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Mucormycosis is a devastating invasive fungal disease whose incidence has increased during the past decade.

Mucormycosis now represents a major threat in transplant recipients, accounting for 2% and 8% of invasive

fungal infections in recent cohorts of solid-organ and allogeneic stem-cell transplant recipients, respectively.

Mucormycosis most often occurs late, >3 months after transplantation, although cases occurring early have

been observed, especially among liver transplant recipients and in cases of graft-transmitted infection. Recent

guidelines have emphasized the direct examination of the involved fluid or tissue and culture from a sterile site

as the most appropriate diagnostic strategy and the use of lipid formulations of amphotericin B and major

surgery when feasible as the most appropriate first-line therapeutic strategy for mucormycosis in organ and

stem cell transplant recipients.

Mucormycosis refers to a group of potentially lethal

opportunistic mycoses that occur in immunocom-

promised or diabetic patients and are caused by

Mucorales, ubiquitous filamentous fungi with broad,

thin-walled, sparsely septate, ribbon-like hyphae.

Pathogenic Mucorales include approximately 10 genera

and 20 species, the most common of which are

Rhizopus species, Lichtheimia species (former Absidia

species), Rhizomucor species, Mucor species, and

Cunninghamella species. In healthy persons, innate

immunity is sufficient to prevent infection with these

fungi, except in cases of massive contamination due

to traumatic inoculation of contaminated soil. During

infection, the hyphae invade blood vessels, causing

tissue infarction and necrosis.

In the past 2 decades, mucormycosis has emerged as

an important invasive fungal infection in solid-organ

transplant (SOT) and hematopoietic stem-cell trans-

plant (HSCT) recipients, in whom it often has an

aggressive clinical course and substantial rates of death

[1–3]. Although several risk factors may be found in

these 2 populations, the potent T cell–depleting drugs

and/or antibodies used for immunosuppression in

transplant recipients are responsible for the groups’

high risk of invasive fungal infection [4, 5].

Most studies dealing with mucormycosis in trans-

plant recipients have been descriptive and retrospective,

and many of these have been single-institution studies.

Results are therefore difficult to compare because of

the lack of uniform diagnostic criteria, the potential

geographical variation in exposures, and variation in

transplant procedures, including the potential in-

fluence of the volume of transplant procedures on

fungal incidence [6]. In addition, the lack of good re-

cent autopsy data from transplant recipients makes

it difficult to appropriately document epidemiological
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trends of mucormycosis in this population. However, some

recent large epidemiological and risk factor studies have helped

to better clarify the current picture of mucormycosis in

transplant recipients.

The aim of the present article is to provide a review of the

most recent data regarding the epidemiology, risk factors, clin-

ical presentation, therapeutic recommendations, and outcomes

of mucormycosis in SOT and HSCT recipients.

EPIDEMIOLOGY

Characteristics of SOT
Recently published estimated incidences of mucormycosis in

SOT recipients have ranged from 0.4% to 16.0%, depending

on the procedure and the geographical area [4, 7–10]. Older

studies found overall incidences of 0.2%–2%, 0%–2%, 0%–3%,

and 0%–3% in kidney, liver, heart, and lung transplant re-

cipients, respectively [11–17]. The recent prospective multi-

center TRANSNET study in the United States found that the

12-month cumulative incidence of mucormycosis was 0.07%

in SOT recipients, with mucormycosis accounting for 2% of

invasive fungal infections [18] (Figure 1). Almyroudis et al re-

ported 10 cases of SOT-associated mucormycosis from their

single institution and reviewed 106 other cases in the English-

language literature from 1970 through 2002. In this study, the

transplanted organs were the kidney (n 5 73), heart (n 5 16),

lung (n5 4), heart and lung (n5 2), liver (n5 19), and kidney

and pancreas (n 5 2) [8]. The most frequently isolated genera

were Rhizopus species (73%) and Mucor species (13%). In 40%

of the reported patients, augmented immunosuppression to

prevent rejection had been used within 1 month before the

onset of mucormycosis [8].

Mucormycosis places a particularly high burden on SOT

recipients residing in certain countries, as emphasized by

a study from Iran that showed that mucormycosis was the

most frequent invasive fungal infection in patients receiving

SOT in that country [19]. As certain countries have probably

higher rates of mucormycosis, the proportion of SOT patients

within recent cohorts of patients with mucormycosis varied

from 3% to 10% [2, 4, 20]. Of note, in a recent review, up to

24% of 169 patients with healthcare–associated mucormycosis

were SOT recipients [21]. In this population, its potential

nosocomial acquisition with the allograft as the source of

early infection [21], especially in the Middle East and Asia

[22], has been documented. In contrast, non–graft-transmitted

mucormycosis developed a median of 5 months (range,

1.5–12.0 months) after SOT, with a significantly earlier occur-

rence in liver transplant recipients [10].

Characteristics of HSCT
Current epidemiological data on mucormycosis in HSCT come

from 10 series that each collected at least 10 patients over the

past 10 years, including 5 prospective studies (2 from Europe

and 3 from the United States) (Table 1). The incidence of

mucormycosis in these studies ranged from 0.1% to 2.0%, with

the highest rates observed among patients with graft-versus-

host disease (GVHD) [23, 26–30]. Uckay et al reported 2 cases

from their own center and reviewed 44 previous cases pub-

lished through 2006 [31]. The 12-month cumulative incidence

of mucormycosis from 2001 through 2006 was 0.29% among

HSCT recipients in the United States and was higher in cases

of allogeneic transplants from HLA-matched unrelated donors

[18]. (Figure 2).

In a recent literature review, 5% of patients with mucormy-

cosis had undergone HSCT [4], and among the hematology

patients with mucormycosis, the proportion who had un-

dergone allogeneic stem cell transplantation varied from 9% in

Italy [27] to 18% in France [2]. Of note, the annual incidence

rate for mucormycosis among HSCT recipients increased in

France by 15% [7], and a similar trend was seen in a large

university hospital in Belgium [32]. More recently, in a French

survey, the incidence of mucormycosis was estimated to be 0.4%

among 6810 HSCT recipients [33]. Of note, all cases were

collected in 11 of 27 participating centers, which is reminiscent

of recent TRANSNET data [18] and again strongly suggests that

local factors (environmental factors or those related to the

transplant procedure, such as the prophylaxis or conditioning

regimen used) influence the occurrence of mucormycosis.

Mucormycosis is often a late event after HSCT, with median

reported times to occurrence of 135–225 days, which is later

Figure 1. Twelve-month cumulative incidence of mucormycosis among
solid-organ transplant (SOT) recipients in the TRANSNET study (adapted
from Park et al, Emerg Infect Dis 2011 [18], with permission from B. Park).
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than for aspergillosis [6, 28]. Of note, in a recent series, 35%

of patients had experienced another invasive fungal infection

prior to mucormycosis [33].

RISK FACTORS

Characteristics of SOT
A prospective, matched case-control study in SOT recipients

showed that renal failure, diabetes mellitus, and prior

voriconazole and/or caspofungin use were associated with

a higher risk of mucormycosis [10]. Diabetes likely affects mu-

cormycosis through its impairment of neutrophils and macro-

phages, which are integral to the innate defense against

mucormycosis [34]. Of interest, the case-control study also found

that the use of the calcineurin-inhibitor tacrolimus was associated

with a 4-fold reduction in the risk of mucormycosis among SOT

recipients, even though calcineurin inhibitors are potent immu-

nosuppressive agents [10]. Although calcineurin plays a major

role in the pathogenicity of Candida, Cryptococcus, and Aspergillus

species, its precise role in the pathogenesis of mucormycosis is not

yet fully elucidated. Of note, both calcineurin and mTOR in-

hibitors have been shown to be active against Mucorales [10, 35].

Calcineurin inhibitors and antifungals were found to have syn-

ergistic or additive effects against Mucorales [35], in addition to

an increased inhibition of spore germination in vitro, compared

with amphotericin B alone (B. Rammaert, unpublished data).

Finally, in the case-control study, corticosteroid use alone was not

specifically identified as a risk factor for mucormycosis [4, 10].

Iron is a pivotal growth factor for Mucorales, and it also

compromises critical host defenses against Mucorales [36].

Thus, liver transplant recipients with iron overload are pre-

disposed to early onset opportunistic infections, including

mucormycosis [37].

Characteristics of HSCT
Risk factors for mucormycosis in HSCT recipients have been

shown to include severe GVHD, a high steroid dose, previous

cytomegalovirus or respiratory viral disease, and increasing age

[23, 28]. In one study, 87.5% of mucormycosis cases occurred

during chronic extensive GVHD and 48.0% occurred in

patients with complicated diabetes [33]. Whether the

Figure 2. Twelve-month cumulative incidence of mucormycosis for
hematopoietic stem-cell transplant (HSCT) recipients, by donor type, in
the TRANSNET study. ALLOMMR, allogeneic mismatched related donor;
ALLOMRD, allogeneic matched related donor; ALLOURD, allogeneic
unrelated donor (adapted from Park et al, Emerg Infect Dis 2011 [18],
with permission from B. Park).

Table 1. Studies Reporting >10 Cases of Allogeneic Hematopoietic Stem Cell Transplant (HSCT) Recipients Who Received a Diagnosis
of Mucormycosis

Study Type of Study

No. of Patients/

Study Period Outcome

Marr, single institution 2002 [23] Retrospective 29/1985–1999 Median survival: 66 day
1-year survival rate: 20%

Roden, literature review 2005 [4] Retrospective 44/1940–2003 Mortality rate: 91%

Kontoyiannis, single institution 2005 [24] Prospective 13/2002–2004 Unreported for specific
subpopulations

Trifilio, multicentric case series 2007 [25] Retrospective 34/2002–2005 Mortality rate: 64%

Chamilos, single institution 2008 [5] Retrospective 32/1989–2006 Mortality rate: 56%

Bitar, national hospital discharge codes 2009 [7] Retrospective 33a/1997–2006 Mortality rate: 36.4%

Neofytos, active surveillance 2009 [26] Prospective 12/2004–2007 12-week mortality rate: 64.3%b

Kontoyiannis, active surveillance 2010 [6] Prospective 77a/2001–2006 1-year overall survival rate: 28%

Rüping, passive surveillance 2010 [20] Prospective 12/2006–2009 Mortality rate: 75%

Skiada, passive surveillance 2011 [1] Prospective 21/2005–2007 Mortality rate: 76%

a Including patients with autologous transplantation.
b For 12 allogeneic transplant recipients and 6 autologous transplant recipients.
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cytomegalovirus prophylaxis used in HSCT recipients influ-

ences the occurrence of mucormycosis remains to be docu-

mented, as does the role of iron overload, which remains

controversial in these patients [28, 30]. In one study, un-

derlying myelodysplastic syndrome was also emphasized [23].

In addition, female sex has been suggested to be protective

against mucormycosis [28], in accordance with the male

predominance found recently [33]. Finally, a case-control

study found that diabetes mellitus, malnutrition, and vor-

iconazole prophylaxis were risk factors for mucormycosis in

hematology patients, including HSCT recipients [24].

However, with the exception of previous voriconazole receipt,

the risk factors for mucormycosis and other mold infections

in HSCT recipients are consistent in various studies. The pre-

cise role of voriconazole in the occurrence of mucormycosis

in HSCT patients remains controversial, although several cases

have been reported in these patients treated with the drug [18].

In one study, 11 of 29 HSCT recipients with mucormycosis

received voriconazole prior to or at the time of mucormy-

cosis diagnosis [33]. However, in a randomized trial, HSCT

recipients treated with voriconazole as prophylaxis did not

show a higher incidence of mucormycosis than patients

who received fluconazole [38]. Nevertheless, there are

in vitro and in vivo data indicating that preexposure to

voriconazole increases Rhizopus oryzae virulence [39, 40].

Of interest, a few recent mucormycosis cases have also

developed as breakthrough infections in HSCT recipients

receiving antifungals other than voriconazole, including

posaconazole, which is active against several Mucorales

species [1, 41].

CLINICAL PRESENTATION

In a recent study, the median time from first symptoms to

mucormycosis diagnosis was 6 weeks for SOT patients and

1 week for HSCT recipients [2].

Mucormycosis is localized in 87.1% of SOT recipients,

with rhino-sino-orbital localization noticed in 31% of these

cases [8]. Among SOT recipients in the TRANSNET study,

mucormycosis involved the lungs in 56%, involved the sinuses

or skin in 13%, and was disseminated in 9% [42]. In another

study involving SOT recipients, pulmonary involvement was

found in 53% of patients and consisted of consolidation/mass

lesions, nodules, and cavities; lesions were limited to the lungs

in nearly 75% of patients with pulmonary involvement, and

41.9%, 29%, and 12.9% were kidney, lung, or heart transplant

recipients, respectively [43]. In a recent cohort of 90 SOT re-

cipients with rhino-orbital-cerebral mucormycosis, the maxillary

cavities and brain were involved in 80% and 57%, respectively,

whereas Rhizopus species were found in 66%. Seventy percent

and 12.2% of the SOT patients had received a kidney or liver

transplant, respectively [44]. Of note, liver transplantation has

been associated with a 5-fold higher risk of disseminated

mucormycosis [10].

In patients with graft-transmitted mucormycosis, the clinical

features did not differ from those observed in other instances

of healthcare–associated mucormycosis [21]. However, graft-

transmitted mucormycosis can have a subtle presentation. For

example, decreased urinary output and progressive leuko-

cytosis 5–9 days after transplantation were the initial pre-

sentation of mucormycosis in 2 recipients of transplanted

kidneys from the same donor [45].

Among HSCT recipients with mucormycosis, more than

half have pulmonary involvement, 20%–40% have sinus in-

volvement [1, 4, 20, 23, 33], and 10%–15% have involvement of

the central nervous system, most frequently in the context of

dissemination. Overall, at least 10% of HSCT recipients with

mucormycosis have disseminated disease. The main differences

in clinical presentation between mucormycosis and invasive

aspergillosis in HSCT recipients are the higher frequency of

community-acquired sinusitis, the presence of multiple nodules

(Figure 3) and pleural effusion, and reverse halo sign seen on

computed tomography (CT) scans in mucormycosis [46].

DIAGNOSTIC STRATEGY

As soon as a clinical scenario is consistent with mucormy-

cosis, CT of the brain, sinuses, and chest—with or without

Figure 3. Thirty-eight-year-old man with acute myeloid leukemia, cord
blood transplanted with refractory neutropenic fever. Contrast-enhanced
chest computed tomography (lung windows) at the level of the main
pulmonary artery demonstrates multiple pulmonary nodules (arrows),
some of which have a ground glass halo surrounding them and a right
upper lobe consolidative mass (M). Biopsy demonstrated fungal hyphae
consistent with mucormycosis. Numerous additional nodules were seen
throughout the remainder of the lungs (not shown).
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bronchoscopy when scans of the chest show abnormalities—

should be performed [46].

As in other contexts, mucormycosis is diagnosed by direct

examination of the involved fluid or tissue and by culture from

a sterile site. It should however be noted that direct observation

of invasive fungi in a tissue specimen can be suggestive of

mucormycosis on the basis of morphology, but this is not de-

finitive criterion because the morphology of fungi in tissue

can be difficult for even experienced pathologists. Among

29 recent proven or probable mucormycosis cases in HSCT

recipients, direct examination results were positive in 79% and

culture results were positive in 86% [33]. Of the 116 SOT re-

cipients with mucormycosis reported in a literature analysis,

61 (52.6%) received a diagnosis on the basis of both biopsy

and culture, 45 (38.8%) on the basis of biopsy only, 7 (6%) on

the basis of a positive culture result with a compatible clinical

presentation, and 3 (2.6%) on the basis of either culture or

biopsy (further information was not provided). Although con-

tamination of clinical specimens by Mucorales is possible,

positive culture results, especially when repetitive and as-

sociated with positive smear results, strongly suggest mu-

cormycosis after transplantation. In a significant number

of cases, the culture result is negative or culture is not per-

formed and the only available samples are formalin-fixed

paraffin-embedded tissue specimens. In these cases, molecular

tools could be used, ideally, to confirm the histopathological

diagnosis and/or to identify the fungus to the genus or species

level. There is currently no consensus on the best technical

parameters to use, and there are no commercially available tech-

niques. Different molecular approaches have been tried. Both

formalin-fixed paraffin-embedded and fresh or frozen tissue

samples can be used, with a lower yield using the former [47].

The current distribution of Mucorales species in SOT and

HSCT recipients in the United States is presented in Figure 4.

Finally, negativity for galactomannan and b-glucan reinforce

the diagnosis of mucormycosis in the clinical context of in-

vasive fungal infection in transplant recipients [46], although

no published data support this statement. Conversely, a positive

galactomannan or b-D-glucan result does not exclude the

diagnosis of mucormycosis, because of the co-occurrence of

fungal infections (up to 45% in a single-center study) [32].

TREATMENT

In the treatment of mucormycosis in SOT and HSCT recipi-

ents, improvement of immune and metabolic factors should

be routinely considered, by administering tapering doses of

steroids and immunosuppressive agents, when feasible, and

by controlling hyperglycemia [46].

Because of the rapid growth rate of Mucorales and the

knowledge that 84% of patients with pulmonary mucormycosis

receive ineffective therapy at the time of diagnosis [48], a ra-

tional assumption is that the window of opportunity for

effective treatment is even shorter than that for aspergillosis.

Indeed, delay in the administration of amphotericin B–based

regimens by .5 days is associated with a 2-fold increase in

mortality in the hematology context [5].

Polyenes are the preferred therapeutic agents for mucor-

mycosis. Some experimental results suggest that, beyond their

improved safety profile, lipid formulations of amphotericin B

have better performance than amphotericin B deoxycholate,

particularly liposomal amphotericin B [49, 50]. A retrospective

study of mucormycosis in 59 patients with hematological dis-

ease showed that lipid formulations of amphotericin B resulted

in higher recovery rates than did amphotericin B deoxy-

cholate [51]. In addition, the use of lipid formulations of

amphotericin B has been associated with better outcomes for

SOT recipients with mucormycosis [10]. Therefore, the 2009

recommendations from the European Conference on Infections

in Leukemia advocate the use of a lipid formulation of am-

photericin B as first-line therapy for mucormycosis [52]. Most

experts use liposomal amphotericin B with a usual starting

dose of 5 mg/kg/day; this is sometimes escalated to 10 mg/kg/day,

if needed, to control the infection.

Animal models have suggested that higher amphotericin B

tissue concentrations are needed early in infections for effective

treatment of mucormycosis, compared with aspergillosis [53].

This would be consistent with the relative tolerance in vitro of

Figure 4. Distribution of Mucorales species among hematopoietic
stem-cell transplant (HSCT; A) and solid-organ transplant (SOT; B)
recipients in the TRANSNET study (adapted from Park et al, Emerg Infect
Dis 2011 [18], with permission from B. Park).

IMMUNOCOMPROMISED HOSTS d dCID 2012:54 (1 June) 1633



R. oryzae and Cunninghamella species to the fungicidal effects

of amphotericin B [54]. A recent study of 28 patients, including

54% with immunosuppressive hematological disorders treated

with first-line liposomal amphotericin B (3–14 mg/kg) found

a 61% mortality rate [55]. In this context, we have just com-

pleted a pilot clinical study using a starting dose of 10 mg/kg/day

liposomal amphotericin B for the management of mucormy-

cosis in 40 children and adults, including transplant recipients

(AMBIZYGO; available at: http://clinicaltrials.gov/ct2/show/

NCT00467883). Hopefully, results of this study should help

to delineate the benefits of initial high-dose liposomal am-

photericin B in transplant recipients, which currently remains

a matter of debate.

After the infection has stabilized, the standard treatment

recommendation is oral posaconazole (800 mg/day), for which

pharmacokinetic variability can be optimized through careful

clinical assessment of gastrointestinal disturbances, improve-

ment in diet, and monitoring of drug levels [46, 52]. To date,

posaconazole has largely been used as salvage therapy or in

cases of intolerance to amphotericin B, with a success rate of

60% [56]. In SOT recipients, posaconazole as salvage therapy

was associated with a successful response in 13 (57%) of

27 patients with invasive fungal infection, including 1 of

2 patients with mucormycosis [45]. It should however be

noted that, in vitro, posaconazole is less often active against

some common Mucorales species than amphotericin and that

posaconazole has important drug-drug interaction issues with

immunosuppressants commonly used for SOT and HSCT

(including interactions with tacrolimus, cyclosporine, and

sirolimus) that can complicate its use.

Of major importance, extensive early surgical debridement

is generally recommended in combination with antifungals [52]

and was reported to be an independent predictor of successful

therapy in SOT recipients with pulmonary or rhino-orbital-

cerebral mucormycosis [43, 44]. Anecdotally, in 2 patients

with renal mucormycosis after transplantation of kidneys

from the same donor, transplant nephrectomy and multiple

debridements to remove dead tissue were required to eradicate

the infection [45]. Surgery, including pulmonary resection,

should also be performed when feasible for HSCT recipients

with mucormycosis, but less has been published on this subject.

In cases of treatment failure, combinations of a lipid formu-

lation of amphotericin B at standard doses and an echinocandin

[57] might be considered. The role of newer generation iron

chelation agents (eg, deferasirox) is controversial. Indeed, the

iron chelator deferasirox protects mice from mucormycosis

[58]. In contrast, a recent double-blinded, randomized, pla-

cebo-controlled, phase 2 safety/exploratory efficacy study

of adjunctive deferasirox therapy (20 mg/kg/d for 14 days)

for mucormycosis (the Deferasirox-AmBisome Therapy for

Mucormycosis study; NCT00419770) has failed to demonstrate

a benefit of combination therapy. Instead, there was excess

mortality among patients treated with adjunctive deferasirox

[59]. Likewise, preclinical data indicate that the combination

of a lipid formulation of amphotericin B and posaconazole is

unlikely to be effective [60]. Other therapeutic approaches,

such as hyperbaric oxygen therapy or the use of new anti-

fungal agents active against Mucorales, such as isavuconazole,

have not been clinically validated [52].

The duration of acute phase treatment is not defined. It is

at least 6–8 weeks or until resolution of all associated symp-

toms and findings. Maintenance therapy has to be considered

in persistently immunocompromised transplant recipients.

OUTCOMES

Characteristics of SOT
The overall mortality rate among SOT recipients with mu-

cormycosis is generally 38%–48% [4, 8, 61], although some

studies have found higher rates. In one study, the mortality

rate associated with mucormycosis in SOT recipients exceeded

that associated with all other invasive mold infections [9],

and a more recent study found that renal failure and dissemi-

nated disease independently predicted poor outcomes [10].

Characteristics of HSCT
The median survival of HSCT recipients with mucormycosis

has been shown to be ,2 months [23, 33], and the disease-

related mortality rate has been shown to be at least 75% [1, 4,

6, 20, 23, 24, 26, 33]. One recent study performed in Boston

showed that the disease-related mortality rate decreased in re-

cent years among hematology patients and HSCT recipients

[62]. Another recent study indicated that young age increased

the risk of mucormycosis-attributable mortality among allo-

geneic HSCT recipients and that male sex and surgery de-

creased the risk [33]. Finally, another factor associated with

death in HSCT recipients with mucormycosis was prior use

of voriconazole [18, 33].

CONCLUSIONS

With the knowledge that mucormycosis now represents 2%

and 8% of invasive fungal infections in SOT and HSCT recipi-

ents, respectively, current risk factors and diagnostic strategies

for mucormycosis should be known by transplantation and

infectious diseases physicians. Early administration of a lipid

formulation of amphotericin B and, when feasible, surgery

will optimize the outcome for patients with mucormycosis

in the transplant context.
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