
ARTICLE IN PRESS+Model
ALLER-525; No. of Pages 6

Allergol Immunopathol (Madr). 2013;xxx(xx):xxx---xxx

www.elsevier.es/ai

ORIGINAL ARTICLE

Uncertain  areas  in the  diagnosis  of allergic  bronchopulmonary
aspergillosis in patients  with asthma

M.R. Parka, Y.H. Nama, S.K. Leea,∗, K.H. Kimb, M.S. Rohc, H.W. Leea, I.H. Jeonga,
S.J.  Uma, C.H. Sona

a Department  of  Internal  Medicine,  College  of  Medicine,  Dong-A  University,  Busan,  South  Korea
b Laboratory  Medicine,  College  of  Medicine,  Dong-A  University,  Busan,  South  Korea
c Anatomic  Pathology,  College  of  Medicine,  Dong-A  University,  Busan,  South  Korea

Received  23  January  2013;  accepted  23  April  2013

KEYWORDS
Allergic
bronchopulmonary;
Aspergillosis;
Asthma;
Diagnosis;
Skin  tests

Abstract
Background  and  objective:  The  prevalence  of  allergic  bronchopulmonary  aspergillosis  (ABPA)  in
patients  with  bronchial  asthma  remains  unknown.  We  evaluated  the  roles  of  various  laboratory
tests in  the  diagnosis  of  ABPA,  including,  skin  prick  test  (SPT)  for  Aspergillus  fumigatus  (Af),
and serum  Af  specific  IgE  and  IgG  antibody  measurement.
Methods:  A  total  of  50  asthma  patients  with  more  than  1000  cell/�L  of  peripheral  blood
eosinophils  were  prospectively  collected  between  January  2007  and  September  2011.  Evalu-
ations using  SPT  for  Af,  serum  total  IgE  and  specific  IgE  antibody  to  Af  by  CAP  system,  IgG
antibody to  Af  by  enzyme  immunoassay  (EIA)  or  CAP  system  were  performed  according  to  the
essential  minimal  criteria  for  the  diagnosis  of  ABPA  ---  asthma,  immediate  cutaneous  reactivity
to Af,  elevated  total  IgE,  and  raised  Af  specific  IgE  and  IgG.
Results:  Among  50  patients,  three  patients  (6.0%)  were  diagnosed  as  ABPA,  of  whom  each  con-
firmed five  items  of  the  essential  minimal  diagnostic  criteria  for  the  diagnosis  of  ABPA.  Six
patients (12.0%)  showed  negative  responses  to  Af  in  SPT,  but  positive  responses  in  specific  IgE
by CAP  system.  Eight  patients  (16.0%)  showed  negative  responses  to  IgG  to  Af  by  CAP  system,
but positive  responses  by  enzyme  immunoassay  (EIA).
Conclusions:  SPT  and  serum  IgE  to  Af  measurement  by  CAP  system  should  be  performed  simul-

taneously.  It  is  reasonable  to  set  up  cut-off  values  in  Af  specific  IgE/IgG  by  CAP  system  for  the
differentiation  of  ABPA  from  Af  sensitised  asthma  patients.
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llergic  bronchopulmonary  aspergillosis  (ABPA)  is  a
omplex  hypersensitivity  response  to  the  presence  of
spergillus  fumigatus  (Af)  in  the  bronchial  mucosa,1 which

ncludes  immediate  hypersensitivity  reaction  (type  I),  and

aña, S.L. All rights reserved.

dx.doi.org/10.1016/j.aller.2013.04.005
dx.doi.org/10.1016/j.aller.2013.04.005
http://www.elsevier.es/ai
mailto:skleeai@dau.ac.kr
dx.doi.org/10.1016/j.aller.2013.04.005


 IN+Model
A

2

a
s

A
b
l
o
p
i
p
d
s
s
b
s
o
w
A
b
S
b
d
t

i
p
w
d
a

w
s
s
q
c

d
r
n
a
p

t
p

o
m
e
o
I

M

T
t
f
a
r

t
h
w

a
m
o
(
e
a
a
g
t

S
g
I
s
(

i
n
v
I
1
t
3
(

g
v
C
w
h

R

C

A
a
1
m
2
s

D
o

F
p
fi
s
f

C
s

F
b
i

ARTICLELLER-525; No. of Pages 6

 

ntigen-antibody  mediated  reaction  in  genetically
usceptible  patients  (type  III).2,3

Despite  the  publication  of  numerous  case  reports  on
BPA,  the  exact  prevalence  of  ABPA  in  patients  with
ronchial  asthma  remains  unknown.  This  may  be  due  to  the
ack  of  reference  values  within  individual  serological  meth-
ds  to  differentiate  between  ABPA  and  Af  sensitised  asthma
atients.  Therefore,  the  condition  remains  underdiagnosed
n  many  countries,  with  reports  of  mean  diagnostic  latency
eriod  as  great  as  10  years.4 The  original  criteria  for  the
iagnosis  of  ABPA  included  bronchial  asthma,  immediate
kin  test  reactivity  to  Af,  elevated  total  and  Af-specific
erum  immunoglobulin  E  (IgE),  pulmonary  opacities,  central
ronchiectasis,  peripheral  blood  eosinophilia  and  positive
erum  precipitins  (IgG)  against  Af.5,6 There  is  also  a set
f  minimal  essential  criteria  for  the  diagnosis  of  ABPA7---9

hich  include  asthma,  immediate  cutaneous  reactivity  to
f,  elevated  total  and  Af-specific  IgE/IgG  and  proximal
ronchiectasis  on  computed  tomography  (CT)  of  the  chest.
uch  patients  can  be  designated  as  having  ABPA-central
ronchiectasis.  In  patients  with  asthma,  ABPA  is  sometimes
iagnosed  in  the  absence  of  the  typical  proximal  bronchiec-
asis,  in  such  cases,  it  is  designated  ABPA-seropositive.9

According  to  the  existing  diagnostic  criteria,  the  most
mportant  step  in  the  diagnosis  of  ABPA  is  to  determine  the
ositive  immediate  cutaneous  reactivity  to  Af  in  patients
ith  asthma  at  an  early  stage.  Recently,  O’Driscoll  reported
iscrepancies  between  the  results  of  the  skin  prick  test  (SPT)
nd  serum  specific  IgE  to  fungal  antigens  including  Af.10

Also,  it  has  been  demonstrated  that  intradermal  tests
ith  Af  should  be  performed  in  order  to  rule  out  the  sensiti-

ation  of  Af  in  patients  with  asthma.11 However,  performing
uch  intradermal  tests  is  time  consuming  as  wells  as  being
uite  uncomfortable  for  the  patient,  and  thus  it  is  not  a
ommon  practice  in  clinical  settings.12

Detection  of  precipitating  antibodies  for  Af  has  some
isadvantages.  Specificity13 and  sensitivity14 are  limited,
eproducibility  is  poor,  and  antibody  concentrations  can-
ot  be  measured.  Moreover,  this  method  is  time-consuming
nd  therefore  not  recommended  for  routine  diagnostic
urposes.15,16

Furthermore,  no  reference  values  specific  to  IgE  and  IgG
o  Af  in  terms  of  the  differentiation  of  ABPA  from  asthma
atients  sensitised  with  Af  have  been  generated.

The  aim  of  this  study  was  to  determine  the  prevalence
f  ABPA  in  patients  with  eosinophilic  asthma,  and  who  have
ore  than  1000  cells/�L in  peripheral  blood,  as  well  as  to

valuate  the  roles  of  various  laboratory  tests  in  the  diagnosis
f  ABPA  including,  SPT  for  Af,  as  well  as  serum  Af  specific
gE  and  IgG  antibody  measurement.

aterials and methods

he  present  study  was  a  retrospective  analysis  of  prospec-
ively  collected  data  of  50  patients  with  bronchial  asthma
rom  January  2007  to  September  2011.  This  study  was
pproved  by  and  followed  the  guidelines  of  the  institutional
eview  board  of  Dong-A  University  Hospital.
Please  cite  this  article  in  press  as:  Park  MR,  et  al.  Uncertain  area
sis  in  patients  with  asthma.  Allergol  Immunopathol  (Madr).  201

The  diagnostic  criteria  used  for  bronchial  asthma  include
he  presence  of  reversible  airway  obstruction  or  airway
yperresponsiveness  (AHR).  Reversible  airway  obstruction
as  defined  as  an  improvement  in  the  FEV1 of  ≥200  ml
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nd  12%  after  administration  of  two  puffs  of  salbutamol  by
etered-dose  inhaler.  AHR  was  defined  as  the  concentration

f  methacholine  in  mg/ml  inducing  a  20%  decrease  in  FEV1

PC20 FEV1) of  ≤8.0  mg/ml.  All  patients  had  peripheral  blood
osinophilia  of  more  than  1000  cells/�L in  the  initial  evalu-
tion.  Study  patients  were  classified  by  the  severity  criteria
ccording  to  GINA.17 Patients  who  had  received  systemic
lucocorticoids  for  more  than  three  weeks  in  the  preceding
hree  months  were  excluded  from  the  study.

We  prospectively  evaluated  the  following  items:  allergy
PT  with  50  common  inhalant  allergens  including  Af  (Aller-
opharma,  Reinbeck,  Germany),  serum  total  IgE  and  specific
gE  for  Af  by  CAP  system  (Pharmacia,  Uppsala,  Sweden),
erum  IgG  antibodies  for  Af  by  enzyme  immunoassay  (EIA)
Greencross  Research  Lab.,  Seoul,  Korea)  and  CAP  system.

Diagnostic  criteria  used  for  the  diagnosis  of  ABPA  were
ncorporated  from  minimal  essential  criteria  for  the  diag-
osis  of  ABPA-seropositive,7---9 which  included  asthma,  the
alues  greater  than  3+  response  to  Af  on  SPT,  total  serum
gE  concentration  the  values  greater  than  417  kU/L  or
000  ng/mL  by  CAP  system,  elevated  serum  IgE  for  Af  greater
han  0.35  kU/L18 by  CAP  system,  and  IgG  for  Af  greater  than
5.0  mgA/L  by  CAP  system19 or,  greater  than  12  U/mL  by  EIA
Greencross  Research  Lab.)

Statistical  analyses  were  performed  using  the  SPSS  pro-
ramme  version  15  (SPSS  Inc,  Chicago,  Illinois,  USA).  All
alues  were  expressed  as  the  mean  ±  standard  deviation.
orrelations  between  various  parameters  were  evaluated
ith  Spearman’s  rank  coefficients.  Statistical  significance
ad  been  set  a  priori  at  P  <  0.05.

esults

linical  characteristics  of  study  subjects

 total  of  50  patients  diagnosed  as  having  bronchial
sthma  with  peripheral  blood  eosinophilia  of  more  than
000  cells/�L were  included  in  this  study  (Table  1).  The
ean  age  of  the  study  patients  was  47.5  ±  15.7  (range,

0---76  years).  More  than  60%  of  patients  were  included  in
teps  3  or  4  of  asthma  severity  classified  by  GINA.

istribution  of  study  patients  according  to  number
f diagnostic  criteria

ive  diagnostic  criteria  were  used  to  detect  ABPA  in  asthma
atients  with  eosinophilia  (Table  2).  The  most  frequent
nding  among  the  diagnostic  criteria  was  total  IgE  by  CAP
ystem,  noted  in  27  patients  (54.0%).  However,  serum  IgG
or  Af  by  CAP  system  was  noted  in  only  three  patients  (6.0%).

omparison  between  overall  SPT  and  specific
erum IgE  results  for  Af

orty-one  percent  (21/50)  of  subjects  were  sensitised  to  Af
y  SPT  or  CAP  systems  or  both.  Among  15  patients  with  pos-
tive  responses  to  SPT  for  Af,  eight  patients  also  showed
s  in  the  diagnosis  of  allergic  bronchopulmonary  aspergillo-
3.  http://dx.doi.org/10.1016/j.aller.2013.04.005

ositive  responses  to  IgE  for  Af  by  CAP  system.  Among  35
atients  with  negative  responses  to  SPT  for  Af,  29  of  these
lso  showed  negative  responses  to  IgE  to  Af  by  CAP  sys-
em,  the  remaining  six  patients  showed  positive  responses  in

dx.doi.org/10.1016/j.aller.2013.04.005
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Diagnosis  of  allergic  bronchopulmonary  aspergillosis  

Table  1  Baseline  characteristics  of  50  asthma  patients  with
eosinophilia  of  more  than  1000/�L  in  peripheral  blood.

Mean  (range)  or  percentage
(number  of  patients)

Sex,  male  62.0%  (31)
Age,  years  47.5  ±  15.7  (20---76)
Asthma  duration,  years  8.7  ±  6.2  (1---30)

Severity  of  Asthma  (by  GINA)
Step  I  24.0%  (12)
Step  II 8.0%  (4)
Step III 36.0%  (18)
Step  IV 32.0%  (16)

FEV1  (%  predicted)  70.0  ±  18.1  (33---117)
Eosinophils  (cells/�L)  1644.6  ±  631.0  (1061---3401)
Total  IgE  (kU/L)  903.9  ±  1162.1  (12---5000)
Specific  IgE  to  Af  (kU/L)  1.8  ±  8.3  (0---56.8)
Specific  IgG  to  Af  (mgA/L)* 13.0  ±  13.7  (0---82.5)
Specific  IgG  to  Af  (U/mL)† 9.7  ±  19.6  (1---127)

* By CAP system.
† By enzyme immunoassay.

Table  2  Distribution  of  patients  according  to  the  positive
rate  of  each  diagnostic  criteria.

Criteria  for  ABPA  Positive  rate
(number)

Asthma  100%  (50)
Positive  skin  prick  test  to  Af  30.0%  (15)
Total  serum  IgE  concentration  >417  kU/L

(1000  ng/mL)
54.0%  (27)

Total  serum  IgE  concentration  >1000  kU/L  30.0%  (15)
Elevated  serum  IgE  for  Af  28.0%  (14)
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Elevated  serum  IgG  for  Af  (by  CAP)  6.0%  (3)
Elevated  serum  IgG  for  Af  (by  EIA)  20.0%  (10)

specific  IgE  by  CAP  system.  Overall,  SPT  and  specific  IgE  tests
correlated  positively  or  negatively  in  37  (74.0%)  patients
but  13  patients  (26.0%)  had  disconcordant  SPT  and  specific
serum  IgE  results  (Table  3).  There  were  no  statistically  sig-
nificant  correlations  observed  between  specific  IgE  for  Af
and  SPT.

Comparison  between  two  methods  for  specific  IgG
Please  cite  this  article  in  press  as:  Park  MR,  et  al.  Uncertain  area
sis  in  patients  with  asthma.  Allergol  Immunopathol  (Madr).  201

to Af,  CAP  system  and  EIA

Nine  patients  showed  negative  responses  to  IgG  for  Af  by  CAP
system,  while  exhibiting  positive  responses  to  EIA.  There

t
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Table  3  Overall  results  of  skin  prick  test  and  specific  IgE  for  Af  b

Specific  IgE  for  Af  b

Positive  14  (28.0%)

SPT* for  Af
Positive  15  (30.0%)  8  (16.0%)  

Negative 35  (70.0%)  6  (24.0%)  

* Skin prick test.
 PRESS
3

ere  statistically  significant  correlations  observed  between
he  results  obtained  by  CAP  system  and  those  of  EIA  (r  =  0.55,

 <  0.001).

haracteristics  of  study  subjects  who  met  more
han four  diagnostic  criteria

aboratory  findings  of  patients  who  met  more  than  four
iagnostic  criteria  are  shown  in  Table  4. There  were  only
wo  patients  who  completely  met  the  diagnostic  criteria  for
BPA.  One  patient  showed  a  negative  response  to  IgG  for  Af
y  CAP  system,  but  a  positive  response  by  EIA.  Therefore,
he  overall  prevalence  of  ABPA  in  this  study  was  6.0%  (3/50).

iscussion

his  study  was  performed  on  a  selected  population  of
ronchial  asthma  patients  with  eosinophilia,  and  it  was
ound  that  the  prevalence  of  ABPA  was  not  more  common
han  had  been  generally  expected.9 Some  patients,  although
howing  negative  responses  to  Af  through  SPT,  also  demon-
trated  positive  responses  to  serum  specific  IgE  for  Af  by  CAP
ystem.  Furthermore,  some  subjects  who  showed  negative
esponses  to  specific  IgG  to  Af  by  CAP  system  were  revealed
o  have  positively  responded  to  EIA.  These  findings  suggest
hat  a  further  consensus  on  the  diagnostic  criteria  for  ABPA,
s  well  as  more  accurate  reference  values  based  on  indi-
idual  laboratory  methods,  are  required  for  the  simpler  and
ore  accurate  diagnosis  of  ABPA  within  clinical  settings.
The  prevalence  of  ABPA  is  believed  to  be  about  1---2%  in

atients  with  asthma,  and  2  to  15%  in  patients  with  cys-
ic  fibrosis  (CF).9 However,  a  recent  meta-analysis  over  a
0-year  period  has  shown  that  the  prevalence  of  ABPA  in
ronchial  asthma  was  as  high  as  12.9%.11 The  main  limita-
ion,  which  was  noted  in  this  review  was  that  all  the  studies
ere  performed  in  specialised  clinics  and  may  not  have  been

epresentative  of  the  general  population.  In  this  study,  the
revalence  of  ABPA  was  6.0%  (3  in  50).  Subjects  of  this  study
ere  selected  among  asthma  patients  who  had  eosinophilia
f  more  than  1000  cells/�L in  their  peripheral  blood.  Based
n  the  original  major  diagnostic  criteria,5,6 eosinophilia  was
ecommended  as  one  of  the  key  elements  in  the  diagnosis
f  ABPA.  Furthermore,  over  60%  of  the  subjects  in  this  study
ere  classified  as  being  in  steps  3  or  4  of  severity  according

o  the  GINA  classification  guideline.17 Recently,  it  has  been
eported  that  patients  with  severe  asthma  have  sensitisa-
s  in  the  diagnosis  of  allergic  bronchopulmonary  aspergillo-
3.  http://dx.doi.org/10.1016/j.aller.2013.04.005

ions  to  multiple  fungal  antigens,  and  among  them  Af  was
he  most  frequent.10 These  findings  suggest  that  subjects  of
his  study  were  a  specialised  group  who  had  a  high  prob-
bility  of  being  diagnosed  with  ABPA.  The  diagnostic  rate

y  CAP  system.

y  CAP  system

 (>0.35  kU/L)  Negative  36  (72.0%)

7  (14.0%)
29  (58.0%)

dx.doi.org/10.1016/j.aller.2013.04.005
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Table  4  Clinical,  serological  and  radiological  characteristics  of  study  subjects  included  in  more  than  four  diagnostic  criteria.

Pt  Sex/Age  Duration
of
Asthma

FEV1  (%
pred)

Eosinophils
cells/�L)

SPT* Total  IgE
(kU/L)

Specific  IgE
for  Af  by
CAP  (kU/L)

Specific  IgG
for  Af  by
CAP
(mgA/L)

Specific  IgG
for  Af  by  EIA
(U/mL)

Bronchiectasis
on  HRCT#

1  F/76  26  71  2490  3+  450  0.73  6.15  2.1  −
2 M/47  30  82  1089  3+  1623  1.29  8.34  6.0  +
3 M/20  7  94  1307  4+  554  17.0  9.56  9.4  −
4 M/29  11  58  3901  3+  2957  5.27  34.2  51.0  +
5 M/60  3  66  1199  3+  1380  1.01  40.6  4.1  Not  checked
6 M/23  7  85  1427  3+  1644  1.04  82.5  25.1  Not  checked
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Skin prick test scaled by allergen/histamine ratio.
# High-resolution CT of chest.

f  ABPA  in  these  selected  patients  was,  however,  no  higher
han  the  expected.  This  finding  might  be  explained  by  sev-
ral  characteristics  of  the  study  subjects.  In  general,  the
revalence  of  ABPA  in  patients  admitted  with  acute  severe
sthma  is  even  higher.20 Additionally,  the  occurrence  of  ABPA
as  significantly  higher  in  patients  with  acute  asthma,  when
ompared  to  that  of  outpatient  bronchial  asthma.21 How-
ver,  most  of  our  study  subjects  were  outpatient  bronchial
sthmatics  with  chronic  respiratory  symptoms  and  acute
xacerbations.  Furthermore,  we  included  asthma  patients
ith  eosinophilia  to  increase  the  diagnostic  probability  of
BPA,  but  this  method  might  paradoxically  decrease  the
iagnostic  probability,  as  some  reports18 showed  that  more
han  50%  of  ABPA  occurrence  had  no  associated  eosinophilia
f  more  than  1000  cells/�L.

Determining  the  sensitisation  status  for  Af  has  been
egarded  as  the  most  important,  and  first  step  in  the  diag-
osis  of  ABPA.22 An  immediate  cutaneous  hypersensitivity
o  Af  antigens  is  a  characteristic  finding  of  ABPA  and  rep-
esents  the  presence  of  Af  specific  IgE  antibodies.23 In  the
ase  of  a  negative  response  in  SPT  with  Af  antigen,  an  intra-
ermal  test  should  be  performed  to  confirm  this  negativity
o  the  Af  antigen.11 However,  we  postulated  that  an  intra-
ermal  skin  test  with  Af  antigen  might  not  be  adequate  for
creening  to  detect  the  sensitisation  status  for  Af  in  a  real
linical  setting.  Many  patients  with  ABPA  may  be  minimally
ymptomatic  or  asymptomatic,  and  therefore,  the  major-
ty  of  asthma  patients  should  undergo  the  intradermal  test
or  Af,  even  though  this  is  more  time  consuming,  labour
ntensive,  and  technically  complicated.  Furthermore,  SPT
as  a  high  (95%)  accuracy  in  predicting  negative  results.24

ccuracy  for  positive  results  is  less,  at  50---60%,  although
hese  variations  depends  on  the  reagent  and  manufacture
sed.25,26 There  is  also  substantial  geographic  variation  in
he  prevalence  of  sensitisation  to  aeroallergens,  including
ungi.27 In  vitro  measurement  of  specific  IgE  antibodies  can
e  useful  in  patients  who  cannot  undergo  SPT.  Smits  et  al.26

ound  that  only  43%  of  patients  reacted  to  both  SPT  and  spe-
ific  serum  IgE  tests  when  tested  for  common  aeroallergens
nd  foods.  They  recommended  the  use  of  both  tests  to  gain  a
efinitive  diagnosis,  as  not  all  sensitivities  will  be  identified
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hrough  the  use  of  one  alone.  These  findings  were  similar  to
revious  comparison  results  between  STP  and  RAST.28,29 This
as  an  expected  finding  as  the  reagents  were  from  differ-
nt  manufactures  which  used  different  processing  methods.

i
a
o
c

lthough,  the  CAP  system  represents  progression  from  the
revious  RAST  systems,  the  extracts  that  are  used  to  pro-
uce  the  CAP  reagents  are  not  available  for  the  production
f  SPT  reagents.  In  this  study,  six  patients  showed  negative
esponses  to  SPT,  but  positive  responses  to  serum  specific
gE  for  Af  by  CAP  system.  Also,  seven  patients  showed  neg-
tive  responses  to  serum  specific  IgE  by  CAP,  while  showing
ositive  responses  to  SPT.  If  we  had  used  SPT  alone,  we
ould  have  missed  six  cases  of  Aspergillus  sensitisation  and
ould  have  missed  seven  cases  if  we  had  used  specific  serum

gE  tests  alone.  These  findings  suggested  that  both  SPT  and
erum  specific  IgE  tests  should  be  performed  simultaneously
n  order  to  more  accurately  evaluate  the  sensitisation  status
f  Af  in  asthma  patients.

An  elevated  level  of  Af-specific  IgE  antibodies,  as  mea-
ured  by  fluorescent  EIA,  has  been  considered  the  hallmark
f  ABPA  detection.18 A  cut-off  value  of  IgE/IgG  for  Af  of
ore  than  twice  of  the  value  from  the  pooled  serum  sam-
les  from  asthma  patients  sensitised  with  Af  can  greatly
mprove  the  diagnosis  of  ABPA  from  other  conditions.30 On  a
ractical  note,  it  is  impossible  to  obtain  specific  reference
alues  of  serum  IgE/IgG  for  Af  according  to  various  labo-
atory  methods  which  allow  for  easy  ABPA  diagnosis  under
linical  settings.  In  our  investigation,  we  incorporated  the
eference  value  of  more  than  0.35  kU/L  by  CAP  system  into
he  measurement  of  specific  IgE  to  Af  according  to  a  previ-
us  report.18 However,  Agarwal  et  al.18 did  not  incorporate  a
eference  value  twice  that  of  the  pooled  serum  sample  from
sthma  patients  sensitised  with  Af.

With  respect  to  the  IgG  measurement  by  CAP  system,
5.0mgA/L  was  incorporated  as  a  reference  value  accord-
ng  to  the  previous  report.19 Hoeyveld  et  al.19 reported  that
eference  values  above  35.0  mgA/L  for  Af  by  CAP  system  had

 sensitivity  of  90%  in  detecting  ABPA  patients.  Addition-
lly,  agreement  between  the  precipitation  technique  and
AP  system  has  been  previously  determined  to  be  86%  for
f.  By  EIA,  a  reference  value  of  IgG  specific  for  Af  above
2  U/L  was  recommended  by  the  manufacturer’s  protocol
sed  for  this  study.  Nine  patients  showed  negative  responses
o  IgG  for  Af  by  CAP  system  while  demonstrating  positive
esponses  to  EIA.  This  result  may  suggest  that  enzyme-linked
s  in  the  diagnosis  of  allergic  bronchopulmonary  aspergillo-
3.  http://dx.doi.org/10.1016/j.aller.2013.04.005

mmunosorbent  assay  (ELISA)  is  even  more  sensitive  and  reli-
ble  than  immunodiffusion,12,13,30 the  suboptimal  specificity
f  which  can  lead  to  false-positive  results,  identifying  clini-
ally  irrelevant  IgG  responses.

dx.doi.org/10.1016/j.aller.2013.04.005
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A  reference  value  greater  than  417  kU/L  or  1000  ng/mL
of  total  IgE  by  CAP  system  was  used  to  define  ABPA  in  this
study  as  in  previous  studies.8,31 Other  investigations  also
incorporated  1000  kU/L  as  a  cut-off  point.18,21 Overall,  we
believe  these  two  reference  values  have  advantages  as  well
as  disadvantages.  The  former  one  carries  a  greater  risk  of
over-diagnosing  ABPA,  but  the  latter  carries  a  greater  risk  of
missing  the  diagnosis.  Because  the  total  IgE  concentration
can  be  influenced  by  administration  of  systemic  corticoste-
roids,  we  assume  that  the  former  is  more  appropriate  for  the
diagnosis  of  ABPA.  Overall,  a  follow  up  evaluation  of  total
IgE  for  a  specified  period  is  a  critical  step  to  reduce  the  risk
of  missing  diagnosis  of  ABPA.

Recently,  Agarwal  et  al.32 reported  that  the  immunologi-
cal  activity  and  outcomes  of  ABPA  could  be  predicted  on  high
resolution  CT  such  as  the  chest  findings  of  high-attenuation
mucus  (HAM),  a  marker  of  inflammatory  activity.  They  pos-
tulated  that  the  presence  of  HAM  defines  a  subgroup  of
patients  with  more  severe  inflammation  and  is  also  useful
for  the  prediction  of  relapse.  Further  studies  are  required
to  evaluate  the  usefulness  of  HAM  in  the  classification  of
ABPA.

There  are  several  limitations  within  our  study.  First  the
study  was  of  a  limited  population  of  asthmatics  who  had
eosinophilia  with  more  than  1000  cells/�L determined  upon
peripheral  blood  examination,  and  thus,  further  studies  of
larger  populations  of  asthma  patients  are  required  in  order
to  generalise  these  findings.  Second,  we  did  not  perform  an
intradermal  skin  test  with  an  extract  of  Af,  and  so,  we  could
not  evaluate  the  role  of  an  intradermal  test  in  the  diagnosis
of  ABPA  within  a  clinical  setting.  Third,  we  did  not  present
radiological  findings  of  the  study  patients.  Fourth,  there  is
potential  for  the  exclusion  of  subjects  with  severe  ABPA
requiring  systemic  steroids  for  symptom  control.  Finally,
we  could  not  present  cut-off  values  of  IgE/IgG  for  Af  from
the  pooled  serum  samples  from  asthma  patients  sensitised
with  Af,  as  the  number  of  study  patients  in  our  study  was
too  small.  In  conclusion,  among  patients  who  have  negative
responses  to  SPT  for  Af,  the  measurement  of  serum  specific
IgE  antibody  by  CAP  system  may  be  helpful  in  evaluating
the  sensitisation  status  for  Af.  Since  the  clinical  phenotype
is  changeable  or  variable  in  ABPA,  more  delicate  labora-
tory  reference  values  should  be  established  in  order  to  more
accurately  detect  ABPA  within  asthma  patients.
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