
Abstract

Invasive fungal infections are a significant and often

lethal problem in transplant patients. Infections

caused by geographically limited endemic fungi are

infrequent, and Aspergillus species, Mucorales

species, Candida species, and Cryptococcus

neoformans are the opportunistic fungi responsible

for most such infections. The symptoms of systemic

fungal infections are nonspecific, particularly in their

early stages. The high rates of mortality and graft

loss owing to fungal infections render early

diagnosis and treatment imperative in

immunosuppressed patients. Current methods for

the diagnosis of systemic fungal infections include

imaging procedures, endoscopic methods and

biopsies, microscopic and culture techniques,

antibody and antigen-based serologic testing, and

the detection (via polymerase chain reaction) of

fungal deoxyribonucleic acid in blood or

bronchoalveolar lavage fluid, as well as the careful

analysis of signs and symptoms. Antifungal therapy

should be initiated early in patients with a

suspected fungal infection (even before laboratory

findings have confirmed that diagnosis) and should

be administered with appropriate adjustment of

immunosuppressive regimens. To manage fungal

infections in patients with renal failure, optimizing

the pharmacokinetics of antifungal drugs to reduce

the risk of nephrotoxicity is crucial.
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Because of environmental exposure and the effects of
immunosuppressive regimens, systemic mycosis is a
significant problem in transplant patients worldwide
and remains the major cause of death in those
individuals. In the English literature in 1980, there were
10 reports of fungal infections (7 renal and 3 cardiac
infections) in immunosuppressed transplant patients.1

Since then, more-effective immunosuppressive drugs
have enabled an increase in such infections, and more-
accurate diagnostic methods have led to an increase in
the diagnosis of those diseases in transplant patients.
The poor prognosis associated with fungal infections
in immunocompromised patients can be improved by
enhanced awareness, diagnosis, and therapy.2

Common predisposing factors to fungal infection
include the use of immunosuppressive agents
(cyclosporine, steroids, azathioprine, and
prednisolone), broad-spectrum antibiotics, and
indwelling catheters; the increasing number of surgical
procedures; disruption of the intestinal or bladder
mucosa; hyperglycemia; infection with cytomegalovirus,
exposure to infective fungi; and chronic liver 
disease.3, 4 Other risk factors such as diabetes and
prolonged pretransplant dialysis also are reportedly
influential in the development of serious fungal
infections.4

Since the end of the 1990s, short-term graft
survival has improved significantly, thanks to
improved antirejection agents such as interleukin-2
receptor antibodies, mycophenolate mofetil, and
tacrolimus, and sirolimus, as well as the increased
use of thymoglobulin. Current rates of graft survival
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in excess of 90% have been reported5; however, rates
of fungal infection also have increased. Colonization
with Candida species is a major risk factor for
infection. There are reports of Candida colonization
with a Candida species in up to 45% of kidney
recipients, and in all cases with invasive fungal
infections6 Incidence rates of invasive fungal
infection in renal transplant recipients have been
reported as 3.5%,7 4%,6 and between 1.4% and 9.4%8

in Western countries. 
Fungal infections account for 5% of all infections

in renal transplant recipients.9 Infections caused by
geographically limited endemic fungi are infrequent.
Aspergillus species, Mucorales species, Candida
species, and Cryptococcus neoformans are the
opportunistic fungi that cause most infections.
Candidiasis, the most-common fungal infection (47%
of cases), is associated with a 1.5% infection-related
mortality rate.10 Aspergillosis occurs as both a
primary and a secondary infection.11 The frequency
of invasive aspergillosis in renal transplant recipients
varies between 0.5% and 2.2%,12 with a high case-
fatality rate of up to 88%.13 The third most-common
fungal infection in solid organ transplant recipients is
cryptococcosis. The overall incidence of
cryptococcosis in solid organ transplant recipients is
~2.8% and ranges from 0.3% to 5%.14 Among the risk
factors for mucormycosis are renal transplant,15 renal
failure, diabetes, and prior voriconazole or
caspofungin use.16 In renal allograft recipients,
cryptococcosis is an extremely rare condition with an
incidence ranging between 0.2% and 1.2 %11, 17 and
an associated mortality rate as high as 72.7%.11

Several causative agents of invasive fungal
infection have been identified. An analysis of the
medical records of 850 renal transplant recipients
between 1977 and 2000 showed that systemic fungal
infections were documented in 83 patients (9.8%). In
those individuals, the fungal infections identified
were as follows: candidiasis in 25 patients (2.8%),
aspergillosis in 20 (2.3%), mucormycosis in 17 (2.0%),
cryptococcosis in 16 (1.9%), and rare fungi that
included phaeohyphomycosis in 3 patients, and
histoplasmosis in 2.18 Most fungal infections occur in
the first 6 months after transplant because of the use
of numerous immunosuppressors.1 The median time
to the onset of infection is also associated with
causative agents. Pappas and colleagues reported
that the median times to the onset of candidiasis,
aspergillosis, and cryptococcosis after transplant,

were 103, 184, and 575 days.19 The purpose of this
review is to discuss the risk factors, signs, symptoms,
clinical presentation, diagnosis, and management of
fungal infections in renal transplant recipients. 

Definitions of fungal infections in renal transplant

recipients

In patients treated with a hematopoietic stem cell
transplant, invasive fungal infections are defined
according to the European Organization for Research
and Treatment of Cancer/Invasive Fungal Infections
Cooperative Group and the National Institute of
Allergy and Infectious Diseases Mycoses Study
Group (EORTC/MSG) Consensus Group.20 Cases are
classified via the consensus definitions for proven,
probable, and possible infections in terms of
corresponding host factors, major or minor clinical
criteria, and microbiological criteria, all of which are
used to assign a degree of probability to the
diagnosis. In our experience,6, 21, 22 these criteria (in
addition to others23-25) also are applicable to
infections in other solid organ transplant recipients.
Accordingly, fungal infections in renal transplant
recipients are diagnosed on the basis of clinical and
radiologic signs and symptoms that include tissue
invasion; positive culture results from a deep-tissue
specimen such as blood, cerebrospinal fluid,
peritoneal fluid, or a biopsy specimen; positive
fungal cultures from ≥ 3 sites (bronchoalveolar
lavage, urine, wound); at least 3 sputum smear
results that are positive for pseudohyphae and
budding yeast; or a sputum culture that is positive
for filamentous fungi.25-27

Signs and symptoms of fungal infections in

renal transplant recipients

The incidence of fungal infections in renal transplant
recipients is associated with the duration and net
dosage of immunosuppressive agents given. Fungal
infections in renal transplant recipients can manifest
in 2 forms: cutaneous or subcutaneous, and systemic.
A variety of skin diseases commonly occurs in
kidney transplant patients, for whom cutaneous
lesions can be a significant problem. Superficial
fungal infections include pityriasis (tinea) versicolor,
and other infections can arise in the external ear canal
(otomycosis) and the cornea (keratomycosis).26

Cutaneous mycoses such as dermatophytosis
(ringworm) and candidiasis27 also can develop in
kidney transplant recipients. In Italy, pityriasis
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versicolor has been reported to be the most-frequent
dermatomycosis in renal transplant recipients,28 and
other researchers have reported cutaneous or oral
candidiasis, dermatophytosis, or pityriasis versicolor
in 63.7% of renal transplant recipients.29

Symptoms of systemic fungal infections are
nonspecific, particularly in early stages. The clinical
and laboratory diagnoses of such infections are
difficult because the presenting symptoms are
nonspecific and fever may be absent.30 Most
infections develop in patients with poor renal
function who are receiving high doses of an
immunosuppressive agent. Transplant recipients can
be infected by colonized microorganisms (Candida
species) or by inhaling fungal spores, and in those
patients, the lungs are the primary site of infection.
Invasive fungal infections are most often associated
with intravascular invasion or infection of the
paranasal sinuses, orbits, and brain. 

The types of systemic fungal infections in renal
transplant recipients include esophagitis,
pneumonia, central nervous system infection,
myocardial involvement, and urinary tract infection.
Hepatosplenic candidiasis can be associated with
persistent fever, hepatosplenomegaly, and increased
alkaline phosphatase. Fungal endophthalmitis can
appear with posterior uveitis and also with white
vitreous body infiltration. Delays in the diagnosis or
treatment of invasive fungal infection can lead to
high mortality rates.

Fungal esophagitis is most often caused by
Candida species, primarily Candida albicans.
Complications associated with fungal infections of
the kidneys include asymptomatic and symptomatic
urinary tract infections, perinephric abscess, fungus
ball formation, and renal arteritis with aneurysm
formation. 

If the lungs are the primary focus of infection,
rapidly progressing necrotizing bronchopneumonia
with high fever, cough, dyspnea, and hemoptysis can
ensue.19, 31 In addition, fungal infection can cause
cavitations, vascular invasion, and hemorrhagic
infarcts.32 The signs and symptoms of bloodstream
infections caused by fungi do not differ clinically
from those caused by bacterial infections.
Unexplained fever despite broad-spectrum antibiotic
treatment for more than 3 to 6 days, recurring febrile
episodes after initial defervescence, or the presence
of pulmonary infiltrates during antibiotic treatment
can indicate a fungal infection.

Diagnostic procedures 

Fungal infections pose very difficult diagnostic and
therapeutic challenges. The high rates of mortality and
graft loss owing to fungal infections require early
diagnosis and treatment to ensure the likelihood of
survival in immunosuppressed patients. However,
early diagnosis remains difficult to achieve, and by the
time the diagnosis is confirmed, the patient may die
despite antifungal therapy.

Current methods for the diagnosis of systemic
fungal infections include vigilance for the clinical signs
and symptoms of infection, imaging procedures,
endoscopic methods and biopsies, microscopic and
culture techniques, serology (galactomannan- and
mannan antigen-based) and the polymerase chain
reaction-based detection of fungal deoxyribonucleic
acid in blood or bronchoalveolar lavage fluid (Table 1).

Kidney transplant recipients usually exhibit
relatively fewer clinical manifestations of infection and
few or no findings on conventional radiography
laboratory test results reveal no abnormal results
except for elevated creatinine levels, which are
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Table 1. Current laboratory methods for the diagnosis of fungal infections.

Method Advantages Disadvantages

Direct microscopic Practical and sensitive Cannot differentiate 

examination screening test; rapid among colonization, fungal 

(in sufficient samples) detection infections, and hyphae of 

mold species in tissues 

Culture results Identifies fungal species Sensitivity is not always 

and respective reliable; does not always 

susceptibility patterns discriminate between 

invasive disease, 

colonization, and 

contamination; more than 

1 week must elapse for 

appropriate fungal growth 

to occur

Serologic diagnosis, Maybe the most-sensitive Not useful in 

detection of antibodies, methods for detecting immunosuppressed patients

antigen detection assays infections; available for because antibody 

Cryptococcus, Candida production during active

species, Aspergillus infection in such patients

species, and Histoplasma; is slowed or nonexistent 

can diagnose infections Not available for Mucorales 

several days to 4 weeks  and other fungi 

earlier than other methods

Molecular methods Potentially more sensitive Has not been universally 

(eg, polymerase chain than other diagnostic standardized; not widely 

reaction) tests; more-widely available; specificity and 

applicable to a variety sensitivity vary in different 

of specimen types; can studies

detect fungal infections 

before the appearance of 

clinical signs and symptoms



characteristic of both a state of chronic rejection and
opportunistic infection.31 Thus, more-sensitive
imaging techniques such as computed tomographic
scans and magnetic resonance imaging are essential to
identify infections in those patients. Imaging
techniques can reveal pulmonary infiltrates via
thoracic computed tomographic scans, chest
radiographs, and abdominal ultrasonography.
Evidence found in radiographic images includes
cloudiness without fluid levels in the involved sinuses.
Radiologic imaging of the kidneys with
ultrasonography or computed tomography can be
useful in patients with persistent candiduria.
Abdominal computed tomographic scans or
ultrasonography can reveal hydronephrosis, fungus
balls, or perinephric abscesses associated with
ascending infection. Imaging studies, however, are not
always useful in helping clinicians diagnose fungal
infections. Computed tomographic imaging may be of
particular benefit in documenting the course of
invasive pulmonary aspergillosis when halo signs are
noted.33

If it is clinically feasible, biopsies of as many
suspicious sites as possible should be obtained to
improve the chances of detection. Skin samples,
transcutaneous needle biopsies of peripheral
pulmonary foci, and liver biopsies should be obtained
because the rate of complications they cause is low. All
tissue from patients with a suspected invasive fungal
infection should be stained with a fungal stain. The
stains that best reveal fungal infection in clinical
samples and tissue biopsy samples are acridine orange,
periodic acid-Schiff reaction, Grocott-Gomori
methenamine silver staining, lectins, and calcofluor
white. If sufficient samples are available, potassium
hydroxide wet mount smears are the single most-
practical and sensitive screening test for the rapid
detection of fungal elements. The diagnosis can be
obtained more quickly if potassium hydroxide is
combined with calcofluor white and the samples are
examined with optical brightener techniques under
fluorescence microscopy. Urine cytology specimens
stained with periodic acid-Schiff reaction or silver
stains can disclose fungal casts and therefore, may be
useful in determining kidney involvement. Direct ink
preparation can be useful in detecting Cryptococcus
neoformans in cerebrospinal fluid. The microscopic
differentiation between Aspergillus species and
Mucoraceae in tissues can be facilitated by
immunohistochemical examination, which

unfortunately is not performed in routine laboratory
studies. Direct microscopic examination and cultures
from the mucosal tissue, skin, nails, and hair can be
useful in the detection of cutaneous and
mucocutaneous fungal infections.

The criterion standard for diagnosing systemic
infections includes the result of histologic tissue
analysis and a positive culture result from normally
sterile body fluids (eg, blood, pleural effusion,
cerebrospinal fluid) and biopsy samples. One report
noted that the culture result remained negative despite
the presence of dichotomously branched septate
hyphae in a brain biopsy, the detection of Aspergillus
flavus-specific deoxyribonucleic acid in the biopsy and
serum specimens, and a positive result from a
galactomannan antigen test.34

Blood cultures are therefore not the method of
choice for the detection of fungemia, because only 45%
to 75% of autopsy-proven cases of systemic candidiasis
can be isolated by that method,35, 36 and almost no
cases of aspergillosis yield a positive blood culture
result during the patient’s lifetime. The BACTEC
system with Aerobic/F Medium is believed to detect
Candida species in fungemias,37 and lysis centrifugation
may improve detection of fungi,38 but is not regarded
as a standard method for growing fungi from blood
cultures. 

The accurate, consistent interpretation of positive
fungal cultures is challenging. The growth of mold in
sputum cultures should be regarded as a probable
indicator of fungal pneumonia; however, yeasts are
part of the normal flora of the gastrointestinal tract and
may be contaminants unless they are isolated in 3
smear-positive pure cultures of sputum (ie,
pseudohyphae are seen in those sputum smears), or
unless invasive disease is proven by the results of a
lung biopsy. Funguria in asymptomatic patients
without urinary catheterization also may be
interpreted as an indication of systemic fungal
infection. After fungal growth is seen, susceptibility
testing to antifungal agents according to the National
Committee of Clinical Laboratory Standards is the
preferred reference procedure. The Etest is a suitable
alternative method because of its simplicity and good
reproducibility. 

Newer diagnostic approaches have focused on
nonculture-based methods, which include antibody-
or antigen-based assays, metabolite detection
(constituents released during invasive disease), and the
molecular detection of fungal deoxyribonucleic acid.
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The mean antibody index has not been found to be
significant between normal, probable, or confirmed
cases of invasive aspergillosis.39

Antigen detection assays (which include latex
agglutination, enzyme immune assay, and
radioimmunoassay for the detection of systemic fungi
infections) are the most-sensitive, and latex
agglutination is the simplest of those to perform.38

Tests based on the Candida mannan antigen (the
Platelia Candida enzyme-linked immunosorbent assay
[Bio-Rad, Munich, Germany]), a cell wall
polysaccharide of several Candida species, are still
being developed. 

The specificity of mannan detection in the diagnosis
of invasive candidiasis is usually 80%.40-42 The
galactomannan enzyme-linked immunosorbent assay
uses the rat monoclonal antibody EB-A2 to recognize
the 1, 3 β-D-galactopyranoside side chains of the

galactomannan molecule in the fungal cell wall
(especially Aspergillus). Sensitivities of 50.0%43 and
90.6%44 have been documented for that test in different
populations. Clancy and colleagues reported that the
test results of bronchoalveolar lavage samples had a
sensitivity of 100%, a specificity of 90.8%, a positive
predictive value of 41.7%, and a negative predictive
value of 100% with a cutoff of ≥ 1.0 in solid organ
transplant recipients.45 That test can be used to
diagnose invasive pulmonary aspergillosis several
days to 4 weeks before other methods can do so.45

Molecular fungal identification methods based on
the hybridization and amplification of nucleic acids
(fungal polymerase chain reaction) include the
panfungal polymerase chain reaction (primers from
the 28S ribosomal ribonucleic acid or the 18-ribosomal
ribonucleic acid subunit gene or mitochondrial
genes),46 the nested polymerase chain reaction,47 and
the real-time polymerase chain reaction.48, 49 Those
assays are widely applicable to a variety of specimen
types.46 According to various reports, polymerase
chain reaction can detect fungal infections before the
appearance of clinical signs and symptoms in
immunocompromised patients.50 Assays performed
with a nested polymerase chain reaction (a 2-step
polymerase chain reaction), which can detect highly
conserved gene sequences among Aspergillus species
in blood from patients with an invasive fungal
infection, have yielded a sensitivity and specificity of
92.8% and 94%.21 The real-time TaqMan polymerase
chain reaction assay for the quantitation of Candida and
Aspergillus deoxyribonucleic acid makes it possible to

accurately calculate the amount of polymerase chain
reaction product at a point in the early exponential
phase of the reaction.49, 51

In summary, clinical experience to date with culture
results, the detection of antigens or antibodies,
polymerase chain reaction, and nucleic acid sequence-
based amplification has shown that each method is of
limited use in the early diagnosis of invasive fungal
infections. A combination of various methods and
regular screening is therefore advisable to ensure that
a diagnosis is reached as soon as possible. 

Management of fungal infections in renal transplant

recipients

Antifungal therapy should be initiated early in patients
with a suspected fungal infection, even though
laboratory findings have not yet confirmed that result,
and should be administered with an appropriate
adjustment of the immunosuppressive regimen.
Fungal infections are difficult to treat because
antifungal agents inhibit the metabolism of calcineurin
inhibitors and lead to an increase in the serum
concentration of those receptors, which results in renal
toxicity.52

To manage fungal infections in patients with renal
failure, it is crucial to optimize the pharmacokinetics
of antifungal drugs to reduce the risk of
nephrotoxicity.53 Amphotericin B deoxycholate should
be used with caution and is not recommended as a
first-line therapy in renal transplant recipients. Such
patients frequently have reduced renal function
(approximately 25% of those individuals have a
creatinine value of > 2.0 mg/dL), and a risk of
nephrotoxicity is associated with the concurrent use of
amphotericin B deoxycholate and calcineurin
inhibitors. The coadministration of calcineurin
inhibitors with voriconazole is an option, although the
dose of immunosuppressive drugs must be reduced
and close monitoring of drug levels is needed.52, 54

Infections such as sinusitis and fungus ball (fungal
bezoars), which extensively damage tissues and are
angioinvasive in patients (such as mucormycosis), and
should be managed with a combination of surgical and
medical therapies.55 Drugs frequently used to treat
renal mycoses are listed in Tables 2 and 3.

The use of newer and more-effective
immunosuppressive agents in recent years is
associated with increasing rates of fungal infections
in renal transplant recipients, and the early detection
of fungal infections and proper therapy are
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important in improving survival and reducing
mortality. To improve the prognosis, a high index of
suspicion is necessary in renal transplant recipients.
Proper empiric therapy requires accurate information
about colonization and the antifungal susceptibility of
the isolated organisms. The sites at greatest risk of
colonization with resistant organisms (eg, the mouth,
vagina, urinary tract, and rectum) should be tested for
both diagnostic and treatment purposes.

No specific clinical or radiologic finding is sufficient
to confirm the diagnosis of fungal infection. Serologic
tests (which are not usually useful after a transplant
procedure), and invasive procedures that provide
tissues for culture and histologic testing, should be
performed early and as part of a routine component of
initial evaluation of renal transplant recipients in
whom a fungal infection is suspected. Therefore,
quantitative tests (such as sandwich enzyme-linked
immunosorbent assays or molecular assays) that
directly detect the protein products or nucleic acids of

the organisms should be used. Quantitative laboratory
assays that are based on molecular techniques or
antigen detection, and that do not depend on invasive
procedures, are needed for routine monitoring of
transplant patients. The results of those tests would
enable clinicians to individualize prophylactic
antifungal regimens and minimize drug-associated
toxicity. For transplant recipients with undrained fluid
collections or devitalized tissues, antifungal therapy
must be concurrent with the early and aggressive
surgical removal of those potential sites of fungal
infection. 
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