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The Effect of Chronic Infection With
Aspergillus fumigatus on Lung Function
and Hospitalization in Patients With
Cystic Fibrosis
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CYSTIC FIBROSIS

Reshima Amin, MD; Annie Dupuis, PhD; Shawn D. Aaron, MD, MSc;
and Felix Ratjen, MD, PhD

Background: The relevance of Aspergillus fumigatus in patients with cystic fibrosis (CF) not
affected by allergic bronchopulmonary aspergillosis is unclear. Our aim was to determine the
effect of persistent infection with A fumigatus on pulmonary exacerbations and lung function in
children with CF.

Methods: This was a retrospective cohort study of patients with CF followed at The Hospital
for Sick Children from 1999 to 2006. Persistent A fumigatus infection was defined as the pres-
ence of two or more positive sputum or bronchoalveolar cultures for A fumigatus in a given
year. The primary outcome measure was the annual number of hospitalizations for pulmonary
exacerbations.

Results: Two hundred thirty patients with CF were included in the analysis. The FEV, of patients
persistently infected with A fumigatus was 3.61% (P =.0001) lower during the study period com-
pared with uninfected patients. There was a significant interaction between A fumigatus and
Pseudomonas aeruginosa on lung function (P =.0006). Patients not infected with either organism
had the highest pulmonary function. Persistent A fumigatus infection (relative risk [RR]=1.94,
P =.0002) and CF-related diabetes (RR = 1.64, P = .028) were associated with an increased risk of
pulmonary exacerbations requiring hospitalization, whereas there was no increased risk of pul-
monary exacerbations among patients with allergic bronchopulmonary aspergillosis (RR =1.02,
P =.94). When adjusted for baseline pulmonary function, none of these variables were associated
with a significantly increased risk of pulmonary exacerbations, with only chronic A fumigatus
infection trending toward significance (RR = 1.40, P =.065).

Conclusions: Persistent A fumigatus infection is an independent risk factor for hospital admis-
sions in patients with CF. CHEST 2010; 137(1):171-176

Abbreviations: ABPA = allergic bronchopulmonary aspergillosis; CF = cystic fibrosis; CFRD = cystic fibrosis-related
diabetes; MRSA = methicillin-resistant Staphylococcus aureus; RR = relative risk

Cystic fibrosis (CF), one of the most common fatal
autosomal recessive diseases, is characterized by
chronic airways infection and inflammation. Pulmo-
nary exacerbations are significant clinical events for
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patients with CF and lead to lung function decline.!
Pulmonary exacerbations are usually associated with
a change in the bacterial density of the bacterial flora
residing in the airways.>?

Aspergillus fumigatus is a ubiquitous fungus found
worldwide in soil, decaying vegetation, foods, dust,
and water. Normal hosts quickly clear A fumigatus upon
exposure, whereas it often persists in the respiratory
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tracts of patients with CF .6 Reported prevalence rates
for A fumigatus based on sputum cultures range from
10% to 57% in patients with CF.™ Prevalence of
infection may depend on clinic geography as well as indi-
vidual clinics” surveillance methods for endobronchial
fungal infections.? Culture positivity for A fumigatus
has been associated with increasing age, antibiotic or
steroid use, indwelling catheters, Stenotrophomonas
maltophilia colonization, and geography 913

A subset of patients with CF infected with
A fumigatus will go on to develop allergic bronchopul-
monary aspergillosis (ABPA), an immune-mediated
sensitization to Aspergillus resulting in symptoms such
as wheezing, pulmonary infiltrates, and decline in pul-
monary function.'* However, in the absence of ABPA,
the impact of persistence of A fumigatus in the airways
on the course of CF lung disease remains unclear.

The aim of this study was to assess if the persistent
presence of A fumigatus in the lower respiratory tract
of patients with CF is associated with more hospital-
izations due to decline in pulmonary function and/or
pulmonary exacerbations. We hypothesized that A
fumigatus infection in the respiratory secretions of
patients with CF may result in more pronounced air-
way inflammation, which leads to lower pulmonary
function as well as more pulmonary exacerbations in
patients with CF.

MATERIALS AND METHODS

Subject Population and Data Collection

The data for this study were extracted from the Cystic Fibrosis
Database at The Hospital for Sick Children in Toronto, Canada.
The database contains information for patients’ sputum micro-
biology, medications, pulmonary function testing, and hospital
admissions for intravenous antibiotics. Specific information that
was unavailable from the database was retrieved through system-
atic review of the hospital health records charts by one of the
study investigators.

All patients included in this study were younger than 19 years
of age and had a confirmed diagnosis of CF. This was defined by:
the presence of clinical features consistent with CF or a positive
family history for CF plus either two documented sweat chlo-
ride > 60 mEq/L by quantitative pilocarpine iontophoresis test,
a genotype showing two well-characterized disease-causing
mutations, or a nasal potential difference consistent with CF.1515
Patients were excluded from the study if they were unable
to produce sputum, unable to perform reproducible spirometry,
or had a history of lung transplantation. Patient data were cen-
sored at the first respiratory culture positive for Burkholderia
cepacia.

Study Design

This was a retrospective cohort study of patients with CF fol-
lowed at The Hospital for Sick Children from 1999 to 2006. This
time period was chosen because hospital health record charts
were available electronically for these years, which increased the
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reliability of the data collected. Given that it is not feasible to differ-
entiate A fumigatus infection and A fumigatus colonization, we have
chosen to use the term infection throughout this article. Persis-
tent A fumigatus infection was defined as the presence of two or
more positive sputum or bronchoalveolar cultures for A fumigatus
in a given year. Patients who developed persistent infection with
A fumigatus were compared with those who did not over the study
period. The primary outcome measure was the difference in FEV,
in percent predicted between patients chronically infected with
A fumigatus and those whose cultures were negative for A fumigatus.
The secondary outcome was the number of hospital admissions
for pulmonary exacerbations requiring intravenous antibiotics
per year. The study was approved by The Hospital for Sick Chil-
dren’s Research Ethics Board.

Statistical Analysis

The initial analysis used descriptive statistics to characterize
the study subjects. Baseline FEV, was defined as the best FEV, 1
year before the first observation in the follow-up period. Two
separate regression models were generated. In the first model, a
hierarchical linear model was generated to look at the effect of
chronic A fumigatus infection on quarterly FEV,, allowing for a
random effect and slope for each patient. The second model
assessed the effect of chronic A fumigatus infection on number of
hospital admissions using Poisson regression. Multivariable analy-
sis was performed to account for age, sex, BMI, baseline FEV,
colonization with Pseudomonas aeruginosa (current, never, gone),
infection with mucoid P aeruginosa, use of inhaled tobramycin,

use of steroids (oral or inhaled), and use of intravenous antibiotics.
Multivariable analysis was also performed to account for ABPA,
CF-related diabetes (CFRD), and pancreatic status. ABPA was
defined as treatment with a prolonged course of oral steroids in
the context of an elevated IgE and clinical symptoms. An adjusted
model for number of hospital admissions was then generated to
adjust for baseline FEV/.

RESULTS

Cohort Characteristics

Of 230 patients with CF included in the analysis, 37
of these patients (16%) were chronically infected with
A fumigatus at baseline. Patient characteristics in the
first year of follow-up were summarized by A fumigatus
infection status in that year. Patients persistently infected
with A fumigatus were not significantly different in
age, sex, BMI z score, or pancreatic status compared
with those sputum negative for A fumigatus (Table 1).
Patients persistently infected with A fumigatus did
have significantly lower FEV % predicted mean
(79.2% vs 86.1% in the A fumigatus-negative group).
Patients with CF who were persistently infected with
A fumigatus had a significantly higher rate of ABPA,
greater use of inhaled antibiotics, inhaled or oral corticos-
teroids, and P aeruginosa infection. The rate of mucoid
P aeruginosa infection was not different between the
two groups.

Pulmonary Function

A hierarchical linear regression model for FEV,
demonstrated that persistent infection with both
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Table 1—Cohort Characteristics in the First Year
of Follow-up

Aspergillus Positive Aspergillus Negative

(n=37) (n=193) P Value
Age, mean (range) 10.9 (7.3, 17.68) 11.09 (7.1, 18.0) ns
Sex (female) 48.7% 44.0% ns
Pancreatic 97.3% 88.6% ns
insufficiency
BMI z score —0.6(—2.9,1.8) —-0.2(—3.6,2.6) ns
FEV, mean 79.2% (38.1,113.2) 86.1% (23.2, 124.0) .04
(range)
Pseudomonas 54.1% 44.1% .01
positive
Mucoid 32.4% 25.4% ns
Pseudomonas
CFRD 8.1% 2.6% ns
ABPA 10.8% 1.0% <.001

ABPA = allergic bronchopulmonary aspergillosis; CFRD = cystic
fibrosis-related diabetes; ns =not significant.

A fumigatus and P aeruginosa were associated with
lower lung function. Patients persistently infected
with A fumigatus had an FEV, that was 3.61%
(P=.0001) lower during the study period compared
with those patients who were never infected with
A fumigatus. Patients with transient A fumigatus infec-
tion had an FEV, that was 1.46% (P =.019) higher
than patients with chronic A fumigatus infection, and
2.14% (P=.001) lower than those who were never
infected with A fumigatus during the study period.

A model was then generated in which nonsignificant
variables were removed, and the interaction between
A fumigatus and P aeruginosa was examined. There
was a significant interaction between A fumigatus and
P aeruginosa (P =.0006) (Fig 1). Patients not infected
with either P aeruginosa or A fumigatus had the high-
est pulmonary function. Patients currently infected
with A fumigatus and P aeruginosa had the worst pul-
monary function.

Pulmonary Exacerbations

A log linear model was generated to evaluate
the effect of persistent infection with A fumigatus
on pulmonary exacerbations. In a model unadjusted
for baseline FEV |, persistent A fumigatus infec-
tion (relative risk [RR] =1.94, P =.0002) and CFRD
(RR = 1.64, P =.028) were associated with an increased
risk of pulmonary exacerbations (Table 2). The presence
of mucoid P aeruginosa trended toward significance
(RR =145, P=.086). A diagnosis of ABPA was not
associated with an increased risk of pulmonary exac-
erbations (RR=1.02, P=.94). A second model was
then generated that included the significant variables
only (ie, chronic A fumigatus infection and CFRD)
with ABPA excluded, and similar results were found.

An adjusted model controlling for baseline FEV,
was then used to assess whether the severity of lung

www.chestjournal.org

disease explained these differences. In this model,
none of the variables, which included CFRD or
mucoid P aeruginosa, were associated with a signifi-
cantly increased risk of pulmonary exacerbations. How-
ever, patients with chronic A fumigatus infection still
showed an increased risk of pulmonary exacerbations
that trended toward significance (RR =1.40, P = .065).

The effect of transient A fumigatus infection (one
positive culture in any given year) was also examined.
Patients with transient A fumigatus infection had a
significantly elevated risk of hospitalization compared
with patients whose A fumigatus cultures were nega-
tive (RR = 1.43, P = .047) in univariate analysis. Tran-
sient infection with A fumigatus was not associated
with elevated risk of hospitalization in the adjusted
model, which controlled for baseline FEV,.

Di1scUsSION

Here, to the best of our knowledge, we demon-
strate for the first time that patients with CF who are
persistently infected with A fumigatus have a higher
rate of hospital admissions for pulmonary exacerba-
tions. Of note, these patients did not have ABPA.
Patients persistently infected with A fumigatus had a
lower FEV, % predicted during the study period than
controls. These findings were similar to the effects
of P aeruginosa infection, although the difference in
lung function was more pronounced for A fumigatus.
Not surprisingly, patients who were uninfected with
either organism had the highest pulmonary function.
Therefore, persistent infection with A fumigatus during
the pediatric years may have lifelong implications on
the trajectory of FEV,% predicted.

To the best of our knowledge there have been only
two studies that have systematically assessed the
effect of A fumigatus in the absence of ABPA in
patients with CF.51 Kraemer et al'® reported the
decline in lung function among pediatric patients
with CF with A fumigatus sensitization to be inter-
mediate between CF controls and patients with CF
with ABPA. Sensitization to A fumigatus was defined
as positive for specific IgEE RAST class 2 or higher in
serum and/or for increased specific IgE to recombi-
nant allergens in serum and increased A fumigatus-
specific IgG in serum, as determined by enzyme-linked
immunosorbent assay.' In the study by Mroueh and
Spock® A fumigatus did not have a significant negative
effect on either Brasfield radiograph scores or pulmo-
nary function tests. However, the authors did not evalu-
ate the effect of A fumigatus infection on hospital
admissions, and the definition of A fumigatus infection
did not differentiate between patients with a single
positive culture for A fumigatus and those with persistent
infection. Aspergillus can occasionally contaminate

CHEST /137 /1 / JANUARY, 2010 173

Downloaded from chestjournal.chestpubs.org at Swets Information Services Inc on February 24, 2010
© 2010 American College of Chest Physicians


http://chestjournal.chestpubs.org/

80

70

FEV,, % predicted

60

cmmeeem  Asp+,Pa+

Age

FIGURE 1. Decline in FEV,% predicted over time for the Aspergillus fumigatus and Pseudomonas
aeruginosa interaction (baseline FEV, of 85% predicted and starting age of 7 years). Asp = Aspergillus

fumigatus; Pa= Pseudomonas aeruginosa.

otherwise sterile sputum cultures; A fumigatus infec-
tion can be transient in a high percentage of cases, and
this transient infection is less likely to have a signifi-
cant clinical impact. As there is no validated definition
available for persistent infection with A fumigatus,
we adopted a model derived from P aeruginosa
infection for this study.® Interestingly, using a similar
approach, a recent study looking at the impact of
methicillin-resistant Staphylococcus aureus (MRSA) on
lung function in CF also demonstrated a negative
impact in patients with persistent MRSA infection that
was not seen when all patients with any positivity MRSA

Table 2—Pulmonary Exacerbation Risk Unadjusted for
Baseline FEV,% Predicted and Adjusted for Baseline

FEV % Predicted
Variable RR SE P Value
Unadjusted for baseline FEV, %
predicted
Chronic Aspergillus fumigatus 1.94 0.34 .0002
Transient A fumigatus 1.43 0.25 047
CFRD 1.64 0.37 .028
Mucoid Pseudomonas 1.45 0.32 .086
aeruginosa
ABPA 1.02 0.34 94
Adjusted for baseline FEV %
predicted
Chronic A fumigatus 1.40 0.26 .065
Transient A fumigatus 1.08 0.21 71
CFRD 1.19 0.27 45
Mucoid P aeruginosa 1.20 0.21 29

RR = relative risk; SE = standard error. See Table 1 for expansion of
other abbreviations.
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were included in the analysis.?! This concept of focusing
only on those patients with persistent infection may also
be useful for other emerging pathogens in CF whose
role has been difficult to clarify to date 2%

There is increasing evidence that A fumigatus may
be of clinical relevance in some individuals with
CF who do not exhibit the typical manifestations of
ABPA. Shoseyov et al?* reported a group of patients
with CF who experienced clinical deterioration with
respiratory symptoms that did not respond to intra-
venous antibiotic therapy and demonstrated clinical
improvement only after treatment with antifungal
medications.?* This entity was defined as A fumigatus
bronchitis, but the authors were unable to identify
clear risk factors for its development.2* A retrospec-
tive cohort analysis was performed by Kanthan et al®
to assess the impact of A fumigatus sensitization
in patients with CF. They reported a significant
reduction in A fumigatus sensitization in a cohort of
patients studied in 2001 compared with an earlier
cohort; this reduction in sensitization was associated
with improved pulmonary function. Interestingly,
this finding was attributed to greater use of antifun-
gal agents.5 This raises the question whether antifun-
gal therapy may be a therapeutic option for patients
persistently infected with A fumigatus. Although
there is significant off-label use of this treatment
strategy, no clinical trial that we are aware of has
addressed this question to date. A multicenter trial
using oral itraconazole is currently ongoing in Canada
and will shed more light into this area.
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Study Limitations

There are several potential limitations to our study.
We could not address the relevance of A fumigatus in
patients who could not produce sputum, since throat
swabs are not a useful technique for A fumigatus
detection. Another limitation of the study is its retro-
spective nature. Patients chronically infected with A
fumigatus had significantly lower FEV % predicted
than patients in the A fumigatus-negative group at
baseline. It is possible that patients who are sicker at
baseline with lower lung function are exposed to more
antibiotic therapy, and that this then predisposes
them to endobronchial acquisition of A fumigatus.
Alternatively, it is possible that the acquisition of
A fumigatus directly results in poorer pulmonary
function. Therefore, further prospective study is needed
to address this “chicken and egg” controversy.

CONCLUSIONS

This study assessed the relationship between per-
sistent A fumigatus in patients with CF and hospital
admissions as well as pulmonary function. At present,
A fumigatus in the CF airway is largely assumed to be
a benign organism. However, this study suggests that
persistent A fumigatus infection is associated with
more pulmonary exacerbations and lower lung func-
tion. Further studies need to be done to address
the question whether the treatment of persistent
A fumigatus infection will reduce pulmonary exacer-
bations in patients with CF.
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