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 Allergic bronchopulmonary aspergillosis (ABPA), which results from hypersensitivity, 
primarily to  Aspergillus , represents a severe complication in patients suffering from asthma 
or cystic fi brosis (CF). Since early treatment of ABPA is supposed to prevent long-term dam-
ages, ABPA has to be diagnosed promptly. However, this diagnosis is not straightforward 
due to clinical and radiological features of ABPA overlapping with those of CF. Despite 
ABPA specifi c diagnosis criteria proposed by the Cystic Fibrosis Foundation in 2003, 
making a defi nitive ABPA diagnosis in CF patients remains a challenge. Recent advances 
in the immunopathogenesis of ABPA have initiated the development of new serological 
tests, such as the recently reported detection of specifi c IgE to recombinant  A. fumigatus  
allergens, or Thymus- and activation-regulated chemokine (TARC / CCL17), both of which 
are of value in the diagnosis of APBA. We review in this paper the serum markers that can 
advance ABPA diagnosis in CF patients, ranging from the well known criteria (anti- A. 
fumigatus  IgE, IgG, and precipitins) to the recent biomarkers (IgE towards recombinant 
 A. fumigatus  allergens or TARC detection). Taking into account the up-dated physiopa-
thology of ABPA, we discuss their place and their usefulness, especially TARC, to improve 
early ABPA detection and monitoring in CF patients.  
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signifi cantly to the mor bidity of CF lung disease [1,2]. It 

represents an important CF complication with an overall 

prevalence of 7.8% in Europe [3]. However, this prevalence 

rate ranges from 0.95 to 10.9% (see Table 1 in Pihet  et al . 
[4]) depending on the criteria used in the diagnosis of 

ABPA in CF patients, which vary considerably among 

countries, centres, and studies. 

 ABPA is an allergic late-phase infl ammatory response 

to numerous antigens of  Aspergillus,  mainly of  A.   fumiga-
tus  but sometimes to those of other species such as  A. fl a-
vus  [5]. A similar disease entity can be caused by other 

moulds such as  Scedosporium apiospermum  and referred 

to more generally as allergic bronchopulmonary mycosis 

(ABPM). This lung complication, resulting from hypersen-

sitivity, is clinically characterized by impaired mucociliary 

clearance, mucoid impaction with airway obstruction, and 

pulmonary infi ltrates. Since early treatment of ABPA is 

Introduction 

  Aspergillus fumigatus  is the main causal agent of human 

aspergillosis (80% of clinical infections). It can induce asp-

ergilloma in patients with pre-existing lung-cavities, 

chronic necrotizing aspergillosis or invasive infection in 

mildly or severely immunocompromised patients, and 

fi nally allergic responses in sensitized individuals such 

as those with allergic bronchopulmonary aspergillosis 

(ABPA) [1,2]. ABPA frequently occurs in patients suffer-

ing from asthma or cystic fi brosis (CF), and can contribute 
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supposed to reduce symptoms, to improve lung function, 

and to prevent long-term damage such as bronchiectasis 

and fi brosis, ABPA has to be diagnosed promptly. How-

ever, due to its overlapping clinical and radiological fea-

tures with those of CF exacerbations, ABPA diagnosis is 

known to be diffi cult and must be confi rmed through a 

combination of clinical, radiological and laboratory data. 

 Different sets of diagnostic criteria, as well as guide-

lines for screening these criteria, were established for 

ABPA in CF patients by the UK cystic fi brosis trust in 2002 

[6] and the US cystic fi brosis foundation consensus confer-

ence in 2003 [7]. In 2003, fi ve criteria were proposed to 

describe classic ABPA (Table 1), associated with a set of 

four minimal diagnostic criteria including; (i) clinical 

deterioration, (ii) total serum IgE concentration  � 500 IU/

ml, (iii) positive immediate cutaneous reactivity to  A. 
fumigatus  or raised specifi c anti- A. fumigatus  IgE, and (iv) 

IgG precipitins, but these are not mandatory and can be 

replaced by radiological or CT-scan changes [7]. In the 

UK, published diagnosis criteria are slightly different since 

they include blood eosi nophilia  � 500/mm 3 , total IgE 

 � 500 IU/ml or four-fold increase in IgE titres, and recov-

ery of  Aspergillus  in culture from sputum or observation 

of fungal hyphae upon direct examination of clinical sam-

ples [6]. Despite these clearly defi ned criteria for the diag-

nosis of ABPA in CF patients, making a defi nitive ABPA 

determination can still, on occasion, be challenging. Recent 

advances from experimental studies of the immunopatho-

genesis of ABPA in CF have resulted in the development 

of new serological tests, such as detection of specifi c IgE 

to recombinant  A. fumigatus  allergens (rAsp f), mac-

rophage-derived chemo kine (MDC), or Thymus activation-

regulated chemokine (TARC/CCL17) which may contribute 

to APBA diagnosis [8 – 14]. 

 The aim of this paper is to review serum markers 

that can advance ABPA diagnosis in CF patients, from 

the well known criteria (anti- A. fumigatus  IgE, IgG preicpi-

tins) to the recent biomarkers, i.e., IgE to rAsp f or MDC, 

or TARC detection. Taking into account the up-dated 

information on the physiopathology of ABPA, we discuss 

their place and usefulness, especially TARC, in improv-

ing early ABPA detection and monitoring of CF 

patients.   

 Current physiopathology of ABPA in 

CF patients and clinical signifi cance of 

biomarkers in the course of ABPA 

 The physiopathologic processes involved in ABPA are 

com plex, not fully understood, and probably linked to mul-

tiple factors including genetic aspects of the host, as well 

as indi vidual responses to allergens and antigens and envi-

ronmental conditions. Since recent reviews have largely 

detailed the pathogenesis of ABPA in CF patients [15,16], 

we will only focus on those physiopathology points that 

can contribute to a better understanding of biomarkers. 

ABPA is still considered to be the result of type I, III and 

IVb res ponses to  Aspergillus  compounds [1,7,17,18]. In 

CF patients, the presence of excessive thick and sticky 

bronchial mucus in airways plays an important role by 

facilitating the entra pment of airborne fungal conidia and 

providing a suitable environment for the growth of these 

microorganisms. The conidia subsequently germinate and 

continuously release antigens, as well as specifi c allergens 

(such as rAsp f6, the manganese-dependent superoxide 

dismutase produced dur ing fungal growth [19]), which are 

responsible for mainly a Th2-mediated immune host 

response [1,18,20] and can con tribute to ABPA diagnosis 

as highly specifi c serum markers [10,12,21], or allergens 

for skin test [22,23]. As reviewed recently [1,2,7,11],  
Aspergillus  antigens activate both T and B cells, but high 

levels of IL-4 and IL-10 result in a predominant Th2 

immune response, with an enhancement of both IgE pro-

duction and attraction of eosinophils. The activation of 

B cells in CF patients who are developing ABPA, leads to 

high levels not only of IgE (including total IgE and specifi c 

   Table 1  Cystic Fibrosis Foundation Consensus Conference ’ s criteria for the diagnosis of APBA and guidelines for screening criteria [7]  .

Criteria for ABPA diagnosis

 • Acute or subacute clinical deterioration

 • Serum total IgE � 1000 IU/ml

 • Immediate positive skin test to A. fumigatus � 3 mm or positive specific IgE to A. fumigatus
 • A. fumigatus positive precipitins or presence of anti-A. fumigatus IgG

 • New or recent changes in chest radiograph/CT

Guidelines for screening criteria

 • Persistence of clinical suspicion for ABPA in patients � 6 years old

 • Measure total serum IgE annually:

   If IgE  �  500 IU/ml, determine immediate cutaneous reactivity to  A. fumigatus  and consider diagnosis

   If IgE  �  500 IU/ml, repeat IgE measurement and perform further diagnostic tests
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its role within the complex immune response remains 

unclear [8]. 

 All these serological markers are summarized in Table 2. 

Regarding the current understanding of ABPA pathogen-

esis in CF, their place to support ABPA diagnosis and evo-

lution is now discussed.   

 IgE immune response against A. fumigatus in 

CF patients  

 Current place of total IgE detection 

 Total IgE level is one of the major criteria in the diagnosis 

of ABPA in CF patients [7]. Since IgEs are key molecules 

in immediate and late hypersensitization phases, total IgE 

detection is included in the screening tests with the sugges-

tions for the annual measurement of total serum IgE, asso-

ciated with other diagnostic tests, i.e., specifi c IgE and IgG 

detection, if titers are  � 500 IU/ml. Other diagnostic tests 

(Table 1) and a new total IgE measurement are strongly 

recommended if the level is  � 500 IU/ml [6,7]. Nevertheless, 

the importance of total IgE in ABPA diagnosis cannot be 

over emphasized, taking into account its poor specifi city and 

the individual variability in immune response. IgE is not 

exclusively directed towards  Aspergillus  allergens but is 

highly stimulated by the IL-4/Th2 response in CF, and 

remains non-specifi c. 

 Furthermore, the intense and repetitive immune stimu-

lation by fungal allergens may lead to an increase of total 

IgE in CF even in the absence of ABPA [30]. Alternatively, 

ABPA has been diagnosed in some rare patients with clin-

ical suspicion but low total IgE levels ( � 500 IU/ml) [31 – 33]. 

It could be potentially linked to some differences in the 

ability to   class switching to IgE in B cells of her bronchial 

mucosa as proposed in asthma [34]. The value of this cri-

terion varies markedly according to the ABPA stages (Table 2) 

[17,35], the atopic background [7] and the delay in IgE 

dosage (half-life of IgE is about 2.5 days). Total IgE anti-

bodies are present in blood but the level is not correlated 

with the extent of bronchiectasis [36]. Conversely, total IgE 

level in blood decreased in response to corticosteroid ther-

apy [37,38]. Despite some limitations [14], the total IgE 

level is still recommended for ABPA screening and follow-

up purposes in CF patients [13,18,39].   

 Specifi c IgE responses towards A. fumigatus allergens and 

recombinant antigens 

 Complex mixtures of allergens derived from  A. fumigatus  

cultures have been described and used to measure specifi c 

immune response using different methods (ELISA Kit, 

Homemade ELISA technique, and ImmunoCAP system), 

with cut-offs ranging from 0.35 kUA/l (corresponding to 

IgE towards  A. fumigatus  allergens and recombinant anti-

gens), but also of IgA and IgG, except the IgG3 subclass 

[1,24]. Dendritic cells (DCs) in the respiratory tract are 

currently considered as one of the major cells types [15,16] 

which initiate the adaptative immune response to pulmo-

nary pathogens [2,25]. DCs have also been reported to be 

able to (a) internalize  A. fumigatus  conidia and hyphae 

via their Toll-like receptor [2,25,26], (b) promote Th2 

res ponse, (c) attract regulatory T cells (Treg), (d) as well 

as to secrete thymus- and activation-regulated chemokine 

(TARC) and macrophage-derived chemokine (MDC) 

[16,20,26 – 28]. TARC and MDC are two CC-chemokine 

ligands (CCL17 and CCL22 respectively), able to recruit 

Th2 and Treg cells via a common receptor, i.e., the CC-

chemokine receptor 4 (CCR4). The different hypotheses 

about immunological mec hanisms involving CCR4 rec-

eptor and TARC have been detailed in recent reviews 

[15,16,29]. While regulatory pro cesses of CF are probably 

highly complex and remain unclear due to numerous inter-

actions between human immune system, genetic disease, 

therapies, variability in fungal protein expression and inter-

action with frequent bacterial colonizations or infections, 

it is highly speculated that TARC plays a role in the ABPA 

process. The association between elevated serum levels of 

TARC and the alteration in lung function (decreased FEV 1 ) 

might support this pathophysiological role for TARC in 

Th2 response in ABPA [8,11]. More recently, Th17 cell 

population expressing CCR4 (TARC receptor) has been 

described in the lung of CF patients, but it is still matter 

of debate whether Th17 response is protective or not (for 

review [15]). Finally, the acute infl ammatory response dur-

ing ABPA peak could progressively lead to irreversible 

fi brosis with destruction of nearby lung tissue, rationaliz-

ing an early appropriate therapy. 

 To summarize, the strong immunologic responses 

are key determinants in the pathogenesis of ABPA. While 

the relationship between sensitization to  A. fumigatus  and 

progression of pulmonary dysfunction in CF patients with 

ABPA is still unclear (with confl icting studies and few 

that are longitudinal [6]), we might improve our ability 

to differentiate  A. fumigatus  sensitization from ABPA for 

its quick diagnosis and treatment to prevent serious and 

potentially irreversible lung damages. Beside the lack 

of test stan dardization, some improvements have been 

made in this area, such as the production of recombinant 

 A. fumigatus  antigens (rAsp f) involved in ABPA immune 

process, and which are of interest in the diagnosis of 

ABPA exacerbation, especially rAsp f4, and rAsp f6. 

Some authors [8] have suggested combining total serum 

IgE, with specifi c IgE to rAsp f to differentiate ABPA 

from sensitization. On the immunology side, TARC levels 

in serum currently appear to be the best way to diffe-

rentiate CF patients with and without ABPA even if 
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class 1 [10,12,40,41]) to higher than 3.7 kUA/l (corre-

sponding to class 3 or 4 [9]). Crude allergen fractions, for 

which variability in antigenic content has been described 

in commercial extracts [42], are commonly used in labora-

tory practices. Despite this lack of standardization, high 

levels of anti- A. fumigatus  IgE are often linked to ABPA 

in patients with  Aspergillus  sensitization and developing 

ABPA [31]. The mean value is generally more elevated in 

CF-ABPA patients than those with CF or atopic patients 

without ABPA [12,13,43]. However, since  A. fumigatus  

secretes numerous allergenic compounds, including 

enzymes, IgE towards  A. fumigatus  recombinant antigens 

have been recently described as being more suitable than 

crude  A. fumigatus  antigens [7,12,23]. Purifi ed but non 

commercialized  A. fumigatus  allergens (such as rAsp f13, 

rAsp f16, rAsp f34) have been tested, but their usefulness 

in ABPA diagnosis should be explored and confi rmed on 

larger pop ulations of CF patients [12,44 – 48]. Currently, 

fi ve recombinant allergens, i.e., rAsp f1, f2, f3, f4 and 

rAsp f6, have been commercialized and studied. Briefl y, 

two of them, that is rAsp f1 (a ribotoxin) and rAsp f3 

(related to a peroxisomal protein) seem to be related to 

fungal sensitization, but rAsp f3 was also found to be of 

interest in ABPA diagnosis [13]. Two other recombinant 

allergens, i.e., rAsp f4 (an endocellular protein of unknown 

function) and rAsp f6 (a manganese-dependent superoxide 

dismutase produced during fungal growth [19]) may be 

more specifi c for ABPA diagnosis, whatever their use as 

serum markers [10,12,21] or in intracutaneous tests 

[22,23]. The major fungal allergen, rAsp f2 a fi brinogen 

binding protein has been reported to bind specifi cally with 

IgE in ABPA sera [49]. While the relevance of using these 

fi ve commercial recombinants in ABPA diagnosis is still 

matter of debate [14,50], the measurement of specifi c anti-

bodies to rAsp f4 and rAsp f6 in association with total IgE 

determination could be helpful in discriminating CF 

patients with ABPA from  Aspergillus  sensitized CF 

patients without ABPA [8,10,12,13,51,52]. The reported 

specifi city of these two recombinants is higher than their 

sensitivity, particularly for rAsp f6 [14,40], and using the 

ImmunoCap method rather than ELISA [12]. None of 

these criteria have been studied according to ABPA Pat-

terson ’ s stages, but Knutsen  et al . [13] compared results 

of recombinant allergens from ABPA-CF patients during 

fl ares and remission, and found a level of Asp f3 signifi -

cantly higher during fl ares of ABPA-CF patients (Table 2). 

While it has been demonstrated that neither one single 

recombinant allergen nor one class of anti body can dif-

ferentiate ABPA from non-ABPA CF patients [12], an 

evaluation of the binding to different antibody isotypes 

(IgA, IgG, and IgE) of several recombinant allergens has 

been proposed to be better able to discriminate CF patients 

with ABPA.    
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 IgG Immune response against A. fumigatus

in CF patients 

 Since precipitins and anti- A. fumigatus  IgG detection are 

also important criteria in the diagnosis of ABPA [6,7], a large 

number of studies have been published to document this 

class of antibodies. Precipitating antibodies were described 

as sensitive markers in CF patients [52,53], but their level 

fl uctuates over time and they may also be absent in some 

CF patients with ABPA [53,54]. Furthermore, presence of 

precipitins in CF patients without ABPA suggests they can-

not differentiate sensitization from ABPA. Their detection 

is based on a semi-quantitative test, performed by immuno-

precipitation methods (double immunodiffusion and coun-

terimmunoelectrophoresis are the most common methods 

used) with crude antigen extracts. One precipitin line is 

usually considered as signifi cant [53,55], but there is a 

wide variety of cut-off criteria used to defi ne the signifi -

cance of precipitin test results. Revelation of specifi c enzy-

matic activities linked to fungal catalases and chymotrypsin 

could be useful in the serodiagnosis of aspergillosis in immuno-

competent hosts, including ABPA [54,56,57]. More recently, 

anti- A. fumigatus  IgG detection by ELISA has been devel-

oped. ELISA methods have many advantages, i.e., they are 

simple, sensitive, can be automated, target crude extract, 

purifi ed/semi purifi ed or recombinant antigens, and allow 

quantifi cation of the antibody response [58]. Although few 

commercial ELISA kits have been developed [9,55], pre-

cipitin and anti- A. fumigatus  IgG detection methods are 

generally homemade and lack standardization.  

 Different antigens used 

 Crude extracts from mycelia or spores (somatic antigens) 

and culture fi ltrates (metabolic antigens) are the most com-

monly used antigens [52]. In invasive aspergillosis, even if 

the use of different antigen extracts in the IgG testing for 

 Aspergillus  antibody detection is not well worked out and 

standardized, one study reported that somatic antigens 

seem to be related to early detection whereas metabolic 

antigens could detect a higher proportion of positive anti-

body responses [59]. 

 Regarding the considerable strain variation of their com-

position and reactivity, as well as the culture conditions, the 

preparation method and the batch [52,54], relevant compo-

nents of crude antigenic extracts have been identifi ed and 

purifi ed, in order to improve antibody detection and to 

obtain standardized immunoassays. Semi purifi ed antigens 

with reactivity to IgG from CF-ABPA and non CF-ABPA 

sera include the following; a 250-kDa fraction with cata-

lase activity [56], 73-kDa and 43-kDa fractions with acid 

protease activity [60], or Ag7 and Ag13 [61]. A few studies 

compared IgG detection in ABPA patients those with 

asp ergilloma or invasive pulmonary aspergillosis (IPA) and 

reported the identifi cation of ABPA specifi c antibodies. 

First, a Western blot approach with crude  A. fumigatus  

extracts revealed that, as opposed to sera from patients with 

aspergilloma, ABPA sera (from patients with unknown 

underlying disease) frequently reacted with low-molecular-

weight ( � 14-kDa) components, suggesting these could be 

more specifi cally related to ABPA, even if their precise 

composition widely varied from patient to patient [62]. 

Secondly, sequential exploration of antibody response to 

fractionated  A. fumigatus  antigens (mixed somatic and meta-

bolic) in CF patients revealed that two proteins ( � 900-kDa 

and 170-kDa) were the most recognized by human IgG 

antibodies in sera from CF patients with ABPA. Increasing 

titers to these fractions could be correlated with exacerba-

tions of the condition. But only the 170-kDa fraction and 

another fraction (88-kDa) were found to be signifi cantly dif-

ferent between ABPA and non-ABPA patients [63]. 

 More recently, recombinant antigens have been produced 

(in  Pichia pastoris  or  Escherichia coli  [64 – 66]) and evalu-

ated for the diagnosis of ABPA. Only four out of eight recom-

binant antigens (the 18-kDa ribonuclease (RNU), the 360-kDa 

catalase (CAT), the dipeptidylpeptidase V (DPPV) and the 

dipeptidylpeptidase IV (DPPIV)) were able to discriminate 

between sensitized and ABPA patients. Using a combina-

tion of RNU and DPPV yielded a high diagnostic value (88% 

sensitivity), and antibody level follow-up in the same patient 

revealed that an increase in titers was more often associated 

with ABPA episodes whereas a decrease was correlated with 

an improvement of the patient [65]. Other recombinant 

antigens, such as mitogillin [66] or cell wall galactoman-

noprotein [64] have been shown to improve the diagnosis 

of aspergilloma and IPA (100% and 33 – 64% sensitivity, 

respectively), but their contribution to ABPA diagnosis has 

not yet been evaluated.   

 IgG versus precipitins for the diagnosis of ABPA in 

CF patients 

 Studies evaluating the contribution of IgG detection by ELISA 

to the diagnosis of ABPA in CF patients are summarized 

in Table 3. They report highly variable sensitivity and speci-

fi city, which reach 45 – 100% and 39 – 84%, respectively, and 

result from huge variation both in ELISA method (antigen, 

cut-off), and population selection (ABPA and controls) 

(Table 3). 

 When concordance between ELISA and agar gel double 

diffusion (AGDD) was analyzed, a clear relation has been 

reported in non-CF patients. Sera that react in AGDD also 

react in ELISA [67] and patients with a higher number of 

precipitating lines (three or more) have higher ELISA titers 

than patients with two or fewer precipitin lines [68]. Simi larly, 

in CF patients, ELISA methods correlate approximately 

M
ed

 M
yc

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

op
ita

l R
og

er
 S

al
en

gr
o 

on
 1

1/
15

/1
0

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



© 2010 ISHAM, Medical Mycology, 48(Suppl. 1), S77–S87

 S82  Delhaes  et al .   

Ta
bl

e 
3 

S
en

si
ti

v
it

y
 a

n
d
 s

p
ec

ifi
 c

it
y
 o

f 
an

ti
-A

sp
er

gi
ll

us
 f

um
ig

at
us

 I
g
G

 d
et

ec
ti

o
n
 b

y
 E

L
IS

A
 f

o
r 

A
B

PA
 s

er
o
d
ia

g
n
o
si

s 
in

 C
F

 p
at

ie
n
ts

. 
C

o
m

p
ar

is
o
n
 w

it
h
 p

re
ci

p
it

in
s.

E
L

IS
A

 I
g
G

 

d
et

ec
ti

o
n

A
n
ti

g
en

 

co
m

p
o
si

ti
o
n
 

C
u
t-

O
ff

C
F

 A
B

PA
 p

at
ie

n
ts

C
o
n
tr

o
l 

p
at

ie
n
ts

S
en

si
ti

v
it

y
 

S
p
ec

ifi
 c

it
y
 

o
f 

E
L

IS
A

S
en

si
ti

v
it

y
 

S
p
ec

ifi
 c

it
y
 o

f 
D

G
D

†
 

u
si

n
g
 A

f‡
 e

x
tr

ac
ts

N
u
m

b
er

M
ea

n
 v

al
u
e 

o
f 

E
L

IS
A

 (
o
r 

m
ed

ia
n
 

if
 i

n
d
ic

at
ed

)

N
u
m

b
er

 

an
d
 t

y
p
e

M
ea

n
 v

al
u
e 

o
f 

E
L

IS
A

 (
o
r 

m
ed

ia
n
 

if
 i

n
d
ic

at
ed

)

H
o
m

em
ad

e
M

ix
tu

re
 o

f 

 
so

m
at

ic
 a

n
d

 
cu

lt
u
re

 fi
 l

tr
at

e

�
1
2
%

 o
f 

P
C

∗
3
 A

B
PA

, 
 

 
4
 p

ro
b
ab

le
5
3
 �

 2
8
%

 o
f 

P
C

 

7
0
 �

 5
9
%

 o
f 

P
C

2
3
 C

F
 s

en
si

ti
ze

d
 

3
7
 C

F
 c

o
n
tr

o
ls

4
3
 �

 6
9
%

 o
f 

P
C

 

6
 �

 3
%

 o
f 

P
C

1
0
0
%

 

6
7
%

8
6
%

9
0
%

[6
3
]

H
o
m

em
ad

e
E

x
tr

ac
t 

fr
o
m

 

 
D

ia
k
it

 (
G

re
er

 

 
L

ab
o
ra

to
ri

es
) 

 
an

d
 p

ri
va

te
 

 
so

u
rc

e

m
ea

n
 O

D
 �

 

tw
ic

e 
co

n
tr

o
l 

p
o
o
l∗∗

6
 A

B
PA

N
A

§
1
1
2
 C

F
 w

it
h
o
u
t 

 
A

B
PA

N
A

N
A

 

3
9
%

1
0
0
%

 

N
A

[5
3
]

H
o
m

em
ad

e
N

A
N

A
6
2
6
 A

B
PA

1
4
.3

 �
 6

.5
 g

/l
5
6
9
3
 C

F
 w

it
h
o
u
t 

 
A

B
PA

1
2
.4

 �
 6

.3
 g

/l
N

A
N

o
t 

d
o
n
e

[3
]

H
o
m

em
ad

e
S

ta
n
d
ar

d
iz

ed
 

 
D

P
C

 a
n
ti

g
en

s 

 
(D

ia
g
n
o
st

ic
 

 
P

ro
d
u
ct

s 

 
C

o
rp

o
ra

ti
o
n
, 

 
L

o
s 

A
n
g
el

es
, 
C

A
)

5
0
 o

r 
1
0
0
 k

U
/l

1
6
 A

B
PA

N
A

3
6
 C

F
 w

it
h
o
u
t 

 
se

n
si

ti
za

ti
o
n
 o

r 

 
A

B
PA

N
A

1
0
0
%

 

8
6
%

N
o
t 

d
o
n
e

[2
1
]

H
o
m

em
ad

e
A

. f
um

ig
at

us
 

 
ex

tr
ac

t

1
4
0
 k

U
/l

1
2
 A

B
PA

N
A

3
6
 C

F
 w

it
h
o
u
t 

 
A

B
PA

N
A

5
4
%

 

8
4
%

N
o
t 

d
o
n
e

[8
]

Im
m

u
n
o
C

A
P

 

 
(P

h
ad

ia
)

N
A

3
5
m

g
A

/l
#
 

(o
r 

7
0
 m

g
A

/l
)

1
1
 A

B
PA

1
3
.7

 m
g
A

/l
 (

m
ed

ia
n
)

4
2
 h

ea
lt

h
y
 c

o
n
tr

o
ls

 

1
1
2
 C

F
 w

it
h
o
u
t 

 
A

B
PA

2
5
.7

 m
g
A

/l
 (

m
ed

ia
n
) 

3
3
.4

 m
g
A

/l
 (

m
ed

ia
n
)

4
5
%

 

6
1
%

 

(o
r 

9
%

–
8
6
%

)

N
A

 
(C

o
n
co

rd
an

ce
 

 
o
f 

D
G

D
 w

it
h
 

 
Im

m
u
n
o
C

ap
 8

6
%

)

[5
5
]

Im
m

u
n
o
C

A
P

 

 
(P

h
ad

ia
)

N
A

N
A

7
 A

B
PA

1
3
2
.5

 m
g
A

/l
2
1
 C

F
 s

en
si

ti
ze

d

5
9
 C

F
 c

o
n
tr

o
ls

5
3
.9

 m
g
A

/l
 

9
.0

 m
g
A

/l

1
0
0
%

7
4
%

 

(9
0
%

 i
f 

cu
t-

o
ff

 �
 9

0
 

m
g
A

/l
)

N
o
t 

d
o
n
e

[9
]

†
D

G
D

 
�

 
D

o
u
b
le

 
G

el
 
D

if
fu

si
o
n
; 

‡
A

f 
�

 
A

. 
fu

m
ig

at
us

; 
*
P

C
 
�

 
P

o
si

ti
v
e 

C
o
n
tr

o
l;

 
§
N

A
 
�

 
N

o
t 

A
va

il
ab

le
; 

*
*
C

o
n
tr

o
l 

p
o
o
l 

�
 
se

ra
 
fr

o
m

 
sk

in
-t

es
t 

n
eg

at
iv

e 
an

d
 
p
re

ci
p
it

in
 
n
eg

at
iv

e 
su

b
je

ct
s;

 
#
m

g
A

/L
�

m
il

li
g
ra

m
s 

o
f 

an
ti

g
en

-s
p
ec

ifi
 c

 a
n
ti

b
o
d
ie

s 
p
er

 l
it

er
.

M
ed

 M
yc

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

op
ita

l R
og

er
 S

al
en

gr
o 

on
 1

1/
15

/1
0

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



© 2010 ISHAM, Medical Mycology, 48(Suppl. 1), S77–S87

  Biomarkers for ABPA in CF   S83

with precipitin titers [9]. A concordance of 86% between 

ImmunoCAP and precipitins has been recently reported in 

patients with bronchial asthma, bronchiectasis, CF-ABPA, 

non-CF ABPA, or other pulmonary diseases [55]. In these 

patients, Van Hoeyveld  et al . also observed that samples 

with a high number of precipitation lines generally have 

high IgG antibody concentrations with ImmunoCAP, with 

few discordant cases [55]. The absence of a systematic cor-

relation between IgG titers with the number of bands 

detected by gel diffusion has also been reported in patients 

with ABPA (with unknown underlying disease) [62]. Some 

studies even reported a higher sensitivity of ELISA, which 

could detect antibodies against non-precipitating antigenic 

components in addition to the antibodies detected by AGDD 

[69,70]. A moderate concordance may also be partly explained 

by differences in assay detection limit, quality and compo-

sition of the antigen extract, which are in agreement with 

the variations between ELISA methods recently observed 

by Barton  et al . (a lower sensitivity of a homemade EIA 

test, with a failure to detect IgG in sera where high level had 

been detected by ImmunoCAP) [9]. Interestingly, Barton 

 et al . also reported higher IgG levels in CF-ABPA patients 

compared with non-ABPA patients and suggested that Immu-

noCAP higher cut-offs could be used to improve the spec-

ifi city of the diagnosis of ABPA, a suggestion in agreement 

with the Mastella  et al . study [3]. However, these results 

are contradictory with Van Hoeyvelde  et al . ’ s study, which 

reported a high IgG level in patients with IA or aspergil-

loma and non-CF ABPA patients but not in CF-ABPA 

patients [55]. All these data need to be confi rmed in large 

multicenter studies, which could contribute in the evalua-

tion of the specifi city and sensitivity of both precipitins and 

IgG detection, and clarify their contribution to the diagno-

sis of ABPA, especially in the CF patient population. A 

consensus method, based on standard antigens, is also 

essential to get a reliable laboratory diagnosis.    

 IgG subclasses, IgM and IgA immune 

response against A. fumigatus 

 Few studies have focused on IgM, IgG subclasses, or IgA 

response against  A. fumigatus  in ABPA. Most of the IgM 

studies were performed in non-CF patients, demonstrating 

that IgM antibodies tend to be less specifi c [71 – 73]. 

 In CF patients, the usefulness of specifi c IgG subclasses 

in the diagnosis of ABPA has been suggested [12,24,74 – 76]. 

Higher levels of IgG and IgG subclass antibodies to 

 A. fumigatus  have been reported in CF patients compared 

with healthy controls [24]. In particular, the IgG 4  level was 

elevated in CF patients (specifi city of 88%; [24]), whatever 

the antigen used, i.e., crude antigen or recombinant aller-

gens (Asp f1, Asp f2, Asp f23, Asp f4, and Asp f6) [12]. 

This result is in agreement with the high specifi city of 

elevated IgG 4  levels found in non-CF patients with ABPA 

[24,77,78]. No signifi cant difference was noticed in the 

IgG 3  levels, while the use of IgG 1,  as well as IgG 2  levels gave 

inconclusive results [12,24]. In addition, anti- A. fumigatus  

IgG subclass levels seem to be infl uenced by gamma-light 

chain allotypes in CF patients [76]. Thus, determination of 

IgG and IgG subclass antibody levels might be more suit-

able in excluding the diagnosis of ABPA [24,76]. 

 Regarding IgA and IgA subclass antibody response 

[12,75,79,80], crude  Aspergillus  antigen gave higher IgA 

levels in sera than rAsp f1, f2, f3, f4 and f6 [12]. Although 

no signifi cant IgA response was shown in numerous studies 

on ABPA [12,81], a marked IgA 1  response against crude 

and recombinant antigens has been recently described in CF 

patients with ABPA [12]. This is in agreement with previous 

results of elevated serum anti- Aspergillus  IgA especially 

IgA 1  in the acute, exacerbation, and fi brotic stages of ABPA 

[80]. As the level of IgA is higher in bronchoalveolar fl uid 

(BAL) than in blood [73,79], the determination of specifi c 

IgA antibody response in serum is also of limited value, 

especially in the follow-up of treated ABPA patients [14]. 

 In conclusion, measurements of IgG and IgG subclasses 

(especially IgG 4 ) antibodies against  A. fumigatus  seem to 

be of interest in CF patients, as a screening test to exclude 

the ABPA diagnosis, while IgA measurement could be use-

ful to determine patient ’ s ABPA stage (Table 2).   

 New biomarkers: chemokines 

especially TARC 

 In CF patients with chronic colonization,  A. fumigatus  anti-

gens are continuously stimulating the immune response, 

resulting in a large infl ammatory response including Th17, 

as well as Treg cells with a central role of Th2 pathway 

(for review see [15,16,20]).  De facto  fungal allergens are 

increasing the production of immunological mediators that 

could be considered as probable biomarkers regarding their 

relevance (in terms of specifi city and sensitivity) to discri-

minate sensitization from ABPA [29]. Among them, TARC 

and MDC are two newly identifi ed mediators which have 

been suggested to modulate the pulmonary immune 

response in ABPA.  

 Place of thymus activation and regulated chemokine (TARC) 

 In a cross sectional study, higher levels of CCR4 receptor 

and of TARC were observed in sera of 16 CF patients with 

ABPA [11]. A longitudinal study [8] confi rmed this fi rst 

conclusion through the use of clinical and biological fol-

low-up of 48 CF patients including 12 with ABPA. TARC 

levels (analyzed by sandwich ELISA) increased early in 

the course of ABPA, before total IgE elevation [8], with an 

inverse correlation between TARC levels and spirometric 
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parameters (FEV 1 ) identifi ed in CF patient with ABPA 

[11]. Elevated TARC level was strongly correlated with the 

level of rAsp f4 in ABPA patients, while no association 

was found with the other recombinants (rAsp f1, f2, f3 and 

f6) [11]. This biomarker showed a greater test accuracy for 

ABPA diagnosis than all other biological markers tested 

(total IgE, specifi c IgG and antibodies against recombi-

nants allergens rAsp f1, rAsp f3, rAsp f4 and rAsp f6) [29]. 

It seems to be able to differentiate CF patients with ABPA 

from those colonized or sensitized to  A.   fumigatus  [11]. 

Furthermore, corticotherapy decreases the TARC secre-

tion, producing a rapid decrease of serum TARC level that 

can be used to follow patient evolution as well as the effect 

of corticosteroid therapy in ABPA [8,11].   

 Place of macrophage-derived chemokine (MDC) 

 In ABPA-CF patients, high serum levels of MDC have been 

reported and were associated with IgE peaks. MDC serum 

levels were not correlated with rAsp f4, rAsp f6, or FEV1 

levels, or with corticosteroid therapy [29].   

 Other chemokines 

 Detection and profi ling of other chemokines (in particular 

IL-8 and IL-10) have been done to analyze their signifi cance 

in the evolution of fungal pulmonary diseases during immuno-

logical studies. IL-8 and IL-17 levels in sputum are increased 

in ABPA and could be a key mediator of tissue damage [82,83], 

while IL-10 produced in large amounts by activated Treg 

cells is supposed to regulate the immune response [15]. High 

levels of IL-10 has been found in patients with  A. fumigates -

related disease [84]. Especially, high serum levels of IL-10 

were found in  Aspergillus  colonized CF patients carrying 

the IL-10-1082GG genotype [84,85]. 

 Taken as a whole, the data focusing on chemokines in 

ABPA show the high sensitivity and specifi city of TARC 

detection and suggest that TARC could be a new and early 

marker for ABPA diagnosis in CF [8,11,29]. However, before 

TARC can be included in ABPA criteria of CF patients, it 

needs to be evaluated in further studies. 

 In conclusion, the diagnosis of CF-ABPA is known to 

be a more diffi cult task than diagnosing ABPA in patients 

without cystic fi brosis [1,3,7,12]. For this reason, it may 

be useful to combine clinical criteria with serological fi nd-

ings that seem to be able to confi rm or exclude ABPA in 

CF patient [10,12 – 14,22,23]. Specifi c IgE towards recom-

binant antigens, i.e., rAsp f4 and rAsp f6 (that have been 

described as specifi c markers for clinically active ABPA), 

and TARC (that appears to be clinically useful to iden-

tify ABPA episodes in CF patients already sensitized to  

A. fumigatus ) are currently the most promising biomark-

ers. Furthermore, higher IgG levels in ABPA-CF patients 

suggest quantitative approaches could be useful to differ-

entiate sensitized and ABPA CF patients, especially using 

an increased cut-off point [9]. 

 If the recent studies in the area offer new horizons, 

further research targeting large groups of CF patients 

( Aspergillus  sensitization and ABPA-CF patients) as well 

as their prospective follow-up is currently needed to improve 

our knowledge and to assess the exact contribution of these 

biomarkers in the daily clinical management of ABPA in 

CF patients. Since IgE reactivity to individual purifi ed recom-

binant allergens (especially to rAsp f4 and to rAsp f6) as 

well as TARC production seem to change with the different 

stages of ABPA [8,13], we need to analyze their ability to 

differentiate ABPA stages and to clarify their clinical rele-

vance, as the clinical signifi cance of decline in serum IgE 

levels in ABPA has been described in asthma [86]. Lastly, 

some studies suggest that these new biomarkers, in particu-

lar TARC, may have added value for monitoring therapy by 

antifungal and/or corticoid [38], which also needs to be more 

documented. Moreover, new advances in technology such 

as protein microarrays could offer signifi cant advantages in 

terms of time and costs compared with traditional test for-

mats, since it was recently described to measure a multitude 

of allergen-specifi c IgE antibodies in the same test [87].    
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