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Abstract Emerging reports have associated chronic
pulmonary obstructive disease (COPD) with invasive
aspergillosis (IA), particularly in patients treated with
mechanical ventilation and/or corticosteroids. This is a
multicentre study in which COPD patients demon-
strating a new lung infiltrate while being mechanically
ventilated were prospectively evaluated for the pres-
ence of IA. From the 47 patients studied, Aspergillus
fumigatus was recovered in culture in two patients
(4.2%). While serum galactomannan (GM) was neg-
ative for 94% of patients, GM levels in respiratory
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samples were >0.5, >1.0 and >1.5 for 74.5, 40.5, and
21.3% of patients, respectively. PCR was positive for
10 patients in the study but did not differentiate
Aspergillus colonization from infection. The combi-
nation of PCR and GM in respiratory samples may be
an interesting alternative to diagnose IA in COPD
patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) has
been recognized in recent years as an emerging
predisposing condition to invasive aspergillosis (IA),
frequently in association with mechanical ventilation
(MV) and therapy with corticosteroids [1-4]. A high
mortality rate has been described in COPD patients
with IA [1, 2, 4-6], which has been associated with a
delayed diagnosis [1]. Even though fungal culture is
known for its limited sensitivity in the diagnosis of IA,
few studies have evaluated the performance of non-
culture-based diagnostic tests in the COPD population
[2, 6]. Here, we determined the frequency of IA in
mechanically ventilated COPD patients, and com-
pared standard methods in medical mycology to non-
culture-based methods, including real-time polymer-
ase chain reaction (PCR) and galactomannan (GM)
testing.
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Materials and Methods

Study Design

Prospective multicentre cohort study.
Study Period and Participating Institutions

Patients were enrolled during Jan/09-Dec/10 in three
intensive care units (ICUs) in two university hospitals
in Porto Alegre, Southern Brazil (total 2,000-beds).

Inclusion Criteria

COPD patients receiving corticosteroids who demon-
strated a new lung infiltrate (as evaluated by chest
X-ray) while on MV in the ICU.

Exclusion Criteria

Chronic pneumonia, recent (<14 days) use of anti-
mold drugs, hematological malignancy, neutropenia,
and organ transplantation.

Definitions
IA was defined based on the Bulpa criteria [1].
Sample and Assays

Respiratory samples (tracheal aspirates in 45/47) were
obtained and processed for microscopy/culture and
GM testing (Platelia™ Aspergillus EIA, Bio-Rad
Laboratories, Marnes-La-Coquette, France). For the
purpose of fungal culture, samples were inoculated on
Sabouraud agar with chloramphenicol for 10 days at
25 and 35°C. The quality of the respiratory samples
was evaluated by considering the number of leuko-
cytes and epithelial cells in the sample—only lower
respiratory tract samples were studied. DNA was
extracted from respiratory samples using MycXtra kit
(Myconostica, Manchester, UK) immediately after
receipt and stored at —80°C until analysis in batches.
Two commercial real-time PCR assays for Aspergillus
spp. DNA amplification were performed in duplicate:
Aspergillus spp. q-PCR Alert kit (Nanogen, Torino,
Italy) in an ABI7500 (Applied Biosystems, Foster
City, USA) thermocycler and the MycAssay ™ Asper-
gillus kit (Myconostica) on the SmartCycler (Cepheid,

@ Springer

Sunnyvale, USA). Serum was obtained and tested for
GM, Aspergillus precipitins, and total IgE levels.

Patient Data

Clinical records were reviewed to document basic
demographics, medical illness, smoking history, use of
antibiotics, days on MV, microbiological and spirom-
etry results, and length of hospital and ICU stay.
Corticosteroid dosages were determined in terms
of prednisone equivalents and the cumulative dose of
corticosteroids was calculated as the total amount of
steroids takenin 30 days preceding study entry. Severity
of lung disease was determined using GOLD stage.

Statistical Analyses

Quantitative variables were compared using Mann—
Whitney test and categorical data with chi-square/
Fisher’s exact test. p values of <5% were considered
statistically significant.

Ethical Aspects

The study protocol was approved by the Institutional
Ethics Committee in each hospital.

Results
Demographic Data

Table 1 shows baseline characteristics of patients
included in the study, and the main findings of this
study are summarized in Table 2. A total of 47 patients
were prospectively enrolled (female 40.4%). Mean
age was 68.6 years (£9.9). Most patients had severe
COPD (GOLD stages III/IV in 72.8%), and 12.8%
(n = 6) had also a history of long-term asthma. Lung
function tests were retrospectively obtained for 33
patients and most of these exams (87.9%) showed pure
obstructive disease. Cumulative steroid dosages ran-
ged from 100 to 4,125 mg (median 900 mg).

Previous Use of Antibiotics and Bacteriological
Results

All patients had received antibiotics in the 14 days
before inclusion in the study. At the time patients
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Table 1 Baseline

characteristics of COPD Variable

Proportion (n)

patients included in the

Sex (female)
study (n = 47)

Age
FVC (forced vital capacity)

FEV, (forced expiratory volume in 1st sec)

FEV /FVC index
History of smoking
Clinical history of asthma

Cumulative dose of corticosteroids
Recent use of inhaled corticosteroids

40% (19)

68.6 years (average)

70% of predicted (average)
42% of predicted (average)
55% (average)

98% (46)

13% (6)

900 mg (range 100-4,125 mg)
57% (27)

entered the study, bacteria were recovered from
respiratory tract cultures in 42.6% (n = 20) of sam-
ples, mostly enterobacteria (n = 12).

Microscopy/Culture for Fungi

Aspergillus section Fumigati was recovered from two
patients (4.2%; 200 CFU/mL each). Additional fungi
recovered from two other patients included Histo-
plasma capsulatum and Scedosporium apiospermum.

Aspergillus Precipitins and Total IgE Levels

Precipitins were positive for three patients, at low
titers (<1:2). Total IgE levels in the population
of patients studied varied from 2 to 3,000 IU/mL
(median 74 TU/mL). Six patients had asthma and their
total IgE levels ranged from 70 to 704 TU/mL (median
125 TU/mL).

GM Results

Most (44/47) serum GM readings were negative (i.e.,
<0.5). Only three patients had positive GM results at
low optical indices (range, 0.51-0.59). In respiratory
samples, GM optical indices of >0.5, >1.0, and >1.5
were observed in 74.5, 40.5, and 21.3%, respectively.
All patients in the study were on antibiotics—includ-
ing beta-lactam drugs—and no association was
observed between antibiotic use and GM levels in
either serum or respiratory samples.

PCR Results

Nanogen PCR was positive for one patient, who had a
GM index in the tracheal aspirate of 4.4 and from

whom A. fumigatus was recovered in culture. She died
soon after the diagnosis of IA was made. Nanogen
PCR, however, was negative for one another patient
who was also Aspergillus culture-positive, despite
amplification of the test internal control. This
particular patient had a GM respiratory index of 1.2
and a total serum IgE of 799 IU/mL—he was
discharged without antifungal therapy. Myconostica
PCR detected Aspergillus DNA in 10 patients,
including the two cases that were also Aspergillus
culture-positive (Table 3).

Combining GM and PCR Results

Neither GM nor PCR results were independently
associated with overall in-hospital survival. For
instance, mortality in the group of patients with GM
respiratory results >2 was 50.0%, compared to 53.8%
in the GM <2 group. Patients with positive PCR
results (Myconostica) for Aspergillus had a 60.0%
mortality, versus 51.4% for PCR-negative patients
(»p = 0.730). Among PCR-positive patients, all
patients (n = 2) demonstrating GM respiratory levels
of >2.0 died, in comparison with 50% of patients who
had GM respiratory levels below 2.0 (3/6).

Antifungal Treatment

Only one patient in the study received an antifungal
agent with anti-mold activity (the patient with
scedosporiosis).

Outcome

Overall in-hospital mortality was 53.2% (25/47). No
autopsy was performed.
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Table 2 Low frequency of IA in a prospective multicenter cohort study involving critically ill patients with COPD.

Variable Observation

GOLD staging and steroid dosage This study enrolled mostly patients with severe COPD taking high doses of steroids.

These patients were found in previous studies to be at high risk for IA

Microscopy and culture Low incidence of 1A (4.2%) based on conventional microbiological methods. Other

identified fungi included H. capsulatum and S. apiospermum

Total IgE levels of >500 IU/mL were observed in 8.5% but no patient had ABPA.
Specific IgE against Aspergillus was not determined. Aspergillus precipitins did not
detect IA cases

IgE levels and Aspergillus precipitins

Serum GM
GM in respiratory fluids

Zero sensitivity in the diagnosis of A

High frequency of false-positive results using currently accepted cutoff (0.5).
Discrimination of IA from other causes of false-positive would probably require a
higher cutoff (2.0 or more), preferably in combination with Aspergillus PCR

Real-time PCR in respiratory fluids Myconostica PCR was more sensitive to detect Aspergillus DNA, when compared to

Nanogen Aspergillus PCR kit. Myconostica PCR had a high negative predictive value

Gold standard for diagnosis of IA in
COPD patients in ICU

There is no universally applicable gold standard for the diagnosis of IA in COPD patients.
Lung biopsy is impossible in this group. Autopsy is frequently not obtained, but
confirmatory. Multiple negative tests probably rule out an IA diagnosis, but confirming
the diagnosis with individual tests positive is problematic.

Summary of the study main findings (data are presented in more detail in the main text)

ABPA Allergic bronchopulmonary aspergillosis, /A invasive aspergillosis, COPD chronic obstructive pulmonary disease, PCR
polymerase chain reaction

Table 3 Results of real-

. . Case Culture Myconostica PCR Nanogen PCR
time polymerase chain
reaction (PCR) cycle PCR result Target Ct result PCR result Target Ct result
threshold (Ct) values for
two commercial PCR kits 1 Positive Positive 36.3 Positive 322
gVIYCOHO)SU?a and 2 Positive  Positive 375 - -
anogen), in comparison .
with fungal culture. Only 3 B Positive 37.7 B -
positive results are shown 4 - Positive 35.6 - -
here. PCR internal controls 5 _ Positive 33.9 _ _
were amplified at all times 6 _ Positive 36.2 _ _
7 - Positive 37.8 - -
8 - Positive 37.3 - -
9 - Positive 352 - -
10 - Positive 35.0 - -

Discussion Even though the minimum frequency of probable IA

in our study was only 4.2%, most of the other studies in

Recent studies suggest that IA may be frequent in
patients admitted to the ICU [1-5]. COPD patients
seem to be particularly at risk, which has been
associated with previous airway colonization with
Aspergillus species, in a context of severe structural
lung disease, requirement of invasive MV and therapy
with corticosteroids [1, 2, 5, 6]. Based on these
observations, we selected for inclusion in our study
patients who were theoretically at high risk for IA.
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COPD patients showed similar/lower rates of IA. Gao
et al. [3] studied 261 patients with exacerbated COPD
and found that only 1.9% had IA. In the study by
Guinea et al. [2], 53 cases of IA were found among
14,618 COPD patients requiring hospital admission
(incidence 0.4%). On the other extreme, Belgian
studies showed IA frequencies as high as 6-24% in
ICU patients [5, 6] with some of these individuals also
being diagnosed with COPD (7.7-31.4%). Since the
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frequency of necropsy in the Belgian studies was very
high (70-95%), one might argue that IA is one of the
most frequently missed diagnoses in the ICU [7].
However, these were all single ICU-studies so the
impact of environmental factors and the possibility of
an ongoing outbreak cannot be completely excluded.

A major challenge in the diagnosis of IA in COPD
patients relies on how to improve the criteria that has
been currently used to define the occurrence of the
disease. Most of the studies in the literature have been
based on the Bulpa criteria [1] which establishes that
the recovery of Aspergillus sp. in any patient with
severe COPD who is also taking steroids and who
presents with a worsening lung disease should be
regarded as ‘probable IA’. However, it is well known
that the vast majority (~90%) of patients who
demonstrate a positive respiratory culture for Asper-
gillus in the hospital are actually colonized by
Aspergillus and not infected [8]. What most published
studies have done so far is to split patients with
positive cultures for Aspergillus into two distinct
groups, and the easiest decision is to regard patients
with no sign or symptom of infection as being
‘colonized’. However, in the critically ill COPD
patient, can we rely on fungal culture to differentiate
IA from the several other infectious diseases that
might be associated with COPD exacerbation? Prob-
ably not, which is due to the fact that (1) standard
fungal culture has low sensitivity in this context;
and (2) culture does not differentiate colonization
(which seems to be common) from infection (that may
be quite infrequent). With that in mind, here we
attempted to evaluate how newer non-culture-based
tests such as real-time PCR and GM could add to the
diagnosis of IA in COPD patients in the ICU.

As expected, serum GM was of no value in
investigating IA in COPD patients, due to its limited
sensitivity in non-neutropenic patients [2]. Recently,
several investigators have focused on determining GM
concentrations in respiratory fluids in these patients in
order to increase test sensitivity [9, 10]. However, it
should be noted that no standardized technique has
been published for processing respiratory samples,
which could impact on GM concentration and sensi-
tivity of microscopy, culture, PCR, and GM. Here,
we observed that most COPD patients had high GM
concentrations in their respiratory samples. Despite
that, we were not able to determine a cutoff to separate
infected/non-infected patients, and no particular factor

was associated with a ‘false-positive’ GM result. One
of the potential explanations for the high GM titers in
respiratory samples resides on the fact that we tested
mostly blind tracheal washings (96%) while in other
studies most samples were bronchoalveolar lavage
(BAL) fluids. BAL fluid is always diluted, and so GM
indices might be expected to be lower. When testing
sputum samples, other authors have observed higher
GM optical indices and reduced specificity in com-
parison with the BAL fluid [11]. Meersseman et al.
found that a GM result of >0.5 in the BAL fluid was
highly associated with IA in ICU patients but median
indices were ~4 and ~ 1.5 for patients with proven
and probable IA, respectively [6]. Using the 0.5 cutoff
for respiratory samples would probably result in an
overestimation of IA cases [10]. This is at variance
with the latest FDA approval of GM for respiratory
samples in the US with a 0.5 cutoff.

In this study, we showed that PCR was more
sensitive than microscopy/culture in determining the
presence of Aspergillus in the airways. These results
were somehow expected, based on previous observa-
tions [12]. However, it remains difficult to categorize
Aspergillus PCR-positive patients into the following
groups: (1) allergic disease, including allergic bron-
chopulmonary aspergillosis (ABPA); (2) chronic
pulmonary aspergillosis (CPA); (3) Aspergillus tra-
cheobronchitis; (4) Aspergillus colonization; and (5)
invasive pulmonary aspergillosis. The first can be
inferred by the presence of asthma, high IgE levels and
eosinophilia, which did not occur in our study. CPA
should be suspected in patients with lung cavities and
chronic symptoms—such individuals were also not
included. Tracheobronchitis was not observed since
only two patients were submitted to bronchoscopy.
Therefore, the main challenge relies on the differen-
tiation of Aspergillus colonization in a critically ill
COPD patient from IA. A high GM index in the
respiratory tract in a PCR-positive patient could
potentially help in that sense. A GM cutoff of <1.2
was definitively not discriminative, while increasing
the cutoff to 1.5-2.0 could be helpful, even though
numbers were quite small for irrefutable arguments.
We believe that a high GM index (i.e., >2.0) in a
respiratory sample that is also Aspergillus PCR-
positive may increase the post-test probability of 1A,
making ‘colonization’ an unlikely diagnosis—an
observation that deserves additional investigation
(Fig. 1).
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Fig. 1 Distribution of galactomannan (GM) optical indices in
the serum and in the respiratory tract, for both Aspergillus
PCR-positive and PCR-negative patients. A high respiratory
GM index in PCR-positive patients (marked) might help to
differentiate Aspergillus infection from colonization

This study is the first comparison of two commer-
cial PCR kits for Aspergillus spp. Here we found that
MycAssay ™ Aspergillus kit (Myconostica, UK)
was more sensitive than Aspergillus spp q-PCR Alert
kit (Nanogen, Italy) in detecting Aspergillus DNA
in respiratory samples, using the same extraction
method. Our intention was to have a single extraction
method in the study, in order to reduce the number
of variables that could potentially have an impact on
PCR results. The reasons for such differences in PCR
results are not completely immediately apparent. Even
though these PCR amplification kits target the same
genomic region (18S rDNA) one is based on molec-
ular beacons (Myconostica), while the other relies on
Taqman probes (Nanogen)—they must vary in their
PCR efficiency. It might also be that Nanogen PCR
amplification kit is not suited for the MycXtra
Myconostica DNA extraction kit—which is possibly
not true since the internal control in Nanogen kit was
amplified at all times.

Our study had some limitations that deserve
discussion. We showed that fungal culture was far
less sensitive than PCR in this study. However, the
performance of culture could probably be improved
by incubating a larger volume of sample [13]. Since
we were aiming for quantitative fungal culture, we
used an inoculum of 100 pL. Other measures that
could have resulted in better culture yield would
include incubation at higher temperatures (e.g.,
40-45°C), as well as the supplementation of culture
media with additional antibiotics, such as gentamicin.
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Moreover, despite running the study in three ICUs,
patient inclusion was quite slow and we ended up with
a limited number of evaluable patients. Many patients
were treated in semi-intensive care units and were
therefore not enrolled. Most importantly, we were not
able to perform autopsy in any patient. Even though no
case of proven IA was included in the study, it should
be noted that the largest cases series of IA in COPD
in the literature also did not include any proven 1A
case [2].

In conclusion, this prospective multicentre study
showed that IA is an uncommon etiology of ventilator-
associated pneumonia in COPD patients (minimum
incidence 4.2%). The main challenge relies on how to
diagnose IA in such patients, based on the limitations
of the currently used diagnostic criteria. For instance,
one of the patients classified as ‘probable IA’ in this
study was actually colonized by Aspergillus, since he
did not require any antifungal treatment and was
discharged from the hospital in good conditions. PCR
was shown to be more sensitive than standard fungal
culture, whereas GM testing was of limited sensitivity
in the serum, and of low specificity in respiratory
samples. The combination of PCR with GM testing in
respiratory samples deserves additional investigation,
given the known insensitivity of culture for IA in all
clinical settings. There is an urgent need to standardize
the pre-analytical steps involved in the determination
of GM concentration in respiratory specimens.
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