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Diagnostic Techniques

IN THIS ISSUE . . . 
During the past two decades, the field 
of clinical mycology has experienced 
dramatic advancements with respect to 
the prevention, diagnosis, and treatment 
of invasive fungal infections (IFIs).  
This progress has resulted in reductions  
of both morbidity and mortality in 
patients at high risk of infection, 
including (but not limited to) ICU 
patients, transplant recipients, and 
neutropenic patients. Radiographic 
and serologic diagnostic techniques 
now facilitate earlier and more accurate 
detection of these infections. Moreover, 
recent clinical studies provide insight 
into antifungal prophylaxis and the 
identification of those patients who 
would benefit most from this strategy. 

Despite these major advancements, 
treatment failure remains all too common 
and mortality rates unacceptably high. 
Therefore, it is imperative that healthcare 
professionals involved in the care of 
patients at risk of IFIs keep abreast with 
the latest information that may impact 
prevention, diagnosis, and therapeutic 
strategies. In this newsletter, two critical 
areas, diagnostics and prophylaxis, are 
discussed. Summary of how advances in 
these areas may favorably impact patient 
outcomes is also presented.
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The incidence of invasive fungal infections (IFIs), associated 
with high mortality rates in immunocompromised  
patients, has increased in recent years, most notably for 
hematologic stem cell and solid organ transplant recipients.1-3 
While Candida and Aspergillus remain the most  
common causative pathogens, infections due to  
other pathogens such as zygomycetes, Fusarium,  
and Scedosporium have also increased.2, 4 

Studies have consistently demonstrated a significant increase 
in mortality if anitfungal therapy is delayed (Figure 1).5-8 
Therefore, the challenge is to identify the infection and 
initiate therapy at an early stage. The development of 
rapid serological assays and improved radiography has 
revolutionized the diagnosis of IFIs.

(1→3)-β-D-glucan Assay
The clinical use of the serum (1→3)-β-D-glucan assay is 
increasing. β-D-glucan is a cell wall constituent of many 
fungi, including Candida and Aspergillus, but excluding 
Cryptococcus and zygomycetes.9 While helpful in making a 
presumptive diagnosis of IFIs, further follow-up is needed to 
confirm and identify the specific type of infection.10 False-
positives can occur from sources that can be contaminated 
with glucan during preparation, such as dialysis filters, gauze, 
sponges, intravenous immunoglobulin, or albumin.10-12 
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Risk factors contributing to ↑ IFIs3

• ↑ IV catheters

• ↑ ICU admissions

• Development of novel immunosuppressive agents

• ↑ Solid organ transplants

• New modalities in stem cell transplantation
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Challenges to timely diagnosis of IFIs
• Non-specific clinical features 

• Lack of sensitive, minimally invasive assays 

• �Limitations associated with traditional  
diagnostic methods (culture)

	 – Slow growth

	 – Histological similarities among fungal pathogens

	 – Frequent false-negative culture results

Figure 1. Delayed antifungal therapy = higher mortality in patients with IFIs5-8

RECENT DIAGNOSTIC APPROACHES TO DETECT IFIs



The utility of this assay was evaluated in a multicenter 
study involving 333 subjects (163 with proven or probable 
infection by a variety of pathogens and 170 healthy volunteer 
control subjects).10 The subjects with IFIs had a wide range 
of underlying diseases, including hematologic malignancy 
(20.2%), organ transplant (12.3%), gastrointestinal surgery 
(8.6%), solid tumor (8.6%), cardiovascular disease (8.0%), 
and HIV/AIDS (6.1%). The overall specificity was 87% and 
the sensitivity was 70%. The negative predictive value and 
positive predictive value were reasonably good—75% and 
84%, respectively. 

Most studies involving this assay have been done in stem 
cell transplant recipients and in patients with hematologic 
malignancies. Clinicians should be cautious when 
interpreting these for ICU patients or solid organ transplant 
recipients, as comprehensive data are lacking for these 
populations. Recently, β-D-glucan levels were analyzed in  
17 patients at one institution who were diagnosed  
with Pneumocystis jiroveci (formerly Pneumocystis carinii) 
pneumonia. Patients predominantly had hematologic 
malignancies, lymphomas, and solid tumors.13  
Very high levels of β-D-glucan were detected in these 
patients, suggesting that this assay may also be effective in 
detecting such infections.

PNA FISHTM Assay
The Peptide Nucleic Acid Fluorescent In Situ Hybridization 
(PNA FISHTM) assay uses fluorescent markers to allow 
differentiation among albicans and non-albicans Candida 
species within 2–3 hours of a positive blood culture14 
reducing the time required for species differentiation from 
1–2 days with traditional microbiological methods. This 
is particularly relevant to selecting an antifungal, since 
fluconazole remains highly active against C. albicans and 
is often preferred to the echinocandins in such infections 
given its lower cost and oral formulation.15 In contrast, 
echinocandins are preferred in serious infections due to 
fluconazole-resistant pathogens, more frequent in non-
albicans Candida species (notably C. krusei and C. glabrata).16 

Early Candida species identification is associated with 
clinical advantages and cost savings. This was proven at the 
University of Maryland Medical Center where patients with 
candidiasis were treated empirically with an echinocandin 
until the species was identified, at which point fluconazole 
could be used if appropriate.17 Incorporation of the PNA 
FISHTM assay in diagnosis resulted in decreased use of 
echinocandins and increased use of fluconazole,  
resulting in a saving of $1729 per patient. 

Newer PNA FISHTM assays utilizing multiple fluorescent 
probes can differentiate several Candida species, including 
C. krusei, C. glabrata, and C. parapsilosis, and identify mixed 
Candida infections.18

Galactomannan Assay
The serum galactomannan assay uses an ELISA assay 
to measure the presence of galactomannan—a cell wall 
component generally specific to Aspergillus species.9 False-
positives have been reported in the presence of other fungi, 
with the use of piperacillin/tazobactam or ampicillin/
sulbactam, in solid organ transplantation, or with 
gastrointestinal flora.19, 20 False-negatives may occur  
in patients receiving prophylactic or empiric antifungal 
therapy.19, 20 

The utility of this assay was evaluated in a meta-analysis 
that included 27 studies.21 While the overall sensitivity 
was 71% and specificity 89%, the sensitivity varied greatly 
depending on the patient population—70% in patients with 
hematologic malignancies, 82% in bone marrow transplant 
recipients, and 22% in solid organ transplant recipients.  
The specificity and sensitivity were also affected by the 
type of reference standard used for diagnosis in each study. 
Given the host-dependent sensitivity of the galactomannan 
assay, results should be interpreted with caution. A study at 
MD Anderson Cancer Center showed that the sensitivity 
of the galactomannan assay can also vary depending on 
the causative Aspergillus species—40% with non-fumigatus 
Aspergillus versus 13% with A. fumigatus.22

Recent evidence indicates increased sensitivity of the 
galactomannan assay with bronchoalveolar lavage (BAL) 
samples compared with serum samples. One study involving 
110 patients at high risk of invasive aspergillosis (including 
26 with proven infection) showed 88% and 42% sensitivity 
when using BAL and serum samples, respectively.23 

High-resolution CT Scan
High-resolution computed tomography (CT) scans are 
important in early detection of IFIs. An early indicator of 
pulmonary aspergillosis is a halo sign, which consists of 
a dense area representing infarcted lung with a “halo” of 
ground glass density that represents hemorrhage (Figure 
2A).24 As time progresses, the dense area cavitates and the 
dead lung tissue begins to withdraw from the viable lung and 
produces an air-crescent sign (Figure 2B). 
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Figure 2. Radiologic diagnosis of invasive pulmonary aspergillosis 
using high-resolution CT scans24

However, a halo sign is only suggestive of pulmonary 
aspergillosis. Conditions such as nocardiosis and tuberculosis 
can mimic this sign. The size of the nodule can be an 
important indicator of an IFI. Nodules greater than 1 cm 
have a higher likelihood to be due to an IFI, while smaller 
nodules and ground glass opacities are non-specific.25

More recently, zygomycetes infections have been associated 
with a reversed halo sign, characterized by focal ground 
glass opacity in the middle surrounded by a solid ring where 
hemorrhaging has occurred.26 Though more research is 
needed, this early indicator may be useful to differentiate 
zygomycosis from aspergillosis.

PCR Techniques
Polymerase chain reaction (PCR) assays for IFI diagnosis are 
largely in the experimental stages. Anecdotal data suggest 
that these techniques may be valuable in detecting IFIs, 
particularly in combination with other diagnostic tools.27 
These techniques are not yet standardized and more data are 
needed before they can be utilized in the clinical setting.
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We have come a long way as compared to even 5 years ago in trying to make 
an early diagnosis of IFIs using non-invasive tests. The ultimate goal is to have 
non-invasive tests with high sensitivity and specificity for rapid identification 
of IFIs which in turn allows for early targeted therapy. For infections due to 
Candida, the β-D-glucan assay and PNA FISHTM not only allow for early 
detection of infection, but can also provide information on the causative 
species. Early detection of infections due to Aspergillus is now possible with 
the galactomannan assay using both serum and BAL samples. Antigen assays 
are effective in identifying patients with infections due to Cryptococcus and 
Histoplasma, while the β-D-glucan assay can detect Pneumocystis pneumonia 
and may eliminate the need for bronchoscopy. Pulmonary lesions caused by 
filamentous fungi can be detected early by using CT scans.

Pranatharthi H. Chandrasekar, MD

Where do we stand today  
in IFI diagnosis? 

Reprinted with permission. © 2008 American Society of Clinical Oncology.  
All rights reserved. Caillot, D et al: J Clin Oncol 19(1), 2001:253-259.
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Early placebo-controlled clinical trials have demonstrated 
that antifungal prophylaxis protects select populations of 
high-risk patients against IFIs.28, 29 

 
Polyenes
Amphotericin B (AmB) deoxycholate and its lipid-based 
formulations exhibit broad-spectrum activity against yeasts 
and molds. Exceptions include pathogens less commonly 
encountered in the clinical setting, such as Aspergillus terreus 
and Candida lusitaniae. AmB, a fungicidal agent exhibiting 
concentration-dependent activity, has a high stability against 
resistance. It has been well studied in the clinical setting for 
both prevention and treatment of various IFIs, though fewer 
studies have been done with the lipid-based formulations as 
primary therapy.30-32

Significant limitations associated with AmB include 
nephrotoxicity, infusion-related reactions, and electrolyte 
depletion (such as hypokalemia). Significant reductions 
in nephrotoxicity have been noted with the lipid-based 
formulations (relative to AmB deoxycholate).33 

AmB has limited drug–drug interactions, though caution 
should be exercised when using it concomitantly with other 
nephrotoxic agents. Availability only in IV formulations 
makes it impractical for long-term use. Lipid formulations 
are more costly compared to AmB deoxycholate.

 
Azoles
The azoles include fluconazole, itraconazole, voriconazole, 
and posaconazole. Differences in their spectrum of activity 
relative to pathogens targeted for prophylaxis are summarized 
in Table 1.34, 35

The azoles have been widely studied in a variety of 
clinical settings, including for prophylaxis and treatment 
of candidiasis and aspergillosis.28, 36-38 Though generally 
well-tolerated, select azoles have been associated with 
gastrointestinal intolerance (itraconazole solution) and 
increased incidence of hepatotoxicity and visual disturbances 
(voriconazole).37 Since all azoles inhibit cytochrome 
P-450 (CYP450) 3A4, drug interactions should be 
monitored.34 Relative to other azoles, the potential for drug 
interactions increases with voriconazole due to inhibition 
of other CYP450 enzymes. All azoles are available in oral 
formulations, while fluconazole and voriconazole are also 
available for IV administration.

Itraconazole, voriconazole, and posaconazole serum 
concentrations may not be accurately predicted by dose.34 
Therefore, drug concentration monitoring may be necessary 
in select clinical settings (such as treatment of invasive disease 
or in settings where oral absorption may be compromised) 
to ensure that safe and effective serum drug concentrations 
are maintained.34 Voriconazole and posaconazole are more 
expensive than fluconazole. Currently, IV voriconazole is 
contraindicated in patients with severe renal insufficiency.

Characteristics of an ideal  
antifungal agent for prophylaxis
• Efficacy proven by adequately controlled trials 
• Active against “target” pathogens 
• Stability against resistance 
• Well-tolerated 
• Predictable dose requirements 
• Both IV and oral formulations 
• Limited drug–drug interactions 
• Low cost

APPROPRIATE USE

ANTIFUNGAL PROPHYLAXIS IN IMMUNOCOMPROMISED PATIENTS

 

Azole C. albicans non-albicans Candida Aspergillus Zygomycetes
Fluconazole16 + +/- - -
Itraconazole + +/- + -

Posaconazole + + + +

Voriconazole + +
+   

Treatment of choice for aspergillosis  
(IDSA management guidelines)35

-

IDSA, Infectious Diseases Society of America.

Table 1. Comparison of relative in vitro activity of azole antifungal agents34
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Echinocandins
Echinocandins (caspofungin, micafungin, and 
anidulafungin) are the newest class of antifungal agents 
with in vitro fungicidal activity against Candida species and 
fungistatic activity against Aspergillus.39 They lack activity in 
vitro against a number of potential fungal pathogens, such 
as Cryptococcus, zygomycetes, or Trichosporon, and show 
slightly reduced in vitro activity against Candida parapsilosis 
(relative to other Candida species).16 Since they lack cross-
resistance to the azoles, they have been proven effective 
against fluconazole-resistant Candida strains. The latest IDSA 
guidelines recommend echinocandins as the first-line therapy 
for invasive candidiasis in certain patient populations, such 
as neutropenic patients or in patients likely or proven to be 
infected with azole-resistant strains.15

Generally well-tolerated, echinocandins have limited  
drug–drug interactions.33 They are only available in IV 
formulation and are more expensive than fluconazole. 
Published clinical experience with echinocandins as a 
prophylactic strategy is limited in certain high-risk patient 
populations, such as solid organ transplant recipients.

ICU Patients
It may be worthwhile to consider antifungal prophylaxis 
in select ICU patients at high risk of an IFI, particularly 
invasive candidiasis in the surgical patient population. 

Identifying ICU patients who should receive antifungal 
prophylaxis can be difficult as clinical trials do not 
demonstrate consistent benefits of prophylaxis in this patient 
population. One recent study compared outcomes of ICU 
patients who received fluconazole versus placebo.40 All 
patients in the study were in the ICU for at least 96 hours, 
had high APACHE II scores (≥16), had fever for 4 days, were 
receiving broad-spectrum antibacterials, and had a CVC for 
over 24 hours. While fluconazole use was associated with a 
lower incidence of documented IFI and a decreased need for 
alternate antifungal agents than placebo use, the difference 
was not statistically significant (Figure 3). It is important to 
note that many of the patients in this study potentially had 
an active infection at the start of fluconazole treatment, and 
therefore this may not be considered prophylaxis.

In another example that evaluated the benefits of  
antifungal prophylaxis in severely ill patients, a meta- 
analysis was conducted that included four randomized, 
placebo-controlled trials of fluconazole prophylaxis in 
surgical ICU patients.41 This study demonstrated that 
prophylaxis significantly decreased the incidence of 
fungal infections (pooled OR: 0.44; 95% CI: 0.27–0.72; 
P<.001). However, the analysis did not show any significant 
improvement in survival (pooled OR for mortality: 0.87; 
95% CI: 0.59–1.28; P: NS). The rates of candidemia 
were similar and low for those given fluconazole and those 
receiving placebo (2.2%). The authors concluded that further 
studies are needed to more precisely identify patients at high 
risk of infection.

Risk factors for candidiasis in  
ICU patients15

• Neutropenia 
• Renal failure 
• Total parenteral nutrition 
• Broad-spectrum antibacterials 
• Central venous catheter 
• Implantable prosthetic devices 
• Immunosuppressive therapy
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TARGET POPULATIONS
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Clinical trials generally fail to show a benefit of antifungal 
prophylaxis in non-neutropenic ICU patients. However, it 
is important to maintain continued vigilance in high-risk 
patients, either through the use of serological markers or one 
of the risk assessment scoring systems, such as the Candida 
Score or the BASMG predictive rule.41, 42 It is also important 
to consider discontinuation of treatment in patients who 
receive early empiric therapy and who are stable and lack any 
supportive diagnostic evidence for an infection. 

 
Patients with Hematologic Malignancies
Early studies showed that antifungal prophylaxis with 
fluconazole provided a significant benefit in preventing  
IFIs in patients with hematologic malignancies  
(Figure 4).28, 29 A placebo-controlled study by Winston  
and colleagues demonstrated that fluconazole prophylaxis 
in patients with acute leukemia decreased proven overall 
(systemic plus superficial) infections (9% versus 21%; P=.02) 
and IFIs (4% versus 8%; P=.3), though the latter was not 
statistically significant.43 Other studies comparing fluconazole 
with itraconazole tend to show that both are equally effective 
in preventing overall IFIs though itraconazole may offer 
added protection against invasive aspergillosis.44, 45

Figure 4. Early placebo-controlled trials demonstrating the benefit 
of fluconazole prophylaxis in bone marrow transplant recipients28, 29 

 

A study comparing caspofungin with itraconazole in AML/
MDS patients showed no significant difference in preventing 
IFIs (51% infection-free with itraconazole versus 52% with 
caspofungin).46 An evaluator-blinded study in AML/MDS 
patients receiving chemotherapy compared posaconazole  
with fluconazole or itraconazole for IFI prevention.36 
Posaconazole was associated with a significantly lower 
percentage of proven or probable IFIs (2% versus 8%; 
P<.001). Both treatment groups had similar rates of 
candidiasis. Posaconazole was more effective in preventing 
aspergillosis (1% versus 7%; P=.001).

Guidelines from the National Comprehensive Cancer 
Network (NCCN) provide recommendations for antifungal 
prophylaxis in various subsets of neutropenic patients with 
hematologic malignancies.47 For patients at lesser risk of 
mold infections (acute lymphocytic leukemia patients), 
either fluconazole or a lipid-based formulation of AmB is 
recommended for prophylaxis. For patients at greater risk of 
mold infections (MDS and AML patients), agents with anti-
mold activity are recommended, including posaconazole, 
voriconazole, and lipid-based formulation of AmB.

 
 HSCT Recipients
In hematopoietic stem cell transplant (HSCT) recipients, 
Candida species remain the main cause of IFIs immediately 
following the procedure48 and Aspergillus becomes a major 
concern for longer periods after transplantation, particularly 
in patients who experience  graft-versus-host disease 
(GvHD).2, 48 Antifungal prophylaxis can be beneficial in  
these patients. 

A study by Marr and colleagues showed a survival benefit in 
HSCT recipients who received fluconazole versus placebo 
(P=.0018).49A study by van Burik and colleagues comparing 
micafungin with fluconazole showed a significantly higher 
overall success rate with micafungin (80% versus 73.5%; 
P=.03).50 Breakthrough infections, including aspergillosis, 
were not significantly different, though the use of empiric 
antifungal therapy was lower in the micafungin group 
(15.1% versus 21.4%; P=.024). Posaconazole, when 
compared with fluconazole in HSCT recipients with 
GvHD, was associated with a lower percentage of patients 
with IFIs (5.3% versus 9.0%; P=.07), and a significantly 
lower incidence of aspergillosis (P=.006) and death (P=.01)  
(Figure 5).51 
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Figure 5. Posaconazole versus fluconazole for prophylaxis in  
HSCT recipients with GvHD51

Solid Organ Transplant Recipients
When considering antifungal prophylaxis for solid organ 
transplant recipients, it is important to take into account 

the type of transplant. Aspergillosis is more common in 
heart and lung transplant recipients while candidiasis is 
common in kidney, liver, small bowel, or pancreas transplant 
recipients.52 This is important when considering the 
prophylactic agent—fluconazole or an anti-mold agent. 

The benefit of antifungal prophylaxis in liver transplant 
recipients has been demonstrated in a meta-analysis 
that included 6 studies using fluconazole, itraconazole, 
or liposomal AmB as prophylactic agents.53 Antifungal 
prophylaxis was associated with a decreased risk of total 
fungal infections and IFIs. Moreover, a relatively low  
number of patients were needed to be treated to prevent  
one infection.

Published experience with inhalational formulations of  
AmB indicate that this may be a potential prophylactic 
strategy. The goal is to achieve high concentrations at the 
site of invasion with minimal adverse events. Clinical trials 
in lung transplant and HSCT recipients have demonstrated 
some success with this approach, though more research is 
needed to fully assess its utility in the clinical setting.54-56
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Therapeutic drug monitoring (TDM) is important when using agents with 
unpredictable pharmacokinetics and when drug concentration impacts its 
effectiveness and safety. Itraconazole, voriconazole, and posaconazole are 
good candidates for TDM in select clinical settings. Reports have shown 
that voriconazole serum concentrations can vary 100-fold among patients, 
and up to 25% of allogeneic HSCT recipients may have inadequate drug 
exposure when using standard dosing.57 This could be due to several factors 
including voriconazole pharmacokinetics, age, dose, comorbidities, liver 
function, drug interactions, and genetic polymorphisms of the CYP2C19 
pathway.58 Posaconazole effectiveness as prophylaxis may also be related 
to serum drug concentrations.59 Therefore, to improve the safety and 
effectiveness of these agents, it will be important to develop reliable, timely, 
and cost-effective assays to measure the serum drug concentrations achieved 
when administering these agents, especially in patients with IFIs or those at 
increased risk of impaired oral absorption.

Richard H. Drew, PharmD, MS, BCPS

Role of TDM 
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