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ABSTRACT

Mucormycosis is an uncommonly encountered fungal infection in solid organ trans-
plantation. The infection is severe and often results in a fatal outcome. The most common
presentations are rhino-sino-orbital and pulmonary disease. We describe a rare case of
gastric mucormycosis in a patient with a combined liver-kidney transplant affected by
glycogen storage disease type Ia.
A 42-year-old female patient presented with gastric pain and melena 26 days after trans-
plantation. Evaluation with upper endoscopy showed two bleeding gastric ulcers. Histo-
logical examination of gastric specimens revealed fungal hyphae with evidence of
Mucormycetes at subsequent molecular analysis. Immunosuppressive therapy was reduced
and antifungal therapy consisting of liposomal amphotericin B and posaconazole was
promptly introduced. Gastrointestinal side effects of posaconazole and acute T-cell
rejection of renal graft complicated management of the case. A prolonged course of daily
injections of amphotericin B together with a slight increase of immunosuppression favored
successful treatment of mucormycosis as well as of graft rejection. At 2-year follow-up, the
woman was found to have maintained normal renal and liver function. We conclude that
judicious personalization of antimicrobial and antirejection therapy should be considered
to resolve every life-threatening case of mucormycosis in solid organ transplantation.
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MUCORMYCOSIS, previously termed zygomycosis,
indicates an uncommon but serious opportunistic

infection caused by fungi [1]. The termmucormycosis derives
fromMucormycete, a distinctive group of ubiquitous mycetes
growing principally on decaying vegetation and organic ma-
terials [2]. The most common genera are Rhizopus, Mucor,
and Abside [3]. Mucormycetes infect principally immuno-
compromised subjects with hematologic malignancies [4] and
diabetes mellitus [5]. However, several cases have been re-
ported in immunocompetent subjects with multiple trauma
[6] or after therapy with deferoxamine [7].
Mucormycosis is a rare complication of solid organ

transplantation (SOT) with an incidence of 0.07% at 1
year after transplantation [8,9]. Clinical manifestations can
be nonspecific; therefore, diagnosis is often challenging.
Sinus-rhinocerebral and lung disease are the most
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common clinical presentations of mucormycosis [10]. Data
regarding treatment are scarce and limited by lack of
randomized trials. Generally, therapeutic options rely on
few antifungal agents with high toxic profile and with
potential for drug interactions with immunosuppressive
drugs [11]. Despite appropriate antifungal treatment and
aggressive surgical intervention, mortality is particularly
high compared to the other common infectious diseases
such as candidiasis and aspergillosis; it ranges from 50% to
100% depending on the localization of the disease
[12e14].
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We describe a complex case of enteric mucormycosis in a
subject affected by inherited metabolic disorder (ie,
glycogen storage disease type Ia [GSD Ia]) who underwent
combined liver-kidney transplantation for end-stage liver
and kidney disease. We report the successful therapeutic
strategy of this life-threatening infection that consisted in a
delicate and challenging balance between administration of
antifungal therapy and reduction of antirejection drugs.
CASE DESCRIPTION

A 42-year-old female patient reported abdominal pain and dark
stool after a combined liver-kidney transplantation.

In September 2015, the woman affected by GSD Ia had been
admitted for combined liver-kidney transplantation from deceased
donator for chronic liver failure with a Model for End-stage Liver
Disease score of 20 and end-stage renal disease on hemodialysis.
Liver failure occurred as a consequence of the GSD I as confirmed
by histological investigation, whereas the same metabolic etiology of
renal disease was only presumptive because renal biopsy was never
performed. Immunosuppression included intravenous methylpred-
nisolone induction followed by oral tacrolimus, steroids, and
mycophenolate mofetil (MMF). Nystatin and valganciclovir were
used for oropharyngeal candidiasis and cytomegalovirus (CMV)
prophylaxis, respectively. Early postoperative course was compli-
cated by internal bleeding from tissue the surrounding transplanted
kidney that was promptly treated by laparoscopic surgery, and by a
biopsy-proven acute tubular necrosis (ATN) consequent to hem-
orrhagic shock. Kidney allograft function improved slowly and the
serum creatinine reached a value of 1.5 mg/dL after 3 weeks. On the
postoperative day (POD) 26 after transplantation, she was promptly
evaluated for upper gastrointestinal bleeding as soon as she re-
ported gastric pain and melena. Physical examination revealed the
presence of peristaltic bowel sounds and epigastric tenderness on
deep palpation of abdomen; rectal examination confirmed the
presence of dark “tarry” feces. Upper gastrointestinal endoscopy
showed two ulcers on the posterior wall of the gastric body without
signs of active bleeding (Forrest classification III). The proximal
and distal ulcer had a diameter of 2 � 2 cm and 3 � 4 cm,
respectively; both of them had a grayish base covered by necrotic
material, surrounded by hyperemic mucosa. Biopsy specimens of
gastric ulcers displayed the presence of several fungal hyphae in a
contest of active ulcerative chronic gastritis. Fungi stained with
Fig 1. Ulcerative gastritis with fungal forms invasion (arrows) with r
staining with (A) periodic acideSchiff (original magnification
magnification �200).
periodic acid-Schiff (Fig 1A) showed a relatively faint and
nonuniform staining with Grocott methenamine-silver (Fig 1B).
The hyphae, often forming helical twists, have a relatively broad
width with very rare septa. Helicobacter pylori and CMV were not
detected on biopsy specimens. The morphology and staining char-
acteristics strongly suggested the presence of Mucormycetes. Mo-
lecular analysis of gastric tissue using polymerase chain reaction
detected Mucormycetes of the genus Rhizopus. Brain and lung
computed tomography scans were performed to exclude metastatic
spread of infection; both results were negative.

Management of mucormycosis was based on a prompt start of
appropriate antifungal therapy and a reversal of underlying predis-
posing factors for infection, such as immunosuppressive therapy. On
POD 42, she started induction antifungal therapy with intravenous
liposomal amphotericin B at a dose of 5 mg/kg per day; after 5 days,
this drug was switched to oral posaconazole at a dose of 100 mg 3
times a day (target trough level> 2 mg/mL). After steroids andMMF
withdrawal, immunosuppressive therapy was maintained with
tacrolimus (target trough level of 4 to 7 ng/mL). We planned a pro-
longed course of antifungal treatment lasting for at least 6 months
along with a surveillance endoscopy every 2months. At POD 50 after
transplantation, she was discharged in good general condition
without gastrointestinal symptoms. In December 2016, after 1 month
from discharge, the woman was again admitted to the hospital with
severe gastrointestinal symptoms including vomiting and anorexia
that were attributed to side effects of posaconazole administration.
Posaconazole withdrawal and restarting of liposomal amphotericin B
completely resolved these symptoms. The case was further compli-
cated by CMV reactivation with tissue invasive disease of the oral
mucosa that required specific treatment with valganciclovir. At
discharge, posaconazole was reintroduced at a reduced dose of 100
mg twice daily with a target trough level of 1 to 2mg/mL.Nevertheless,
gastrointestinal side effects were so debilitating that the drug was
definitively stopped and once again she was started on liposomal
amphotericin B. After 1 month from her second discharge, renal
function deteriorated progressively requiring admission. The serum
creatinine level rose from her baseline values of 1.6 mg/dL to
3.2 mg/dL; a trial of normal saline rehydration did not improve renal
function. The patient underwent allograft biopsy which was compli-
cated by internal bleeding needing endovascular embolization of the
polar inferior artery. Histologic examination showed acute T-cell
rejection (Banff classification IA) with ATN. The rejection was
treated by adding MMF 500 mg twice daily to tacrolimus; steroids
were intentionally excluded from treatment. Recovery of renal
are septations, broad and irregular width hyphae (10 to 20 mm),
�200) and with (B) Grocott methenamine silver (original



GASTRIC MUCORMYCOSIS 907
functions was partial and her serum creatinine level returned to
2 mg/dL. At discharge, she continued daily intravenous therapy with
liposomal amphotericin B as an outpatient. The endoscopic evalua-
tion performed 6months after the initial presentation showedhealing
of the previous two ulcers. Histological and molecular analyses were
negative for Mucormycetes. Antifungal therapy was stopped after
6 months for successful resolution of infection. Lastly, in view of a
progressive increment of blood and urine BK viral load, immuno-
suppressive therapy was further reduced. The dose of tacrolimus was
adjusted to obtain a target trough level of 4 to 7 ng/mLand the dose of
MMF was halved (250 mg twice daily). These changes led to a
complete resolution of BK virus reactivation over the next 6 months.
The woman remained well after 2 years from combined liver-kidney
transplantation; she had a stable renal function with a serum creati-
nine level of 2 mg/dL (estimated glomerular filtration rate of
29 mL/min) and normal liver function tests.

DISCUSSION

After, Candida and Aspergillus spp., Mucormycetes repre-
sents an emerging cause of invasive fungal infection [15,16].
Incidence of mucormycosis varies between series: in kidney
transplant recipients it is of 0.05% to 1.2% [17e19] and in
liver recipients it is 0.4% to 1.61% [20,21]. Clinical pre-
sentation is highly heterogeneous, and it can involve a
specific organ or be disseminated. In a review of 116 cases in
SOT, Almyroudis et al [10] found that rhino-orbital-cerebral
was the most common site of fungal infection (31%), fol-
lowed by lung parenchyma (24.1%) and gastrointestinal
tract (11.2%). Regarding gastrointestinal involvement, the
stomach is the most prevalent site of infection followed by
colon, esophagus, and liver. Gastrointestinal mucormycosis
carries a significant morbidity and mortality among trans-
plant recipients because it can lead to bowel perforation and
death [4]. Cases of mucormycosis in combined liver-kidney
transplantation are rarely reported in the literature [22];
to the best of our knowledge, this is the first case of gastric
mucormycosis in a combined liver-kidney transplantation.
Gastric mucormycosis frequently presents with epigastric
pain, melena, and hematemesis; upper gastrointestinal
endoscopy usually shows a solitary or multiple ulcers
mimicking a common peptic ulcer [10]. Unfortunately, this
clinical presentation is nonspecific and tends to cause
diagnostic delay, which in turn increases patient mortality
[23]. Diagnosis of mucormycosis remains challenging and is
based on direct histologic identification of the characteristic
hyphae or on retrieval of the Mucormycetes in culture of
specimens obtained from the site of infection [24]. The tests
commonly used to detect fungal antigens (ie, b-D-glucan
test and Aspergillus galactomannan) are not reliable for
diagnosis of mucormycosis [23,25]. In our case, cooperation
with a skilled pathologist, who identified the characteristic
hyphae from biopsy specimens of gastric ulcers, allowed an
early suspicion of mucormycosis. The disease generally de-
velops on average within 6 months from transplantation
when high burden of immunosuppression increases the risk
of opportunistic infections [10,26]. A prospective, matched
case-controlled study revealed that renal failure, diabetes
mellitus, and prior use of voriconazole and/or caspofungin
were significantly associated with a higher risk of mucor-
mycosis. In addition, liver transplant recipients are more
likely to develop a severe, early infection than other types of
SOT recipients [27]. In line with the literature, in our case
mucormycosis was detected during the second month from
transplantation. Although the patient had an unknown
predisposition to infections before transplantation, she
showed a unique susceptibility to multiple opportunistic
pathogens (Mucormycetes, CMV, and polyomavirus BK).
Likely factors such as the multiple episodes of bleeding,
ATN, and early access in the intensive care unit have
contributed to further enhance her immunosuppression.
Unlike GSD type Ib, type Ia (the inherited metabolic dis-
order of our patient) is not generally associated with an
impaired immune surveillance [28]. However, a certain de-
gree of neutrophil dysfunction has been documented in
some subjects with GSD Ia [29].
Management of Mucormycetes infection is based on the

prompt institution of an appropriate antifungal therapy and
surgery. Current pharmacotherapeutic options include lipid
formulations of amphotericin B or isavuconazole as first-
line therapy and posaconazole as salvage therapy [30].
Amphotericin B deoxycholate, which has been the drug of
choice against Mucormycetes for more than 50 years, is not
currently used due to the high incidence of dose-dependent
nephrotoxicity [31]. Availability of less toxic lipid-based
formulations of amphotericin B has improved the safety
profile of this class of drugs [32,33], and makes them the
first-line therapy for several invasive fungal infections
including mucormycosis [34,35]. The two triazoles, isavu-
conazole and posaconazole, are active agents against
Mucormycetes and are generally used for maintenance
therapy once the clinical stability has been reached
[11,36,37]. To date, guidelines on the duration of treatment
are lacking; generally, treatment tends to be maintained for
as long as necessary to achieve a clinical and radiological
resolution of the infection [35].
Surgical debridement of involved tissues has been asso-

ciated with an improved survival when combined with
medical treatment [12e14,38,39]. In SOT recipients, surgery
is associated with increased survival rates especially for
pulmonary [40] and rhino-orbital-cerebral [41] mucormy-
cosis. However, these studies may have a potential selection
bias given that patients who did not undergo surgical
treatment likely differed in disease severity, organ involve-
ment, and/or comorbidities from those who did undergo
surgery.
In our case, treatment of gastric mucormycosis relied on

antifungal therapy and reduction of immunosuppression.
Medical therapy was based on amphotericin B and pos-
aconazole, but the latter was prematurely discontinued for its
important gastrointestinal side effects. The attempt to
continue posaconazole was based principally on its more
convenient route of administration (oral versus intravenous),
and safer andmore economic profile compared to intravenous
liposomal amphotericin B. Isavuconazole was not considered
because it had not been available in Italy at that time. We
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decided to proceed with a conservative treatment avoiding
surgery because institution of early therapy controlled the
disease and resolved the gastrointestinal symptoms progres-
sively.Moreover, surgical debridement could haveexposed the
patient to over-immunosuppression from the stress associated
with the procedure and the risk of a further postoperative
hemorrhage in a subject with bleeding diathesis due to GSD I
[42,43].
In SOT recipients, treatment of life-threatening infections

may be associated with reduction of immunosuppression to
restore host immunological response. We tried to manage
this difficult case with withdrawal of steroid and MMF and
continued monotherapy with tacrolimus, but an episode of
kidney rejection further complicated clinical management of
the infection. In view of a high risk of systemic fungal
dissemination associated with the treatment of graft rejection
[10], we decided to refrain from using conventional therapy
with glucocorticoid, commonly used to treat T cell-mediated
rejection, as advocated by European guidelines for treatment
of mucormycosis [35]. On the other hand, we cautiously
potentiated immunosuppressive therapy with MMF that
maintained renal function stable over time without threat-
ening the successful treatment of mucormycosis.
In conclusion, this report emphasizes the importance of

early diagnosis, effective antifungal therapy, and reduction
of immunosuppressive therapy in the successful manage-
ment of severe cases of mucormycosis in SOT. Furthermore,
the judicious personalization of antimicrobial and antire-
jection therapy should be always considered as an attempt
to solve complex and life-threatening infections in the
pursuit of the goal of survival after transplantation. Well-
designed randomized trials on the treatment of mucormy-
cosis are needed to establish the best treatment of this
serious disease and clarify the role of surgery in relation to
organ involvement and disease severity.
REFERENCES

[1] Sun H-Y, Singh N. Mucormycosis: its contemporary face and
management strategies. Lancet Infect Dis 2011;11:301e11.

[2] Antoniadou A. Outbreaks of zygomycosis in hospitals. Clin
Microbiol Infect 2009;15(suppl 5):55e9.

[3] Hibbett DS, Binder M, Bischoff JF, Blackwell M, Cannon PF,
Eriksson OE, et al. A higher-level phylogenetic classification of the
Fungi. Mycol Res 2007;111:509e47.

[4] Dioverti MV, Cawcutt KA, Abidi M, Sohail MR, Walker RC,
Osmon DR. Gastrointestinal mucormycosis in immunocompro-
mised hosts. Mycoses 2015;58:714e8.

[5] Chakrabarti A, Das A, Mandal J, Shivaprakash MR,
George VK, Tarai B, et al. The rising trend of invasive zygomycosis
in patients with uncontrolled diabetes mellitus. Med Mycol 2006;44:
335e42.

[6] Neblett Fanfair R, Benedict K, Bos J, Bennett SD, Lo Y-C,
Adebanjo T, et al. Necrotizing cutaneous mucormycosis after a
tornado in Joplin, Missouri, in 2011. N Engl J Med 2012;367:
2214e25.

[7] Boelaert JR, Fenves AZ, Coburn JW. Deferoxamine therapy
and mucormycosis in dialysis patients: report of an international
registry. Am J Kidney Dis 1991;18:660e7.
[8] Neofytos D, Fishman JA, Horn D, Anaissie E, Chang C-H,
Olyaei A, et al. Epidemiology and outcome of invasive fungal in-
fections in solid organ transplant recipients. Transpl Infect Dis
2010;12:220e9.

[9] Pappas PG, Alexander BD, Andes DR, Hadley S,
Kauffman CA, Freifeld A, et al. Invasive fungal infections among
organ transplant recipients: results of the Transplant-Associated
Infection Surveillance Network (TRANSNET). Clin Infect Dis
2010;50:1101e11.

[10] Almyroudis NG, Sutton DA, Linden P, Rinaldi MG, Fung J,
Kusne S. Zygomycosis in solid organ transplant recipients in a
tertiary transplant center and review of the literature. Am J
Transplant 2006;6:2365e74.

[11] Huprikar S, Shoham S, the AST Infectious Diseases Com-
munity of Practice. Emerging fungal infections in solid organ
transplantation. Am J Transplant 2013;13:262e71.

[12] Lanternier F, Dannaoui E, Morizot G, Elie C, Garcia-
Hermoso D, Huerre M, et al. A global analysis of mucormycosis in
France: the RetroZygo Study (2005e2007). Clin Infect Dis
2012;54(Suppl 1):S35e43.

[13] Skiada A, Pagano L, Groll A, Zimmerli S, Dupont B,
Lagrou K, et al. Zygomycosis in Europe: analysis of 230 cases
accrued by the registry of the European Confederation of Medical
Mycology (ECMM) Working Group on Zygomycosis between 2005
and 2007. Clin Microbiol Infect 2011;17:1859e67.

[14] Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA,
Sarkisova TA, Schaufele RL, et al. Epidemiology and outcome of
zygomycosis: a review of 929 reported cases. Clin Infect Dis
2005;41:634e53.

[15] Marik PE. Fungal infections in solid organ transplantation.
Expert Opin Pharmacother 2006;7:297e305.

[16] Chayakulkeeree M, Ghannoum MA, Perfect JR. Zygomy-
cosis: the re-emerging fungal infection. Eur J Clin Microbiol Infect
Dis 2006;25:215e29.

[17] Abbott KC, Hypolite I, Poropatich RK, Hshieh P, Cruess D,
Hawkes CA, et al. Hospitalizations for fungal infections after renal
transplantation in theUnitedStates.Transpl InfectDis 2001;3:203e11.

[18] Nampoory MR, Khan ZU, Johny KV, Constandi JN,
Gupta RK, Al-Muzairi I, et al. Invasive fungal infections in renal
transplant recipients. J Infect 1996;33:95e101.

[19] Godara SM, Kute VB, Goplani KR, Gumber MR,
Gera DN, Shah PR, et al. Mucormycosis in renal transplant re-
cipients: predictors and outcome. Saudi J Kidney Dis Transplant
2011;22:751e6.

[20] Wajszczuk CP, Dummer JS, Ho M, Van Thiel DH,
Starzl TE, Iwatsuki S, et al. Fungal infections in liver transplant
recipients. Transplantation 1985;40:347e53.

[21] Jiménez C, Lumbreras C, Aguado JM, Loinaz C, Paseiro G,
Andrés A, et al. Successful treatment of mucor infection after liver
or pancreas-kidney transplantation. Transplantation 2002;73:
476e80.

[22] Zhan HX, Lv Y, Zhang Y, Liu C, Wang B, Jiang YY, et al.
Hepatic and renal artery rupture due to Aspergillus and Mucor
mixed infection after combined liver and kidney transplantation: a
case report. Transplant Proc 2008;40:1771e3.

[23] Kontoyiannis DP, Lewis RE. How I treat mucormycosis.
Blood 2011;118:1216e24.

[24] Lackner M, Caramalho R, Lass-Flörl C. Laboratory diag-
nosis of mucormycosis: current status and future perspectives.
Future Microbiol 2014;9:683e95.

[25] Theel ES, Doern CD. b-d-glucan testing is important for diag-
nosis of invasive fungal infections. J Clin Microbiol 2013;51:3478e83.

[26] Snydman DR. Epidemiology of infections after solid-organ
transplantation. Clin Infect Dis 2001;33:S5e8.

[27] Singh N, Aguado JM, Bonatti H, Forrest G, Gupta KL,
Safdar N, et al. Zygomycosis in solid organ transplant recipients: a
prospective, matched case-control study to assess risks for disease
and outcome. J Infect Dis 2009;200:1002e11.

http://refhub.elsevier.com/S0041-1345(17)30873-4/sref1
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref1
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref2
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref2
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref3
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref3
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref3
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref4
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref4
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref4
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref5
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref5
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref5
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref5
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref6
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref6
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref6
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref6
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref7
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref7
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref7
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref8
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref8
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref8
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref8
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref9
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref9
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref9
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref9
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref9
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref10
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref10
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref10
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref10
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref11
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref11
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref11
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref12
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref12
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref12
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref12
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref13
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref13
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref13
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref13
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref13
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref14
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref14
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref14
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref14
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref15
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref15
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref16
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref16
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref16
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref17
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref17
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref17
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref18
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref18
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref18
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref19
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref19
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref19
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref19
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref20
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref20
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref20
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref21
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref21
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref21
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref21
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref22
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref22
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref22
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref22
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref23
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref23
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref24
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref24
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref24
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref25
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref25
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref26
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref26
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref27
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref27
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref27
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref27


GASTRIC MUCORMYCOSIS 909
[28] Bali DS, Chen Y-T, Austin S, Goldstein JL. Glycogen
Storage Disease Type I. In: Pagon RA, Adam MP, Ardinger HH,
Wallace SE, Amemiya A, Bean LJ, et al., editors. GeneReviews.
Seattle Washington: University of Washington, Seattle; 1993.

[29] Weston BW, Lin JL, Muenzer J, Cameron HS, Arnold RR,
Seydewitz HH, et al. Glucose-6-phosphatase mutation G188R
confers an atypical glycogen storage disease type 1b phenotype.
Pediatr Res 2000;48:329e34.

[30] Chitasombat MN, Kontoyiannis DP. Treatment of mucor-
mycosis in transplant patients: role of surgery and of old and new
antifungal agents. Curr Opin Infect Dis 2016;29:340e5.

[31] Deray G. Amphotericin B nephrotoxicity. J Antimicrob
Chemother 2002;49(suppl 1):37e41.

[32] Hamill RJ. Amphotericin B formulations: a comparative
review of efficacy and toxicity. Drugs 2013;73:919e34.

[33] Patel GP, Crank CW, Leikin JB. An evaluation of hepato-
toxicity and nephrotoxicity of liposomal amphotericin B (L-AMB).
J Med Toxicol 2011;7:12e5.

[34] Saravolatz LD, Ostrosky-Zeichner L, Marr KA, Rex JH,
Cohen SH. Amphotericin B: time for a new “gold standard”. Clin
Infect Dis 2003;37:415e25.

[35] Cornely OA, Arikan-Akdagli S, Dannaoui E, Groll AH,
Lagrou K, Chakrabarti A, et al. ESCMID and ECMM joint clinical
guidelines for the diagnosis and management of mucormycosis
2013. Clin Microbiol Infect 2014;20(suppl 3):5e26.
[36] Miceli MH, Kauffman CA. Isavuconazole: A new broad-
spectrum triazole antifungal agent. Clin Infect Dis 2015;61:1558e65.

[37] Torres HA, Hachem RY, Chemaly RF, Kontoyiannis DP,
Raad II . Posaconazole: a broad-spectrum triazole antifungal.
Lancet Infect Dis 2005;5:775e85.

[38] Greenberg RN, Mullane K, van Burik J-A, Raad I,
Abzug MJ, Anstead G, et al. Posaconazole as salvage therapy for
zygomycosis. Antimicrob Agents Chemother 2006;50:126e33.

[39] Vironneau P, Verillaud B, Tran H, Altabaa K, Blancal JP,
Sauvaget E, et al. Rhino-orbito-cerebral mucormycosis, surgical
treatment, state of the art. Med Sci MS 2013;29(Spec No 1):
31e5.

[40] Sun H-Y, Aguado JM, Bonatti H, Forrest G, Gupta KL,
Safdar N, et al. Pulmonary zygomycosis in solid organ trans-
plant recipients in the current era. Am J Transplant 2009;9:
2166e71.

[41] Sun H-Y, Forrest G, Gupta KL, Aguado JM, Lortholary O,
Julia MB, et al. Rhino-orbital-cerebral zygomycosis in solid organ
transplant recipients. Transplantation 2010;90:85e92.

[42] Czapek EE, Deykin D, Salzman EW. Platelet dysfunction in
glycogen storage disease type I. Blood 1973;41:235e47.

[43] Mühlhausen C, Schneppenheim R, Budde U, Merkel M,
Muschol N, Ullrich K, et al. Decreased plasma concentration of von
Willebrand factor antigen (VWF: Ag) in patients with glycogen
storage disease type Ia. J Inherit Metab Dis 2005;28:945e50.

http://refhub.elsevier.com/S0041-1345(17)30873-4/sref28
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref28
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref28
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref28
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref29
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref29
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref29
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref29
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref30
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref30
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref30
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref31
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref31
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref32
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref32
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref33
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref33
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref33
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref34
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref34
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref34
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref35
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref35
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref35
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref35
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref36
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref36
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref37
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref37
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref37
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref38
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref38
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref38
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref39
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref39
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref39
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref39
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref40
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref40
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref40
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref40
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref41
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref41
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref41
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref42
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref42
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref43
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref43
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref43
http://refhub.elsevier.com/S0041-1345(17)30873-4/sref43

	Gastric Mucormycosis in a Liver and Kidney Transplant Recipient: Case Report and Concise Review of Literature
	Case Description
	Discussion
	References


