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Abstract

During the past 20 yr, the population of immunocompromized patients at risk of developing invasive fungal
infections (IFIs) has increased, and there has been a shift in fungal epidemiology, with more infections
caused by non-Aspergillus molds and yeasts, which are often resistant to one or more antifungal drugs.
Traditional diagnostic methods, such as culture and the histopathology of infected tissue, often fail to
detect IFls until the later stages. Furthermore, invasive diagnostic methods to obtain tissue may be contra-
indicated in severely ill patients; even when tissue is available, the morphology of several filamentous
fungi is identical, or the cultures may fail to grow the pathogen. Recently developed non-invasive diagnos-
tic techniques, such as tests for serum markers and polymerase chain reaction assays, may allow for ear-
lier and more accurate diagnoses — crucial in the effort to reduce morbidity and the risk of mortality. This
article reviews current approaches to diagnosis and treatment, focusing on how an early and accurate
diagnosis can guide treatment and improve outcomes. Strategies for improving the management of IFls

also are discussed.
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Invasive fungal infections (IFIs) are a significant cause
of morbidity and mortality. Although mortality from
candidiasis has generally decreased, after a peak
in the early 1990s, the overall number of deaths from
fungal infections has risen substantially as a result of
diseases caused by other fungal pathogens, such as
Aspergillus (1, 2). One study estimated an overall case-
fatality rate of 58% for invasive aspergillosis (3). Over
the past two decades, there has been an increase in the
number of immunocompromized patients at risk of
developing IFIs (4-6), including patients receiving
aggressive chemotherapy and immunosuppressive drugs.
The economic cost of treating IFIs in the United States
is high. The estimated mean increase in hospital charges
related to candidemia is $39 331 (7). The average hospi-
tal costs because of aspergillosis was earlier estimated at
$62 426 (8), but a recent analysis of hospital discharge
data estimated a mean total hospital charge of $96 731
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for patients diagnosed with primary or secondary asper-
gillosis (9). Thus, prevention or early diagnosis and treat-
ment of IFIs are crucial to decreasing the clinical and
economic burden.

Clinicians face many challenges in diagnosing and
treating IFIs. Non-specific symptoms present difficulties
in establishing an early definitive diagnosis. In addition,
microbiological cultures may be negative, particularly in
the early stages of infection (10). Antifungal drugs
should be chosen carefully, taking into account the spec-
trum of activity and possible drug resistance. New diag-
nostic tools may allow for rapid diagnosis and
identification of specific fungal pathogens; these tools are
still being validated in different patient populations (11,
12). For clinicians managing at-risk patients, it is impor-
tant to recognize the followings: (i) factors that contrib-
ute to the misdiagnosis of IFIs, (ii) the utility of
improved diagnostic methods, (iii) the benefits of early
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diagnosis, (iv) primary reasons for the mismanagement
of IFIs, and (v) therapeutic options that can safely and
effectively manage IFIs.

Traditional methods of diagnosing fungal
infections

Although other methods of diagnosing IFIs have been
developed, laboratory culture remains the gold standard
for a definitive diagnosis. However, there are consider-
able difficulties in using culture as a diagnostic tool.
Obtaining a biopsy for histopathology or culture from a
sterile site, such as the lung, would require invasive tech-
niques, which may be contraindicated in severely ill
patients (e.g. patients with hypoxia and/or thrombocyto-
penia). Furthermore, it can be difficult to determine
whether a positive culture from a non-sterile site is
attributed to colonization or active infection (10). None-
theless, improvements in culture techniques, such as the
development of lysis centrifugation, new formulations of
culture media, and automated blood culturing and moni-
toring systems, have led to a higher frequency and a
more rapid detection of Candida species from blood sam-
ples (13-16). Unfortunately, sensitivity remains low, with
the rate of positive samples from patients with invasive
candidiasis at approximately 50% (17, 18).
Histopathology is the cornerstone for diagnosing and
identifying fungal pathogens. However, as with culture, it
may not be possible to obtain a tissue sample from criti-
cally ill patients. In addition, identifying the specific path-
ogen based solely on morphological characteristics can be
difficult or impossible, because several different organisms

Table 1 Summary of diagnostic methods
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can display similar histopathological characteristics. For
example, pathogens such as Fusarium species, Pseudalle-
scheria species, and Penicillium have hyaline, narrow sep-
tate hyphae, indistinguishable from Aspergillus in tissue
biopsies (11, 19). As Aspergillus is far more commonly
encountered than the other pathogens mentioned, a
pathologist often may describe an organism as Aspergillus
or Aspergillus-like based upon morphological features
alone. This can hinder diagnosis, particularly with the rec-
ognition that the incidence of non-Aspergillus infections
caused by Fusarium species and Zygomycetes may be
increasing (5, 20, 21). Given the differences in susceptibil-
ity profiles among fungal pathogens, misdiagnosis can
lead to inappropriate therapy.

Two serological tests have been developed and
standardized for the detection of Cryptococcus and
Histoplasma. Infections with Cryptococcus species can be
determined by the detection of cryptococcal capsular
polysaccharide antigen in blood or cerebrospinal fluid.
This test is highly accurate, with a sensitivity of 90%
and a specificity of 95% (12, 22, 23). Detecting Histopl-
asma antigen in body fluids is also a reliable test, with a
sensitivity of 82-95%, and a specificity of 98%. This test
is most often used in urine samples, to diagnose dissemi-
nated histoplasmosis (24-26).

While the clinical utility of the serological tests for
Cryptococcus and Histoplasma is well established, tradi-
tional methods are not reliable for diagnosing infections
with Candida, Aspergillus, and emerging pathogens such
as Fusarium species and Zygomycetes. Table 1 summa-
rizes traditional diagnostic methods and non-invasive
methods used to detect IFIs.

Method Advantages Disadvantages

Culture Long history of use in diagnosis May require invasive techniques to obtain a sterile site
Accurate culture
Specific May be falsely negative

Considered gold standard

Histopathology Direct visualization of fungal pathogens

Presence of infection can be proven (if specimen

from sterile site)
High-resolution computed  Non-invasive
tomography scans

infections

High predictive value for diagnosis of pulmonary

Requires invasive techniques to acquire a tissue sample

Difficulty in identifying the specific pathogen because of
histological similarities among fungal pathogens

Non-specific

Difficulty in differentiating aspergillosis from other
filamentous fungal infections (e.g. mucormycosis)

Distinct features, which indicate the stage of infection

p-D-glucan test Non-invasive

High negative-predictive value for most fungi

Non-invasive
High specificity
Non-invasive

Galactomannan test

Polymerase chain reaction

Can determine specific genus and/or species

High specificity

Prone to false-positives

Positive results may be seen with Candida, Aspergillus,
and other fungi

Cannot be used for detection of Zygomycetes

Prone to false-positives and false-negatives

Prone to false-positives
Not standardized
Not commercially available
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Non-invasive methods for diagnosing IFls

Several non-invasive methods for detecting IFIs have
been developed and refined in the past few years. These
methods have improved the accuracy of diagnosis of TFIs
and help to identify the infectious pathogen. High-resolu-
tion computer tomography (CT) scan has a 100% pre-
dictive value for the diagnosis of pulmonary fungal
infections, such as aspergillosis (27, 28). It also has dis-
tinct features that indicate the stage of the infection.
High-resolution CT scans of pulmonary infections in the
early stage (<5 d) exhibit a halo sign, and infections
in the late stages exhibit an air-crescent sign, which
frequently correlates with neutrophil recovery (27, 28).
Caillot et al. (29) recently published results of a prospec-
tive study in neutropenic patients with probable or pro-
ven invasive pulmonary aspergillosis (IPA), in which
they found that sequential chest CT scans can be useful
in assessing treatment outcome by monitoring volume
changes in pulmonary lesions over time. The volume of
pulmonary lesions increased significantly from day 0 to
day 7 and steadily decreased by day 14. Although CT
scans are critical to guiding lung biopsies (30), the find-
ings may be non-specific; features suggestive of invasive
aspergillosis can be caused by other pathogens, such as
mucormycosis, other fungi, bacteria, and non-infectious
etiologies (19, 28). As cases of mucormycosis are on the
rise (5, 20, 21), CT scans must be carefully evaluated. A
reverse halo sign (ground-glass attenuation surrounded
by a solid ring) in patients with invasive pulmonary
mycoses, for example, may be a sign of mucormycosis
(31).

Two serum tests have been developed that detect
components of the fungal cell wall to diagnose IFIs:
the f-D-glucan and galactomannan tests. The test for
p-D-glucan, a common fungal cell wall component, is
useful for detecting a variety of fungal pathogens, includ-
ing Candida, Aspergillus, and Fusarium species, but not
Zygomycetes (32). In patients with acute myelogenous
leukemia and myelodysplastic syndrome, the f-D-glucan
assay has been shown to have a high degree of accuracy,
with a sensitivity of 97% and a specificity of 93% (32).
The sensitivity of this test is lower in patients with
neutropenia (88%), but specificity is comparable (90%)
(33). As glucan is ubiquitous in the environment, the
p-D-glucan assay is prone to false-positive results caused
by, for example, contact with cotton during surgery, the
administration of plasma protein fractions or coagulation
factors, hemolysis, treatment with intravenous immuno-
globulins, and hemodialysis with cellulose membranes.
False-positives are also common in patients with bactere-
mia, especially those with gram-positive bacteremia, and
in patients receiving f-lactam antibiotics (12, 34). The
negative-predictive value of the test for candidiasis is
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excellent (32-35). The test is most useful for exclusion of
invasive candidiasis in suspected cases. Of interest, the f-
D-glucan assay is useful in the diagnosis of Prneumocystis
Jiroveci pneumonia in patients with cancer or patients
with HIV infection (36). Standardization of the test
by determining cutoff values and validation of the
p-D-glucan assay is crucial to using this assay as a rou-
tine diagnostic tool for IFIs. The test is not available in
most institutions.

The use of galactomannan as a serological test for
invasive aspergillosis is growing (12, 37, 38). The galacto-
mannan assay is highly sensitive (89.7%) and specific
(98.1%) for the diagnosis of Aspergillus infections in
patients with prolonged neutropenia and in stem cell
transplantation recipients (37). A meta-analysis of 27
studies from 1996-2005 evaluated the accuracy of the
galactomannan assay in the diagnosis of invasive asper-
gillosis. The overall sensitivity and specificity were found
to be 71% and 89%, respectively (39). However, enteral
feeding with soybean protein, gastrointestinal coloniza-
tion with Bifidobacterium in neonates, or therapy with
p-lactam antibiotics such as piperacillin—tazobactam can
result in false-positives (37-39). Antifungal drug therapy,
which causes a low-level release of fungal galactoman-
nan, can affect the accuracy of the galactomannan assay
by causing false-negative results (12, 37, 39). Moreover,
the galactomannan assay is not available at all institu-
tions. To improve the accuracy of serological tests, serial
samples should be tested to confirm positive or negative
results (37, 40). More data are needed for the f-glucan
and the galactomannan assays to be used in solid organ
recipients with suspected IFIs.

Other non-invasive methods use molecular biological
analysis of fungal DNA to determine the presence of a
fungal infection and identify the genus/species of the
pathogen. Reverse transcription polymerase chain reac-
tion (PCR) can be used to detect genus- or species-spe-
cific DNA markers, such as heat shock protein 90 (10).
There are also pan fungal PCR tests for highly conserved
genomic sequences, such as 18S rRNA, 28S rRNA, or
mitochondrial genes, which are found in multiple copies
in nearly all fungal species (10). Studies have shown
varying sensitivity (45-92%) but high specificity (>90%)
with PCR analysis (12, 41-43). However, PCR is highly
susceptible to contamination by airborne spores, result-
ing in false-positives (12, 44). Furthermore, PCR detects
the presence of the organism but does not distinguish
colonization from invasive infection. Importantly, the
use of PCR for diagnosis of IFIs is limited by the lack of
commercially available standardized assays.

A peptide nucleic acid fluorescent in situ hybridization
(PNA FISH) test has been developed to differentiate
between Candida albicans and non- C. albicans yeast
infections (45). After a blood culture is confirmed as
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positive for yeast by gram-stain morphology, blood sam-
ples are subjected to in situ hybridization with fluores-
cently labeled C. albicans-specific rRNA probes. The
results are available in 2-3 h, in contrast to the conven-
tional method of identification by culture, which takes
36-48 h or longer. The PNA FISH test is highly accu-
rate; both sensitivity and specificity are reported to be
100% (45, 46). Although infections with C. albicans are
the most common, infections caused by other species are
becoming more prevalent (1, 47, 48). Recently, a highly
accurate PNA FISH test for identifying Candida glabrata
was licensed by the US Department of Agriculture for
commercial use (46). Varied antifungal susceptibility
among Candida species makes exact identification of the
pathogen useful for selecting an appropriate antifungal
drug.

It is likely that combinations of diagnostic techniques
may facilitate the rapid and accurate diagnosis of IFIs
and ultimately help formulate appropriate treatment
strategies. Serological methods that detect fungal anti-
gens, and PCR assays that detect fungal genomic DNA,
may assist clinicians in making earlier and more specific
diagnoses. Analyzing bronchoalveolar lavage (BAL) fluid
with these methods may facilitate the early diagnosis of
IFIs or help to confirm a diagnosis in patients with pul-
monary infiltrates (12, 44, 49). Detection of Aspergillus
galactomannan in BAL fluid has been shown to have
superior sensitivity to serum galactomannan in the diag-
nosis of pulmonary aspergillosis (50). High-resolution
CT scan and the galactomannan assay in patients with
neutropenia are highly effective in diagnosing fungal
infections (51). The two serological assays, along with
culture and microscopic evaluation, were successfully
used as guides for treating patients with neutropenia
(51). Another study has reported the use of the galacto-
mannan and f-D-glucan assays to diagnose patients with
invasive aspergillosis. Using both assays, the study found
a significantly higher specificity (100%) and positive pre-
dictive value (100%) than either test alone (33). The use
of molecular techniques in combination with biopsy may
also be of value. For instance, the use of PCR on CT-
guided percutaneous lung biopsy samples was shown to
have high sensitivity and specificity for the detection of
Aspergillus (52). In another study, Rickerts et al. (53)
found PCR to be superior to tissue culture in detecting
Aspergillus species and Zygomycetes in respiratory tract
biopsy samples of patients suspected of having a mold
infection.

Clinical/radiological presentation of fungal
pathogens

The symptoms of IFIs are typically non-specific and sim-
ilar to those of other infections. Although clinical signs

284

Chandrasekar

of fungal infections are mostly non-descript relative to
the infecting pathogen, there are some pathogen-specific
aspects of clinical presentation that can serve as clues for
diagnosis.

In patients with Candida infections, signs of candide-
mia or candidiasis may include weight loss, abdominal
pain, and hepatic and/or spleen enlargement in addition
to prolonged antibiotic-resistant fever. In cases of hepa-
tosplenic candidiasis, after recovery from neutropenia,
small radiolucent lesions in the liver or spleen may be
seen on a CT scan (54). Examining the fundus, with or
without usual symptoms, is a must during candidemia;
positive finding of endophthalmitis may occasionally be
seen (55). Skin lesions — papular/nodular, erythematous,
non-tender, and widely scattered — may be seen in dis-
seminated candidiasis; a biopsy helps to prove the diag-
nosis, particularly with a negative blood culture (56).

Cryptococcal infection in the central nervous system
(CNS) usually presents as meningitis and on rare occa-
sions as single or multiple focal mass lesions or crypto-
coccomas (57). The presentation of pulmonary
cryptococcosis can range from asymptomatic nodular
disease to severe acute respiratory distress syndrome.
Classic symptoms of pneumonitis, including cough, fever,
and sputum production, may be present, or pleural
symptoms may predominate (57). The organism has a
predilection to invade skin, bone, and prostate. Skin
lesions, if present, need to be biopsied for prompt diag-
nosis.

Aspergillus infections are often recognized relatively
late, and the first signs of infection, such as prolonged
antibiotic-resistant fever, may indicate that the infection
has spread to several organs (19). Aspergilloma and
semi-invasive (chronic necrotizing, pulmonary) aspergil-
losis may manifest with hemoptysis (58). Patients with
IPA typically present with cough or pleuritic chest pain
(19). The presence of pleuritic pain during neutropenic
fever is highly suggestive of an IFI such as aspergillosis.
Clinical manifestations include cough, hypoxia, acute
tracheobronchitis, bronchiolitis, and bronchopneumonia.
Patients with acute tracheobronchitis usually have nor-
mal radiologic findings (19, 58). The presence of halo or
air-crescent signs on chest CT scans and a positive galac-
tomannan serum test is indicative of IPA. In patients
with disseminated aspergillosis, nodular, erythematous
skin lesions resembling ecthyma gangrenosum may be
seen (59, 60).

Infections with Zygomycetes may be rhinocerebral,
pulmonary, gastrointestinal or cutaneous. Disseminated
disease is found most frequently in the brain, with possi-
ble metastatic lesions in the spleen, heart, and other
organs (54). A reverse halo observed on chest CT scan
is often a sign of mucormycosis, not aspergillosis (31).
Mucormycosis, more so than aspergillosis, should be
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suspected in patients, particularly those with diabetes,
presenting with sinus involvement in addition to pulmo-
nary disease (21). Breakthrough infections in patients
receiving voriconazole may indicate mucormycosis (61—
65). Infections with Fusarium species often begin with
skin lesions; unlike with most filamentous fungi, blood
cultures are positive in at least 50% of patients with fu-
sariosis (66). Scedosporiosis should be suspected in cases
where there is involvement of the CNS and sometimes
the skin, in addition to pulmonary symptoms and posi-
tive blood cultures (67).

Early treatment options for IFls

There are several approaches to the treatment of IFIs
(Table 2). Prophylactic therapy is often initiated in
patients at high risk of developing fungal infections, for
example, allogeneic stem cell transplant patients, patients
undergoing chemotherapy that will result in severe neu-
tropenia, patients with immunodeficiency disorders (e.g.
chronic granulomatous disease), and patients who are
undergoing a period of immunosuppression (68, 69). The
recently revised 2009 Infectious Disease Society of Amer-
ica (IDSA) guidelines for candidiasis recommend fluco-
nazole, posaconazole, and caspofungin or micafungin for
prophylaxis against invasive candidiasis for patients with
chemotherapy-induced neutropenia or stem cell trans-
plant recipients with neutropenia. Fluconazole is optimal
for prevention of C. albicans infections, while other
drugs may be useful in the setting of resistant Candida
species such as C. glabrata and Candida krusei (70).
IDSA guidelines recommend posaconazole for prophy-
laxis against invasive aspergillosis (69). In a study com-
paring prophylactic posaconazole with fluconazole in
patients who had severe graft-versus-host disease and
who were receiving immunosuppressive therapy, posaco-
nazole was more effective in preventing proven or proba-
ble invasive aspergillosis, as well as decreasing the

Table 2 Antifungal treatment approaches

Treatment

paradigm Definition

Prophylactic Administered to high-risk patients; no
infection

Empiric Administered to high-risk patients with
possible fungal infection; based on persistent

fever despite antibacterial therapy
Pre-emptive Administered to high-risk patients with

probable fungal infection; based on results of
one or more diagnostic methods (e.g. CT
scan, serum f-glucan or galactomannan)

Administered to patients with proven fungal
infection

Targeted therapy’

"Not discussed in this review.
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number of deaths from IFIs (71). In another trial,
patients with neutropenia and acute leukemia who were
receiving prophylactic posaconazole had fewer proven or
probable fungal infections and higher rates of survival
compared with those treated with either fluconazole or
itraconazole (72). Voriconazole, when compared with
fluconazole, had similar fungal-free survival rates in allo-
geneic stem cell recipients (73).

Instead of widespread, perhaps excessive prophylactic
use of an antifungal drug for early intervention, an
empiric or preemptive therapy is initiated only when a
fungal infection is suspected. Empiric therapy is initiated
after the appearance of non-specific symptoms (e.g.
fever) but before a positive culture or other diagnostic
assays indicate the presence of a fungal infection. Clinical
practice guidelines for the use of antimicrobial agents in
patients with neutropenia and cancer recommend all for-
mulations of amphotericin B, itraconazole, and caspo-
fungin for the empiric treatment of patients with febrile
(fever unresponsive to antibiotics) neutropenia whose
neutropenia lasts >10 d (68). Studies have shown that
delaying specific antifungal therapy decreases the effec-
tiveness of treatment and the likelihood of recovery (1,
74-78), thus supporting early intervention. However,
because empiric therapy is administered before adequate
evidence for the diagnosis of a fungal infection, antifun-
gal drugs may be administered to patients without an
IFI. Some studies have shown that IFIs are documented
in only <5% of patients who receive empiric therapy (79,
80). In contrast to empiric therapy, preemptive therapy is
initiated when there are signs/symptoms of an infection
with supportive laboratory markers in patients at high
risk for invasive mycoses or who are suspected of having
a fungal infection. A high index of suspicion is deter-
mined by one or more diagnostic techniques, including
high-resolution CT scans, serum antigen tests, and PCR
assays (49). Pre-emptive therapy has been referred to by
some clinicians as presumptive treatment (81) or targeted
prophylaxis (49). There are no standardized criteria for
the initiation of pre-emptive therapy; different studies
use different laboratory tests and different cutoff points
as a basis for pre-emptive therapy. For instance, in the
study by Hebart et al., pre-emptive therapy was initiated
after one positive PCR result, whereas in a report by Lin
et al., pre-emptive therapy was initiated after two consec-
utive positive PCR results (82, 83). Similarly, Maertens
et al. and Cordonnier et al. (51, 84) used different galac-
tomannan cutoff values to determine administration of
pre-emptive therapy. Nonetheless, pre-emptive treatment
of fungal infections has been associated with lower mor-
tality rates (35, 51, 83, 84).

There is no clear evidence supporting the use of either
pre-emptive or empiric therapy over the others (81, 84,
85). Maertens et al. showed that pre-emptive therapy
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based on serum galactomannan levels and high-resolu-
tion CT scans resulted in a 78% decrease in the number
of patients receiving unnecessary exposure to expensive
and potentially toxic antifungal drugs. In addition, the
pre-emptive approach identified 10 cases of fungal infec-
tions that clinically were not suspected of being IFIs.
Using the empiric therapy paradigm, these patients
would not have received antifungal therapy. However,
one case of zygomycosis was missed using the pre-emp-
tive approach (51). Using data from CT scans, Greene
et al. (75) measured the clinical utility of the halo sign
for early detection and treatment of ITPA. Patients whose
treatment was initiated on the basis of the halo sign had
better response and survival rates compared with patients
who had other imaging findings, suggesting that early
pre-emptive therapy based on the halo sign is associated
with an improved response. In two other studies, pre-
emptive treatment was based on PCR in patients with
neutropenia and cancer (83) and f-D-glucan levels in
liver transplant patients (35). Although there were false-
positives in both studies, the negative-predictive values
were >90%, thus reducing the number of patients
receiving unnecessary antifungal treatment. Oshima et al.
(81) conducted a retrospective study in hematopoietic
stem cell transplant recipients comparing empiric therapy
with pre-emptive therapy, based on chest CT scans,
p-D-glucan levels, and galactomannan levels. In the pre-
emptive group, 93% fewer patients were given antifungal
treatment with amphotericin B deoxycholate, itraconaz-
ole, micafungin, or voriconazole than in the empiric
group.

Cordornnier et al. recently reported the results of a
randomized, controlled study comparing empiric with
pre-emptive therapy in patients with febrile neutropenia
treated for hematological malignancies with either
amphotericin B deoxycholate or liposomal amphotericin
B. The administration of pre-emptive therapy was based
on CT scans, galactomannan levels, and clinical presen-
tation (84). Although pre-emptive therapy identified
more proven and probable IFIs, the strategy did not
increase mortality compared with empiric strategy. As
with the other studies, pre-emptive therapy reduced the
number of patients receiving antifungal drugs (84). In a
recently published randomized trial of allogeneic stem
cell transplant patients, pre-emptive therapy with liposo-
mal amphotericin B was administered to patients with a
positive PCR result, and empirical therapy was adminis-
tered to patients experiencing five or more days of febrile
neutropenia refractory to broad-spectrum antibiotics
(82). The authors reported no difference in the incidence
of IFIs or survival between the two groups. More ran-
domized clinical studies are needed to fully evaluate the
advantages and disadvantages of pre-emptive therapy
versus empiric therapy.
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Conclusions

The diagnosis and treatment of IFIs remain a great chal-
lenge. There is a greater occurrence of infections with
rare and emerging pathogens that are often resistant to
one or more antifungal drugs. Etiologic diagnosis during
early infection is important for a favorable outcome.
Treatment outcomes may be improved by utilizing
recently developed diagnostic techniques, which are non-
invasive and allow for earlier and more accurate diagno-
ses. However, these techniques are not universally
accepted, and it is not recommended that they entirely
replace the more standard diagnostic approaches, such as
culture and histology. Combinations of diagnostic assays
may ultimately prove to be necessary to make a rapid,
accurate, and definitive diagnosis.

Pre-emptive therapy guided by diagnostic assays may
decrease the number of patients receiving unnecessary
antifungal treatment without adversely affecting mortal-
ity rates and may be an alternative treatment approach
to empiric therapy. Further studies of treatment strate-
gies, and the development and standardization of diag-
nostic tools, are needed reduce the morbidity and
mortality associated with IFIs.
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