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Effective management of invasive aspergillosis (IA) requires early and accurate

diagnosis. Microscopy and culture of appropriate specimens remain the gold

standard of mycological diagnosis. High-resolution computed tomography serially

performed constitutes a sensitive mode of diagnosis of pulmonary IA in

hematological patients, but similar data is lacking for children. While early

diagnosis of IA has been improved with galactomannan assay in adults, its use is

problematic in young infants due to specificity inferiority. Galactomannan testing

also is characterized by low sensitivity in pediatric patients with primary

immunodeficiencies including chronic granulomatous disease and Job’s syndrome.

Beta-D glucan assay has been studied in adult patients with fungal infections

including IA. The high negative predictive value of the assay allows its use for

excluding IA; no specific data, however, exist for children. Polymerase chain

reaction (PCR) may be a powerful tool for early diagnosis of IA but has not been

standardized for routine use yet. No studies address the issue in neonates, whereas

in children PCR has not been specifically studied but is probably as good as in

adults. A high degree of suspicion in immunodeficient pediatric hosts, suggestive

clinical and radiological findings, as well as mycological data by application of

multiple diagnostic methods including serology and molecular biology, are

expected to enhance the capacity to diagnose IA in young patients.
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Introduction

Invasive aspergillosis (IA) is an important cause of

increased morbidity and mortality in immunocompro-

mised pediatric patients, primarily those with hemato-

logical malignancies and those undergoing stem cell

transplantation [1,2]. In addition, IA may occur with

increased frequency in patients receiving immunosup-

pressive agents, patients with primary immunodeficien-

cies, such as chronic granulomatous disease (CGD) [3]

and Job’s syndrome [4], premature neonates [5] as well

as patients infected with human immunodeficiency

virus [6].

Early and accurate diagnosis of IA is critical in both

adults and children in order to allow appropriate

antifungal therapy to act and to result in mycological

destruction and cure of the patient. Late or postmor-

tem diagnosis of IA is related with a mortality rate

higher than 80%. By comparison, early diagnosis and

initiation of active antifungal therapy is currently

followed by a mortality rate of 29% [7].

Improved ability for accurate and early diagnosis of

IA has become more than necessary nowadays for the

following important reasons: (a) earlier diagnosis is

associated with better outcome of IA through prompt

initiation of appropriate antifungal therapy; (b) in

contrast, more accurate diagnosis with assays possess-

ing high negative predictive value (NPV) would allow

less prophylactic and empirical therapy with expensive

and potentially toxic new antifungal agents; (c) some

antifungal agents have limited or no activity against

certain fungal pathogens, i.e., voriconazole against
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zygomycetes; (d) non-Aspergillus filamentous fungi as

well as non-fumigatus aspergilli, such as Aspergillus

terreus, with less susceptibility to standard antifungal

agents are increasingly recognized as causes of IA

nowadays requiring rapid and accurate identification;

(e) additionally, exploitation of the clinical efficacy of

specific antifungal therapies requires a sensitive and

specific early diagnosis of IA [8].

Despite the great benefit resulted from early diagnosis

of IA, this is a difficult task due to many factors
including difficulty in microscopically detecting and

culturing the organism, absence of the organism from

an easily accessible site such as blood, and existence of

biological properties of the microorganism permitting it

to rapidly grow and disseminate in the body even before

its detection. In young pediatric patients and particularly

in premature neonates accurate diagnosis is even more

difficult due to the uniqueness of underlying disease and
to non-specificity of the disease presentation.

Clinical suspicion based on appropriate host factors

and epidemiological as well as clinical parameters is

very important in the early diagnosis of IA. Non-

specific laboratory findings, such as white blood cell

count, erythrocyte sedimentation rate, C-reactive pro-

tein and procalcitonin that assist diagnosis of other

infections, are of little help in the diagnosis of IA.
Mycological and histological investigations can give

a definitive answer to the diagnostic question. For

example, microscopic examination of a specimen is a

rapid method of diagnosis of fungal infections espe-

cially after addition of potassium hydroxide, or staining

with highlighting dyes, such as Gomori’s methenamine

silver stain, fluorescent dyes calcoflour white, blanko-

phor and other stains. Obviously, the sensitivity of the
method depends on the degree of infection.

Culturing of appropriate specimens on mycological

media such as Sabouraud dextrose agar or potato

dextrose agar remains the gold standard of mycological

diagnosis of IA in all the patients. The difficulty of

obtaining appropriate specimens from small children,

especially preterm neonates due to their small size (i.e.,

small blood specimen volume, inability of performance
of BAL, etc .), immaturity of tissues as well as critical

condition adds to the general problem of achievement

of early and accurate diagnosis at this age. In addition,

cultures of blood, cerebrospinal fluid (CSF), pleuritic

fluid, sputum, etc ., have either low sensitivity or

variably low specificity for diagnosis of IA.

Radiology

Despite the progress in non-culture serological and

molecular biology diagnostic methods that has been

witnessed during the last few years, radiological

evaluation of lung pathology remains a sensitive
diagnostic method for invasive pulmonary aspergillosis

(IPA). High-resolution computed tomography (HRCT)

of the chest serially performed over time constitutes a

sensitive modality of early diagnosis of IPA in high-risk

hematological patients [9].

Three studies have examined the role of radiology in

the diagnosis of IA in pediatric patients. In the most

recent study, 20 patients of a mean age 5 years (7
months to 18 years) with IPA seen over a period of 10

years had radiographic findings that included segmen-

tal and lobar consolidation, perihilar infiltrates, multi-

ple small nodules, peripheral nodular masses and

pleural effusions [9]. In general, pulmonary findings

were varied and often non-specific. In contrast to adult

disease, the incidence of central cavitation of pulmon-

ary lesions appeared to be low (2 of 8 patients, 25%).
Central cavitation of small nodules without air crescent

formation was found in younger patients. No evidence

of air crescent formation within areas of consolidation

on CT existed as compared to approximately 50% with

cavitation and 40% with air crescent formation in adult

series [9]. In the other two pediatric reports, 22% (6/27)

of patients with cavitation on chest x-ray and 43%

(6/14) with cavitation on CT was reported respectively
[10,11].

However, existence of nodules on HRCT is not

enough to distinguish between IPA and pulmonary

infections due to moulds other than Aspergillus spp.,

such as Fusarium spp. and Scedosporium spp., which

are more refractory to antifungal therapy. By compar-

ison, a ‘halo’ sign, an indication of pulmonary hae-

morrhage, or non-haemorrhagic inflammatory
processes, is considered to be more indicative for IPA,

although it can be also found in other fungal infections

in lower degree, such as those due to Zygomycetes,

Fusarium and Scedosporium , as well as Pseudomonas

infection and even in neoplastic and inflammatory

diseases [12,13].

A ‘halo’ sign was observed in 13/17 (76.5%) patients

with IPA as compared to none among 31 patients with
other pulmonary pathologies of fungal and non-fungal

etiology in one study [14]. Recently, early HRCT

findings were analyzed in immunocompromised adult

patients with IPA and were correlated with the outcome

of the disease. Eighty-two percent of cases were

followed by an early ‘halo’ sign, but none of the early

radiological signs predicted outcome of aspergillosis

[15]. In contrast, no patients with IPA exhibited ‘halo’
sign in the pediatric study [9]. This difference may be

due to differences in the underlying pathology of IPA in

the two patient populations, such as non-angioinvasive
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disease seen in CGD, differences in underlying disease

as well as the particular age-dependent immune re-
sponse of the host.

Galactomannan assay

Diagnosis of IA has benefited from new antigen

detection systems, such as the enzyme-linked immuno-

sorbent assay (ELISA) galactomannan (GM, Platelia

Aspergillus†) assay. In older patients, numerous studies
have shown that GM assay has an overall sensitivity �/

85% ranging from 60% to 92.6% and a specificity

ranging above 85% [16,17].

Although several GM studies have included children

in their cohorts, they have not reported separate

pediatric data. In addition, there has been a paucity

of studies with predominance of pediatric patients. In

one prospective study conducted between 1995 and
1998, 450 adult allogeneic HSCT pts (3883 samples) as

well as 347 children with hematological malignancies

(2376 samples) were studied [18]. In this study, the first

positive GM sample was observed earlier in pediatric

patients (median of 36 days) than in adults (median of

74 days post-transplant). The false positive rate in adult

patients was 10/406 or 2.5% as compared to 34/338 or

10.1% in children. While the sensitivity and specificity
of the assay (using optical density index values �/1.5 in

at least 2 sequential samples) were 88.6% and 97.5%,

respectively, the sensitivity increased to 100% in adult

patients, and the specificity dropped to 89.9% in

children.

In another study, the false positive rate in a group of

neutropenic patients with 797 episodes of fever of

unknown origin, including 48 pediatric patients, was
0.9% in adults and 44% in children (P B/0.0001) [19].

Overall specificity was 98.2% for adult patients as

compared to 47.6% for children (P B/0.0001). Thus, the

clinical specificity of GM in children appears to be

lower than that in adults. Overall positive predictive

value was calculated to be 92.1% for adult HSCT

recipients and 15.4% for children (P B/0.0001). Simi-

larly to the lack of ‘halo’ sign in pediatric patients
observed, this may be due to differences in the

particular pathology of IPA in the two patient popula-

tions, differences in underlying disease as well as age-

dependent immune response of the host to the infec-

tion. Children may also receive foods that contain GM

in higher proportion than adult patients as discussed

below.

Antibiotics, primarily piperacillin-tazobactam, but
also amoxicillin alone or combined with clavulanic

acid, represent a source of extraneous GM that may

compromise clinical specificity of the assay [20�22].

This may be due to the presence of GM in the drugs

themselves leading to false-positive results and thus to
an inherent difficulty to use the test in patients

receiving these antibiotics. This antibiotic-dependent

problem occurs in both adults and children and has

been well discussed in the recent literature [20�23]. Its

molecular basis is not fully determined, but as age-

independent problem, it lies beyond the scope of this

review and is not further discussed.

An important age-dependent problem of utility of
GM assay in pediatrics is the low specificity of the assay

observed in neonates and young infants. In an early

study, among six premature neonates with prolonged

Neonatal Intensive Care Unit stay and birth weight

400�1320 g, a single GM false positive test was

observed in 5 of them or 83% as compared to no

positive GM results in adult patients with unlikely

infection [24]. In another study, not only single samples
were found to be false positive, but consecutive samples

also were false positive in neonates [25,26].

Two theories have attempted to explain the increased

false positivity of GM assay observed in neonates. One

of them has suggested that lipoteichoic acid, a con-

stituent of the bacterial wall of Bifidobacterium bifidum

subspecies pennsylvanicum abundantly existing in the

intestinal microflora of neonates, mimics the epitope
recognized by the EB-A2 in the ELISA GM kit [25,27].

Indeed, Bifidobacterium spp. is very common in gut

microflora of neonates and young infants up to the age

of approximately 2 months. Ninety-one percent of the

total microflora of breast-fed neonates is composed of

Bifidobacterium spp. as compared to 75% of the total

microflora of formula-fed neonates and only 3% in

adults [25].
A second theory has suggested that GM-positive

infant formula used in neonates as well as GM-

containing food and even water combined with in-

creased translocation across an immature or damaged

intestinal epithelium is responsible for the false posi-

tivity observed in the neonates [24]. Indeed, 8/14 milk

formulas tested were GM positive as compared to none

of breast milk samples. The wide use of Bifidobacter-

ium spp. in probiotics administered as supplements of

infant formulas implying advantages of a ‘breast-fed-

like’ flora is expected to worsen the problem of non-

specific existence of galactomannans in these infants

[28,29]. Nevertheless, the complete answer of this

difference between pediatric and adult patients remains

elusive.

GM testing in children also has the disadvantage of
false negative results in certain pediatric patients at

high risk for IA such as those with CGD. In particular,

while sensitivity of GM assay is higher than 90% in
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hematological patients, in children with CGD it

appears to be much lower. One study evaluated patients
with CGD or Job’s syndrome who suffered from IA

and found that GM antigenemia was detected in only

4 of 15 (27%) cases of CGD and Job’s syndrome

as compared to 24 of 30 (80%) cases of all

other immunocompromising conditions (P�/0.0004)

[30]. The reasons of this difference are unclear; it

may be due to more localized and less angioinvasive

IA disease in CGD patients, to particular sites of
infection, i.e., bone infections that are more frequent

in these patients than in hematological patients, or

to certain immune factors unique in CGD patients.

For example, these patients possess intact T and B

lymphocytic functions as well as normal numbers of

phagocytes, whereas patients with hematological malig-

nancies or HSCT may have profoundly impaired

lymphocyte number and/or function as well as non-
existing phagocytes.

(1,3)-beta-D glucan assay

Another very promising diagnostic method, detection

of (1,3)-beta-D glucan in blood, has been studied in

adult patients with fungal infections [31�33]. (1,3)-

beta-D glucan is a wall constituent of most fungi with
the exception of zygomycetes and Cryptococcus neofor-

mans [34].

The presence of (1,3)-beta-D glucan in the walls of

other equally important fungi such as Candida spp.,

Pneumocystis jiroveci, Fusarium spp. as well as in the

walls of other organisms, especially bacteria, limits the

significance of the assay in specific diagnosis of IA.

Particularly in neonates, the assay is much more
promising for the diagnosis of invasive candidiasis,

which is the most frequent fungal infection in this

patient population [35]. A cut-off of positivity 60 pg/ml

has been defined, although cut-off values ranging from

6�80 pg/ml have also been studied [36,37]. By excluding

IA in high-risk patients with this assay, expensive and

potentially toxic therapy can be delayed or withheld by

the physicians, whilst early, preemptive or targeted
antifungal therapy can be initiated in those patients

who show positive results.

A recent study has compared the utility of GM and

D-glucan assays in the diagnosis of invasive candidia-

sis, IA and other filamentous fungal infections in

cancer patients. It has found that while GM is more

specific for IA, D-glucan assay may be more sensitive

tool for the diagnosis of invasive fungal infections in
general [38].

Beta-D glucan assay has been found to possess a

specificity of 87.5% and a sensitivity of 84.4%, values

that are higher than those of other methods for the

diagnosis of invasive fungal infections [39]. Although

the same studies have shown that patients with

bacterial infections also exhibit D-glucan in high

concentrations and thus the positive predictive value

for the diagnosis of fungal infection is as low as 59%, it

has been shown that the NPV reaches 97% [40]. A

recent study has confirmed that beta-D glucan assay

has very high NPV (97.8%) and may be most useful for

excluding invasive fungal infections including IA in

high-risk patients [34]. In this study, while almost all

patients with IA who had positive GM assay (31/32

patients) had also positive beta-D glucan assay, beta-D

glucan results of patients with negative GM results

varied.

In another study, two noninvasive diagnostic tests,

beta-D-glucan (Glucatell†) and GM, were used in a

twice-weekly screening for the diagnosis of IA in 40

treatment episodes (one hospital visit per patient) in 40

neutropenic adult patients at high risk for IA. Five

proven IA cases, three probable IA cases, and three

possible IA cases were diagnosed. Diagnostic levels of

both beta-D-glucan and GM were detected in 100% of

patients with proven IA cases and in 66% of patients

with probable IA cases. The sensitivity, specificity, and

positive and negative predictive values for beta-D

glucan were 87.5, 89.6, 70, and 96.3%, respectively.

False-positive reactions occurred at a rate of 10.3%.

Both tests anticipated the clinical diagnosis, computed

tomography abnormalities, and the initiation of anti-

fungal therapy in most patients, but beta-D-glucan

tended to become positive earlier than GM. A combi-

nation of the two tests improved the specificity and

positive predictive value of each test to 100% without

affecting the sensitivity and negative predictive values.

This study showed that beta-D-glucan and GM assays

are useful tests for the diagnosis of IA in high-risk

hematological patients, but a combination of the two

tests is more useful to identify false-positive reactions

by each test [32].

In conclusion, a negative D-glucan test can rule out

IA; if positive, one should perform more tests. The

strength of the assay relies on its combination with

other tests. False positive results may be obtained from

surgical gauze, immunoglobulin products and hemo-

dialysis with cellulose filters. In addition, fungal glucan

may be found in dust-containing air environment.

There are no data reported that address the clinical

sensitivity of the (1,3)-beta-D glucan assay specifically

for infections due to Aspergillus spp. in pediatric

patients.

– 2006 ISHAM, Medical Mycology, 44, S199�S205

S202 Roilides



Antibody and Aspergillus metabolite
detection

Specific antibodies against Aspergillus may not be

useful in immunocompromised patients with disability

to produce antibodies, but they may be very useful in

patients who possess intact capacity to produce anti-
bodies such as children suffering from CGD or

relatively immunocompetent or non-neutropenic pa-

tients with chronic or less invasive form of aspergillosis.

This usefulness has been illustrated in the case of

pulmonary aspergillosis in a patient with CGD [41].

Various metabolites of Aspergillus spp. such as

D-mannitol or gliotoxin may be used as markers of

IA. However, the studies on this issue are very limited,
methodology is complicated and specific data for

pediatric patients do not exist [42�44].

Nucleic acid detection

Detection of genetic material of Aspergillus spp. by

polymerase chain reaction (PCR) is a powerful tool for

the diagnosis of IA. However, the assay has not been

standardized yet, and thus guidelines for the use of

PCR to aid the diagnosis of IA in high-risk patients in

hematology or other fields of medicine have not been
formulated [45]. The studies that have been performed

up to date evaluating the value of PCR in comparison

to GM and other tests have included few pediatric

patients [45�48].

No studies have addressed the issue of PCR-based

detection of Aspergillus spp. nucleic acid specifically in

neonates and young children, whereas in older pediatric

patients PCR is probably as good as in adult patients.
Challier et al . tested 207 serum samples from 41

immunocompromised patients (21 adults and 20 chil-

dren of age B/1 to 18 years) with PCR and GM [49].

Patients with proven or probable IA had positive results

with at least one of the two methods. The PCR method

seems to be more specific, and a combination of the

two could improve the diagnosis of IA. While there was

no discrepancy between adults and children in PCR
results, many children with possible IA cases according

to the European Organization for Research and Treat-

ment of Cancer/Mycosis Study Group criteria had

false-positive GM assay results. Prospective studies in

well defined pediatric patients at various risks for

development of IA are needed for the study of specific

or panfungal PCR assays [50].

The combination of serial (i.e., twice a week)
measurement of GM as well as repeated performance

of PCR may enable earlier diagnosis of IA allowing

prompt initiation of specific therapy and thus leading

to improved outcome. Kawazu et al . prospectively

evaluated the diagnostic potential of three noninvasive
tests for IA that were used in a weekly screening

strategy: GM, a real-time PCR assay for Aspergillus

DNA and beta-D-glucan assay. There were 149 con-

secutive treatment episodes analyzed in 96 patients with

hematological disorders who were at high risk for IA,

and there were 9 proven IA cases, 2 probable IA cases,

and 13 possible invasive fugal infections diagnosed.

Among these weekly screening tests for IA, GM test
was the most sensitive at predicting the diagnosis of IA

in high-risk patients with hematological disorders,

using a reduced optical density index cutoff of 0.6

[33]. This strategy, however, has not been tested in

children. Another study with predominantly adult

patients showed that there may be a role for PCR after

a positive initial GM test to guide initiation of

antifungal therapy in hematological patients [51].

Conclusions

What is the ideal strategy for accurate diagnosis of IA

at an early stage in pediatric patients? Several studies
have compared combinations of any of HRCT findings

from lungs, GM serology, D-glucan results or PCR

findings in adult patients without definite conclusions

[46,48,50�52]. At present, this question remains in-

completely answered, although intense research work is

being carried out to define this. A high degree of

suspicion in an immunodeficient or immature pediatric

host, suggestive clinical and radiological findings as
well as mycological data by the application of multiple

diagnostic methods (visual detection of the fungus, its

growth on appropriate culture media, detection of its

nucleic acids and/or antigens) are the most important

modalities for increasing physicians’ capacity to diag-

nose IA in young patients. Since there is a continuous

move of fungi from the environment (e.g., air, surfaces)

to colonization state (e.g., gut, trachea), to infection
and to end-organ dissemination, every test needs to be

thoughtfully interpreted with regard to the particular

host and host’s immune response. Earlier and more

accurate diagnosis of IA in neonatal and pediatric hosts

is expected to result in better outcome of this devastat-

ing infection in patients at risk for IA.
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