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Diagnosis of allergic bronchopulmonary
aspergillosis: a case-based approach

Sahajal Dhooria' & Ritesh Agarwal*'

ABSTRACT Allergic bronchopulmonary aspergillosis is a pulmonary disease occurring
in patients with asthma or cystic fibrosis, consequent to a dysregulated immune response
to inhaled Aspergillus conidia. The usual presentation is with poorly controlled asthma.
Patients may also present with expectoration of mucus plugs, hemoptysis, constitutional
symptoms and radiological opacities. Patients may experience smoldering lung destruction
despite well-controlled asthma. With emerging data, the diagnostic criteria transcribed by
an International Expert Committee in 2013 are the latest evidence-based guidelines. Herein,
we utilize a case-based approach to elaborate on the diagnosis of this disease. The review
intends to provide a lucid understanding of the diagnostic process for the expert as well as
the primary physician, involved in management of this enigmatic disorder.

Allergic bronchopulmonary aspergillosis (ABPA) is a respiratory disorder consequent to a perturbed
immune response to inhaled Aspergillus fumigatus conidia, occurring in patients with bronchial
asthma or cystic fibrosis (CF) [1]. The disease is associated with considerable morbidity resulting in
worsening of the underlying disease and may result in smoldering lung destruction [2]. Diagnosis
is easy in a patient presenting with classical clinical manifestations and characteristic laboratory
test results [3]. In others, it may be perplexing. The diagnostic criteria for ABPA have been revised
several times over the past six decades since the malady was first brought to attention [4-7]. But the
diagnostic process is far from perfect, primarily because of the lack of a gold standard. The recom-
mendations proposed by an International Working Group of ABPA complicating asthma (formed by
the International Society for Human and Animal Mycology) in 2013 are the latest evidence-based
guideline on the diagnosis, staging and management of this disease [7]. The article focuses on the
diagnosis of ABPA complicating bronchial asthma using a case-based approach. Five case scenarios
from our chest clinic are discussed in the article (Box 1), which are representative of the various entities
related to ABPA. Using these representative cases, the major clinical manifestations and laboratory
features of ABPA are explained in detail to highlight the peculiarities of this perplexing condition.
The article then delves into a logical approach towards diagnosis of ABPA utilizing a combination
of several laboratory investigations to arrive at the diagnosis.

How does ABPA manifest clinically?

Although many patients with ABPA are diagnosed in the third or fourth decade of life [s], there
is no specific age or gender predilection for its occurrence [9]. Even children and the elderly may
be afflicted [10.11]. Familial occurrence has been documented in up to 5% of cases [12]. Patients
usually have previous diagnosis of asthma with the average duration of asthma prior to the diag-
nosis of ABPA being 615 years [8.9.11]. Asthma may be controlled (20%) or uncontrolled (80%)
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Box 1. Initial case information.
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2 years

requiring oral steroids

oral steroids

therapy in the last 2 years

e Case 1: A 51-year-old patient with asthma diagnosed 9 years ago presents with fever, expectoration of
mucus plugs and increasing breathlessness. She has been treated for ‘pneumonia’ thrice over the past

e Case 2: A 32-year-old asthmatic patient of 8 years duration maintains good asthma control with
moderate doses of inhaled corticosteroids and has had two exacerbations over the past 3 years

® Case 3: A 26-year-old man presents to our chest clinic with history of well-controlled asthma for
6 years. He is being treated with low doses of inhaled steroids

e Case 4: A 44-year-old lady with history of asthma for 10 years requires high doses of inhaled
corticosteroids for control of asthma and has had frequent exacerbations requiring short courses of

e Case 5: A 43-year-old woman presents with history of asthma of 2 years duration. The asthma is well
controlled with low doses of inhaled steroids. She has had one exacerbation requiring oral steroid

with the usual asthma medications [13]. Rarely,
patients may present de novo without prior his-
tory of asthma [14]. The typical patient presents
with fever, weight loss, cough, expectoration of
mucus plugs, hemoptysis, breathlessness and
wheezing (8,15-16], although the most common
presentation is that of poorly controlled asthma.
Expectoration of brownish mucus plugs, con-
sidered to be a characteristic symptom has been
reported in 30-70% of patients [13,17-18]. Physical
examination is usually noncontributory except
for finding of polyphonic wheeze on ausculta-
tion. In approximately 15% of cases, crackles are
present indicating the presence of bronchiectasis,
and a similar proportion may reveal clubbing
(especially in those with long-standing bronchi-
ectasis) (13]. Many classical manifestations are
less common in recent studies as compared with
the early ones due to early diagnosis [9.13,17-18]. In
fact, chest clinics may not encounter bronchiec-

tasis in ABPA, and see only the serological stage
of ABPA (ABPA-S) [19].

Should all asthmatics be screened for
ABPA?

All asthmatic patients should be screened for
ABPA as clinical symptoms and signs lack sen-
sitivity and specificity (Box 2). Moreover, many
patients with ABPA, including those with bron-
chiectasis, surprisingly do not manifest with
worsening asthma control. There is also consid-
erable burden of the disease with an estimated
4.8 million patients globally [20]. The prevalence
of ABPA complicating asthma in special clinics
has been estimated to approximately 13% [21].
Importantly, early diagnosis and treatment of
ABPA can prevent the development of bronchi-
ectasis or halt its progression once it has already
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set in [22]. Also, the investigations used in screen-
ing have no adverse effects. These points under-
score the need for routine screening of asthmatic
patients for ABPA.

What investigations are used for screening
of ABPA?

Aspergillus fumigatus-specific IgE levels and
Aspergillus skin test (AST) are the investiga-
tions most commonly used for diagnosing sen-
sitization to A. fumigatus (defined as asthma
with immediate cutaneous hypersensitivity to
A. fumigatus or elevated specific IgE levels). Let
us examine the utility of each of them in the
diagnosis of ABPA.

¢ A. fumigatus-specific IgE levels

In 1974, Patterson et a/. identified the presence
of IgE antibodies directed toward A. fumigatus
in the sera of patients with ABPA, and proposed
this investigation as the most specific test in diag-
nosis of ABPA [23]. We now know that presence
of A. fumigatus-specific IgE antibodies is not
specific (specificity: 69-78%) for ABPA as they
are also seen in Aspergillus-sensitized asthma,
albeit at a lower level. However, A. fumigatus-
specific IgE is probably the most sensitive test
in diagnosis of ABPA. In a latent class analysis,
A. fumigatus specific IgE level >0.35 kilo units of
antibodies per liter (kUA/I) showed 100% sensi-
tivity in the diagnosis of ABPA in three different
models (8]. Although a cutoff value more than
that of the pooled serum samples from patients
with Aspergillus-sensitized asthma was proposed
(2425], the clinical significance of this cutoff is
not known. Clearly, more studies from differ-
ent geographical regions are needed for defining
a cutoff for A. fumigatus-specific IgE levels. At
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Box 2. Case commentary.

Diagnosis of allergic bronchopulmonary aspergillosis

e All our patients have asthma of several years duration. Cases 1 and 4 have poorly controlled asthma
while cases 2, 3 and 5 have well-controlled asthma. Case 1 provides history of recurrent episodes of
‘pneumonia’ and now has fever and expectoration of mucus plugs which may be a pointer toward
allergic bronchopulmonary aspergillosis. It is, however, difficult to predict allergic bronchopulmonary

aspergillosis in the other cases

present, a value of 0.35 kUA/I, as agreed upon
by the recently convened expert group meeting,
might be accepted as the cutoff for a positive
result [7].

e Aspergillus skin test

The presence and degree of cutaneous reactivity
acts as a surrogate marker for sensitization within
target organs, that is, lung in case of ABPA [2¢].
Skin testing for determining Aspergillus sensi-
tization is performed by introducing a small
quantity of A. fumigatus antigen (commercial
or locally prepared) into the epidermis either by
skin prick test (SPT), and if negative, followed
by an intradermal injection [21]. The outcome of
skin test is influenced by the relative concentra-
tion of the allergens in the extract and proper
performance of the skin test [27]. A positive Type
I reaction is typical of ABPA and represents the
presence of A. fumigatus-specific IgE antibodies.
Intradermal skin tests are more sensitive than
SPT for the diagnosis of Aspergillus sensitization.
In a meta-analysis, intradermal tests fared better
than SPT for the detection of Aspergillus sensi-
tization in bronchial asthma (28.7 vs 24.8%,
p =0.002); however, the prevalence did not vary
with the type of antigen used (commercial or

indigenous) [21]. A positive skin test, similar to
A. fumigatus-specific IgE, is not pathognomonic
of ABPA as 28% of asthmatics have a positive
AST, and of these only 40% are diagnosed with
ABPA [21]. There is an association, albeit weak
between Aspergillus sensitization (without ABPA)
and severity of asthma [28]. In fact, patients who
manifest severe asthma, fungal sensitization
and in whom ABPA is excluded are classified as
severe asthma with fungal sensitization [29-32].
AST has been recommended as the preferred
test for screening asthmatic patients for ABPA
(3.33]. However, a positive skin test is probably
not the gold standard for Aspergillus sensitiza-
tion in the context of ABPA. In a recent study,
Aspergillus skin testing (intradermal method
using an indigenous antigen) had sensitivity
ranging between 88 and 94% for the diagnosis
of ABPA in asthmatics (vs 100% for A. fumiga-
tus-specific IgE) [8]. Thus, one in ten patients of
ABPA can be potentially missed if AST is used
as the screening test for ruling out ABPA (Box 3).
Therefore, we recommend that all patients with
persistent asthma be routinely investigated with
an A. fumigatus specific IgE to rule out ABPA.
An AST may be performed if specific IgE assay
is not available; however, the clinician should

Box 3. Case update: initial workup.

e Case 1: The patient is further investigated. She is found to have positive Aspergillus skin test, and a
serum A. fumigatus-specific IgE level of 3.15 kUA/I

e Case 2: The patient is screened with an Aspergillus skin test which turns out to be negative. He seeks
advice of another physician and is found to have serum A. fumigatus-specific IgE level of 1.89 kUA/ml

e Case 3: On investigating, serum A. fumigatus-specific IgE level is 0.53 kUA/I and Aspergillus skin test is
positive

® Case 4: Further workup reveals a positive Aspergillus skin test and serum A. fumigatus-specific IgE level
of 1.21 kUA/I

e Case 5: She is screened for allergic bronchopulmonary aspergillosis with serum A. fumigatus-specific
IgE level, which is 0.04 kUA/I

Case commentary

e Cases 1, 2,3 and 4 have A. fumigatus-specific IgE levels above the presently accepted cutoff of
0.35 kUA/I. Thus, all of them are sensitized to A. fumigatus. Case 5 does not have sensitization to
A. fumigatus, and further workup for allergic bronchopulmonary aspergillosis is not indicated in
this patient. It is noteworthy that case 2 had a negative Aspergillus skin test, however was found to
have a positive A. fumigatus-specific IgE. This highlights the point that allergic bronchopulmonary
aspergillosis can be potentially overlooked if Aspergillus skin test is used as the screening test for
ruling out allergic bronchopulmonary aspergillosis
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understand that up to 6-12% of patients could
be potentially missed if skin test is used as a
screening modality [8].

What is the next investigation for an
asthma patient found to be sensitized to
A. fumigatus?

The next best step in the algorithmic workup
of ABPA is total serum IgE (Box 4).

¢ Total serum IgE levels

The serum total IgE level is a valuable test both
in the initial diagnosis, and during follow-up of
ABPA. A patient’s current symptoms cannot be
attributed to ABPA in the face of a normal serum
IgE (provided that the patient is not on systemic
glucocorticoid therapy) [2]. As for specific IgE,
the cutoff value of IgE level that should be used
for diagnosis of ABPA remains uncertain. This
is due to the fact that the levels of IgE overlap
between normal individuals, atopic individu-
als (with or without fungal sensitization) and
ABPA [34]. In 1970, Heiner ez al. reported raised
IgE values in patients with allergic aspergillo-
sis [35]. The original paper published in 1977,
describing the criteria proposed by the Patterson
group did not provide a cutoff for total IgE
(4]. The same group suggested a cutoff of
1500 ng/ml in 1978 [24], while it was stated as
2500 ng/ml (for the acute stage) in 1982 [3¢]. In
1986, they proposed that an IgE <1000 ng/ml
along with an absence of Aspergillus precipitins
probably excluded ABPA while in those with
IgE >2000 ng/ml and presence of precipitins,
determination of A. fumigatus specific IgE (and
IgG levels) was required [37]. The Northwestern
Allergy Immunology series of ABPA used an
IgE cutoff of 1000 ng/ml [38]. Later series have

used a cutoff of 1000 IU/ml for diagnosing
ABPA in asthma too [9,30,39-40]. In a latent-class
analysis, a cutoff of 1000 IU/ml gave a sensi-
tivity and specificity of 92 and 40%, respec-
tively, whereas using a value of 417 1U/ml
(1000 ng/ml) reduced the specificity to 24%
with only a marginal increase in sensitivity to
96% [8]. The latest expert guideline therefore
recommends the use of a 1000 IU/ml cutoff for
the diagnosis of ABPA [7].

What is the next step in the protocol for
the diagnosis of ABPA?

A peripheral blood eosinophil count, serum
precipitins (or IgG) against A. fumigatus and a
chest radiograph along with a high-resolution
computed tomogram (HRCT) of the thorax
should be obtained (Box 5).

¢ Eosinophil count

A peripheral blood eosinophil count
>1000 cells/pl has been used as a threshold in
the diagnosis of ABPA. However, as many as
60% of patients with ABPA present with an
eosinophil count <1000 cells/pl at diagnosis,
and a quarter of ABPA patients have a count
lesser than 500 cells/pl [41]. Therefore, eosino-
phil count should not be used as a screening test
for ABPA. In a recent study, the sensitivity and
specificity of eosinophil count >1000 cells/pl
were found to be approximately 30 and 93%),
respectively, for the diagnosis of ABPA among
asthmatics [8]. Due to the poor sensitivity of this
cutoff, an eosinophil count >500 cells/pl is pro-
posed as the limit in the recent diagnostic crite-
ria [7]. One should remember that an elevation in
eosinophil count may be observed in several sys-
temic disorders including parasitic infestations,

Box 4. Case update: IgE levels.

e Case 1: Serum total IgE level of 10,900 IU/ml
e Case 2: Serum total IgE level of 8900 IU/ml
e Case 3: Serum total IgE level of 300 IU/ml

e Case 4: Serum total IgE level of 612 [U/ml

Case commentary

e Cases 1 and 2 have raised serum total IgE levels. Thus, they may potentially have active allergic
bronchopulmonary aspergillosis (ABPA). Case 3 has well-controlled asthma on low doses of inhaled
steroids, is sensitized to A. fumigatus but has a normal total IgE (below any cutoff, either 417 or
1000 IU/ml for ABPA). Thus, the patient has Aspergillus-sensitized asthma but no ABPA. Case 4 is also
sensitized to A. fumigatus and has a normal total IgE, but her asthma is severe. Her diagnosis is severe
asthma with fungal sensitization. Rarely, patients with untreated ABPA might have IgE levels between
417 and 1000 IU/ml, especially if they have received a course of oral corticosteroids for the control of
their asthma. Therefore, we should go ahead with further workup of ABPA for case 4 as well

Future Microbiol. (2014) 9(10)
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Diagnosis of allergic bronchopulmonary aspergillosis

Box 5. Case update: other investigations.

present CT scan

normal HRCT of the chest

e Case 1: The patient has positive precipitins against A. fumigatus and eosinophil count of 1789 cells/pl.
High-resolution computed tomography (HRCT) of the chest shows mucoid impaction in bilateral
upper lobes (with presence of high attenuation mucus in the right lower lobe) and bronchiectasis
in both upper lobes and right lower lobe. A review of the chest radiographs during her ‘pneumonia’
episodes reveals that those were fleeting opacities in the same areas as the mucoid impaction in the

e Case 2: The laboratory findings in this patient are positive precipitins against A. fumigatus, peripheral
blood eosinophil count of 975 cells/ul and normal HRCT of the chest

e Case 3: Workup reveals positive precipitins against A. fumigatus and total eosinophil count of
432 cells/ul. HRCT of thorax reveals minimal bronchiectasis in the right upper lobe

e Case 4: She has positive precipitins against A. fumigatus, total eosinophil count of 389 cells/ul and

Churg—Strauss syndrome and other eosinophilic
lung diseases. Further, patients receiving oral
steroids (common in asthma) can have lower or
normal eosinophil levels.

e Serum precipitins or specific IgG against
A. fumigatus

A positive precipitin reaction against A. fumig-
atus is found in nearly 80% of patients with
ABPA [3439). Precipitins refer to the IgG anti-
bodies mounted against the organism, usually
detected by immunoprecipitation techniques.
The double gel diffusion has been the preferred
method for detection of precipitins over the
years [437.39]. Automated commercial enzyme
immunoassays are now available, which have
been found to be sensitive and reproducible
(42.43]. It should be borne in mind that IgG
antibodies are not specific for ABPA and can
be seen in semi-invasive forms of aspergillosis
like chronic pulmonary aspergillosis. Chronic
pulmonary aspergillosis can complicate the
course of ABPA [20], and presence of constitu-
tional symptoms, pulmonary cavities along with
positive IgG (in high titres) may point toward
its occurrence [44].

¢ Chestradiograph

A host of abnormalities can be seen on chest
radiograph in ABPA but are generally nonspe-
cific [45]. Chest radiograph may be normal in
50% of the cases [46]. Certain radiographic fea-
tures occur during acute episodes and clear up
during remission [47]. They include consolida-
tion, lobar or segmental atelectasis, band-like
or toothpaste shadows, tramline shadows and
gloved-finger shadows [47.48]. Serial radiographs
may reveal the transient nature of these migra-
tory infiltrates, termed as ‘fleeting shadows’
(49]. Permanent changes include parallel line
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shadows, ring shadows, generalized overinfla-
tion and localized emphysema [47.48]. Perihilar
opacities representing infiltrates that surround
the dilated, secretion-filled central bronchi
may be seen, which can be mistaken for hilar
adenopathy [s0]. Toothpaste and gloved-finger
shadows represent mucus impaction, tramline
shadows represent bronchial wall thickening,
while parallel line and ring shadows represent
dilated bronchi and/or mucoid impaction.
Consolidation, considered to be the most com-
mon chest radiograph finding, most often is
found to represent mucus-filled bronchiectatic
cavities, when imaged with an HRCT chest
(46]. Chest radiographs need to be performed
in all cases as they can be done during follow-
up, and thus preclude the need for repeated
CT scans.

¢ Computed tomography

Computed tomography is more sensitive than
chest radiography in identification of bronchi-
ectasis (Figure 1), and thus allows earlier detec-
tion of the onset and progression of lung dam-
age [s1,52]. HRCT of the chest is as sensitive
and more acceptable than bronchography, the
earlier gold standard for discernment of bron-
chiectasis [s3]. Bronchiectasis is the most com-
mon (73-95%) abnormality seen in ABPA on
CT chest along with bronchial wall thickening
(95%) [39.54]. Bronchiectasis may be cylindri-
cal (less severe), varicose or cystic (considered
more severe forms) [5455]. It may be central
(medial half or two-thirds of the lung field, on
an imaginary line drawn from the hilum to the
chest wall) or may extend to the periphery (in
approximately 40% of the cases) [46,56]. Because
of the lack of specificity of central bronchiecta-
sis in diagnosis of ABPA [s54], and the fact that
a significant proportion of patients with ABPA
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Box 6. New diagnostic criteria for the diagnosis of allergic bronchopulmonary aspergillosis.

Predisposing conditions
e Bronchial asthma, cystic fibrosis

Obligatory criteria (both must be present)

® Raised serum total IgE levels (>1000 IU/ml)*

Other criteria (at least two of three)

e Elevated serum IgE levels against A. fumigatus (>0.35 kUA/I) orimmediate cutaneous hypersensitivity
to A. fumigatus antigen (positive Type | Aspergillus skin test)

® Presence of precipitating (or IgG) antibodies against A. fumigatus in serum
e Thoracic imaging findings consistent with allergic bronchopulmonary aspergillosis*
® Peripheral blood eosinophil count >500 cells/pl (may be historical)

ring shadows and pleuropulmonary fibrosis).

An IgE value <1000 IU/ml may be acceptable, if all other criteria are met.
The features on thoracic imaging consistent with allergic bronchopulmonary aspergillosis may be transient (i.e., fleeting opacities,
toothpaste/gloved finger opacities, tram-track opacities, consolidation, nodules) or permanent (i.e., bronchiectasis, parallel lines,

have ‘peripheral’ bronchiectasis, the term central
has been removed by the recent expert group
(71. Not specific to ABPA, bronchiectasis is
also seen in patients with Aspergillus-sensitized
asthma, though less commonly than ABPA
(57:58]. Bronchiectasis affecting three or more
lobes with mucoid impaction is suggestive but
not characteristic of ABPA [s4]. An important
HRCT finding, considered pathognomonic for
ABPA, is airway plugging with high attenuation
mucus (HAM) [59-¢3]. This term is used if the
mucus plug is visually denser than the normal
paraspinal skeletal muscle (Figure 2) [64]. The
density may range from 108 to 168 Hounsfield
units (HU) (13], and is attributed to the presence
of calcium salts and ions of iron and manganese
[65] or desiccated mucus [66]. Approximately 20%
of ABPA patients demonstrate this finding on
HRCT [13]. On latent-class analysis, the speci-
ficity of HAM was found to be 100% (8]. The

Figure 1. High-resolution computed
tomography of the thorax (lung windows)
demonstrating extensive areas of
bronchiectasis involving the right lung.

Future Microbiol. (2014) 9(10)

presence of bronchiectasis and/or HAM indi-
cate an immunologically severe disease with
predisposition to recurrent relapses [9,13,67].
Centrilobular nodules (32-90%), tree-in-bud
and mucoid impaction (70%) are commonly
seen especially in the acute stage [47]. Other
parenchymal abnormalities include consolida-
tion, segmental or lobar collapse, parenchy-
mal scarring, cavities and bullae [s6]. Pleural
abnormalities include thickening/fibrosis and,
rarely, pneumothorax and effusion [56-57,68-69].
Uncommon findings include pulmonary masses
(70], miliary nodules [14], aspergilloma [71] and
total lung collapse [72]. HRCT of the chest is
found to be normal in a third of the patients;
in that case they are labeled as ABPA-S [39.46].

What criteria should be used for the
diagnosis & classification of Aspergillus-
related hypersensitivity phenomena in
asthma?

The Patterson criteria proposed more than three
decades ago have been the basis for diagnosis
of ABPA till date. These criteria however have
certain limitations [73]: they place equal impor-
tance to all the components while some param-
eters such as IgE levels are more important than
others; there is no consensus on the number of
major or minor criteria necessary for the diag-
nosis. For example, if one makes the diagnosis
of ABPA using at least five criteria then there is
a fall in specificity while if we use at least seven
criteria there is a fall in sensitivity [8]; the opti-
mum cutoff values for IgE levels and eosinophil
count are not specified; and the minor criteria
seem to be redundant. The recent consensus-
based guidelines have taken cognizance of the
deficiencies of the previous criteria in the light of

future science group



the knowledge accumulated over the years and
have revised these criteria (Box 6) [7]. The crite-
ria are now simpler and more evidence based.
Bronchiectasis has been removed from the
diagnostic criteria as ABPA may present with-
out bronchiectasis. The cutoff value of IgE has
been proposed as 1000 IU/ml pending further
validation, as it can help in differentiating severe
asthma with fungal sensitization from ABPA-S.
Minor criteria have been removed. The diagnos-
tic algorithm shown in Figure 3 may be followed
for arriving at the specific diagnosis. Patients
who do not fulfill all the criteria for diagnosis
may be categorized as ‘ABPA-at risk’, and should
be kept under close followup (Box 7).

What should be the basis for staging
ABPA?

ABPA is staged both clinically and radiologi-
cally, the former has therapeutic and the lat-
ter prognostic implications [45]. Patterson et al.
has classified ABPA into five clinical stages [36];
however, this staging was limited by the lack
of precise definitions at each stage. The latest
guidelines have recommended a new staging
system (Table 1) to circumvent the ambiguities
of the previous system. Certain points deserve
special mention. ABPA is now classified into
seven stages with stages 1 and 5 having sub-
stages. The stages do not represent sequential
temporal regression and a patient may revert to
a lower stage with treatment or time. Up to half
of the patients may experience an exacerbation
of the disease usually within 1-2 years [36-3739].
It is important to note that IgE levels do not
return to normal values even in patients with
remission [67]. Thus, repeated evaluation of IgE
should be performed to characterize the ‘new
baseline’ value, which is then used for defin-
ing exacerbations. A prolonged remission does
not imply a cure as exacerbations of the disease
can occur several years after remission. Even in
stage 6 (advanced ABPA), patients may require
therapy as the disease can remain clinically and
immunologically active [74].

Patterson et al. have classified ABPA radio-
logically into two stages: ABPA-S and ABPA
with central bronchiectasis (ABPA-CB), with
ABPA-S representing patients without pulmo-
nary damage [37]. Kumar ez /. divided cases
of ABPA into ABPA-S, ABPA-CB and ABPA
with other radiologic findings (ABPA-CB-ORF)
based on findings on CT chest scan [75]. In a
large study, no difference was found among

future science group
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Figure 2. High-resolution computed
tomography of the chest (mediastinal
windows) demonstrating high attenuation
mucus (arrow).

*The mucoid impaction is visually denser than
the paraspinal skeletal muscle.

the radiologic stages of ABPA in terms of dura-
tion of illness, severity of asthma and serologic
findings [39]. However, severity of bronchiecta-
sis (based on the number of segments affected
by bronchiectasis on HRCT) and the presence
of HAM were predictors of relapse and failure
to achieve complete remission [13]. These find-
ings prompted Agarwal et al. to propose a new
classification scheme based on HAM, thus
creating three classes: ABPA-S, ABPA-CB and
ABPA-CB-HAM ). In this study, the older clas-
sification schemes were compared with the one
based on HAM and it was found that HAM
most consistently predicted immunological
severity in ABPA [9]. The long-term outcome
of ABPA-S is good (despite frequent relapses),
and in one study no patient developed bronchi-
ectasis with appropriate management [76]. The
radiologic classification proposed in the recent
guidelines takes cognizance of all the classifica-
tion schemes and divides ABPA radiologically
into four stages (Table 2).

Is there any role of spirometry in the
diagnosis of ABPA?

Spirometry may help in the diagnosis and sever-
ity assessment of asthma. However, asthma
patients with or without ABPA may have a nor-
mal spirometry. Thus, a normal spirometry does
not exclude the diagnosis of ABPA [39]. Bronchial
provocation testing with Aspergillus antigens
are generally not advisable as it can cause severe
bronchospasm (77].
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Figure 3. Algorithm for the diagnosis of allergic bronchopulmonary aspergillosis in asthma.
ABPA: Allergic bronchopulmonary aspergillosis; ABPA-B: Allergic bronchopulmonary aspergillosis
with bronchiectasis; ABPA-S: Serological allergic bronchopulmonary aspergillosis; Af: Aspergillus
fumigatus; HRCT: High-resolution computed tomography; SAFS: Severe asthma with fungal

sensitization; TIgE: Total IgE.

Do sputum cultures for A. fumigatus have
any significance in diagnosing ABPA?
Growth of A. fumigatus in respiratory secre-
tions is not diagnostic of ABPA because the
fungus can also be cultured in other pulmo-
nary diseases due to its ubiquitous nature [78].
Sputum cultures may grow A. fumigatus in
40-60% of ABPA patients [417.77]. A better
technique for sputum processing employing
separation of sputum plugs from saliva before
inoculation may increase the yield of cultures
(79]. Interestingly, the vast majority of ABPA
patients have detectable A. fumigatus DNA in
their sputum despite negative cultures, attesting
to its definite presence in the lung [80]. The role
of culture (if an isolate can be obtained) mainly
lies in susceptibility testing and/or real-time

molecular testing for resistance to antifungal
agents [80].

What vision do we have for 2020 in the
field of ABPA diagnostics?

New markers like recombinant Aspergillus
antigens, thymus- and activation-regulated
chemokine (TARC) and the FACS basophil
CD203c assay are being evaluated for use in
the diagnosis and followup of ABPA. They have
the potential to become a routine tool in the
armamentarium of ‘ABPAologists’ in 2020.

¢ Recombinant A. fumigatus antigens

Recombinant antigens are synthesized from
cDNA libraries of A. fumigatus and can be pro-
duced as highly purified proteins. They may
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Box 7. Case commentary: final diagnosis.

e Case 1: The patient has Aspergillus sensitization, positive precipitins, high IgE levels and raised
eosinophil count. She also has bronchiectasis and high attenuation mucus (HAM) on high-resolution

classified as ABPA with bronchiectasis.

diagnosed as serological ABPA.

sensitization, respectively.

computed tomography. According to the algorithm shown in Figure 3, and the radiological
classification listed in Table 2, she fits into the classical picture of allergic bronchopulmonary
aspergillosis (ABPA)-HAM. If there were only bronchiectasis without HAM, then this patient would be

e Case 2: This patient had a negative Aspergillus skin test but had all other features of ABPA on further
investigation. In view of no abnormality on a chest high-resolution computed tomography, he is

e Cases 3 and 4 reveal positive precipitins and normal peripheral blood eosinophil counts. Now, it
is further confirmed that they have Aspergillus-sensitized asthma and severe asthma with fungal

contribute to significant improvement in the
diagnostic specificity and reproducibility as
compared with crude extracts (81]. In ABPA,
these antigens have been evaluated both for skin
testing and measurement of specific IgE levels
(82-84]. The most widely studied recombinant
A. fumigatus antigens include rAsp f1 (secreted
ribotoxin), rAsp f2 (unknown function), rAsp £3
(peroxisomal protein), rAsp f4 (unknown func-
tion) and rAsp {6 (cellular manganese superox-
ide dismutase) (8s]. Studies suggest that rAsp
4 and f6 represent specific markers for ABPA
and allow a differentiation from Aspergillus-
sensitized asthma [85,86]. The proposed reason for
the specificity of rAsp f4 and f6 is that they are
intracellular nonsecreted proteins [87]. Therefore,

only patients suffering from ABPA get exposed
to these proteins, as a result of fungal damage
related to cellular defense mechanisms [8s]. In
contrast, A. fumigatus-sensitized asthmatics
mount an IgE response only to secreted proteins
(rAsp f1 and f3) produced shortly after spore
germination (89]. One study suggested that serial
determinations of IgE to rAsp f3 may provide
improved distinction between stages of flares
and remission compared with changes in IgE
to a crude Aspergillus extract [90]. A combina-
tion of these antigens is more useful rather than
using a single antigen [91,92]. Commercial auto-
mated assays for determination of specific IgE
levels against recombinant A. fumigatus antigens
are available [92-94]. Although detection of IgE

Table 1. Clinical staging of allergic bronchopulmonary aspergillosis in patients with asthma.

Stage Definition Features
0 Asymptomatic Never diagnosed to have ABPA in the past, presentation with controlled asthma (according to GINA
guidelines) and meeting the diagnostic criteria of ABPA (Box 6)
1 Acute Never diagnosed to have ABPA in the past, presentation with uncontrolled asthma/constitutional
symptoms and meeting the diagnostic criteria of ABPA
IE! With mucoid impaction  Presence of mucoid impaction on thoracic imaging or bronchoscopy
1b Without mucoid No mucoid impaction on thoracic imaging or bronchoscopy
impaction
Response Clinical and/or radiological improvement' and fall in IgE by >25% of baseline at 8 weeks
3 Exacerbation Clinical and/or radiological worsening accompanied by an increase in IgE by =50% from the previous
baseline
4 Remission Sustained clinicoradiological improvement with IgE levels remaining at or below baseline (or increase by
<50%) for =6 months off therapy with oral steroids
5a Treatment-dependent Two or more relapses within 6 months of stopping treatment or deterioration in clinical and/or
ABPA radiological condition and/or immunological worsening on tapering oral steroids/azoles
5b Glucocorticoid- Systemic corticosteroids required for asthma control while the ABPA activity is controlled (as indicated
dependent asthma by IgE levels and thoracic imaging)
6 Advanced ABPA Presence of complications (cor pulmonale and/or chronic type Il respiratory failure) along with presence
of extensive bronchiectasis consistent with ABPA on thoracic radiology after excluding alternate causes
For example, resolution of mucoid impaction and consolidation. Permanent changes such as bronchiectasis may persist.
ABPA: Allergic bronchopulmonary aspergillosis; GINA: Global initiative for asthma.
Adapted with permission from [7].
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Table 2. Revised radiologic classification of allergic bronchopulmonary aspergillosis based on findings on a high-resolution

computed tomography of the chest.

Classification  Features
ABPA-S
ABPA-B
ABPA-HAM

ABPA-CPF

Fulfils the diagnostic criteria of ABPA (Box 6) with absence of any radiological finding of ABPA on HRCT of the thorax
Satisfies the diagnostic requirements of ABPA along with presence of bronchiectasis

ABPA along with presence of high attenuation mucus on HRCT of the thorax

Fulfils the diagnostic criteria of ABPA with at least two radiological features suggestive of fibrosis* without presence of
mucoid impaction (or HAM)

Adapted with permission from [7].

fIncludes fibrocavitary lesions, pulmonary fibrosis, pleural thickening and others.
ABPA: Allergic bronchopulmonary aspergillosis; ABPA-S: Serological ABPA; B: Bronchiectasis; CPF: Chronic pleuropulmonary fibrosis; HAM: High attenuation mucus;
HRCT: High-resolution computed tomography.

response to recombinant Aspergillus antigens
looks promising, there is literature that questions
this claim (86,95]. Therefore, further scrutiny in
larger controlled studies is obligatory before this
test gets incorporated into the routine diagnostic
workup in the clinic [96].

¢ Thymus- & activation-regulated
chemokine/CCL17

ABPA is characterized by a Th2 type of immune
response [97]. TARC acts as a chemoattractant
to Th2 type of cells acting through CCR4 and
CCRS8 receptor present on these cells. TARC
has been shown to have a better diagnostic accu-
racy as a sole marker than specific IgE to crude
or recombinant A. fumigatus antigens with sen-
sitivity of 100% and a specificity of 97.2% for
ABPA diagnosis in CF [98]. It may also indicate
exacerbations of ABPA better than IgE levels
if serial determination is performed [99]. Large
studies are required to evaluate the role of this
novel marker in the diagnosis and followup of
ABPA complicating asthma.

¢ FACS basophil CD203c assay

Patients with CF complicated by ABPA dis-
play characteristic increases in blood basophil
CD203c levels both at baseline and following
in vitro stimulation with an allergenic extract of
A. fumigatus compared with patients with CF
alone and in CF colonized with A. fumigatus
(100]. As with TARC, the role of this modality
needs to be investigated in ABPA complicating
asthma.

Conclusion & future perspective

In summary, the article provides the current
evidence-based approach towards a diagnosis
of ABPA. Asthmatic patients presenting to spe-
cial asthma or chest clinics should be routinely
screened for ABPA, with A.fumigatus specific IgE
levels. It is imperative that the diagnosis of ABPA
is secured as early as possible, as untreated disease
usually culminates in bronchiectasis and pulmo-
nary fibrosis, all manifestations of end-stage lung
disease. More than six decades have elapsed since
the original description of this disorder, however

EXECUTIVE SUMMARY

e All patients with persistent asthma should be screened for allergic bronchopulmonary aspergillosis (ABPA) irrespective

of the the level of control.

e The recommended test for screening asthmatic patients for ABPA is the A. fumigatus-specific IgE.

e Aspergillus skin prick test is less sensitive than A. fumigatus-specific IgE level and can potentially miss one in ten
asthmatic patients being screened for ABPA.

e High-attenuation mucus is the most specific test in diagnosis of ABPA but is unfortunately encountered only in 20% of

ABPA patients.

e Recombinant antigen-based immunological tests are the most promising investigations in the diagnosis of ABPA but
require more evaluation before routine use in the clinic setting.

e The new criteria for diagnosis, staging and classification are currently the most evidence-based and precise definitions.
The utilization of these criteria would not only help in making an accurate diagnosis, but also allow rigorous
stratification of disease during management.

1204

Future Microbiol. (2014) 9(10)

future science group



the diagnosis of ABPA still remains elusive.
There is an urgent need for defining the cutoff
values of various investigations such as IgE levels
(total and A. fumigatus specific). Recombinant
Aspergillus antigens, TARC and the FACS baso-
phil CD203c¢ assay seem promising tools in the
diagnosis and possibly followup of ABPA, and
need to be investigated preferably in a multicen-
tric approach. There is also a dire need to study
the natural history of patients with asthma and
fungal sensitization so as to propetly define the
temporal change in various parameters (such as
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