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Abstract

Introduction: Limited specific data and investigations are available for invasive aspergillosis (IA) in pediatric patients. We evaluated the
diagnostic potential of three noninvasive tests including the Platelia Aspergillus EIA kit for using galactomannan antigen, (1,3)--D—glucan
Detection Reagent Kit, and nested-PCR for Aspergillus DNA in sera. We evaluated the diagnostic potential of three noninvasive tests
including EIA for galactomannan antigen (Platelia Aspergillus), nested PCR assay for Aspergillus DNA and test for (1—3)-B-D-glucan
(Glucatell assay Kit).

Methodology: All pediatric patients treated at the hematology/oncology unit who were at increased risk of developing invasive aspergillosis
were enrolled. Clinical samples were examined for Aspergillus infections by mycological methods. Serial blood samples were collected twice
weekly and evaluated by noninvasive tests.

Results: We analyzed 230 consecutive blood samples from 62 pediatric patients. The incidence rate of invasive aspergillosis in the patients
was found to be 27.4%, and the etiologic agents were Aspergillus flavus, Aspergillus fumigatus, and Aspergillus spp. The sensitivity,
specificity, positive and negative predictive values, and likelihood ratios for positive and negative results of galactomannan in patients with
proven and probable 1A were 90%, 92%, 81.8%, 96%, 11.25, and 0.1; for beta—D—glucan they were 50%, 46%, 26%, 70.6%, 0.9, 0.9; and for
nested-PCR they were 80%, 96.2%, 88.9%, 92.6%, 21, and 0.2, respectively.

Conclusions: The conventional methods are not able to detect IA, due to the lack of valid and proper sampling. Galactomannan and nested-
PCR tests in serum, with enough accuracy and reliability, can serve as noninvasive methods for the detection of IA in pediatric patients.
However, the beta—D—glucan test cannot serve as an efficient diagnostic tool in those with hematologic disorders.
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Introduction

Pediatric patients with cancer, particularly those
with hematologic malignancies, are at increased risk of
developing invasive aspergillosis (IA), which is a
major cause of morbidity and mortality in
immunosuppressed patients. Documented [A with a
death rate of 80-90% is difficult to treat [1,2]. In two
large series of studies, the most common underlying
condition for IA was malignancy (74% and 63%), with
the case fatality of 53% [3,4].

The diagnosis of 1A is difficult and early diagnosis
and initiation of antifungal therapy is important to
achieve the best outcome. Using traditional
mycological methods (microscopy and culture) for
analyzing clinical samples 1is time-consuming.
Furthermore, obtaining representative sample material

using invasive procedures may be difficult in pediatric
settings, and blood culture is not useful for the
detection of Aspergillus (A) spp [5,6].

Significant recent advances have been made in the
ability to more rapidly identify fungal infections, such
as Aspergillus galactomannan, (1—3)-B-D-glucan
(BDG) and molecular assays. Galactomannan (GM) is
a cell-wall polysaccharide component that is released
by Aspergillus species during growth and can be
detected in patients with aspergillosis. BDG, a cell
wall component of many fungi, activates factor G of
the horseshoe crab coagulation cascade, causing
activation of a chromogenic substrate in an assay [7].
BDG is found in most fungi, including 4Aspergillus and
Candida. When compared to the GM antigenemia test,
the sensitivity was 55% in the BDG test versus 100%
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for the GM enzyme immunoassay EIA [8]. Few
studies have reported on the BDG test in the pediatric
population. Several PCR assays to detect Aspergillus
DNA have been established [9,10], but few studies
have been conducted on the molecular tools for the
diagnosis of IA in children.

In the present study, we evaluated the diagnostic
potential of three noninvasive tests for IA, including
the Platelia Aspergillus EIA for GM antigen, Glucatell
assay for BDG and the polymerase chain reaction
(nested PCR) assay for Aspergillus DNA in the sera of
the pediatric patients.

Methodology

This study, which was conducted between
November 2008 and November 2009, included all the
pediatric patients (1-14 years old) with hematology
disorders who were treated at the
hematology/oncology unit of Faghihi Hospital, Shiraz
University of Medical Sciences, Iran. All study
participants were identified as being at increased risk
of developing IA. In febrile patients, the first choice of
antibiotics  used  were  beta lactam  and
aminoglycosides, but after three days if they did not
respond to these antibiotics and fever persisted, or
according to microbiologic results, the antibiotic was
changed, or vancomycin therapy was initiated. The
patients did not receive any antifungal prophylaxis.
They were examined for signs of fungal infections
twice weekly and clinical samples (88 samples
including sputum, abdominal tap, cerebrospinal fluid,
pleural, broncho alveolar lavage or bronchial washing,
and biopsy) from those with positive signs were tested
for Aspergillus infections by mycological methods,
culture on Sabouraud dextrose agar (Merck,
Darmstadt, Germany), and direct microscopic
examination. Blood samples (5 ml) were cultured by
bedside inoculation to BACTEC medium (Becton-
Dickinson, Sparks, MD, USA). Radiologic studies
such as chest X ray, sonography, and computed
tomography from each body site were performed in
patients with clinical signs and symptoms of the
disease. Serial blood samples were collected twice
weekly and evaluated for Aspergillus DNA, GM and
BDG circulating antigens.

Detection of Aspergillus GM was performed using
the Platelia Aspergillus EIA (immunoenzymatic
sandwich microplate assay, Bio-Rad, Platelia, Marnes
La Coquette, France), according to the manufacturer’s
protocol. GM assay index > 0.5 was considered
positive. BDG was measured with the Glucatell assay
kit Cape Cod East Falmouth, MA, USA), according to
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the manufacturer’s instructions. Concentrations greater
than 80 pg/ml were considered positive.

Fungal DNA was extracted using the QIAmp DNA
minikit (Qiagen, Hilden, Germany), in accordance
with the manufacturer’s recommendations from the
sera. Procedures described by Yamakami et al. were
used for the nested PCR [11], with two sets of primers
universal for all the Aspergillus species. Suspensions
of blood with Aspergillus (A. flavus, A. niger and A.
fumigatus) conidia (1 to 10° conidia/ ml) were used to
determine the limit of the assay, and each solution was
used for DNA extraction and PCR. All primers were
synthesized by TIB-MOLBIOL (Berlin, Germany).
Classification of patients was performed according to
the protocols of the European Organization for
Research and Treatment of Cancer-Mycosis Study
Group [12]. Accordingly, the reference gold standards
(positive culture from clinical samples) used to
calculate the specificity and sensitivity were the
mycological criteria (without indirect tests including
GM and BDG) along with host factors, and clinical
criteria. Sera from 20 healthy volunteers served as
negative controls in all the tests. Data were entered
into SPSS version 16 (IBM SPSS, Chicago, USA).

Ethical considerations

The ethics committee of the Clinical Microbiology
Research Center, Shiraz University of Medical
Sciences, reviewed and approved the study. All
patients' written informed consent was obtained prior
to the study.

Results

We analyzed 230 consecutive (mean: 4 samples
per patients) blood samples from 62 pediatric patients
with hematological disorders, who were at risk for IA.
The mean age of the patients was 9.3 years. The
patients consisted of those undergoing induction
therapy of acute lymphocytic leukemia (29 cases,
46.8%), followed by acute myelocytic leukemia (12
cases, 19.4%), and other patients (21 cases, 33.8%)
with  aplastic anemia, pancytopenia, chronic
myelocytic leukemia, and chronic lymphocytic
leukemia. Thirty-seven patients had neutropenia <
500/L for more than 10 days.

In total, there were 36 patients (with respective
129 blood samples) whose clinical, radiological or
mycological signs indicated suspicion for IA. Also,
there were 26 patients with the same background (101
blood samples) without any signs and symptoms who
were accepted as controls. The suspected patients,
according to EORTC/MSC criteria, were classified as
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Table 1. Characteristics of patients with proven and probable Aspergillus infections

Name Age/ Back PCR Mean Mean Method of Culture Site Infection/ IA Outcome
sex ground | result GM BDG diagnosis Specimen group
Lung/
1 F/14 AML + 0.545 65 Clinical/radiology | A. flavus Bronchial Probable Died
washing
4 Lung/
2 F/7 AML + 0.530 192 Clinical/radiology Sfumi .a s Bronchial Probable Died
& washing
Lung/
3 M/5 AML + 0.915 95 Clinical/radiology | A. flavus Bronchial Probable | Survived
washing
.. . A. Sinus/Sinus .
4 F/8 ALL _ _ _ Clinical/radiology fumigatus washing Probable | Survived
5 F/5 ALL + 0.500 112 Biopsy/radiology | A. flavus Sinus/ Biopsy Proven | Survived
Lung/
6 M/11 AML + 1.154 110 Clinical/radiology A. spp. Bronchial Probable Died
washing
Lung/
7 M/11 NHL + 0.61 74 Clinical/radiology | A. flavus Bronchial Probable | Survived
washing
4 Lung/
8 M/14 ALL _ 0.598 125 Clinical/radiology fumi .atus Bronchial Probable Died
: & washing
4 Lung/
9 M/3 ALL + 1.79 72 Clinical/radiology Sfumi .a s Bronchial Probable | Survived
gatu: washing
4 Lung/
10 F/14 ALL + 0.841 55 Clinical/radiology Sfimi ‘atus Bronchial Probable | Survived
g washing

F: Female, M: Male, AML, Acute Myelocytic leukemia, ALL: Acute Lymphocytic Leukemia, NHL: Non Hodgkin Lymphoma, A: Aspergillus

follows: 1 proven and 9 probable (Aspergillus spp.
was isolated from clinical samples of these patients by
mycological methods) and 26 possible. Twenty-six
sputums, 2 abdominal fluids, 5 cerebrospinal fluids, 2
pleural fluid, 48 broncho alveolar lavages, and 5 sinus
biopsies were examined and Aspergillus spp. was
isolated from 10 clinical samples. The etiologic agents
were four cases of 4. flavus, five cases of A. fumigatus,
and one case of Aspergillus spp. None of the patients
with TA had positive blood culture result. In possible
cases (N = 26), these methods were not able to help
the clinicians with diagnosis. Characteristics of the
patients with proven and probable Aspergillus
infections are presented in Table 1.

GM antigen test was positive in 9 patients (28 out
of 38 blood samples) with proven and probable
aspergillosis, and in 3 possible cases (8 out of 15
blood samples), according to EORTC/MSG criteria, in
serial samples. There was one probable patient with a
negative GM test and in 2 of the 26 patients (5 out of
101 samples) with no clinical or mycological evidence
of [A, the GM antigen test was positive. Therefore, the

sensitivity, specificity, positive and negative predictive
values, and likelihood ratio for a positive and negative
result of the GM EIA method in patients with proven
and probable IA were 90%, 92%, 81.8%, 96%, 11.25
and 0.1, respectively. The results of the GM EIA test
in all the healthy volunteers were negative.

BDG test results were positive in 5 pediatric
patients (18 out of 22 samples) with proven and
probable criteria, in 11 possible cases (35 out of 40
samples), and in 14 patients with no criteria of 1A (30
out of 101 samples). The sensitivity, specificity,
positive and negative predictive value, and likelihood
ratios for positive and negative result values of these
methods in patients with proven and probable disease
were 50%, 46%, 26%, 70.6%, 0.9, and 0.9,
respectively.

The lowest limit for nested-PCR was Icfu/ml.
Nested-PCR was positive in different samples of §
proven and probable patients (31 out of 33 samples),
and 7 possible cases (25 out of 29 blood samples).
There were two patients with IA, according to
EORTC/MSG criteria and negative PCR results. One
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patient without clinical signs was positive with nested
-PCR (2 blood samples). The sensitivity, specificity,
negative and positive predictive values, and likelihood
ratio for positive and negative result of the nested-PCR
in pediatric patients with proven and probable 1A
were, 80%, 96.2%, 88.9%, 92.6%, 21, and 0.2,
respectively. None of the tests was positive in the 20
healthy volunteer negative controls.

According to clinical standard protocols,
antifungal therapy was started for the patients with
criteria of IA. Seven patients with clinical suspicion of
IA and a positive PCR were responsive to antifungal
therapy. Therefore, based on the clinical, radiological,
and mycological evidence (EORTC/MSG criteria) and
response to antifungal agents, the incidence rate of IA
in the patients was found to be 27.4% (1 proven, 9
probable, and 7 possible). IA was the most prevalent
disorder in patients with acute myelocytic leukemia
and the lung was the most infected site of infections,
followed by sinusitis. Six patients (35.3%) with [A
died despite the antifungal therapy they received.

Discussion
Early detection of IA is critical in pediatric febrile
neutropenic patients. Mycological methods

(microscopy and culture examination), and isolation of
fungal agents in clinical samples are important for IA
diagnosis, but blood cultures are negative for the
detection of Aspergillus spp. [5,6]. The cultures were
positive in proven and probable cases (sensitivity and
specificity were 100%), but this method cannot help
the diagnosis in possible patients for whom clinical
sampling such as bronchoalveolar lavage or biopsy is
not available, because it is invasive and not feasible in
neutropenic patients.

According to the present study, both GM EIA and
nested-PCR  are able to diagnose IA in pediatric
patients; however, the use of latter test is limited due
to the increased cost and non- availability in routine
diagnostic laboratories in developing countries.

GM cut-off value is an important factor in
determining the sensitivity and specificity of the test.
GM test is reported as positive when, in 2 aliquots
from the same sample, the optical density > 0.5. The
GM index may be different depending on the study
population and types of samples; it can be the
disadvantage of this method. Some reports, such as
that of Herbrecht et al., indicate the lowered cut-off
value in different treatments including adults with
non—allo-hematopoietic stem cell transplantation [13].
Marr et al. reported that sensitivity was highest
(87.5%) in patients who did not receive preventive
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mold-active antifungals [14]. The sensitivity of the
galactomannan detection test was reported to be within
50.0% [15] and 90.6% [16] in different articles. A
recent meta-analysis reported a sensitivity of 79% and
a specificity of 86%, with an overall accuracy of 89%
for the GM test [17]. A limitation of the GM test is the
observation of false-positive results as reported in
many studies on patients with Aspergillus treated with
some antibiotics such as amoxicillin-clavulanate [18],
piperacillin-tazobactam, and beta-lactams, even up to
five days after the cessation of treatment [19], and also
in studies involving patients infected with fungi other
than Aspergillus [20].  Nested PCR is able to detect
Aspergillus DNA in blood samples from patients with
IA, with high sensitivity and specificity rates. The
sensitivity and specificity for nested PCR in proven
and probable patients in this study were compatible
with those of other studies [21]. Sensitivity and
specificity rates of the nested PCR assay in Hummel et
al's study [22] on pediatric patients were 80% and
81%, respectively.

Direct comparisons between molecular methods
and the GM assay for the detection of aspergillosis do
not yield consistent results as to which test is best [8,
23]. However, Suarez et al. report that in comparison
to GM test, the PCR assay was found to be highly
sensitive and specific for the early diagnosis of IA in
high-risk patients with hematological disorders [24].
In our study, there were only 10 patients with positive
results for IA, in two of whom the nested PCR positive
result was obtained earlier than the GM result. Since
the number of patients with [A was very limited,
further studies are needed to consolidate the present
results. Positive likelihood ratios for GM, BDG, and
nested-PCR were 11.25, 0.9, and 21, respectively. The
higher the positive likelihood ratio, the better the test;
therefore, nested-PCR could be the best method for the
diagnosis of IA in febrile neutropenic pediatric
patients. Regular screening for GM and DNA could
be useful among high-risk pediatric patients for
prompt further preemptive antifungal therapy. In all
conditions, the GM-EIA and PCR results must be
checked with clinical, radiological, and laboratory
findings.

BDG, a panfungal cell wall component, has also
been developed for the diagnosis of invasive fungal
infections. False positive results may be seen for BDG
because it is ubiquitous in the environment.
Furthermore, some conditions such as exposure to
certain gauzes [25], taking several antibiotics at high
concentrations [26], wusing certain hemodialysis
cellulose membranes [27], and receipt of albumin or
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immunoglobulin  products, plasma proteins or
coagulation factors [28] may contribute to a greater
yield of false positive. False positives by BDG may
also be obtained by a variety of other reasons
including  “bacteremia, hemolysis; intravenous
administration of treatment with certain medications;
exposure to cotton bandages; heat stroke; and
unknown causes” [29,30]. The use of different species
of horseshoe crab as a source of reagent by the
manufacturers creates different cutoff values. In this
study, all the controls had BDG < 20 pg/ml while of
the patients, only 6 had BDG < 60 pg/ml and many
patients had BDG between 60-100 pg/ml; therefore,
BDG > 80 pg/ml was considered a positive result. This
high value of BDG might be due to the study
population, who were febrile pediatric cases. The
present results showed that the BDG test is not
specific in pediatric febrile neutropenia. Digby et al.
also reported that the BDG test is not specific in
febrile neutropenia patients admitted to the ICU [30].

In the present study, the sensitivity of BDG was
lower than that observed using other methods, which
were comparable with other studies such as that by
Kawazu M et al. which reported 0.55% [8], and Senn
et al. [31] which reported 63%, on neutropenic
episodes.

False positive results in the present study might
have been due to the use of some antibacterial agents
that can affect GM test results, or chemotherapy which
damages the tissues and may lead to transient
fungemia.

Summary

Conventional methods are not able to detect IA,
due to the lack of valid and proper sampling. GM and
PCR tests in serum, though with differences in
sensitivity, specificity, positive and negative predictive
values, can serve as noninvasive methods for the
detection of A in pediatric patients. The combination
of these two tests can help a rapid diagnosis of 1A in
neutropenic patients. As demonstrated, the BDG test
cannot serve as an efficient diagnostic tool in
pediatrics with hematologic disorders.
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