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Abstract

We evaluated the diagnostic value of recombinant Aspergillus fumigaies alleraen
Va (rdsp f 1/a) for skin testing in cystic fibrosis (CF) patients with allergic bron-
chopulmonary aspergillosis (ABPA), allevay to 4. fumigutus and in CF controls
not allergic to A. fumigatus. Skin prick test reactions to rdsp / I/a were 8.5-fold
stronger in 4.-furmigatus-allergic and 3.3-fold stronger in ABPA patients com-
pared to the CF controls. Three out of 6 well-characterized ABPA patients had
positive skin prick test reactions to r4sp [ I/a; the same number reacted to crude
A. fumigatus extracts. The skin prick test results to rdsp f I/a were significantly
correlated with those to crude and commercial preparations. According to these
results, r4sp f 1'a represents a defined allergen that provides the possibility to
perform skin prick tests in CF patients in a highly standardized way. In future, a
larger panel of recombinant allergens might also pick up those CF patients with
ABPA and allergy to A. fumigatus who did not react to this single allergen.

teseconsrrsssresantee

the quality of the antigen preparations. In commercial prep-
arations, the content of 4. fumigatus allergens usually varies

Alergy to Aspergillus fumigarus has been reported inup
to 59% of patients with cystic fibrosis (CF) [1], while only
few patients develop allergic bronchopulmonary aspergil-
losis (ABPA) [2]. The differentiation between ABPA and

allergy to 4. fumigarus is difficult but clinically relevant,
since untreated ABPA may lead to substantial lung damage
including proximal bronchicctasis or total lung collapse
[3.4]. The importance of IgE and 1¢G antibodics te A. fumi-
gatus has been emphasized in ABPA {31, but both antibody
classes can also be detected in 20-30% of 4. -fimi_ atus-al-
lergic patients suffering from CF [2]. The reliability of di-
agnostic procedures such as skin tests depends mostly on

This study was partly supported by the Swiss National Foundation Grant
No. 313942993,

cons'derably among differentisolates [6] and may be due to
rapic changes in IgE-binding components expressed during
culture [7] or different sources used to prepare alle “gen ex-
tracts such as mycelia. spores or culture filtrates [8]. To
overcome the problems of impurity of allergen prepara-
tions. attempts have been made to standardize the produc-
tien of 4. fimigarus extracts [7.9] or to purify varicus anti-
eers biochemically {100 1], Even these apparently homo-
gencous allergens may be contaminated by degradation
products or other allergenic components in trace amounts
but are of similar immune reactivity.

The production of purified recombinant allergens of de-
fined biological activity has been a major advance [12]. Re-
cently. recombinant A. fumigatus antigen l/a (rdsp f 1/a), a
major allergenic protein of A. fumigatus, has been cloned
and expressed [13]. rdsp f Vaexpressed in Escherichia coli
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and purified by absorption chromatography was shown to
express the same functional characteristics as the native
I8-KD ribotexin aad can be used as a defined allergen or
antigen for the diagnosis of .- fionigatus-associated diseas-
es [13]. Inarecenily published study, we have demonstrated
that 1:4.\'/&/4*;1»Spfvéﬁc serology is a highly sensitive and
specific test to reliably identify ABPA in CF patients [14].
The serelogic assays revealed a 10-fold increase in rAsp-f-1¢
a-specific [gE, a 5-fold increase in rAsp-f-l'a-specific 1gGl
and a 4-fold increase in rp-/-1 a-specific 18G4 antibodies
in ABPA patients compared with the 4. Sumigatus allergy
and CF control group. Now we have set up a study to eval-
uate the diagnostic value of rsp / 1 a for skin testing in CF
patients with ABPA allergy to 4. fimigutus and CF controls
notallergic to 4. fumigatus.

Patients and Methods

Suhjects

Forty-four patients, 26 males and 18 fomales with CF, admitted to
the Alpinc Children's Hospital in Davos, Switzerland, were entered
into the study. All patients had the same routine assessment for CF and
allergy. The mean age of the patients was 211478 years. The diagno-
sis of CF had been substantiated by the sweat iontophoresis test with
sweat sodium concentrations of > 70 mmol/] in at least 2 specimens of
>100mg of sweat [15). All patients enrolled in the study were in-
formed verbally and in writing about the purpose and the procedure of
the study. Approval for skin testing human subjects with recombinant
allergens was obtained from the official ethics committee of Davos
before starting the study.

The CF patients were classified into three groups according to the
following criteria:

(1) ABPA patients: the diagnosis of ABPA was based on a minj-
mum of 6 out of 7 criteria described by Nelson et al. [16]: (1) wheezing.,
(2% pulmonary infilirate, (31 positive sputum culture of A fumicarus,
(4) pusitive immediate reaction 10 4. flunivatus extracts in skin prick
testing (i.e. weal =3 mm in diameter) [17], (5) increased total IgE
fevels (i.e. 1gE more than 2 SD greater than normal values for age)
[18], (6y increased specific IgE W A fumigaty (RAST score =2),(7)
increased level of specific 1gG to A. fumigatus (ELISA >40 EU/ml)
[14,19].

(2) Aspergillus-allergic CF patients: CF patients were assigned to
the group with Aspergillus allergy if routine skin prick tests with a
commercial allergen preparation (Bencard, Smithkline Beecham,
Neuss, Gerinany) were positive for A fumioatus (weal 23 mm in di-
ameter) [171 ar the RAST to 1. fiicatus was = 2.

(3) CF control group: CF patients were assigned to the CF control
group if rousine skin prick tests with a commercial allergen prepara-
tion (Bencard) were negative for A. fumigatus (weal <3 mum in diame-
ter) [17} and the RAST score to A. fimigatus was < 2.

Routine Assessment

Each patient had a routine assessment when admitted to the hospi-
tal including sputum cultures for bacteria and fungi, chestradiography.
lung function test and skin prick testing to 4. fimigatus and a range of

404 Int Arch ABlergy Immunol 1996:111:403 408

otherallergens (Bencard). None of the patients received antihistamine
medications at the time of the study. The skin test reactions were rec-
arded after 15 min by measuring the diameter of the weal, and the re-
sults were considered positive with a weal of 2 3 mm and no reaction
to the saline control solution [17]. A pusitive control was included with
0.1% histamine.

Blood samples were taken for routine blood cell count. lgl and
J¢G antibody determination, RAST for J¢E antibodies to A funmigaius
(Pharmacia. Uppsala, Sweden) using the allergen-specific CAP svs-
tem and converting the results into RAST classes from 04 as de-
seribed by the munufacturer (RAST cluss 0 <035 1U:ml, class 1
0.35-0.69T0ml. class 20070 349 10 ml. class 35 3.50-1749 [U ml.
class 4. =17.50 1U m). 1gG antibodies to 4. fimicatus were analvzed
by ELISA using standardized DPC antigens (Diagnoste Products
Carporation. Los Angeles. Cahf., USA) bound 1o solid phase [19].

Skin Prick Tests or rAsp £ Va. Crude and Commeicial Exiracts

The patients included into the study had exrra skin prick tests 1o
redsp £ Tas tvo erude antigens, DPC and LP-CF (laic-phase culiure
filtrate, hindly provided by Dr. Kauttman, Groningen, The Nether-
lands), and three commercially available antigens, Bencard, ALK
(Horsholm, Denmark) and Allergopharma (Hamburg. Germany).
r4sp f Va and the two crude extracts were used at protein concentra-
tions of 0.3 mg/mi [13]. the three commercial extracts as recommend-
ed by the supplier. The results were recorded after 1S niin by measur-
ing the maximal longitudinal (D1) and transversal (D2) diameter of the
weal. The surface (S) of the weal was calculated according to the fol-
lowing formula: S = [(D1+ D2)])2]°. The results were considered pos-
itive with a surface of the weal =9 mm? [17]. Positive and negative
control solutions were the same as in the routine skin prick test.

Statistics

Data were analyzed with the Systat® computing system for statis-
tics (Systat Inc., Evanston 111, USA). The paired Wilcoxon test was
used for comparison of repeated values within the same subject and the
Mann-Whitney U test for comparison of data between different sub-
Jects. Categorical data were compared by the Pearson x? test with
Yates' correction for small numbers. Correlation coefficients were de-
termined using Pearson’s linear-regression analvsis. Differences asso-
ciated wath probabilities o p<0.03 were considered significant.

Results

Six of the 44 CF patients were diagnosed as having
ABPA, 3 of them with 7 and 3 with 6 of Nelson’s criteria
(table 1). According to the inclusion criteria, 25 CF patients
were awsigned to the group with allergy to 4. fumigarus: 23
had positive skin prick tests to 4. fimigarus, and 2 other
patients had RAST scores higher than 2 despite negative
skin prick tests. Thirteen CF patients were assigned to the
control group. The mean Shwachman score, assessing the
severity degree of the disease [20], from all patients was
60.9.£15.2, indicuting that the patients were moderately to
severely affected. Five patients (11%) including 2 ABPA pa-
tients (patients 1 and 2, table 1) used oral corticosteroids in
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- Table 1. Nelson's eriteria in CT patients with ABPA

Patient  Age  Sex Wheezing  Intiltrates A finaicarus A fianivans ok A fiicatus

wvears spatum prickomm IUml RAST (0 4
] I f + - + 3 24000 4 162
2 12 f + + - S S230 4 27
3 7 m + + + 3 200 4 0
4 17 m + + - 4 200 4 106
s 2 f + + - 4 L300 4 02
6 I3 f + + 3 fo2o 4 822

low doses (prcdniw,one S-10mgddayy, and 15 patients
(34°0) inhaled corti
ference between the study groups regarding the severity of
the disease (p>0.05, T\iarm—\-\"himey U test} or the distribu-
tion of patients with steroid therapy (p>0.05, Pearson’s ¥°
test).

Table 2 compiles the data from the routine clinical as-
sessment and compares the results between the study
groups. Skin prick test reactions to 4. fumigatus were sig-
nificantly stronger in ABPA and Aspergillus-allergic pa-
tients compared to the CF control group (p<0.0001, Mann-
Whitney U'test). Total IgE was significantly raised in ABPA
comparzd to CF controls and Aspergillus-allergic patients
(p<<0.005). Aspergillus-allergic patients had significantly
higher IgE levels compared to the CF controls (p<<0.005).
ABPA patients had significantly higher Aspergillus RAST
scores than Aspergillus-allergic patients or CF controls
(p<0.005), and Aspergillus-allergic patients had signifi-
cantly higher RAST scores than CF controls (p<<0.0001).
T¢G antibodies to A, fumigaius were significantly higher in
ABPA patients compared to 4spergillus-allergic patients
{p<0.03).

Table 3 shows the single patient results of the extra skin
prick testto A. fumigatus. Skin prick test reactions to rdsp f
IVa significantly correlated with DPC (r = 0.64. p<<0.0001),
Bencard (r= 045, p<0.005) and ALK (r = 0.4, p<0.005).
There was a tendency towards significance with LP-CF (r =
0.27, p == 0.076) and Allergopharma (r = 0.27. p = 0.082).
Skin prick test reactions between both crode and the three
commercial preparations significantly conrelated with cach
other. Thie best correlation was found between ALK and Al-
lergopharma (r = 0.85, p<0.0001). The corrclation coeffi-
cient between ALK and Beneard was r = 0.71 (p<<0.0001)
and between Allergopharma and  Bencard r 0.04
(p<<0.0001). The correlation coefficient between the crude
preparations LP-CF and DPC wasr=0.74 (p<0.0001). sim-
ilar to the correlation coefficients between LP-CF and the

costeraids. There was no signiticant dif-

Skin test reactivity tordsp f Va

Table 2. A -funiou

{n=0)

A fumicens prickomm 0.0=0.0 372087

Eosinophil count x 107
cells|

0.2610.25  0.33+0.21 0.8720.85

IgE. TU/ml 41269 290+274%  3.23041.880%¢
A fumigaris RAST
score (0-4) (¢.26+0.50  2.73+1.19° 4.00+0.00*¢

A fumigatus 126G

antibodies, EU'm} 39,1398  43.9+49 ) §8.7£53.1°

"p<0.005.  p<O000T. versus CF controls: *p< (.05, ¥p < 0.005,

versus A. fumiguaris allergy.

three commercial preparations (r = 0.71-0.72. p<0.0001),
The correfanion between <kin pm"k test reactions with DPC
and the three commercial preparations was slightly lower (r

0.51 053, p<0.0003),

Compdud to the classification of the routine assessment
there was a considerable numb: r of divergent results in the
extra skin prick test, since 4 of the 6 ABPA patients were
whnpm}\ testnegative with LP-CF allergens, 3 withrdsp f
a, 2 with Bencard and DPC. and 1 v h Allergopharma.
Thirteen of the 25 CF patients, previonsly classified as al-
lergic to 4. fumiguns. were skin prick fest negative with
rdsp £ lac 7 with LP-CF and DPC, S with Beneard. 4 with
ALK and 3 wnh Allergopharna. Three of the 13 CF control
patients. previously not aliergic to A fimigains. were skin
prick test positive with ALK allergens. 2 with Allergophar-
maand I withrdsp f'1a

Table 4 summarizes the results of the exira skin prick test
to A fumigutus. The size of the weal was significantly
larger with ALK preparations compared to Allergopharma

Int Arch Aflergy Inununol 1996711403 408 405
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Takle 3. Skin prick tests (mun”) to rdsp f ] T -
I'aand other 4. fionigatus preparations in CF Patient  Diagnosis rdspf ALK Allergo- - Beneard  DPC LP-CF
patients with ABPA and A fiomigarus allergy Fa
| ABPA ¢] 20 26 25 0 0
2 \3PA 9 36 36 IR 14 4
3 ABPA 12 30 23 6 12 9
4 ABPA 16 16 25 14 12 9
s ABPA 2 12 4 1 16 0
6 ABPA 3 12 16 2 0 0
Opos. 66pos. S6pos. 4 6pos. d6pos. 26pos.
7 I taniioanes atioray 64 121 103 64 23 ix
8 A fronivarus allergy 0 1o 49 28 16 18
9 A fumigaius allergy 4 12 56 9 S 5
10 A fumigaius allergy 2 5 6 9 S 9
H A frmicaris allergy 16 60 42 25 28 28
12 A fomicurns allergy 3 33 2N i2 23 I
13 A froidgaius allergy 0 42 46 6 4 I
14 A. fmmnluk allergy 11 42 42 42 33 30
15 A fumigatus allergy 14 81 56 46 100 53
16 A tumigats allergy 20 110 72 56 28 46
17 A fumigarus allergy 6% 04 56 20 150 39
18 A fumigatus allergy 6 28 20 12 23 2
19 A fumigatus allergy 4 4 4 4 4 4
20 A fumigatus allergy - 156 196 77 56 00 16
21 A fumigatus allergy 12 72 39 I 20 16
22 A fumigatus allergy 0 324 169 46 36 46
23 A fumigatus aliergy 0 6 10 9 2 0
24 A fumigarus allergy 12 7 30 53 16 20
25 A fumiganis allergy 2 46 36 20 33 2
26 A fumigatus allergs 11 25 23 9 16 9
27 A fumigatus allergy 16 138 50 100 39 28
28 A. fumigatus allergy 2 56 64 4 12 9
29 A. fumigatus allergy 9 4 4 2 0 2
3 A fumigatus allergy 3 156 218 30 64 36
31 A fumigatus allergy 8 56 9 S 4 6
J2 28 2123 2228 20025 IN 23 I[N 25
pos. pos. pos. pos. pos. pos.
3244 CFcontrols 1213 1013 1113 1313 13:13 1313
neg. neg. neg. neg. neg. neg.

(p<0.05. Wilcoxon test) and the other preparations
(p<C0.0001). Skin prick test reactions with Allergopharma
were significantly stronger compared to DPC. Bencard.
rdsp f Iaand LP-CF (p<0.0005). Skin prick test reactions
with DPC and Bencard did not differ significantly and were
both stronger compared to rdsp /1a and LP-CF (p<0.05).
There was no significant difference between the latter two.
CF patients who by definition had been assigned to the
group with Adspergillus allergy again had significantly
stronger reactions than CIF control patients with Bencard

Int Arch Allergy Immunol 1996.111:403- 408
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allergens (p<0.0001. Maun-Whitney U test) but also with

ALK Allergopharma. DPC, LP-CF (p<0.0001) and rdsp f
la (p<t0.005). ABPA patients had significanty stronger

reactions than CF controls (p<0.05) with rdsp / l/a
{p<0.05) and the other five preparations (p <0.005). Skin
prick test reactions to ALK. DPC and LP-CF allergens
were significantly stronger in patients with Asporgillus al-
lergy than ABPA (p<<0.05). Skin prick test reactions to his-
tamine were not significantly different between the three
patient groups.

Nikolaiznk Crameri/Blaser/Schoni
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Table 4. Skin prick tests (mm™) to A, fionigarus in CF patients

CF controls A fumigatus ABPA
n=13) allergy (n=06)
{n=23)

rdxpf la 2163 17.8233.7° 7.0+2.6°
ALK 3.5x53 78672200 21.129.9°
Allergopharma 2638 S1=3020 23.3+12.3"
Beneard 0616 2712470 12.7£9.4"
DpC 0.120.4 3152362 9.1+7.2°
LP-CF 0.0=0.0 19.1215.4+¢ 372440
Hhistamie 0.1% I86+30.5 2382120 24.0-801

‘P05, Pp<c0.005. “p<<0.0001. versus CF controls; *p<0.05.
versus ABPA.

Discussion

We have evaluated the diagnostic value of r4sp f I/a for
skin prick testing in three groups of CF patients and com-
pared the results with two crude and three commercial A.
Jimigatus extracts. Skin prick test reactions to rdsp f l/a
significantly correlated with those to the crude extract from
DPC and the commercial preparations from Bencard and
ALK. There was a tendency towards significant correla-
tions with LP-CF and Allergopharma allergens. rdsp f l/a,
which has the same functional characteristics as the native
18-kD ribotoxin [13], has aiready been proven to be of diag-
nostic value for skin testing in adult asthmatics [21] and pa-
tients with atopic dermatitis [22]. In a previous study, we
have shown that rdsp-£-1 a-specific serology allowed a re-
liable diagnosis of ABPA in CF patients even without
knowledge of any clinical data [14]. From this study, we can
confirm that rdsp f 1'a represents a defined allereen that
provides the possibility to perform s!.in prick testing in CF
patients in a highly defined way.

Comparing single patients resul*s there was a consider-
able aumber of divergent results between the different
Aspergillus preparations used in the study. We found a dis-
crepancy between the results of the routine and the exiia
skin prick tests, both performed with the same extract. We
believe that this was due to the variable allergen content in
the preparations [23] especially since different charges
were used for the routine and the extra skin prick test. Fur-
thermore. the LP-CF antigens are generally used for 1gG
ELISA and the double immunodiffusion test in the diagnos-
is of different manifestations of aspergillosis. LP-CF have
been shown to contain large numbers of precipitating anti-

gens {9]. For high Igk binding generally mycelial and/or

Skin test reactivity tortdsp £ l/a

spore-derived antigenic extracts are used [9]. Commercial
allergen preparations are usually heterogencous mistures of
proteins and glycoproteins and may also contain compo-
nents such as Jectins, endotoxins, hemolytic toxins and
histamine {10, 24, 28], Even standardized extracts aind bio-
chemically purified 4. fumigarus allergens may be contam-
inated by degradation products of other allergenic compo-
nents [26]. This emphasizes the need for standardized re-
agents for routine tests in the clinical practice. This
requirement is perfectly fulfilled by recombinant allergens
which can be produced in large amounts as highly pure pro-
teins [12, 13].

Allergy to A. funmigatus is common in CF [1, 2] but must
clearly be distinguished from ABPA which has a tow preva-
lencerate of 0.5 -11°6 [2.16.27. 28], The wide range of prev-
alences might be expicined by differences in defining the
condition but might also be due to the quality of A. fiumniga-
tus allergens used for testing [29]. In our study skin prick
test reactions to rdsp f I'a were 8.5-fold stronger in Asper-
gillus-allergic and 3.3-fold stronger in ABPA patients com-
pared to the CF controls. The routine assessment showed
significantly higher total IgE and RAST to A. fumigatus in
ABPA patients compared to Aspergillus-allergic patients.
However, there was no significant difference between skin
test results obtained from ABPA and Aspergillus-allergic
patients using the highly pure, biologically active rdsp / /a.
However, several other major antigens of 4. fumigatus have
been described that can be released and provoke immu-
nologic reactions [26, 29]. Recently the availability of a
whole panel of recombinant 4. fumigatus allergens has been
reported [30]. Preliminary skin test results with selected al-
lergens distinet from rdsp 7 1 a showed that A -fumigatiis-
allergic or ABPA patients with negative skin tests to rdsp f
I/a can react to different recombinant allergens from 4. fu-
nigatus (data not shown). This panel of allergens w:!l pro-
vide an ideal test systein for further studies which might
help to better understand the immunologic mechanisms in-
volved in ABPA and allergy to A. fumigatus and perhaps
allow a differential diagnosis of ABPA.

Int Arch Allergy Immunol 1996:111 203 408 407
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