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Although the overall incidence of fungal infections in liver transplant recipients has declined, these infections still contribute
significantly to the morbidity and mortality of patients with risk factors for infection. Although antifungal prophylaxis has been
widely studied and practiced, no consensus exists on which patients should receive prophylaxis, with which agent, and for what
duration. Numerous studies have attempted to ascertain independent risk factors for invasive fungal infections in liver
transplant patients, and these data, in addition to clinical trials, identify several patient groups at exceedingly high risk of fungal
infection. These include retransplant patients, patients with renal failure requiring hemodialysis or renal replacement therapy,
and those requiring reoperations after transplant. Because the majority of infections occur in the first month after
transplantation, prophylaxis should be continued for 4-6 weeks. However, local epidemiology and research should guide
decisions regarding choice of agent as well as overall development of interinstitutional guidelines, because the incidence and
spectrum of infection may differ dramatically among institutions. Liver Transpl 15:842-858, 2009. © 2009 AASLD.
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Fungal infections are one of the most devastating infec-
tious complications of liver transplantation, contributing
significantly to both morbidity and mortality in these pa-
tients.1 Management of invasive mycoses, particularly As-
pergillus infections, has proven remarkably challenging.
Of the 5%-40% of liver transplant patients who develop an
invasive fungal infection (IFI),2-4 mortality associated with
these infections ranges from 25%-67%,5 although As-
pergillus-associated mortality is as high as 60%-90%.4,6,7

A variety of factors, including environmental exposures,
technical/anatomic issues, and the degree of immuno-
suppression present interact in the causation of fungal
infection.8 An understanding of these interactions and
effects is vital for the assessment of risk for serious fungal
infections after transplantation and the development of
prophylactic strategies.

SEARCH STRATEGY

A PubMed search (through March 2009) was performed
using the search terms “prophylaxis,” “risk factors,”
“fungal infection,” “Candida,” “Aspergillus,” and “anti-

fungals,” in combination with “liver transplant.” The
search was limited to articles in English. All relevant
peer-reviewed original articles, meta-analyses, guide-
lines, consensus statements, and review articles were
examined.

EPIDEMIOLOGY AND RISK FACTORS FOR
FUNGAL INFECTIONS

Pathogens

Although mycelial fungi (e.g., phaeohyphomycetes)
have emerged as important pathogens within the last
decade, most invasive fungal infections in these pa-
tients are due to Aspergillus and Candida. Candida
species account for the majority (60%-80%) of IFIs, fol-
lowed by Aspergillus species (1%-8% of patients), other
molds, and Cryptococcus neoformans.3,7

Risk Factors for Infection

The incidence of IFIs is strongly influenced by patients’
clinical conditions, level of immune suppression, sur-
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gical factors, and the technical complexity of the sur-
gery. Well-defined risk factors associated with the
development of IFIs include preoperative and postoper-
ative renal failure, retransplantation, substantial infu-
sions of intraoperative cellular blood products, a chole-
dochojejunostomy anastomosis, Candida colonization,
cytomegalovirus (CMV) viremia or disease, and re-ex-
ploration after transplantation (Table 1).9-24

A few studies have identified specific factors for the
development of candidiasis (Table 2). However, many of
these risk factors were determined from studies con-
ducted in the early to mid-1990s. Improvements in sur-

gical and medical technique and the medical manage-
ment of liver transplantation, and decreases in
transplant-related nonfungal infections such as CMV
have been associated with decreasing rates of invasive
candidiasis.5 A recent prospective, multicenter, case-
controlled trial of 35 cases of invasive candidiasis noted
that 65% of infections were caused by C. albicans and
21% by C. glabrata. Patients infected with non-albicans
Candida were significantly more likely to have received
antifungal prophylaxis (50% versus 14%, P � 0.04), and
infection with these species was correlated with higher
mortality. In a logistic regression analysis, a require-

TABLE 1. Risk Factors for IFI for All Fungal Pathogens

Risk Factor N Odds/Hazard Ratio (95% CI) Reference

Preoperative Risk Factors
UNOS status 1 (life support in ICU) 146 6.3 (2.4–16.7) George et al.14

Donor CMV�/recipient CMV– 146 4.8 (2.0–11.8) George et al.14

UNOS class I (life support in ICU) 172 3.5 (1.7–7.0) Winston et al.23

Fungal colonization at baseline 172 2.3 (1.2–4.3) Winston et al.23

Pretransplant SCr � 3 mg/dL 168 1.4 (1.2–1.6) Collins et al.11; Karchmer et al.17

Per mg/dL increase in pretransplantation
bilirubin

284 1.002 (1.0001–1.0004) Wade et al.22

Pretransplantation HHV-6 seronegativity 247 Not provided Dockrell et al.12

Operative Risk Factors
Retransplantation 131 6.0 (1.7–21.1) Fortun et al.13

172 3.7 (2.0–6.8) Winston et al.23

168 3.2 (1.5–6.5) Collins et al.11; Karchmer et al.17

265 2.9 (1.5–5.7) Karchmer et al.17

307 Not provided Castaldo et al.10

Choledochojejunostomy 124 4.9 (1.8–13.8) Karchmer et al.17; Hadley et al.15

265 2.8 (1.5–5.2) Karchmer et al.17

Surgical reintervention 131 5.1 (1.8–14.5) Fortun et al.13

Return for Surgery 284 2.98 (1.32–6.7) Wade et al.22

Re-operations (abdominal or
intrathoracic)

168 2.5 (1.6–3.8) Collins et al.11; Karchmer et al.17

40 units blood/platelets transfused in
OR

265 2.6 (1.4–4.9) Karchmer et al.17

Per unit of blood/platelets transfused in
OR

124 2.2 (2.1–4.4) Karchmer et al.17; Hadley et al.15

Operation time � 11 hours 168 1.2 (1.1–1.4) Collins et al.11; Karchmer et al.17

Postoperative Risk Factors
Dialysis post-LT 80 20.5 (2.9–143.8) Rogers et al.20

HD or hemofiltration post-LT 152 Not provided Briegel et al.9

Units of fresh frozen plasma given post-
LT

152 Not provided Briegel et al.9

Fungal colonization (within 3 days after
LT)

265 4.7 (2.5–8.9) Karchmer et al.17

Bacteremia 146 4.6 (1.8–11.7) George et al.14

HHV-6 infection 80 8.3 (1.2–58.0) Rogers et al.20

ICU stay �3 days 265 4.5 (1.7–12.1) Karchmer et al.17

Per day of therapy with ciprofloxacin 284 1.09 (1.01–1.17) Wade et al.22

Platelet volume (per unit) 146 1.016 (1.006–1.026) George et al.14

Reintubation 307 Not provided Castaldo et al.10

Any Timepoint
CMV infection 168 8.5 (3.3–21.7) Collins et al.17; Karchmer et al.17

124 3.4 (1.1–10.2) Karchmer et al.17; Hadley et al.15

NOTE: Only trials which included an adequate control group, and only risk factors which were found to be significantly
associated with IFI on multivariate analysis, are presented.
Abbreviations: CMV, cytomegalovirus; ICU, intensive care unit; LT, liver transplant; OR, operation room; UNOS, United
Network for Organ Sharing; SCr, serum creatinine.
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ment for dialysis, the use of prophylaxis for spontane-
ous bacterial peritonitis with fluoroquinolones, and re-
transplantation were significantly correlated with
infection. In contrast, factors related to surgical tech-
nique, such as length of operation, cold ischemic time,
type of anastomosis, and blood loss were not signifi-
cantly associated with infection.16

However, these surgical and medical improvements
have not been associated with a decrease in the fre-
quency of invasive aspergillosis (IA).5 Risk factors for
Aspergillus infection tend to be associated with post-
transplantation impairment of allograft and renal func-
tion.25 About 50% of IA infections occur in the setting of
retransplantation, which confers a 30-fold greater risk
of infection.24 Posttransplantation renal failure, espe-
cially that requiring dialysis, confers a 5-fold to 25-fold
greater risk of IA. Other factors independently corre-
lated with the early development of aspergillosis include
the presence of Aspergillus antigenemia any time after
transplant, CMV disease (because of the immunologic
effect of cytokine deregulation), and the use of mu-
romonab-CD3 monoclonal antibody (Table 2).13,18,24

The presence of thrombocytopenia, which serves as a
marker of severity of hepatic dysfunction, may play a
critical role in the host defense against Aspergillus by
augmenting polymorphonuclear leukocyte-mediated
damage to the fungal hyphae.26

Timing of Infections

The recent trial by Husain et al., which analyzed 35
cases of invasive candidiasis, found the median time to
infection to be 13.5 days, with 72% of infections occur-
ring within the first month after transplantation.16 Ear-
lier studies reported that aspergillosis in patients who
had undergone liver transplant occurred predomi-
nantly in the early posttransplant period, often prior to
the patient leaving the intensive care unit (ICU) after
surgery. The median time to onset after transplantation
was 17 days in one study and 16 days in another.7

However, more recent data suggest a shift in epidemi-
ology, with 55% of infections occurring � 90 days after
transplant. This shift in timing has important implica-
tions for the choice and timing of preventive approaches
for invasive aspergillosis.27

Changes in Surgical Techniques

In a study of 190 liver transplants performed between
1990 and 2000, Singh and colleagues demonstrated
significant decreases in operative length, intraoperative
transfusion requirements, use of roux-en-Y biliary
anastomosis (i.e., choledochojejunostomy), cold isch-
emic time, retransplantation, and rate of biopsy-proven
rejection over time. Concurrent with these changes was
a significant decrease in the incidence of invasive can-

TABLE 2. Risk Factors for Specific Fungal Pathogens

Risk Factor Organism N Odds Ratio (95% CI) Reference

Preoperative Risk Factors
SBP prophylaxis with FQ Candida 35 11.0 (3.0–33.8) Husain et al.16

Operative Risk Factors
Retransplantation Candida 35 11.0 (3.3–36.4) Husain et al.16

Candida 50 Not provided Tollemar et al.21

�18 units cryoprecipitate transfused in OR Candida 405 3.6 (1.8–7.3) Patel et al.19

Long transplantation time Candida 50 Not provided Tollemar et al.21

Class II HLA partial or complete match Candida 405 2.5 (1.2–5.3) Patel et al.19

Donor from male Candida 50 Not provided Tollemar et al.21

Retransplantation Aspergillus 260 29.9 (2.1–425.1) Fortun et al.24

Postoperative Risk Factors
Posttransplant HD Candida 35 8.0 (3.1–20.0) Husain et al.16

High number of erythrocyte units transfused
posttransplant

Candida 50 Not provided Tollemar et al.21

Posttransplant bacterial infection Candida 405 4.6 (2.3–9.2) Patel et al.19

CMV viremia Candida 35 3.0 (1.2–7.3) Husain et al.16

CMV disease Aspergillus,
early onset

88 2.3 (1.1–4.9) Gavalda et al.

Aspergillus,
late onset

260 6.7 (1.0–42.5) Fortun et al.24

Use of muromonab-CD3 Aspergillus 2180 6.29 (0.93–42.65) Kusne et al.18

Aspergillus antigenemia post-LT Aspergillus 260 50.0 (3.56–650) Fortun et al.24

Dialysis Aspergillus 131 5.5 (1.5–19.6) Fortun et al.13

Need for dialysis post-LT Aspergillus 260 24.5 (1.25–354) Fortun et al.24

Abbreviations: ATB, antibiotics; CMV, cytomegalovirus; FQ, fluoroquinolone; GI, gastrointestinal; HD, hemodialysis; HLA,
human leukocyte antigen; ICU, intensive care unit; IFI, invasive fungal infection; LT, liver transplant; OR, operation room;
UNOS, United Network for Organ Sharing; SBP, spontaneous bacterial peritonitis; SCr, serum creatinine.
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didiasis (9%-1.7%). No patient received antifungal pro-
phylaxis.5

DIAGNOSIS OF IFIS

Complicating the decision of whether prophylaxis
should be utilized are the challenges in diagnosing IFIs
in transplant recipients. Although recently updated
guidelines from the Invasive Fungal Infections Cooper-
ative Group in Europe and the Mycoses Study Group in
the United States have standardized definitions to be
used in the enrollment of patients in clinical trials, they
are not meant to guide clinical practice. They define a
“proven” IFI as a positive fungal culture or histological
demonstration of fungal or hyphal elements in a biopsy
from a sterile site. “Probable” and “possible” IFIs are
further defined on the basis of specific host factors,
clinical manifestations of fungal infection, and myco-
logical findings.28

Distinguishing between colonization and infection is
challenging, particularly with pathogens that are cul-
tured from nonsterile sites. For example, isolation of
Aspergillus species from bronchial washings, sputum,
or nasal secretions is not always indicative of an inva-
sive pulmonary or sinus Aspergillus infection.29 Al-
though a definitive diagnosis of invasive pulmonary as-
pergillosis can be made by obtaining a biopsy of lung
tissue, thrombocytopenia often limits clinicians’ ability
to perform this procedure. Generally, the diagnosis is
determined with the use of high-resolution computed
tomography, in which invasive pulmonary aspergillosis
will manifest early on as a nodular opacity with sur-
rounding attenuation, or “halo sign”.29 In late IA nod-
ular lesions, diffuse pulmonary infiltrates, consolida-
tion, or ground-glass opacities can be observed.
However, bacteria and other fungal infections may pro-
duce similar findings.30 Notably, liver transplant recip-
ients are uniquely predisposed to dissemination of As-
pergillus infection beyond the lungs, which occurs in
�50%-60% of cases.7

Early differentiation of IFIs due to Aspergillus species
versus zygomycetes and other molds would allow clini-
cians to initiate timely, appropriate antifungal therapy.
New laboratory methods for detecting IFIs are being
considered because other diagnostic methods may not
always be definitive. The galactomannan test is an en-
zyme-linked immunosorbent assay that detects galac-
tomannan, an antigen released from Aspergillus hy-
phae upon invasion of host tissue.29 Although the
currently approved test is performed on serum, the
utility of this assay on bronchoalveolar lavage fluid and
cerebrospinal fluid has also been assessed in the clin-
ical setting.31,32 The sensitivity of the test ranges from
30%-100%, with a specificity of �85%; however, the
sensitivity of the assay is decreased in patients receiv-
ing mold-active drugs on the day of sampling, and it is
important to note that its utility in the setting of pro-
phylaxis has not been defined.29 False positives can
occur, particularly in patients receiving cyclophospha-
mide or piperacillin-tazobactam.33,34 False negatives
can occur during the concomitant use of antifungals,

presumably because the level of galactomannan is re-
lated to the fungal burden.29

The compound 1,3-�,D-glucan is a component of fun-
gal cell walls that can be detected colorimetrically in
clinical samples, and is currently approved by the U.S.
Food and Drug Administration (FDA) for use on serum.
The test can be used to detect most fungi, except for zy-
gomycetes, with a wide range of sensitivity (50%-95%)
and specificity (86%-98%) depending on the assay used
and the cutoff value.29,35,36 However, the test can pro-
duce false positives in patients undergoing hemodialy-
sis with cellulose membranes, and in other cases for
unclear reasons.29

One way to effectively use the 1,3-�,D-glucan or ga-
lactomannan assays may be to serially screen patients
who are at high risk for IFIs and/or use them to monitor
response to therapy as, for instance, galactomannan
results decline in patients responding to treatment. Fi-
nally, polymerase chain reaction–based testing that is
being performed in some centers is a promising meth-
odology, but is not yet FDA-approved.29

CLINICAL STUDIES OF ANTIFUNGAL
PROPHYLAXIS

Selective Digestive Decontamination

Contrary to infections due to Aspergillus, in which in-
halation of the pathogen is the presumed route of in-
fection, Candida infections usually present as intra-
abdominal abscesses, recurrent cholangitis due to
biliary strictures, and peritonitis, and are often accom-
panied by fungemia.37,38 Eradication of normal flora
with the administration of antibiotics predisposes pa-
tients to overgrowth of Candida in the gastrointestinal
tract, with subsequent translocation of Candida across
the gastrointestinal mucosa.39 Alternatively, spillage of
intestinal contents during the transplant procedure or
reoperations in patients with pre-existing Candida
overgrowth of the gastrointestinal lumen may lead to
intra-abdominal candidal infections and subsequent
dissemination.37,38

The use of selective digestive decontamination (SDD)
with nonabsorbable antibiotics, including nystatin, clo-
trimazole, and oral amphotericin B, has been proposed
as a logical tool which maintains the growth of anaer-
obic bacteria while minimizing the intraluminal growth
of Candida.38 However, although the use of SDD erad-
icates gastrointestinal Candida colonization, once SDD
is discontinued, re-colonization occurs in a majority of
patients.40

Of SDD trials of antifungals, most are either noncom-
parative or compare an SDD regimen to a historical
cohort,41-47 employ two regimens utilizing the same
antifungal,48 or compare different antifungals but with-
out a placebo control.49,50 Many fail to report the inci-
dence of fungal infections,51-54 or report an extremely
low incidence of fungal infections such that compari-
sons are not feasible,55 or report fungal infections but
without providing a breakdown of fungal infections ob-
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served in each study arm. None of the trials target only
high-risk patients.

As such, the clinical effectiveness of SDD in reducing
systemic Candida infections (beyond the potential ben-
eficial effect of selective bowel decontamination) re-
mains unknown.40 To our knowledge, only one pro-
spective, double-blind trial has evaluated the utility of
SDD in preventing invasive fungal infections. Zwaveling
and colleagues randomized 55 patients (high-risk and
low-risk) who underwent transplantation between 1994
and 1998 to placebo or a SDD regimen which included
oral amphotericin B administered at 10 mg four times
daily.56 The regimen was initiated at least 7 days prior to
transplant, and was continued for 30 days after trans-
plant (postoperatively, the regimen also included an oral
paste with a 2% solution of amphotericin). In the first 30
days after transplantation, significantly fewer infections
occurred due to Candida (15/29 versus 4/26, P � 0.05).
However, the total number of postoperative infections and
infection-related morbidity was unaffected, and infections
caused by gram-positive pathogens increased. Because
the specifics of infection type were not broken down per
organism, the distribution of urinary tract, wound, or
mixed infections is unclear.

Studies of systemic antifungal prophylaxis in liver
transplant patients have utilized three antifungal
agents: itraconazole, amphotericin B (as various formu-
lations), and fluconazole (Table 3).

Itraconazole

The three available studies regarding the prophylactic
use of itraconazole are inconclusive. In one trial of 71
patients randomized to placebo or oral itraconazole so-
lution, the incidence of candidal infection was signifi-
cantly lower in the treatment arm (9/37 [24%] versus
1/25 [4%], P � 0.04). However, no patient had a docu-
mented invasive infection. In all patients, Candida was
isolated from urine, stool, mouth, vagina, and/or respi-
ratory secretions, with corresponding systemic signs of
infection.57 In the only other placebo-controlled trial,
no differences in the incidence of fungal infections were
found among the three study arms: liposomal ampho-
tericin B for 7 days followed by itraconazole for 3 weeks,
fluconazole for 7 days followed by itraconazole for 3
weeks, or placebo.2 However, neither of these studies
targeted prophylaxis toward high-risk patients.

Winston et al. compared itraconazole oral solution
to fluconazole 400 mg daily for 10 weeks.4 Proven IFIs
developed in 7 (7%) of 97 patients administered itra-
conazole and in 3 (3%) of 91 patients administered
fluconazole (P � 0.05). A post-study analysis noted
that proven fungal infection occurred in 7 (10%) of 70
high-risk itraconazole patients (five invasive infec-
tions, two superficial infections) and in 2 (3%) of 73
high-risk fluconazole patients (two invasive infec-
tions) (P � 0.09).

Amphotericin B

The trials analyzing the utility of amphotericin B in
prophylaxis vary widely in terms of formulation, dosing,

and methods. Several trials did not include appropriate
control groups,58-63 while others utilized a historical
cohort design 13,64,65 which should be considered a
major caveat to the interpretation of study results,
given the above data showing significant advances in
surgical technique over time and correlation with de-
creased rates of infection. This is unfortunate, because
two studies utilizing a historical cohort design reveal
encouraging results. Fortun et al reported that 22/131
(17%) patients developed fungal infections in the his-
torical arm versus 9/149 (6%) (P � 0.01) in the inter-
vention arm, who received cumulative prophylactic
doses of 1-1.5 g of lipid formulations of amphotericin.
Among patients who underwent dialysis, amphotericin
prophylaxis decreased the incidence of aspergillosis
from 32% (7/22) to 0% (0/15).13 However, as an exam-
ple of the problems with historical cohort designs, 55%
of patients in the historical group required � 30 units
packed red cells compared to only 7% in the prophy-
laxis cohort (P � 0.01). Singh et al. employed antifungal
prophylaxis with a lipid preparation of amphotericin B
in 11 of 38 (29%) liver transplant recipients who re-
quired dialysis.65 Although no reduction in mortality
was documented, prophylaxis was associated with a
significant reduction in IFIs in these high-risk patients.
IFIs occurred in 8 of 22 (36%) of the patients who did
not receive prophylaxis (historical cohort) and 0 of 11
(0%; P � 0.03) of those who did. Antifungal prophylaxis
was independently associated with protection from fun-
gal infection (P � 0.017).

Several trials analyzed the use of low-dose intrave-
nous (IV) amphotericin products. Tollemar and col-
leagues randomized 86 patients to 1 mg/kg/day IV
liposomal amphotericin B or placebo for 5 days after
transplant.66 IFIs were more common in the placebo
group at 30 days (16% versus 0%). However, several
reports suggest that low-dose amphotericin B pro-
phylaxis may not adequately suppress infection, es-
pecially those caused by Aspergillus.60,67 In one trial,
of 58 patients who received 1 mg/kg/day IV liposo-
mal amphotericin B for 7 days after transplant, three
patients died of breakthrough Aspergillus fumigatus
infections (at 8, 19, and 24 days after operation, re-
spectively), and one patient developed Candida albi-
cans sepsis at postoperative day 4, which was treated
successfully with a dose increase to 3 mg/kg/day.60

In addition, Singh and colleagues report three cases
of invasive aspergillosis that developed while on
treatment for candidiasis with low-dose IV amphoter-
icin B deoxycholate (0.5 mg/kg/day).67 Conversely,
no patients without candidemia (and thus not on
amphotericin B) developed aspergillosis. The authors
suggest that in addition to low-dose amphotericin B
being ineffective in the prophylaxis of aspergillosis,
perhaps low doses actually predispose a patient to
infection. Taken together, it appears that IV liposo-
mal amphotericin B may be an effective prophylactic
agent, but that doses � 1 mg/kg/day should be uti-
lized to prevent breakthrough infections.
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Fluconazole
Data regarding the use of fluconazole provides a clearer
view on the importance of selecting “high risk” patients
when considering prophylaxis. Three earlier studies68-70

employed low-dose (100 mg daily) therapy versus histor-
ical controls, nystatin suspension, or combination ther-
apy with oral amphotericin B, whereas four later stud-
ies,2,4,23,71 utilized a higher dosages (400 mg) versus
placebo, IV amphotericin B, or itraconazole oral solution.
In the earliest (1995) trial by Kung and colleagues, low
dose (100 mg per os daily) fluconazole prophylaxis in
“high risk” patients (based on having fulminant hepatic
failure) reduced mortality due to candidal infections ver-
sus a historical cohort (0/45 [0%] versus 6/72 (8%), re-
spectively, no P value provided), but potentially increased
mortality due to invasive mold infections (3/45 [7%] ver-
sus 2/72 [3%], respectively, no P value provided). How-
ever, significantly fewer transfusions were required in the
fluconazole cohort, potentially confounding the results.69

In a subsequent trial, in which 143 patients were ran-
domized to fluconazole 100 mg or nystatin 4 � 106 U
administered daily for 28 days after transplant, flucon-
azole prophylaxis significantly reduced infections during
the prophylaxis period: candidal infections developed in
9/76 (12%) of fluconazole-treated patients versus 18/67
(27%) nystatin-treated patients (P � 0.022). However,
high-risk patients were not targeted for prophylaxis, and
the vast majority of infections were superficial. By 90 days
after transplant, four patients in the fluconazole group
had developed an invasive infection (two cases of candidal
esophagitis and two cases of aspergillosis) versus seven in
the nystatin group (four cases of esophagitis, one funge-
mia, one intra-abdominal infection, and one case of as-
pergillosis). No differences in mortality were noted.70

In perhaps the most comprehensive, well-designed
trial, Winston and colleagues performed a randomized,
double-blind, placebo-controlled trial in 212 patients
which compared 10 weeks of fluconazole 400 mg daily
to placebo.23 Proven infections were significantly lower
in the treatment arm (10/108 [9%] versus 45/104
[43%], P � 0.001), as were invasive infections (24/104
[23%] versus 6/108 [6%], respectively, P � 0.001). Most
infections occurred within the first 6 weeks after trans-
plantation. Cyclosporine levels were significantly
higher, and more neurologic adverse reactions occurred
in patients receiving fluconazole (P � 0.01). Although
there were significantly fewer deaths due to fungal in-
fection in the fluconazole group, there were no differ-
ences in overall mortality (P � 0.003 and P � 0.2,
respectively). Importantly, the authors also indepen-
dently assessed risk factors for infection and the impact
of prophylaxis in high-risk patients. Using stepwise re-
gression analysis, assignment to placebo, baseline fun-
gal colonization, repeated transplantation, and United
Network Organ Sharing (UNOS) Status 1 (ICU) were
identified as significant risk factors. Proven and inva-
sive fungal infections occurred significantly more often
in high-risk placebo recipients versus high-risk flucon-
azole recipients, but not in patients without risk factors
for infection.

Echinocandins

Despite their broad spectrum of activity against both
Candida and Aspergillus species, to date, only one
study has evaluated the use of echinocandins as pro-
phylaxis for IFIs.6 A recent multicenter, noncompara-
tive, open-label trial evaluated the prophylactic use of
caspofungin (50 mg daily, in most patients) for � 21
days, in 71 high-risk adult liver transplant recipients. A
successful treatment outcome (defined as the absence
of breakthrough IFI during the first 100 days after the
onset of caspofungin treatment) was obtained in 88.7%
of patients, and safety assessment was favorable, sug-
gesting that caspofungin is an efficacious and well-
tolerated drug as antifungal prophylaxis in high-risk
liver transplant recipients. The extensive exclusion cri-
teria, including patients taking cyclosporine, somewhat
limit the clinical applicability of this study.

Current Practices

Antifungal prophylaxis for liver transplant recipients
remains a complex and controversial issue, and insti-
tutional practices of antifungal prophylaxis vary widely,
as illustrated by a recent survey by Singh and col-
leagues of 106 UNOS-approved transplant programs.
Of 67 sites which responded, 46 (70%) performed � 50
transplants annually, and 91% of programs employed
some type of antifungal prophylaxis.72 Despite the
2004 and 2009 (which appear unchanged) guidelines
by the Infectious Diseases Society of America (IDSA),
only 72% of centers targeted prophylaxis toward high-
risk patients, whereas 28% used universal prophylaxis,
primarily (86%) fluconazole.73,74 Prophylaxis was tar-
geted toward Candida in 86% of centers. In centers
which used mold-active agents for prophylaxis, a vari-
ety of agents were utilized, including low-dose lipid for-
mulations of amphotericin B (1 mg/kg/day). Echino-
candins were noted to be the leading choice of mold-
active agents for antifungal prophylaxis, probably due
to their lack of significant drug interactions with the
immunosuppressive agents and favorable safety pro-
file. Prophylaxis was continued for the duration of the
posttransplant hospital stay in �40% of centers, for 1
month after transplant in �20%, for 3 months in
�10%, and for varied durations in the remainder.72

ASSESSMENT OF AVAILABLE DATA

How does one distill the available data? Two recent
meta-analyses highlight some important points: uni-
versal prophylaxis results in a clear but limited effect in
reducing proven IFIs. The effects were most pro-
nounced for patients receiving fluconazole in doses of at
least 400 mg daily for more than 4 weeks. However,
fungal prophylaxis has no effect on overall mortality, or
on the numbers of patients placed on definitive treat-
ment for suspected fungal infection. Furthermore, pro-
phylaxis results in a significantly higher proportion of
episodes of non-albicans Candida infection (Table
4).75,76 As such, it is clear that universal prophylaxis is
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not a logical approach, because it carries the risk of
unnecessary expense as well as the increased potential
for antifungal drug resistance, drug interactions, and
drug-associated toxicity.

Current Guidelines

The 2004 and the current (2009) IDSA guidelines rec-
ommend that only patients with �2 key risk factors
(retransplantation, preoperative creatinine �2.0 mg/
dL, choledochojejunostomy, intraoperative require-
ment of �40 units of blood products, prolonged [�11
hour] intraoperative time [the guidelines actually say
�1 hour, which we presume to be an error], and fungal
colonization from at least 2 days prior to and 3 days

after transplantation) be considered for antifungal pro-
phylaxis.73,74 The guidelines cite two studies (Hadley et
al.15 and Karchmer et al.17) as the basis for the algo-
rithm. The study by Karchmer et al., however, incorpo-
rates the patients in the study by Hadley et al., and
expanded collection to assess two retrospective liver
transplant recipient cohorts over a 13-year period (July
1983 to September 1992). The data revealed a series of
perioperative risk factors that could be used to assign
patients to low-risk or high-risk strata for the occur-
rence of IFI during the first 100 days after liver trans-
plantation. Patients with �2 perioperative risk factors
were at significantly higher risk of IFIs than those with
0 or 1 risk factor (38% versus 4%, respectively).17 The

TABLE 4. Meta-Analyses of Antifungal Prophylaxis in Liver Transplant Recipients

Author

No. of

Trials

Number of

Patients

Regimens

Compared

Infection

Reduction

(95% CI)

Attributable

Mortality

(95% CI)

Overall

Mortality

(95% CI) Comments

Playford
et al.70

7 793 FLU vs. PLA (2),
FLU vs.

nonsystemic AF
(2), ITR vs. PLA

(2), AmB vs. PLA
(1)

Proven IFI
RR 0.39

(0.18–0.85)
Fungal colonization

RR 0.51
(0.41–0.62)

Fungal colonization
with C. glabrata/

C krusei
RR 1.57

(0.76–3.24)

Not
reported

RR 0.84
(0.54–1.3)

Formulated algorithm
(based on fluconazole

prophylaxis data only) in
which patients with �2

risk factors
(retransplantation,

preoperative creatinine �
2.0 mg/dL,

choledochojejunostomy,
requirement of � 40 units

of blood products
intraoperatively, fungal

colonization from � 2 days
prior to and 3 days after

transplant, and
reoperation within 5 days

for reason other than
bleeding) deemed low-risk

(4% incidence) for IFI.
Conversely, patients with

�2 of the above risk
factors, fulminant

hepatitis, preoperative
steroids, dialysis or renal

failure, or postoperative
bacterial or CMV infection

calculated to be at high
risk (25% incidence) for

IFI.
Cruciani

et al.69
6 698 AmB vs. PLA (1),

FLU vs.
nonsystemic AF
(1), FLU vs. PLA
(2), ITR vs. PLA

(1), AmB3ITR vs.
FLU3ITR vs.

PLA (1)

Total proven fungal
infections

RR 0.31
(0.21–0.46)

IFI
RR 0.33

(0.18–0.59)

RR 0.30
(0.12–0.75)

RR 1.06
(0.69–1.64)

Patients receiving
prophylaxis had a higher

proportion of non-albicans
proven fungal infections

(56% vs. 33%), mostly
consisting of C. glabrata

(26% vs. 14%)
Higher incidence of side

effects in prophylaxis arm:
RR 1.38 (1.04–1.83)

Abbreviations: AF, antifungal; AmB, liposomal amphotericin B; CI, confidence interval; CMV, cytomegalovirus; FLU,
fluconazole; IFI, invasive fungal infection; ITR, itraconazole; PLA, placebo; RR, relative risk.
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validity of low-risk assignment was subsequently stud-
ied in a multicenter, prospective observational study in
193 liver transplant patients who were considered low
risk by guideline criteria. Seven (4%) patients developed
an invasive fungal infection, of which three (2%) were
due to potentially preventable infection by C. albicans.
The other four infections, including one due to late-
onset C. neoformans and three (2%) due to Aspergillus
species, would not have been prevented with flucon-
azole prophylaxis.77 The authors concluded that these
findings validate the low-risk assignment of the IDSA
algorithm. Several caveats to this conclusion should be
noted. First, no data was provided on how many pa-
tients required dialysis after transplant. In addition,
only two (1%) patients had undergone retransplanta-
tion. Both these risk factors have been repeatedly iden-
tified as highly significant, independent risk factors for
IFI. As such, both factors most likely warrant prophy-
laxis by themselves, even those patients who, per the
current guidelines,73 would not qualify because they
only have a single risk factor of retransplantation. In
addition, no study has verified that patients who fit
protocol criteria are at high risk and warrant prophy-
laxis. This is a crucial distinction, especially consider-
ing the numerous changes in liver transplantation
practice since the analysis by Karchmer and col-
leagues. A recent study which attempted to assess the
efficacy of 14 days of antifungal prophylaxis in high-
risk patients (criteria similar to those in the study by
Karchmer et al.) reported rates of IFI of �15%, which is
substantially lower than the 38% rate reported by
Karchmer et al. However, it is not clear if this difference
was due to the use of prophylaxis, advances in care, or
other reasons.71 Most tellingly, the data from Singh and
Husain5,16 suggest that certain factors, such as those
involving outdated surgical techniques, may be ex-
cluded from such guidelines, whereas others, such as
fluoroquinolone prophylaxis, should be evaluated fur-
ther.

Guidance from Clinical Trials

Because no gold-standard algorithm exists, stratifica-
tion of patients at risk for fungal infection must be
evaluated and based on a recent and comprehensive
data set. Only four studies have evaluated the efficacy
of prophylaxis in patients identified before the study as
“high risk” (i.e., both patients receiving and not receiv-
ing prophylaxis are identified by the same risk fac-
tors).64,65,69,78 The study by Hellinger et al. only in-
cluded six “high-risk” patients in the historical arm.64

The trial by Kung et al. provided limited baseline infor-
mation, and the historical arm included patients who
underwent transplantation �20 years ago.69 However,
the trial by Singh et al. demonstrated an impressive and
dramatic reduction in IFI in patients requiring dialysis
who received prophylaxis versus those who did not (al-
beit with a small sample size).65 Finally, the study by
Reed et al. revealed a significant decrease in IFI in
patients possessing at least one “high risk” criterion
who received prophylaxis versus those who did not. The

risk factors for �60%, �10%, and �10% of the patients
were reoperation within the first month after trans-
plant, retransplantation, and renal failure, respectively
(Table 3).78 These trials further elucidate the high risk
portended by retransplantation, dialysis, and reopera-
tion after transplant, as shown in Tables 1 and 2.

Finally, although the trial by Winston et al. suggests
that perhaps UNOS classification should be considered
a significant risk factor for fungal infection, UNOS sta-
tus 1 was defined as requiring life support in an ICU.23

Use of this definition could result in administration of
prophylactic antifungals to many patients, although
only a few with certain risk factors may represent the
primary population at risk. Current UNOS classifica-
tion defines status 1A candidates as having fulminant
liver failure, with the onset of hepatic encephalopathy
within 8 weeks of first symptoms and requiring ICU
care, and a life expectancy of �7 days. In addition,
patients must either be ventilated, requiring dialysis, or
have an international normalized ratio of � 2.0. Other
qualifications for status 1A candidates are primary
nonfunction of a recently transplanted liver and acute
decompensated Wilson’s disease. Using UNOS status (1
or 1A) as a risk factor for fungal infection has not been
validated, and it is not certain which components of the
status designation confer the increased risk.

RECOMMENDATIONS AND CONCLUSIONS

Clearly, despite many clinical trials, clinicians are left
without clear answers. We propose the following:

(1) SDD is an enticing technique to prevent candidi-
asis while minimizing systemic exposure to antifungal
agents. Unfortunately, the data regarding its efficacy is
too limited to allow an evidence-based endorsement.
The only prospective, controlled trial stopped enrolling
patients in 1998, and although infections due to Can-
dida were significantly reduced, there was no overall
benefit in reducing total infection-related morbidity.56

No trial has assessed stratifying patients to receive SDD
based on risk for infection; for example, patients receiv-
ing broad-spectrum antibiotics prior to transplant may
carry a high burden of Candida in the gut, and may
especially benefit from SDD. Without further compel-
ling evidence in a population that more accurately re-
flects current surgical techniques, the use of SDD as
universal prophylaxis cannot be recommended.

(2) The incidence and timing of posttransplantation
infections at one’s own institution should be analyzed.
Populations with rates of infection � 10% should be
considered for prophylaxis. A prime example of the
need for this analysis is in the application of the trial by
Winston and colleagues, which demonstrated a 43%
fungal infection rate in the placebo group.23 This is an
unusually high rate, and as such, institutions with
much lower rates of infection may not be able to extrap-
olate the results to their patients. Institutional variabil-
ity in the incidence of IFIs is likely, given the variability
in surgical techniques and differences in donor criteria
(extended donor criteria, for example) and immunosup-
pressive regimens. However, the finding of significantly
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higher rates of IFIs as compared to the literature should
prompt an analysis of potential causes. Rigorous defi-
nitions for fungal infection should be used (see the
international consensus recommendations published
by De Pauw and colleagues).28 Centers should be en-
couraged to share this data within their own and other
institutions.

(3) Recent data suggest that modern surgical and
medical practices have dramatically reduced the risk of
candidiasis (1.7%, from Singh and colleagues).5 This
data suggests that because the general liver transplant
population has a low risk of infection, prophylactic an-
tifungals should only be utilized in those patients at
highest risk. The important consequences of this strat-
ification is illustrated by the trial by Husain,16 which
revealed that prophylaxis increased the risk for non-
albicans Candida, and was associated with higher mor-
tality.

In balancing the line between prophylaxis in appro-
priate patients and overuse, which may ultimately lead
to worse outcomes, three methods may be considered:
targeting of highest-risk patients, appropriate dosing,
and a limited duration of therapy. In targeting the high-
est-risk patients, two risk factors have consistently
been shown to portend a significantly increased risk of
fungal infection (by both Candida and Aspergillus spe-
cies) in liver transplant patients: renal failure, espe-
cially that requiring dialysis, and retransplantation. As
such, these patients should all receive antifungal pro-
phylaxis targeted against Candida spp. with flucon-
azole 400 mg daily. Therapy should be continued for
4-6 weeks, because the vast majority of candidal infec-
tions have been shown to occur in the first month after
transplantation. The decision of whether prophylaxis
should include coverage for Aspergillus should be
based largely on local epidemiology.

(4) A challenging question is the choice of prophylac-
tic agent in centers with high rates of fluconazole-resis-
tant Candida (such as C. glabrata). Although choosing
an arbitrary numerical cutoff may be appealing, centers
should attempt to identify whether certain additional
risk factors (such as prior azole use79) are present,
which may indicate patients who are more likely to
develop infection due to fluconazole-resistant species of
Candida. At this time, the data is not consistent enough
to develop strict protocol recommendations that all in-
stitutions would find valuable.

(5) If Aspergillus is a target pathogen (based on local
epidemiology), either caspofungin or amphotericin B
should be used for prophylaxis. Given the dramatic
difference in nephrotoxicity between amphotericin B
deoxycholate and the lipid formulations and the sub-
stantial degree of kidney disease in liver patients, lipid
formulations are preferred.80 If lipid formulations of
amphotericin B are utilized, doses �1 mg/kg/day are
recommended, given the reports of breakthrough as-
pergillosis with low doses.60,67 The compiled data from
the two historical cohort trials which utilized standard-
dose lipid amphotericin B products is as follows: 3/261
(1%) in the intervention arms developed aspergillosis
compared to 10/80 (13%) in the preintervention arms,

and overall 1-year mortality rates were 41/261 (16%)
and 17/80 (21%), respectively.64,65 In the retrospective
trial by Reed et al., no patients who received prophy-
laxis developed aspergillosis, versus six patients (4%) in
the placebo group.78 We recommend prophylaxis with a
lipid formulation of amphotericin B (3-5 mg/kg/day) or
caspofungin (70 mg load on day 1 followed by 50 mg/
day).

Determining the appropriate duration of antifungal
prophylaxis when targeting Aspergillus is deemed nec-
essary is difficult. As stated previously, 55% of Aspergil-
lus infections occur � 90 days after transplantation,
with 25% occurring after 1 year of transplant.27 How-
ever, perhaps more relevant to the patients who would
be considered for anti-Aspergillus prophylaxis, 76% of
aspergillosis in patients who underwent retransplanta-
tion occur within 90 days of transplant (53% within the
first 30 days).81 Administration of amphotericin B for
prolonged durations offers significant potential for re-
nal toxicity, even with lipid formulations. Although the
recent introduction of orally available agents such as
posaconazole and voriconazole which have significant
activity against Aspergillus offers an attractive alterna-
tive to amphotericin B, these agents have not yet been
evaluated for this indication. Perhaps the best option is
to administer prophylaxis for 4 weeks and to be cogni-
zant of the significant potential for late disease in pa-
tients at risk. Given the correlation of late aspergillosis
in retransplant patients with disseminated disease and
severe outcomes (100% mortality in one analysis), ag-
gressive management of disease should be instituted
for patients who present with signs and symptoms of
infection.3,81

(6) Some liver transplant patients in the ICU may
warrant early antifungal therapy based on general risk
factors. Although an in-depth discussion is beyond the
scope of this article, a recent review distills the available
data.82 For example, ICU patients who undergo re-
peated abdominal surgeries have a significantly in-
creased risk of candidal infections.83 In these cases,
patients who return to the operating room for repair of
leaks, bleeds, or ischemia (Tables 1 and 2) should re-
ceive empiric anticandidal therapy. The duration of
therapy, however, should not automatically be desig-
nated the same as in prophylaxis, because therapy
should be continued as long as the patient is consid-
ered infected. As such, the distinction between prophy-
laxis and empiric therapy is important in these cases.

REFERENCES

1. Rubin RH. Overview: pathogenesis of fungal infections in
the organ transplant recipient. Transpl Infect Dis 2002;
4(Suppl 3):12-17.

2. Biancofiore G, Bindi ML, Baldassarri R, Romanelli AM,
Catalano G, Filipponi F, et al. Antifungal prophylaxis in
liver transplant recipients: a randomized placebo-con-
trolled study. Transpl Int 2002;15:341-347.

3. Singh N. Fungal infections in the recipients of solid organ
transplantation. Infect Dis Clin North Am 2003;17:113-
134, viii.

4. Winston DJ, Busuttil RW. Randomized controlled trial of

ANTIFUNGAL PROPHYLAXIS IN LIVER TRANSPLANT RECIPIENTS 855

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases



oral itraconazole solution versus intravenous/oral flucon-
azole for prevention of fungal infections in liver transplant
recipients. Transplantation 2002;74:688-695.

5. Singh N, Wagener MM, Marino IR, Gayowski T. Trends in
invasive fungal infections in liver transplant recipients:
correlation with evolution in transplantation practices.
Transplantation 2002;73:63-67.

6. Fortun J, Martin-Davila P, Montejo M, Munoz P, Cisneros
JM, Ramos A, et al. Prophylaxis with caspofungin for in-
vasive fungal infections in high-risk liver transplant recip-
ients. Transplantation 2009;87:424-435.

7. Singh N, Paterson DL. Aspergillus infections in transplant
recipients. Clin Microbiol Rev 2005;18:44-69.

8. Snydman DR. Epidemiology of infections after solid-organ
transplantation. Clin Infect Dis 2001;33(Suppl 1):S5–S8.

9. Briegel J, Forst H, Spill B, Haas A, Grabein B, Haller M, et
al. Risk factors for systemic fungal infections in liver trans-
plant recipients. Eur J Clin Microbiol Infect Dis 1995;14:
375-382.

10. Castaldo P, Stratta RJ, Wood RP, Markin RS, Patil KD,
Shaefer MS, et al. Fungal disease in liver transplant recip-
ients: a multivariate analysis of risk factors. Transplant
Proc 1991;23:1517-1519.

11. Collins LA, Samore MH, Roberts MS, Luzzati R, Jenkins
RL, Lewis WD, et al. Risk factors for invasive fungal infec-
tions complicating orthotopic liver transplantation. J In-
fect Dis 1994;170:644-652.

12. Dockrell DH, Mendez JC, Jones M, Harmsen WS, Ilstrup
DM, Smith TF, et al. Human herpesvirus 6 seronegativity
before transplantation predicts the occurrence of fungal
infection in liver transplant recipients. Transplantation
1999;67:399-403.

13. Fortun J, Martin-Davila P, Moreno S, Barcena R, de Vi-
cente E, Honrubia A, et al. Prevention of invasive fungal
infections in liver transplant recipients: the role of prophy-
laxis with lipid formulations of amphotericin B in high-
risk patients. J Antimicrob Chemother 2003;52:813-819.

14. George MJ, Snydman DR, Werner BG, Griffith J, Falagas
ME, Dougherty NN, et al. The independent role of cyto-
megalovirus as a risk factor for invasive fungal disease in
orthotopic liver transplant recipients. Boston Center for
Liver Transplantation CMVIG-Study Group. Cytogam,
MedImmune, Inc. Gaithersburg, Maryland. Am J Med
1997;103:106-113.

15. Hadley S, Samore MH, Lewis WD, Jenkins RL, Karchmer
AW, Hammer SM. Major infectious complications after or-
thotopic liver transplantation and comparison of outcomes
in patients receiving cyclosporine or FK506 as primary im-
munosuppression. Transplantation 1995;59:851-859.

16. Husain S, Tollemar J, Dominguez EA, Baumgarten K,
Humar A, Paterson DL, et al. Changes in the spectrum
and risk factors for invasive candidiasis in liver transplant
recipients: prospective, multicenter, case-controlled
study. Transplantation 2003;75:2023-2029.

17. Karchmer AW, Samore MH, Hadley S, Collins LA, Jenkins
RL, Lewis WD. Fungal infections complicating orthotopic
liver transplantation. Trans Am Clin Climatol Assoc 1995;
106:38-47; discussion, 47-48.

18. Kusne S, Torre-Cisneros J, Manez R, Irish W, Martin M,
Fung J, et al. Factors associated with invasive lung as-
pergillosis and the significance of positive Aspergillus cul-
ture after liver transplantation. J Infect Dis 1992;166:
1379-1383.

19. Patel R, Portela D, Badley AD, Harmsen WS, Larson-Keller
JJ, Ilstrup DM, et al. Risk factors of invasive Candida and
non-Candida fungal infections after liver transplantation.
Transplantation 1996;62:926-934.

20. Rogers J, Rohal S, Carrigan DR, Kusne S, Knox KK, Gay-
owski T, et al. Human herpesvirus-6 in liver transplant
recipients: role in pathogenesis of fungal infections, neu-

rologic complications, and outcome. Transplantation
2000;69:2566-2573.

21. Tollemar J, Ericzon BG, Holmberg K, Andersson J. The
incidence and diagnosis of invasive fungal infections in
liver transplant recipients. Transplant Proc 1990;22:242-
244.

22. Wade JJ, Rolando N, Hayllar K, Philpott-Howard J, Case-
well MW, Williams R. Bacterial and fungal infections after
liver transplantation: an analysis of 284 patients. Hepa-
tology 1995;21:1328-1336.

23. Winston DJ, Pakrasi A, Busuttil RW. Prophylactic flucon-
azole in liver transplant recipients. A randomized, double-
blind, placebo-controlled trial. Ann Intern Med 1999;131:
729-737.

24. Fortun J, Martin-Davila P, Moreno S, De Vicente E, Nuno
J, Candelas A, et al. Risk factors for invasive aspergillosis
in liver transplant recipients. Liver Transpl 2002;8:1065-
1070.

25. Singh N. Antifungal prophylaxis for solid organ transplant
recipients: seeking clarity amidst controversy. Clin Infect
Dis 2000;31:545-553.

26. Chang FY, Singh N, Gayowski T, Wagener MM, Mietzner
SM, Stout JE, et al. Thrombocytopenia in liver transplant
recipients: predictors, impact on fungal infections, and
role of endogenous thrombopoietin. Transplantation
2000;69:70-75.

27. Singh N, Avery RK, Munoz P, Pruett TL, Alexander B,
Jacobs R, et al. Trends in risk profiles for and mortality
associated with invasive aspergillosis among liver trans-
plant recipients. Clin Infect Dis 2003;36:46-52.

28. De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards
JE, Calandra T, et al. Revised definitions of invasive fungal
disease from the European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections Coopera-
tive Group and the National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group (EORTC/MSG) Con-
sensus Group. Clin Infect Dis 2008;46:1813-1821.

29. Munoz P, Guinea, J, Bouza E. Update on invasive aspergil-
losis: clinical and diagnostic aspects. Clin Microbiol Infect
2006;12(Suppl. 7):24-39.

30. Jantunen E, Nihtinen A, Anttila VJ. Changing landscape
of invasive aspergillosis in allogeneic stem cell transplant
recipients. Transpl Infect Dis 2008;10:156-161.

31. Machetti M, Zotti M, Veroni L, Mordini N, Van Lint MT,
Bacigalupo A, et al. Antigen detection in the diagnosis and
management of a patient with probable cerebral aspergil-
losis treated with voriconazole. Transpl Infect Dis 2000;2:
140-144.

32. Meersseman W, Lagrou K, Maertens J, Wilmer A, Her-
mans G, Vanderschueren S, et al. Galactomannan in
bronchoalveolar lavage fluid: a tool for diagnosing as-
pergillosis in intensive care unit patients. Am J Respir Crit
Care Med 2008;177:27-34.

33. Adam O, Auperin A, Wilquin F, Bourhis JH, Gachot B,
Chachaty E. Treatment with piperacillin-tazobactam and
false-positive Aspergillus galactomannan antigen test re-
sults for patients with hematological malignancies. Clin
Infect Dis 2004;38:917-920.

34. Hashiguchi K, Niki Y, Soejima R. Cyclophosphamide in-
duces false-positive results in detection of aspergillus an-
tigen in urine. Chest 1994;105:975-976.

35. Obayashi T, Negishi K, Suzuki T, Funata N. Reappraisal of
the serum (1–�3)-beta-D-glucan assay for the diagnosis of
invasive fungal infections–a study based on autopsy cases
from 6 years. Clin Infect Dis 2008;46:1864-1870.

36. Senn L, Robinson JO, Schmidt S, Knaup M, Asahi N,
Satomura S, et al. 1,3-Beta-D-glucan antigenemia for
early diagnosis of invasive fungal infections in neutro-
penic patients with acute leukemia. Clin Infect Dis 2008;
46:878-885.

856 ESCHENAUER ET AL.

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases



37. Kusne S, Blair JE. Viral and fungal infections after liver
transplantation–part II. Liver Transpl 2006;12:2-11.

38. Paya CV. Prevention of fungal and hepatitis virus infec-
tions in liver transplantation. Clin Infect Dis 2001;
33(Suppl. 1):S47–S52.

39. Vincent JL, Anaissie E, Bruining H, Demajo W, el-Ebiary
M, Haber J, et al. Epidemiology, diagnosis and treatment
of systemic Candida infection in surgical patients under
intensive care. Intensive Care Med 1998;24:206-216.

40. Wiesner RH, Hermans PE, Rakela J, Washington JA 2nd,
Perkins JD, DiCecco S, et al. Selective bowel decontami-
nation to decrease gram-negative aerobic bacterial and
Candida colonization and prevent infection after ortho-
topic liver transplantation. Transplantation 1988;45:570-
574.

41. Decruyenaere J, Colardyn F, Vogelaers D, Claeys G, Hesse
U, De Deyne C, et al. Combined use of fluconazole and
selective digestive decontamination in the prevention of
fungal infection after adult liver transplantation. Trans-
plant Proc 1995;27:3515-3516.

42. Hjortrup A, Rasmussen A, Hansen BA, Hoiby N, Heslet L,
Moesgaard F, et al. Early bacterial and fungal infections in
liver transplantation after oral selective bowel decontam-
ination. Transplant Proc 1997;29:3106-3110.

43. Steffen R, Reinhartz O, Blumhardt G, Bechstein WO, Raa-
kow R, Langrehr JM, et al. Bacterial and fungal coloniza-
tion and infections using oral selective bowel decontami-
nation in orthotopic liver transplantations. Transpl Int
1994;7:101-108.

44. Venuti F, Panarello G, Gruttadauria S, Burgio G, Di Ste-
fano R, Provenzani A, et al. Selective decontamination of
the digestive tract in adult-to-adult living related liver
transplant patients: a single centre experience. Int J An-
timicrob Agents 2008;31:486-487.

45. Wiesner RH, Hermans P, Rakela J, Perkins J, Washington
J, DiCecco S, et al. Selective bowel decontamination to
prevent gram-negative bacterial and fungal infection fol-
lowing orthotopic liver transplantation. Transplant Proc
1987;19:2420-2423.

46. Gorensek MJ, Carey WD, Washington JA 2nd, Vogt DP,
Broughan TA, Westveer MK. Selective bowel decontami-
nation with quinolones and nystatin reduces gram-nega-
tive and fungal infections in orthotopic liver transplant
recipients. Cleve Clin J Med 1993;60:139-144.

47. Emre S, Sebastian A, Chodoff L, Boccagni P, Meyers B,
Sheiner PA, et al. Selective decontamination of the diges-
tive tract helps prevent bacterial infections in the early
postoperative period after liver transplant. Mt Sinai J Med
1999;66:310-313.

48. Hellinger WC, Yao JD, Alvarez S, Blair JE, Cawley JJ, Paya
CV, et al. A randomized, prospective, double-blinded eval-
uation of selective bowel decontamination in liver trans-
plantation. Transplantation 2002;73:1904-1909.

49. Badger IL, Crosby HA, Kong KL, Baker JP, Hutchings P,
Elliott TS, et al. Is selective decontamination of the diges-
tive tract beneficial in liver transplant patients? Interim
results of a prospective, randomized trial. Transplant Proc
1991;23:1460-1461.

50. Ruskin JD, Wood RP, Bailey MR, Whitmore CK, Shaw BW.
Comparative trial of oral clotrimazole and nystatin for
oropharyngeal candidiasis prophylaxis in orthotopic liver
transplant patients. Oral Surg Oral Med Oral Pathol 1992;
74:567-571.

51. Rayes N, Seehofer D, Hansen S, Boucsein K, Muller AR,
Serke S, et al. Early enteral supply of lactobacillus and
fiber versus selective bowel decontamination: a controlled
trial in liver transplant recipients. Transplantation 2002;
74:123-127.

52. Rosman C, Klompmaker IJ, Bonsel GJ, Bleichrodt RP,
Arends JP, Slooff MJ. The efficacy of selective bowel de-

contamination as infection prevention after liver trans-
plantation. Transplant Proc 1990;22:1554-1555.

53. Kuo PC, Bartlett ST, Lim JW, Plotkin JS, Wilson S, John-
son LB. Selective bowel decontamination in hospitalized
patients awaiting liver transplantation. Am J Surg 1997;
174:745-748; discussion, 749.

54. Tortorano A, Viviani M, Pagano A, Paone G, Gridelli B,
Breda G, et al. Candida colonization in orthotopic liver
transplantation: fluconazole versus oral amphotericin B. J
Mycol Med 1995;5:21-24.

55. Arnow PM, Carandang GC, Zabner R, Irwin ME. Random-
ized controlled trial of selective bowel decontamination for
prevention of infections following liver transplantation.
Clin Infect Dis 1996;22:997-1003.

56. Zwaveling JH, Maring JK, Klompmaker IJ, Haagsma EB,
Bottema JT, Laseur M, et al. Selective decontamination of
the digestive tract to prevent postoperative infection: a
randomized placebo-controlled trial in liver transplant pa-
tients. Crit Care Med 2002;30:1204-1209.

57. Sharpe MD, Ghent C, Grant D, Horbay GL, McDougal J,
Colby WD. Efficacy and safety of itraconazole prophylaxis
for fungal infections after orthotopic liver transplantation:
a prospective, randomized, double-blind study. Trans-
plantation 2003;76:977-983.

58. Braun F, Ruchel R, Lorf T, Canelo R, Muller A, Sattler B, et
al. Is liposomal amphotericin B (ambisome) an effective
prophylaxis of mycotic infections after liver transplanta-
tion? Transplant Proc 1998;30:1481-1483.

59. Castroagudin JF, Ponton C, Bustamante M, Otero E, Mar-
tinez J, Tome S, et al. Prospective interventional study to
evaluate the efficacy and safety of liposomal amphotericin
B as prophylaxis of fungal infections in high-risk liver
transplant recipients. Transplant Proc 2005;37:3965-
3967.

60. Lorf T, Braun F, Ruchel R, Muller A, Sattler B, Ringe B.
Systemic mycoses during prophylactical use of liposomal
amphotericin B (Ambisome) after liver transplantation.
Mycoses 1999;42:47-53.

61. Mora NP, Klintmalm G, Solomon H, Goldstein RM, Gonwa
TA, Husberg BS. Selective amphotericin B prophylaxis in
the reduction of fungal infections after liver transplant.
Transplant Proc 1992;24:154-155.

62. Shah T, Lai WK, Gow P, Leeming J, Mutimer D. Low-dose
amphotericin for prevention of serious fungal infection
following liver transplantation. Transpl Infect Dis 2005;7:
126-132.

63. Singhal S, Ellis RW, Jones SG, Miller SJ, Fisher NC, Hast-
ings JG, et al. Targeted prophylaxis with amphotericin B
lipid complex in liver transplantation. Liver Transpl 2000;
6:588-595.

64. Hellinger WC, Bonatti H, Yao JD, Alvarez S, Brumble LM,
Keating MR, et al. Risk stratification and targeted antifun-
gal prophylaxis for prevention of aspergillosis and other
invasive mold infections after liver transplantation. Liver
Transpl 2005;11:656-662.

65. Singh N, Paterson DL, Gayowski T, Wagener MM, Marino
IR. Preemptive prophylaxis with a lipid preparation of am-
photericin B for invasive fungal infections in liver trans-
plant recipients requiring renal replacement therapy.
Transplantation 2001;71:910-913.

66. Tollemar J, Hockerstedt K, Ericzon BG, Jalanko H, Ring-
den O. Prophylaxis with liposomal amphotericin B (AmBi-
some) prevents fungal infections in liver transplant recip-
ients: long-term results of a randomized, placebo-
controlled trial. Transplant Proc 1995;27:1195-1198.

67. Singh N, Mieles L, Yu VL, Gayowski T. Invasive aspergil-
losis in liver transplant recipients: association with can-
didemia and consumption coagulopathy and failure of
prophylaxis with low-dose amphotericin B. Clin Infect Dis
1993;17:906-908.

ANTIFUNGAL PROPHYLAXIS IN LIVER TRANSPLANT RECIPIENTS 857

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases



68. Fortun J, Martin-Davila P, de Vicente E, Nuno J, Alvarez
ME, Sanchez-Sousa A, et al. Prophylaxis with oral flucon-
azole and an oral solution of amphotericin B in liver trans-
plant patients. Transplant Proc 2002;34:80-81.

69. Kung N, Fisher N, Gunson B, Hastings M, Mutimer D.
Fluconazole prophylaxis for high-risk liver transplant re-
cipients. Lancet 1995;345:1234-1235.

70. Lumbreras C, Cuervas-Mons V, Jara P, del Palacio A,
Turrion VS, Barrios C, et al. Randomized trial of flucon-
azole versus nystatin for the prophylaxis of Candida infec-
tion following liver transplantation. J Infect Dis 1996;174:
583-588.

71. Hadley S, Huckabee C, Pappas PG, Daly J, Rabkin J,
Kauffman CA, et al. Outcomes of antifungal prophylaxis in
high-risk liver transplant recipients. Transpl Infect Dis
2009;11:40-48.

72. Singh N, Wagener MM, Cacciarelli TV, Levitsky J. Antifun-
gal management practices in liver transplant recipients.
Am J Transplant 2008;8:426-431.

73. Pappas PG, Kauffman CA, Andes D, Benjamin DK Jr,
Calandra TF, Edwards JE Jr, et al. Clinical practice guide-
lines for the management of candidiasis: 2009 update by
the Infectious Diseases Society of America. Clin Infect Dis
2009;48:503-535.

74. Pappas PG, Rex JH, Sobel JD, Filler SG, Dismukes WE,
Walsh TJ, et al. Guidelines for treatment of candidiasis.
Clin Infect Dis 2004;38:161-189.

75. Cruciani M, Mengoli C, Malena M, Bosco O, Serpelloni G,
Grossi P. Antifungal prophylaxis in liver transplant pa-
tients: a systematic review and meta-analysis. Liver
Transpl 2006;12:850-858.

76. Playford EG, Webster AC, Sorrell TC, Craig JC. Systematic

review and meta-analysis of antifungal agents for prevent-
ing fungal infections in liver transplant recipients. Eur
J Clin Microbiol Infect Dis 2006;25:549-561.

77. Pappas PG, Andes D, Schuster M, Hadley S, Rabkin J,
Merion RM, et al. Invasive fungal infections in low-risk
liver transplant recipients: a multi-center prospective ob-
servational study. Am J Transplant 2006;6:386-391.

78. Reed A, Herndon JB, Ersoz N, Fujikawa T, Schain D,
Lipori P, et al. Effect of prophylaxis on fungal infection and
costs for high-risk liver transplant recipients. Liver
Transpl 2007;13:1743-1750.

79. Lee I, Fishman NO, Zaoutis TE, Morales KH, Weiner MG,
Synnestvedt M, et al. Risk factors for fluconazole-resistant
Candida glabrata bloodstream infections. Arch Intern Med
2009;169:379-383.

80. Deray G. Amphotericin B nephrotoxicity. J Antimicrob
Chemother 2002;49(Suppl. 1):37-41.

81. Singh N, Pruett TL, Houston S, Munoz P, Cacciarelli TV,
Wagener MM, et al. Invasive aspergillosis in the recipients of
liver retransplantation. Liver Transpl 2006;12:1205-1209.

82. Lam SW, Eschenauer GA, Carver PL. Evolving role of early
antifungals in the adult intensive care unit. Crit Care Med
2009;37:1580-1593.

83. Eggimann P, Francioli P, Bille J, Schneider R, Wu MM,
Chapuis G, et al. Fluconazole prophylaxis prevents intra-
abdominal candidiasis in high-risk surgical patients. Crit
Care Med 1999;27:1066-1072.

84. Gavalda J, Len O, San Juan R, Aguado JM, Fortun J,
Lumbreras C, et al. Risk factors for invasive aspergillosis
in solid-organ transplant recipients: a case-control study.
Clin Infect Dis 2005;41:52-59.

858 ESCHENAUER ET AL.

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases


