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rAsp f 3 and rAsp f 4 are associated with bronchiectasis in allergic
fungal airways disease

Allergy to thermotolerant filamentous fungi, particularly Aspergil-
lus fumigatus, is closely associated with fixed airflow obstruction,
bronchiectasis, and other radiologically defined abnormalities, such
as mucus plugging.1 However, not all asthma patients who are im-
munoglobulin E (IgE) sensitized to A fumigatus develop these
complications. To identify markers of poor outcomes in fungal allergy
with asthma (and cystic fibrosis), the term allergic bronchopulmo-
nary aspergillosis (ABPA) was coined. However, this syndrome was
defined largely using criteria that represent a florid immunologic
response to A fumigatus rather than clinically relevant outcomes,
a problem that remains with the recent modifications recom-
mended by the International Society for Human and Animal
Mycology.2 Moreover, asthma patients rarely fulfill all criteria for
ABPA, whereas fungal allergy in asthma is common, particularly in
more severe disease. Denning and colleagues proposed the term
severe asthma with fungal sensitization (SAFS), essentially defined
as ABPA with a low IgE, to define this larger group. However, not
all asthma patients with fungal sensitization have severe disease
and not all fungi are associated with lung damage.

In earlier work we proposed that, under the current state of
knowledge, a more inclusive term, such as allergic fungal airways
disease, should be used to describe asthma patients IgE sensitized
to A fumigatus and related fungi.3 Irrespective of the terminology,
there remains a need to identify biomarkers that distinguish between
asthma patients with fungal IgE sensitization who will develop lung
damage as a result of their asthma and those who will not develop
such damage. In this study we aimed to determine whether spe-
cific IgE to different allergenic components of A fumigatus could be
a more specific marker of lung damage in asthma compared with
total specific IgE. Thus, the aim of our study was to determine the
relationship between serum IgE to the allergen components Asp f
1–4 and Asp f 6 and fixed airflow obstruction, bronchiectasis, and
other recognized radiologic markers of fungal allergy in a group of
asthma patients with fungal sensitization. A secondary aim was to
determine whether the components were useful in distinguishing
between asthma patients who meet the criteria for ABPA, SAFS, or
neither subset.

The majority of fungal extracts used to measure specific IgE use
crude extracts that contain nonallergenic and allergenic proteins,

polysaccharides, and lipids that have been shown to cross-react both
between and within species.4 Molecular-based allergy (MA) diag-
nostics benefit from being standardized, have a low degree of
variability, and have been developed from either recombinant or
purified native molecules.5 Studies investigating the ability of spe-
cific IgE components to A fumigatus to differentiate between ABPA
and sensitization to A fumigatus have shown conflicting results. rAsp
f 3, rAsp f 4, and rAsp f 6 have been demonstrated to be specific
markers for ABPA in both cystic fibrosis and asthma,6,7 with Asp f
1 and f 2 also having been shown to be diagnostic markers of ABPA
with area-under-the-curve values of 0.75 and 0.78, respectively, in
a Japanese asthma population.8 However, as noted previously, the
relevance of these observations to clinical outcomes remains unclear.

In this study we measured concentrations of IgE to the molec-
ular allergens rAsp f 1–4 and rAsp f 6 in asthma patients recruited
opportunistically from asthma and fungal allergy clinics by A.J.W.
These patients represented a subset of participants recruited for a
larger study.1 Inclusion criteria were a positive specific IgE to A
fumigatus (>0.35 kU/L) using the Phadia ImmunoCAP system, with
a bias in recruitment toward those with a serum IgE of >1.0 IU/L.
Demographics (age, sex, body mass index), clinical data (age of
asthma diagnosis, asthma duration, Global Initiative for Asthma
[GINA] status, and sputum cell counts), and spirometry data were
collected during a stable visit using standard methods, recording
post-bronchodilator forced expiratory volume in 1 second (percent
predicted). High-resolution computed tomography scans were un-
dertaken of the whole thorax using a spiral scanner (Siemens
Somaton Definition AS Plus, Siemens Healthcare, Knoxville, Ten-
nessee). Bronchiectasis (present/absent) was scored based on the
radiologist’s report. Descriptive statistics, analyzed using SPSS for
Windows (IBM SPSS, Inc, Armonk, New York), were expressed as
mean (SD or 95% confidence interval) or median (interquartile range).
Nonparametric data were analyzed using Spearman’s correlation
and the Dunn-corrected Kruskal-Wallis test for multiple-group
comparisons.

Eighty-five asthma patients were recruited, of whom 57.8%
(n = 44) were male, 91.8% (n = 78) had a GINA score ≥3, and the ma-
jority had either early-onset atopic disease (50.6%, n = 43) or late-
onset eosinophilic asthma (40%, n = 34). There were no statistically
significant differences in components when separated by GINA score,
endotype, or atopic status. A total of 37.6% (n = 32) met the crite-
ria for ABPA2 and 21.2% (n = 18) met the criteria for SAFS, whereas
the majority (41.2%, n = 35) were sensitized to A fumigatus but did
not fit either of these diagnostic classifications. The differences
between the levels of IgE to components in these groups were sta-
tistically significant (Table 1).

rAsp f 6 was the only component to correlate well with total IgE
(r = .798, P < .001). Although significant at P < .05, the other

Disclosures: A.J.W. has been an advisory board member for GSK, Pulmocide, KNOPP,
and Astra Zeneca. No other author has anything to disclose.
Disclaimer: The views expressed are those of the author(s) and not necessarily those
of the National Health Service, National Institute for Health Research, or the De-
partment of Health.
Funding Sources: This work was supported by the National Institute for Health Re-
search Leicester Respiratory Biomedical Research Unit.

https://doi.org/10.1016/j.anai.2017.10.026
1081-1206/© 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Ann Allergy Asthma Immunol ■■ (2017) ■■–■■

ARTICLE IN PRESS

Contents lists available at ScienceDirect

https://doi.org/10.1016/j.anai.2017.10.026
http://www.sciencedirect.com/science/journal/10811206


components were only weakly correlated with total IgE, A fumigatus
IgE, peripheral blood eosinophil count, and asthma duration.

No correlations were seen between rAsp f 1–4 or rAsp f 6 and
post-bronchodilator forced expiratory volume in 1 second. Bron-
chiectasis was associated with higher level of rAsp f 3 (4.4 [0.81–
12.9] vs 0.34 [0.07–3.91], P = .008) and rAsp f 4 (0.47 [0.03–3.16]
vs 0.09 [0.01–0.35], P = .033). No other statistical differences were
seen between the components and the frequency of the radio-
logic abnormalities studied (tree-in-bud, bronchial wall thickening,
mucoid impaction, collapse/consolidation, air trapping, fleeting
shadows, and fibrosis) although receiver-operating characteristic
curves did show an area-under-the-curve value of 0.71 for rAsp f
4 in predicting the development of fleeting shadows.

In asthma patients sensitized to crude extracts of A fumigatus,
irrespective of their diagnostic label, rAsp f 3 and rAsp f 4 were found
to be associated with development of bronchiectasis. Thus, a po-
tential role for sensitization to the allergens rAsp f 3 and f 4 in
causing bronchiectasis is worthy of further study. rAsp f 4 was found
to be related to the development of fleeting shadows, and total IgE
was most closely related to Asp f 6, which is commonly increased
in atopic dermatitis. Patients who fulfilled the criteria for ABPA had
a higher level of components than those with SAFS or neither label,
but this was to be expected because ABPA is defined by a florid im-
munologic response to fungal extracts. In conclusion, rAsp f 3 and
rAsp f 4 may be markers for the development of bronchiectasis in
allergic fungal airway disease.
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Table 1
Differences in Components Between Asthma Patients With ABPA, SAFS, and Those Sensitized to Aspergillus fumigatus

ABPA (n = 32) SAFS (n = 18) Sensitized to A fumigatus
(n = 35)

P value

rAsp f 1 3.58 (0.27–15.95) 0.14 (0.13–1.05) 0.54 (0.17–5.15) .002
AUC 0.68 0.25 0.50

rAsp f 2 2.32 (0.26–9.72) 0.13 (0.05–0.66) 0.34 (0.07–2.11) .001
AUC 0.73 0.29 0.42

rAsp f 3 7.04 (1.04–14.65) 0.33 (0.01–1.58) 1.06 (0.1–9.79) .002
AUC 0.68 0.27 0.49

rAsp f 4 1.33 (0.15–7.39) 0.02 (0.01–0.07) 0.12 (0.02–0.85) <.001
AUC 0.74 0.24 0.44

rAsp f 6 0.20 (0.02–2.12) 0.01 (0.01–0.01) 0.04 (0.01–0.12) <.001
AUC 0.71 0.23 0.49

Positive components (n)
1 or 2 21.9% 38.9% 37.1%
3 or 4 43.8% 27.8% 37.1%
5 28.1% 0% 5.7%

Total IgE 2,613 (1,535–5,000) 244 (219–534) 1,078 (646–2,561) <.001
IgE A fumigatus 36.45 (17.2–74.2) 5.87 (2.88–9.24) 10.7 (3.36–25.2) <.001

Abbreviations: ABPA, allergic bronchopulmonary aspergillosis; AUC, area under the curve; IgE, immunoglobulin E; SAFS, severe asthma with fungal sensitization.
Data expressed as median (interquartile range).
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