ribbon-like 
hyphae, 90° angle
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Figure 1. Mucormycosis: Diagnostic approach using microscopic and culture techniques. BAL, broncho-alveolar lavage; TS, 
tracheal secretions.
Reprinted with permission from Lass-Flörl (2009, p. 61). Copyright 2009 by European Society of Clinical Microbiology and Infectious Diseases.
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different mucormycosis species using serial blood samples 
from 10 patients diagnosed with confirmed mucormycosis. 
The quantitative PCR assays were positive in 9 of the 10 
patients with proven mucormycosis and were negative in 
all those who were not diagnosed with mucormycosis. 
These results suggest that the detection of specific circulat-
ing DNA using quantitative PCR assay is a sensitive, spe-
cific, and noninvasive technique that may be a valuable 
tool for early diagnosis of mucormycosis, particularly in 
patients who are unable to undergo a biopsy (Millon et al., 
2013). However, further research is needed, as this tech-
nique is not fully standardized or commercially available 
(CDC, 2015).

Differential Diagnoses

It is important for the POC to be aware of differential 
diagnoses for mucormycosis as the symptoms are often 
nonspecific and the presentation can be similar to other 
conditions.

Cutaneous

Common differential diagnoses for cutaneous mucormy-
cosis are infections resulting from other angioinvasive 
pathogens, including Aspergillus and Fusarium (Walsh, 
Gamaletsou, McGinnis, Hayden, & Kontoyiannis, 2012).

Rhinocerebral

Important differential diagnoses for rhinocerebral mucor-
mycosis include bacterial orbital cellulitis and rhinocere-
bral Aspergillus (Mays et al., 2006; Varman, 2016).

Pulmonary

Common differential diagnoses for pulmonary mucormy-
cosis include bacterial, viral, and other fungal pulmonary 
infections (Wang et al., 2016).

Refer to Table 2 for a comprehensive list of differen-
tial diagnoses.

Treatment

Successful treatment of mucormycosis relies on early 
diagnosis, timely administration of active antifungal 
medications, surgical intervention, reversal of underlying 
predisposing risk factors, and a multidisciplinary 
approach (De Leonardis et al., 2015; Katragkou et al., 
2014). Treating mucormycosis in pediatric patients with 
cancer often involves an interruption or reduction in can-
cer therapy, particularly chemotherapy. A fine balance 
between antifungal drug therapy and cancer treatment is 
crucial (De Leonardis et al., 2015).

Antifungals

Pharmacologic treatment options for mucormycosis are 
limited, as the fungus is resistant to the most commonly 
used antifungal agents. Amphotericin B, a polyene, is 
widely considered the treatment of choice for mucormy-
cosis. A liposomal amphotericin B product (LAMB) is 
frequently used to reduce the incidence of nephrotoxic-
ity in long-term therapy. Since it is better tolerated, the 
dose of LAMB can be pushed beyond typical limits 
(Riley et al., 2016). Prompt initiation of treatment with 
amphotericin B is crucial, as delayed therapy has been 
shown to increase mortality in patients with hematologi-
cal malignancy and mucormycosis when compared with 
early treatment (Chamilos, Lewis, & Kontoyiannis, 
2008).

Posaconazole and isavuconazole are the only triazoles 
that show activity against mucormycosis. Posaconazole 
is typically used as a second-line agent or salvage therapy 
for patients unable to tolerate amphotericin B. 
Posaconazole is available in a suspension for oral admin-
istration, however drug concentrations have been shown 
to be significantly lower than expected with this formula-
tion, despite proper administration (Riley et al., 2016). 
This could in part be due to drug–drug interactions. 
Medications that can affect the bioavailability of posacon-
azole when administered at the same time include proton 
pump inhibitors, metoclopramide, phenytoin, and 
rifampin. Diarrhea and mucositis, common complica-
tions of immunosuppression and chemotherapy, can also 

Table 2. Differential Diagnoses of Mucormycosis.

Site Differential diagnoses

Cutaneous •• Aspergillus (Walsh et al., 2012)
•• Fusarium (Walsh et al., 2012)
•• Ecthyma gangrenosum (Varman, 2016)
•• Granulomatosis with polyangiitis (Varman, 2016)
•• Pseudomonas aeruginosa (Walsh et al., 2012)
•• Scedosporium (Walsh et al., 2012)

Pulmonary •• Bacterial pneumonia (Wang et al., 2016)
•• Viral pneumonia (Wang et al., 2016)
•• Pulmonary aspergillosis (Wang et al., 2016)
•• Pseudallescheria boydii infection (Crum-Cianflone, 

2015)
•• Nocardiosis (Crum-Cianflone, 2015)
•• Wegener granulomatosis (Crum-Cianflone, 2015)
•• Pulmonary embolism (Crum-Cianflone, 2015)

Rhinocerebral •• Sinusitis (Spellberg et al., 2005)
•• Periorbital cellulitis (Spellberg et al., 2005)
•• Bacterial orbital cellulitis (Varman, 2016)
•• Malignant sinus tumor (Varman, 2016)
•• Rhinocerebral Aspergillus (Mays et al., 2006)
•• Cavernous sinus thrombosis (Crum-Cianflone, 

2015)
•• Orbital tumor (Crum-Cianflone, 2015)
•• Graves’ disease (Herrera et al., 2009)
•• Inflammatory pseudotumor (Herrera et al., 2009)
•• Paranasal sinus tumor (Herrera et al., 2009)
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reduce the absorption of posaconazole (Riley et al., 
2016). To improve posaconazole serum concentrations, 
patients should take the medication with a high-fat meal 
and/or an acidic beverage and discontinue acid suppres-
sion therapy, especially proton pump inhibitors 
(Kontoyiannis & Lewis, 2011). Therapeutic drug moni-
toring is necessary with posaconazole to prevent break-
through relapse related to inadequate blood concentrations 
(De Leonardis et al., 2015). A tablet formulation of 
posaconazole was recently introduced, which has an 
improved pharmacokinetic profile and has resolved most 
of the absorption concerns with the suspension (Durani 
et al., 2015; Riley et al., 2016). However, for a pediatric 
patient to receive an appropriate dose, the suspension 
may be necessary.

Isavuconazole is an extended-spectrum triazole and is 
the only azole antifungal medication approved for treat-
ing invasive mucormycosis (Riley et al., 2016). The 
medication has good oral bioavailability and a predict-
able pharmacokinetic profile with few significant 
adverse effects (Graves et al., 2016). There have been 
reports of isavuconazole being used both as initial treat-
ment and as salvage therapy for invasive mucormycosis 
(Riley et al., 2016). It is only approved for use in adults 
and is considered off-label when used in the pediatric 
population.

Echinocandins generally lack inherent activity against 
mucormycosis; however, there is some evidence that 
caspofungin has a synergistic effect when combined with 
either LAMB or posaconazole. In 2 patients who had life-
threatening adverse reactions to amphotericin B, the com-
bination of caspofungin and posaconazole was successful 
in treating their mucormycosis infection (Sheybani, 
Naderi, Sarvghad, Ghabouli, & Arian, 2015). More sup-
porting evidence is needed to recommend combination 
therapy as first-line therapy (Riley et al., 2016). Refer to 
Table 3 for a list of side effects and drug-drug interactions 
associated with antifungals used to treat mucormycosis.

Surgery

Antifungal medication alone is usually insufficient to 
control mucormycosis due to the aggressiveness of the 
infection. Surgical removal of infected and necrotic tis-
sue should be done urgently (Spellberg et al., 2005). 
Surgical debridement prior to dissemination of mucor-
mycosis to other organs and tissues improves clinical 
outcomes (Riley et al., 2016). A study conducted on 230 
patients with mucormycosis, ages 1 month to 87 years, 
showed a 1.5-fold increase in survival rates when sur-
gery was combined with early, high-dose systemic anti-
fungal medication compared with antifungal medication 
alone (Skiada et al., 2011). In rhinocerebral  
mucormycosis, early surgical debridement can often 

prevent the disease from spreading into the eye. Surgical 
debridement of necrotic tissue in cutaneous mucormyco-
sis is often very disfiguring and may require major 
reconstructive surgery following the acute phase of the 
infection (Spellberg et al., 2005).

Adjunctive Therapies

Reversal of Underlying Predisposing Risk Factors. In addition 
to use of antifungal agents and surgical intervention, it is 
crucial to reverse underlying predisposing risk factors in 
order for treatment of mucormycosis to be successful. As 
the prognosis of mucormycosis often depends on the 
immune status of the patient, increasing the patient’s 
immune response is also being used as part of the treat-
ment (Abzug & Walsh, 2004). Adjunct therapies, includ-
ing growth factors, white blood cell transfusions, and 
interferon-γ are used to help patients recover from neu-
tropenia, which improves prognosis. It may also be nec-
essary to reduce immunosuppressive therapy, particularly 
corticosteroids (Mays et al., 2006).

Cytokines, such as interferon-γ and granulocyte-mac-
rophage colony-stimulating factor (GM-CSF), increase 
the ability of phagocytes to kill mucormycosis spores 
(Spellberg et al., 2005). Guidelines from the Third 
European Conference on Infections in Leukaemia rec-
ommend that hematopoietic growth factors, such as 
GM-CSF, be used in neutropenic patients with mucor-
mycosis to reverse this underlying risk factor (Skiada 
et al., 2013).

Hyperbaric Oxygen. Hyperbaric oxygen may be beneficial 
when used in addition to surgical and antifungal medica-
tion, especially for patients with rhinocerebral mucormy-
cosis. It is thought that hyperbaric oxygen may be helpful 
in treating mucormycosis as an adjunct to standard treat-
ment because higher oxygen pressure increases the abil-
ity of neutrophils to kill and prevent the growth of fungal 
spores and mycelia (Spellberg et al., 2005).

Prognosis

The prognosis of mucormycosis is dependent on several 
factors, including promptness of diagnosis and treat-
ment, location of the infection, and the patient’s underly-
ing condition and amount of immunosuppression (CDC, 
2015).

Disseminated mucormycosis has the poorest progno-
sis, with close to 100% mortality because surgical 
removal of affected tissues is not possible, and these 
patients are usually the most immunocompromised 
(Spellberg et al., 2005). In a study conducted by Pana 
et al. (2016) on 63 children, ≤ 19 years old, with inva-
sive mucormycosis, the percentage of pediatric patients 
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who died with disseminated disease was significantly 
higher (61%) compared with the patients with localized 
disease (0%). Disseminated infection and malignancy 
are 2 of the primary significant factors that influence 
rates of mortality in pediatric mucormycosis (Pana 
et al., 2016).

Role of the Pediatric Oncology 
Clinician

Clinical

In pediatric patients with cancer, cutaneous mucormy-
cosis should be considered in the initial evaluation of 

ecthyma-like lesions (Wirth et al., 1997). If the patient 
presents with blurry vision, eye or facial pain, facial 
numbness, or soft tissue swelling, rhinocerebral mucor-
mycosis needs to be ruled out (Spellberg et al., 2005). 
In any of these situations, a biopsy should be completed 
as part of the workup to rule out mucormycosis. In a 
patient with prolonged high-grade fever, unresponsive 
to antibiotics, a nonproductive cough, pleuritic chest 
pain, dyspnea, or hemoptysis, a high-resolution chest 
CT should be obtained, and any abnormal findings 
should be followed up with a biopsy (Petrikkos et al., 
2012).

When a pediatric patient with cancer presents with any 
of the above symptoms and mucormycosis is on the 

Table 3. Side Effects and Drug-Drug Interactions of Antifungal Medications Used to Treat Mucormycosis.

Drug Side Effects Drug-Drug Interactions

Amphotericin B •• Fever
•• Chills
•• Headache
•• Malaise
•• Nausea
•• Vomiting
•• Hypokalemia
•• Azotemia
•• Anemia

(Talmi et al., 2002)

•• Furosemide
•• Cyclosporine
•• Hydrocortisone

(Depont et al., 2007)

Posaconazole •• Nausea
•• Vomiting
•• Abdominal pain
•• Diarrhea
•• Elevated alanine aminotransferase, 

asparate transferase or alkaline 
phosphatase level

•• Headache
(Nagappan & Deresinski, 2007)

•• Cyclosporine
•• Tacrolimus
•• Rifabutin
•• Phenytoin
•• Midazolam
•• Terfenadine
•• Cisapride
•• Pimozide
•• Quinidine

(Nagappan & Deresinski, 2007)
Isavuconazole •• Nausea

•• Vomiting
•• Diarrhea
•• Headache
•• Rash
•• Elevation of liver enzymes
•• QTc shortening

(Miceli & Kauffman, 2015)

Increases Isavuconazole level:
•• Liponavir/Ritonavir

Decreases Isavuconazole level:
•• Rifampin
•• Carbamazepine
•• Long-acting barbiturates
•• St. John’s wort

Levels increased by Isavuconazole:
•• Sirolimus
•• Tacrolimus
•• Cyclosporine
•• Mycophenolate mofetil
•• Digoxin
•• Colchicine
•• Dagibatran
•• Atorvastatin
•• Midazolam

Levels decreased by Isavuconazole:
•• Bupropion
•• Lopinavir/ritonavir

(Miceli & Kauffman, 2015)
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differential, it is crucial for the patient to have a biopsy 
done as soon as possible. Pediatric surgery and infectious 
disease teams should be consulted immediately if the 
infection is suspected. The patient should immediately be 
started on LAMB, even before the final biopsy results are 
available. There is a lack of standardized guidelines for 
the best clinical approach in pediatric patients with sus-
pected mucormycosis. However, collaboration with a 
multidisciplinary team is paramount to determine the best 
clinical pathway for the patient.

Education

It is important to increase awareness of mucormycosis 
among clinicians who routinely treat patients at risk for 
the infection. It is important for POCs to stay up-to-date 
on current guidelines for the diagnosis and treatment of 
mucormycosis and remain cognizant of emerging litera-
ture on the topic.

Research

While there have been small studies on pediatric patients 
with mucormycosis, data specific to the pediatric popula-
tion is sorely lacking. While antifungal medications, such 
as fluconazole and voriconazole are frequently used as 
prophylaxis, these medications are not effective against 
mucormycosis. Therefore, research is needed to identify 
prophylactic treatment for mucormycosis in high-risk 
patients. A vaccine targeted for populations at risk for 
mucormycosis is currently being studied. While research 
has shown that a vaccine has the potential to be a cost-
effective tool to decrease morbidity, mortality, and health 
care associated costs in the United States resulting from 
mucormycosis, further research is needed to determine 
whether such a vaccine is possible (Ibrahim, Edwards, 
Bryant, & Spellberg, 2009).

Conclusion

Mucormycosis is a deadly disease with a poor prognosis 
if not recognized and treated early. The infection typi-
cally presents with nonspecific symptoms; therefore, it is 
crucial for POCs to have a low threshold to begin the 
workup and treatment for mucormycosis. Prompt diagno-
sis and treatment can prevent the disease from dissemi-
nating, greatly increasing the chance of survival.

Denouement

On day 17 of induction, the infectious disease and dermatol-
ogy teams saw the patient. Based on their recommendations, 
she underwent a biopsy of the left forearm lesion, which 
showed angioinvasive mucormycosis. She was immediately 

started on LAMB and a CT of the chest, abdomen, pelvis, 
and sinuses was obtained, and was notable for left lung con-
solidations. The patient underwent extensive debridement of 
her left arm lesion with negative margins achieved. A left 
lung biopsy confirmed mucormycosis in the left lower lobe 
and parts of the left upper lobe. After a 4-month stay in the 
hospital, the patient was discharged home on oral isavucon-
azole and daily GM-CSF injections.
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