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Purpose of review

Aspergillus fumigatus is frequently isolated from cystic fibrosis (CF) patients and is notorious for its role
in the debilitating condition of allergic bronchopulmonary aspergillosis (ABPA). Although CF patients
suffer from perpetual microorganism-related lung disease, it is unclear whether A. fumigatus colonization
has a role in causing accelerated lung function decline and whether intervention is necessary.

Recent findings

A. fumigatus morbidity appears to be related to cystic fibrosis transmembrane conductance regulator-
dependant function of the innate immune system. A. fumigatus-colonized patients have a lower lung
capacity, more frequent hospitalizations and more prominent radiological abnormalities than
noncolonized patients. Treatment with antifungal agents can be of value but has several drawbacks and
a direct effect on lung function is yet to be shown.

Summary

A. fumigatus appears to have an important role in CF lung disease, not exclusive to the context of ABPA.
However, a causal relationship still needs to be confirmed. Study observations and trends indicate a need
to further elucidate the mechanisms of A. fumigatus interactions with the host innate immune system and

its role in CF lung morbidity.
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INTRODUCTION

The cystic fibrosis (CF) lung contains a complex
community of microorganisms that exacerbate
perpetual lung disease. Antimicrobial strategies
are, therefore, an important aspect of CF care,
but, despite intensive therapeutic interventions, it
remains challenging for CF patients to clear infec-
tions. The role of bacteria has been elaborately
addressed and the ability for specific pathogens
to claim a particularly prominent role is due to a
combination of pathogen-specific virulence factors
and cystic fibrosis transmembrane conductance
regulator (CFTR) related and unrelated host sus-
ceptibility factors. This paradigm of an altered
pathogen-host interaction is becoming the corner-
stone of CF lung disease and is also relevant to
fungi. The presence of fungi in the CF lung has
until recently played a modest but potentially
understated role in CF disease but is a valid concern.
The fungus Aspergillus fumigatus is a prevalent isolate
with the potential to cause severe disease in particu-
lar patients; however, in the majority, the signifi-
cance of A. fumigatus remains unclear. This review
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will address recent literature on fungal colonization
in CF and immune mechanisms involved in
A. fumigatus recognition, and aims to formulate a
conclusion regarding the role of A. fumigatus in
pulmonary deterioration.

COLONIZATION

Colonization refers to the presence of potentially
pathogenic microorganisms in laboratory cultures
of the nasopharynx or respiratory tract without
apparent clinical symptoms. Colonization of the
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KEY POINTS

e Lower pulmonary function and exacerbations are
associated with A. fumigatus colonization in asthma

and CF.

e The causal relationship between A. fumigatus and lung
function remains unclear and requires further research.

e Novel tools are required for improved assessment of
lung damage.

e Antifungal eradication therapy has important
clinical limitations.

nasopharynx is not uncommon, but the lower
airways are thought to be sterile. Interestingly,
recent literature suggests the likelihood of a lung
microbiome with flora extending, in decreasing
amounts, from the nasopharynx to the lower
airways [1%,2%]. This novel concept may influence
the future opinion on colonization in respiratory
health and disease. The most important character-
istic defining a commensal, colonizing or invasive
organism is its virulence. Virulent microorganisms
cause disease by evasion and suppression of host
immune mechanisms. It remains unclear whether
under homeostatic conditions the presence of
pathogenic microorganisms such as A. fumigatus
actively contributes to inflammation, deterioration
and long-term morbidity. A. fumigatus is the most
frequently cultured fungal pathogen from sputum
of CF patients, but the prevalence of colonization
is variable. Some areas report a prevalence of up
to 58% in CF patients that may be increasing
[3,4]. It is, therefore, of great importance to eluci-
date the exact role of A. fumigatus in CF lung
disease and define strategies for intervention when
appropriate.

ASPERGILLUS FUMIGATUS

A. fumigatus is ubiquitously present and produces
abundant amounts of airborne conidia (1-100
conidia m~?) [5]. These spores are very small in
size (3-5um) and penetrate deep into the lungs.
The inert conidia are mechanically protected from
environmental pressure by an external hydropho-
bin rodlet layer that evades immune recognition
and prevents the initiation of an inflammatory
response [6]. A rapid asexual growth cycle can
be initiated within hours under nutrient-rich
conditions at 37°C and induces the swelling and
the subsequent germination of hyphae from the
conidium. The combination of these, and possibly
other A. fumigatus-specific, characteristics likely
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contribute to its virulence and association with
human disease.

INNATE RESPONSES

In healthy individuals, beating cilia and macro-
phages of the innate immune system rapidly elim-
inate conidia via noninflammatory mechanisms.
Failure to remove conidia, as in CF, results in rapid
germination that reveals inflammatory substrates
such as inner cell wall-derived B-glucans that are
recognized by innate mechanisms. These substrates
bind to fungal pattern-recognition receptors such as
the C-type lectin dectin-1 and Toll-like receptors on
a variety of host cells. Recent studies highlight the
role of dectin-1 in cell surface recognition of fungal
B-glucan antigens for efficient uptake of conidia
and for intracellular recognition and inflammatory
activation at the acidified phagolysosome in macro-
phages [77]. These interactions are crucial for clear-
ance and initiation of inflammatory responses and
for shaping the adaptive immune response.
Airway epithelial cells are the first cellular
barrier for pathogens in the airways. The CFTR
protein is apically expressed in epithelial cells and
dystunction here has been shown to influence
the interaction with pathogens and subsequent
inflammatory events [8-10]. Chaudhary et al.
[11""] recently investigated the interaction between
murine airway epithelial cells and germinating A.
fumigatus conidia by performing in-vitro and in-vivo
stimulations of CFTR-competent and deficient epi-
thelial cells. They observed that CFTR-competent
cells had the ability to ingest and eliminate conidia,
preventing germination of conidia more efficiently
than CFTR-deficient cells. However, it is difficult to
determine whether decreased clearance of conidia is
attributable to decreased detection and binding by
epithelial cells or whether the uptake and Kkilling
are hindered, especially considering that epithelial
cells from CFTR-deficient mice had higher baseline
levels of apoptosis before and after A. fumigatus
challenge. Furthermore, significantly increased
levels of macrophage inflammatory protein-2
and chemokine ligand-1 were measured in bron-
cheoalveolar lavage fluid that was associated with
a greater influx of macrophages and polymorpho-
nuclear cells in CFTR-deficient mice after challenge
with A. fumigatus. These data point out that loss of
CFIR can moditfy interactions between epithelial
cells and germinating conidia, resulting in their
reduced clearance and enhanced inflammation.In
addition to possible defects in epithelial cells,
impaired clearance of conidia by CF innate immune
cell subsets may further contribute to the high
colonization rate of CF patients with A. fumigatus.
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Data indicate that the bacterial Kkilling capacity
of alveolar macrophages is reduced in a CFTR-
dependent manner. CFTR-deficient macrophages
showed normal phagocytosis but impaired intra-
cellular killing and elevated proinflammatory cyto-
kine responses upon bacterial challenges in vitro,
and this was further supported by adoptive transfer
experiments in vivo [12,13]. As it was observed
that lysosomal acidification was reduced in CFTR-
deficient cells, it is presumable that CF macrophages
also show impaired killing of A. fumigatus, but
specific CFTR-dependent A. fumigatus effects on
macrophages should still be confirmed. Bhatia
et al. [14™] also showed that A. fumigatus induces
alternatively activated macrophages, independent
of dectin-1, but partially via T helper cell type 2
(Th-2) 2-associated signal transduction and tran-
scription protein 6 signalling. This subtype appears
to be important for efficient fungal clearance.
Whether this subtype is reduced in CF, possibly
influencing the immune response to A. fumigatus
and colonization rates, is not known.

ADAPTIVE IMMUNITY

A. fumigatus causes an abnormal adaptive response
in a select group of CF and asthmatic patients
(see Fig. 1). The majority of CF patients colonized
with A. fumigatus do not show obvious A. fumigatus-
related symptoms, yet 10% develop allergic bron-
chopulmonary aspergillosis (ABPA) [15]. ABPA
is a Th-2-mediated hypersensitivity reaction that
leads to significant clinical deterioration, requiring
treatment with systemic corticosteroids [16,17]. It is
unclear why CF patients develop allergic disease,
in contrast to the invasive disease that develops
in immunocompromised patients. Galactomannan
levels, which are used as a read out for invasive
disease, are not particularly high nor do levels
differ between ABPA and non-ABPA patients [18"].
The allergic component may stem from A. fumigatus
itself, based on evidence that A. fumigatus elicits
a Th-2-skewing effect on CF leukocytes, and
most studies thus far have not been able to clearly
demonstrate a general Th-2 skewing activity against
pathogens other than A. fumigatus in CF [19,20]. The

Af
inhalation
Immune Immune
[ competent ] { deficient J { Asthma/CF J

|

| '

‘ Clearance ’ ‘

Invasive

. Colonization
disease

|

Th2 skewing by host and environmental interactions with Af

no Th2 skewing sensitization ABPA

l ?/?

l+/? l+/+

lung damage
FEV1/radiological monitoring

FIGURE 1. Mechanisms of Aspergillus fumigatusrelated cystic fibrosis lung disease. Th2 skewing occurs in asthma or cystic
fibrosis (CF) patients and Aspergillus fumigatus, thereby contributing to ongoing inflammation leading to tissue damage visible
by radiographic imaging in sensitized and allergic bronchopulmonary aspergillosis (ABPA) patients. In the case of colonized
patients without symptoms, it is unclear to what extent lung damage occurs and whether intervention is necessary. Af,
Aspergillus fumigatus; FEV1, forced expiratory volume in one second.
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fungal load in patients may be an important factor
initiating sensitization and Th-2 hypersensitivity.
However, other host-accountable factors, independ-
ent of fungal load, may also be important determi-
nants for the induction of A. fumigatus Th-2
responses. For instance, data suggests that low-affin-
ity binding of A. fumigatus antigen and the human
leukocyte antigen DR subtypes 2 and 5 are signifi-
cantly associated with ABPA development [21]. HLA
type is, however, not fully responsible as half of all
sensitized patients without ABPA have these types.
As CFTR gene mutations are clearly associated with
ABPA, it is tempting to speculate that lack of CFTR
itself is also an intrinsic factor that contributes to
Th-2 skewing by alterations of the cellular inter-
actions underlying Th-2 differentiation. A recent
study demonstrated that CFTR-deficient lympho-
cytes are prone to develop into Th-2 cells upon
in-vivo challenge with A. fumigatus [22].

The cause of ABPA remains puzzling but seems
to be the result of interactions between A. fumigatus
and CFTR-dependent host-accountable factors that
can influence A. fumigatus load and Th-2 skewing.
This in turn explains the broad phenotypical
variation in clinical outcome and A. fumigatus-
related morbidity. Until now, it is not fully under-
stood which patients are prone to ABPA and what
role A. fumigatus has in CF disease in the absence
of ABPA.

ASPERGILLUS FUMIGATUS-RELATED
DISORDER IN CYSTIC FIBROSIS

Few studies have addressed the role of A. fumigatus
on lung function in CF, and they have not shown
significant lung function decline in patients colon-
ized with A. fumigatus. Recently de Vrankrijker et al.
[23*%] investigated a cohort of 259 CF patients for
A. fumigatus colonization and found 61 (23.5%) to
be colonized according to the criteria of having
more than 50% positive sputum cultures in a given
year. A retrospective cohort analysis on 163 patients
was performed over a 5-year period and patients
were grouped according to the number of years
in which they met criteria for colonization. This
longitudinal analysis did not find any differences
between the groups regarding lung function decline
during the study period. There were, however, sig-
nificant differences in the baseline demographics,
which are important confounding factors. Those
who were colonized the longest were older, they
had the lowest baseline forced expiratory volume in
one second (FEV1), they used more antibiotics and
had lower BMI scores. This highlights the limita-
tions of cross-sectional and retrospective studies in
which one cannot distinguish between cause and

1070-5287 © 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

result: are the feeble patients more susceptible to
colonization or does colonization lead to feeble
patients? A causal relationship is not proven, but
this study suggests that A. fumigatus may influence
lung function and risk of exacerbations. Similarly,
previously published data from a retrospective
cohort study showed that chronic A. fumigatus
colonization in CF was found to be associated with
lower clinical status [24]. In this cohort, 37 (16%) of
the 230 patients were considered chronically
infected according to the criteria of having two or
more positive sputum cultures per year. A. fumigatus
and CF-related diabetes both had a significant
association with hospitalization; however, after cor-
rection for baseline differences, only a trend towards
an increased risk for pulmonary exacerbations
was shown. Interestingly, in colonized patients
with asthma (and without ABPA), it appeared
that immunoglobulin E (IgF) sensitization to
A. fumigatus was associated with lower lung function
and that, together with neutrophil differential cell
count, these were important predictors of lung func-
tion [25]. Although these are not CF patients, it is
interesting to find similarities in associating factors,
and it remains intriguing to understand possible
common mechanistic pathways, especially as there
is an increased frequency of CF carriers among
asthma patients who suffer from ABPA [26,27].

An important and perhaps surprising consider-
ation is that lung function may not be the best end
point to utilize in short-term studies. McMahon
et al. [28™] used high-resolution computed tomo-
graphy to evaluate patients with and without
A. fumigatus to study radiological abnormalities
in addition to lung function. They found that
radiological abnormalities such as bronchiectasis,
especially in the upper right lobes, were significantly
worse and involved more pulmonary segments in
A. fumigatus-positive patients, whereas no difference
in lung function was detected. This indicates that
A. fumigatus-positive patients do have visible
abnormalities that are not detected by lung function
testing, and they, therefore, may deserve radio-
logical screening and monitoring or even treatment
for eradication.

ASPERGILLUS FUMIGATUS-RELATED
INTERVENTION

Recently a randomized, placebo-controlled pilot
attempted to evaluate the effects of antifungal treat-
ment on lung function in CF patients colonized
with A. fumigatus [29%"]. This study used exacer-
bations requiring antibiotic therapy as primary end-
points and FEV; and quality of life as a secondary
endpoint. A beneficial effect of using itroconazole
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in colonized patients was not observed, but this
study was limited by the failure to reach therapeutic
levels of itraconazole, which may explain the lack of
any measurable effect on long-term lung function.
To date, there are few other studies investigating
fungal eradication in colonized patients. Antifungal
agents have been shown to have positive short-term
effects in patients with ABPA and severe asthma
with fungal sensitization [30]. In patients with
ABPA, the mainstream intervention is systemic
glucocorticoids, intended to decrease inflammation
and progressive lung injury, but unfortunately
with notorious side effects. The use of adjuvant
antifungal agents, however, led to a reduction in
IgE, eosinophilia and steroid use, and improvements
in lung function were seen after 6 months in one
study. Unfortunately, after 12 months, these effects
were no longer distinguishable [31]. In another
study, a positive effect on physiologic criteria
and corticosteroid dose but not on radiographic
infiltrates was seen [32].

The optimum duration of treatment remains
uncertain, and in these short-term studies it remains
difficult to evaluate the usefulness of itraconazole in
the clinic, considering the challenges of obtaining
therapeutic levels and avoiding adverse side effects.
For this reason, the use of other azoles such as
voriconazole may have additional potential [33].
However recent studies of (multi) azole-resistant
A. fumigatus strains seed caution for the widespread
use of azoles [34"-37"]. Furthermore, the lack of
short-term improvement may be due to irreversible
lung damage, and long-term trials are necessary to
investigate this.

Delhaes et al. [38™] provide an additional and
relevant concern regarding the use of antimicrobial
agents and highlight that the complexity of the
microbiotic environment in CF lungs exceeds
the information that we currently rely on. Using
new detection techniques of high-throughput pyro-
sequencing, they observed that the majority of fun-
gal species obtained by pyrosequencing were not
detected in cultures. The various fungal subspecies
that colonize the lower airways are far more diverse
than previously anticipated [38%%,39"]. The use of
antimicrobial agents, both antibiotics and anti-
fungal agents, decreases the diversity of micro-
organisms, and this seems to be unbeneficial for
clinical condition. A lower clinical status, reflected
in FEVy, forced vital capacity and BMI, was related to
a lower degree of species diversity. The importance
of microbial diversity could reflect the competition
and interaction between different organisms.
Communal partners and local conditions create
the potential for infection, but when one or more
species are depleted this most likely creates an
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opportunity for the most virulent, as has been shown
for bacterial colonization. Furthermore, interactions
between microorganisms are also highly complex,
and it seems that an antagonistic interaction exists
between Pseudomonas aeruginosa and A. fumigatus. 1f
P. aeruginosa indeed prevents filamentation and
biofilm formation of A. fumigatus by means of soluble
mediators then it would be interesting to investigate
the role of antibiotic use and development of
A. fumigatus-related morbidity [40].

Other alternatives include anti-IgE therapy,
which is relevant for patients who suffer from
severe allergic disease; however, it has yet to form
a prominent role in the clinical setting of ABPA.
For the treatment of severe allergic asthma, omali-
zumab has shown efficacy for up to 1 year. Beneficial
effects early on in ABPA treatment and in addition to
corticosteroid use have been reported only in the
form of case reports [41-44]. Whether anti-IgE
therapy will be relevant in the future for a select
group of A. fumigatus-colonized patients in order
to prevent the development of ABPA is rather
speculative.

CONCLUSION

The direct role of A. fumigatus on lung function in
colonized CF patients is difficult to determine.
Accumulating evidence depicts a clear association
between older patients, bacterial colonization,
lower lung function and the chronic presence of
A. fumigatus. However, there is, as yet, no evidence
directly supporting an isolated and causative
effect of A. fumigatus colonization on these factors
or increased morbidity. As depicted in Fig. 1, there
are also host-specific and environmental factors that
will affect the response to A. fumigatus. Advice for
A. fumigatus eradication in colonized patients with-
out ABPA using antifungal agents remains disput-
able due to the lack of data supporting this and the
concern for increasing resistance. The observation
of radiological abnormalities in the absence of lung
function decline is, however, a concerning matter,
and prospective studies should be performed to
evaluate the significance of these abnormalities
on a long-term basis in order to evaluate whether
early intervention is necessary. Furthermore, radio-
logical imaging may be of superior predictive value,
in short-term studies, for long-term lung function.
This too should be further investigated in long-
term prospective studies. Due to the abundance of
possible interfering and confounding factors, it
is challenging to isolate the effects attributable to
A. fumigatus, and agreements need to be made on
concepts such as colonization and how this should
be defined. These differences, which affect study
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design, will influence patient selection and possibly
outcome of analysis and they limit the comparison
between studies.

It is nevertheless apparent that A. fumigatus and
other fungal species most likely play a greater role
in CF lung disease than previously thought, and
not only in the context of ABPA. Insight into how
A. fumigatus interacts with the CF lung environment
will shed light on CF disease, and greater insight
regarding antifungal mechanisms within CF goes
hand in hand with wunderstanding antifungal
responses in other diseases and with defining
conditions in which eradication therapies should
be pursued.
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