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Background: In our outpatient population, approximately 
one third of patients sensitized to grass pollen were found to 
have significant serum levels of anti-peanut IgE in the RAST, 
without positive peanut skin prick test (SPT) response and 
without peanut-related allergic symptoms. It was suggested 
earlier that poor biologic activity of IgE antibodies directed 
to cross-reactive carbohydrate determinants (CCD) of glyco- 
proteins might explain these discrepancies. 
Objective: In this study we investigated the biologic activity 
of IgE directed to CCD. 
Methods: Sera of 32 patients allergic to grass pollen with 
significant levels of anti-peanut IgE, a negative response on 
peanut SPT, and no symptoms of peanut allergy were tested 
for the presence of anti-CCD IgE. Eleven of these patients 
with greater than 3.0 IU/ml anti-peanut IgE (patients 1 to 
11) were selected together with four control patients allergic 
to peanut, on the basis of a positive response on peanut SPT 
and a history of peanut allergy (patients 12 to 15). Inhibition 
of the peanut RAST was performed by using prnteinase K- 
treated grass pollen extract as a CCD source. Basophil hista- 
mine release assays (BHRAs) were performed with peanut 
extract and the isolated peanut major allergens Ara h 1 and 
Ara h 2. In addition, intracutaneous tests with peanut extract 
were performed. 
Results: In 29 (91%) of 32 patients with discrepant peanut 
RAST and SPT responses, anti-CCD IgE (>0.1 IU/ml) was 
detected. In patients 1 to 11 almost complete inhibition of 
the peanut RAST with CCD was found (94.3% +- 5.5%; 
mean -+ SD). In contrast, in the patients allergic to peanut 
only partial inhibition (59%) was found in one subject (p = 
0.002, Mann-Whitney test). In the BHRAs and the intracuta- 
neous tests of patients with discrepant peanut RAST and 
SPT results, reactivity was found only at high concentrations 
of peanut allergens. When related to specific IgE levels, reac- 
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tivity to peanut allergens in the BHRAs of these patients was 
found to be at least a factor of 1000 less when compared with 
reactivity to control inhalant allergens. 
Conclusion: We conclude that cross-reactive IgE directed to 
carbohydrate determinants of glycoproteins, as found in 
grass pollen-sensitized patients, has poor biologic activity. It 
can therefore cause positive RAST results without apparent 
clinical significance. (J Allergy Clin Immunol 1997;100:327- 
34.) 

Key words: Grass pollen allergy, peanut alleles, cross-reactivity, 
glycop~vteins, carbohydrate determinants" 

The N-linked carbohydrate groups of gIycoproteins 
induce IgE, leading to cross-reactivity between several 
foods and grass pollen allergens? -6 These so-called 
cross-reactive carbohydrate determinants (CCDs) are 
present on glycoproteins of vegetables such as peanut,  
celery, potato, and tomato.k-g, 6 Moreover, carbohydrate- 
specific IgE not only binds to plant-derived sugar groups 
but  also to N@ycans in insect venoms (phospholipase 
A J ,  2, 7, s and seafood (e.g., crustaceans and mollusks). ') 
i t  is found both in subjects allergic to pollen and in 
beekeepers, indicating that sensitization can occur by 
inhalation of pollen or by insect stings, t,a, 7,s Positive 
RAST results, selectively based on the presence of 
anti-CCD IgE, are estimated to occur in 10% to 15% of 
patients sensitized to grass pollen. 4 

IgE that is cross-reactive to food allergens can be 
found relatively frequently in patients allergic to pol- 
len, 1° leading to clinical symptoms as described for the 
apple-birch polten syndrome 11 or melon- and banana-  
related complaints in ragweed pollinosis) 2,~3 These 
biologically active cross-reactions in pollen allergy can 
often be explained by the presence of IgE directed to the 
birch major allergen (Bet v 1) or to profifin, which is 
found in all eukaryotic cells, g, ~0, ~4-16 However, although 
clinical data are scarce, it is suggested that patients with 
IgE cross-reactivity selectively based on CCD-specific 
IgE antibodies do not experience symptoms of food 
allergy.:, 4 Hence the biologic activity of anti-CCD IgE is 
questionable, and its presence seems to be clinically 
irrelevant. If the latter is true, distinction between 
anti-CCD IgE and IgE antibodies with other specificity 
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Abbreviations used 
CCDs: Cross-reactive carbohydrate determi- 

nants 
CI: Confidence interval 

BHRA: Basophil histamine release assay 
ICT: Intracutaneous test 

SDS-PAGE: Sodium dodecylsulfat e-polyacrylamide 
gel electrophoresis 

SPT: Skin prick test 

will improve the predictive value of food allergy diag- 
nostics in vitro. 

In our outpatient  depar tment  we routinely investigate 
new patients who display respiratory symptoms for oc- 
currence of inhalant allergies using RANT, skin prick 
test (SPT), and a standard questionnaire.  To study the 
role of carbohydrate-based cross-reactivity in this popu- 
lation we added, as a common CCD-containing food 
source, peanut  (Arachis hypogaea) extract to the panel  of 
allergens tested. In approximately one third of the 
patients allergic to grass pollen, positive results on 
peanut  RANT were found without positive peanut  SPT 
response and no obvious peanut-related allergic symp- 
toms. 

This study was per formed to determine the prevalence 
of ant i -CCD IgE in a sample of these patients and to 
study its biologic activity by using basophil histamine 
release assays (BHRAs)  and intracutaneous skin tests 
(ICTs) with peanut  allergens? 7 

METHODS 
Patients 

RANTs and SPTs with a series of allergens, including grass 
pollen and peanut, were routinely performed in 606 patients. 
These patients were new adult patients attending the outpatient 
departments of Pulmonology and Otorhinolaryngology at the 
Academic Medical Center who were first seen with symptoms 
of asthma or rhinitis. In addition, a questionnaire concerning 
allergy-related complaints was completed by an investigator 
during a standardized interview. After RANT was performed, 
sera were stored at -20  ° C. 

Eleven grass pollen-sensitized patients with peanut RANT 
scores greater than or equal to 3+, a negative peanut SPT 
response, and no peanut-related allergic symptoms were se- 
lected for further analysis (patients 1 to 11) (Table I). Four 
patients allergic to peanut were selected as positive control 
patients (patients 12 to 15) (Table I) on the basis of positive 
peanut RANT scores greater than or equal to 3+, a positive 
peanut SPT response, and a positive history of peanut allergy 
(i.e., "oral allergy syndrome," angioedema, or anaphylactic 
shock). In addition, three atopic patients with positive house 
dust mite and/or grass pollen RANT scores greater than or 
equal to 4+ but negative peanut RANT results were selected as 
negative control patients. 

CCD source 
Proteinase K-treated grass pollen (Lolium perenne) extract, 

in which the peptide backbone of grass pollen glycoproteins is 
completely digested, is was used as a CCD source for RANT and 

RANT inhibition experiments. In the digested grass pollen 
extract, no intact protein was detected on sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in 
conjunction with silver staining. This is in contrast to a control 
grass pollen extract that was subjected to the same treatment 
but in the absence of proteinase K. In addition, no remaining 
grass pollen (major) allergen activity was detected in the grass 
pollen extract after digestion with proteinase K by using Lol p 
5,18 Lol p 11,19 and profilin 14 assays. Moreover, the ability of the 
proteinase K-treated grass pollen extract to inhibit the grass 
pollen RANT results of grass pollen-sensitized patients was 
found to be decreased by at least a factor of 1000 when 
compared with the undigested control extract (results not 
shown). 

Major allergens 
The peanut (Ara h 1, 2o Ara h 220), house dust mite (Der p 

121), and grass pollen (Lol p 5 Is) major allergens used in this 
study were isolated as previously described. 

RANT 
RANT was performed as previously described, z Allergens 

were insolubilized by coupling to CNBr-activated Sepharose 
(Pharmacia, Uppsala, Sweden). For allergen extracts and iso- 
lated major allergens, approximately 20 and 0.5 p,g of protein 
per test was bound to solid phase, respectively. In the routine 
peanut RANT, an extract of unroasted peanuts was used (Calv6, 
Delft, The Netherlands). Grass pollen allergens were derived 
from a mix of Dactylus glomerata and Phleum pratense (ALK 
Benelux, Groningen, The Netherlands). In the CCD RANT, the 
proteinase K-digested grass pollen extract was coupled to solid 
phase. Peanut-profilin solid phase was obtained by overnight 
incubation of poly(L-proline) Sepharose with peanut skin test 
extract and washed four times before use. 14 For selected 
patients, RANT was performed with the peanut skin test extract 
and the peanut major allergens Ara h 1 and Ara h 2. 

For the intraindividual comparison of RANT with the peanut 
skin test preparation and a control inhalant allergen (i.e., D. 
pteronysinnus [ALK, Copenhagen, Denmark], Der p 1, or Lol p 
5), a correction was made for possible differences in the amount 
of allergen bound to solid phase according to the method 
described earlier by Aalberse et al. 22 Briefly, a dilution curve of 
solid phase was made in the presence of diluted serum, 
producing approximately half maximal binding of radioactivity. 

RANT results were expressed in international units per 
milliliter using an in-house standard with mouse/human chi- 
meric antibodies against Der p 2 and house dust mite solid 
phase, calibrated against the World Health Organization stan- 
dard. 23 The detection level of this assay was 0.1 IU/ml specific 
IgE. The routine RANT results were expressed in RANT classes 
(0, 0.0 to 0.29 IU/ml; 1+, 0.3 to 1.00 IU/ml; 2+, 1.01 to 3.00 
IU/ml; 3+, 3.01 to 9.00 IU/ml; 4+, 9.01 to 27.0 IU/ml; 5+, 
>27.0 IU/ml). A commercially available specific IgE anti- 
peanut assay was used according to the manufacturer's instruc- 
tions (CAP system, Pharmacia). 

RANT inhibition 
To obtain comparable initial anti-peanut IgE levels before 

RANT inhibition (approximately 2.0 IU of anti-peanut IgE per 
ml), sera were first tested in twofold dilution steps (0.01 mol/L 
ethylenediaminetetraacetic acid, 0.3% bovine serum albumin, 
phosphate-buffered saline) in the RANT with the peanut skin 
test preparation. Next, the diluted serum samples were retested 
in duplicate after preincubation for 2 hours with the CCD 
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TABLE I. Character is t ics o f  pat ients  1 to  15 

RAST score 
(0-5) 

Patient Age Grass 
No. (yr} Sex pollen Peanut 

SPT 
(wheal diameter; mint 

Grass 
pollen Peanut ~ Peanut-related allergic symptoms 

1 27 M 5 4 
2 21 M 5 3 
3 25 M 4 4 
4 21 F 5 4 
5 28 M 4 3 
6 21 F 4 3 
7 34 M 4 3 
8 44 M 4 3 
9 33 F 4 4 

10 65 F 3 3 
11 61 M 3 4 
12 23 M 5 5 
13 18 F 0 4 
14 26 F 4 4 
15 32 F 1 4 

9 3 
11 <3 
10 <3 
13 3 
7 <3 
9 <3 

i3 <3 
17 <3 

ND ND 
6 <3 
7 <3 

11 11 
<3 13 

7 7 
<3 11 

m 

m 

Angioedema 
Angioedema, anaphylactic shock 
Oral allergy syndrome 
Angioedema, anaphylactic shock 

*Mean of repeated SPT results in duplicate. 
ND, Not done. 

source (equivalent to 50 ixg [wt/vol] grass pollen extract per 
test). 

In addition, peanut RAST inhibition experiments were per- 
formed with a series of twofold dilutions of the CCD source, 
untreated grass pollen extract (range, equivalent to 100 to 0.4 
txg [wt/vol] in water grass pollen extract per test), and the 
peanut skin test preparation (range, 100 to 0A, Ixg per test). 

Sk in  t e s t s  

SPTs were performed and documented in a standardized 
way. 2~ For the routine SPT, a series of allergens was used 
including peanut (5 mg/mt; ALK Benelux) and grass pollen mix 
(10,000 BU/ml; ALK). A positive SPT result was defined as a 
skin reaction with a wheal of greater than or equal to 3 mm with 
surrounding erythema in combination with a negative SPT 
response to the control fluid (phosphate-buffered saline, 50% 
glycerol, 0.5% phenol). 

The [CT was performed with three 10-fold dilutions of the 
peanut skin test preparation (range, 5 to 500 ~g/ml) as de- 
scribed previously 2~ by using 0.03 ml of each allergen concen- 
tration. The results are expressed as the mean of the maximal 
and orthogonal diameter of the wheal-and-flare skin reaction. 
For safety reasons peanut ICTs were not performed in patients 
with a history of peanut allergy. 

B H R A  

Incubation of isolated leukocytes with stimulants was per- 
formed with a method modified from that described by Lich- 
tenstein and Osler. 2~,a5 Stimuli used were: series of 10-fold 
dilutions of the peanut skin test extract (range, 20 to 2.0 × 10 ~ 
ng/ml), isolated peanut major allergens Ara h 1 and Ara h 2 
(range, 0.5 to 5.0 × 104 ng/ml), and a control allergen, such as 
D. pteronyssinus (range, 0.5 to 5.0 × 104 ng/ml), Lol p 5 (range, 
0.5 to 5.0 x t 0  4 ng/ml), or Der p 1 (range, 0.06 to 6.0 x 103 
ng/ml). In addition, polyclonal sheep anti-IgE (1000, 100, 10 
n~ml; CLB no. SH25P01; Amsterdam, The Netherlands) and 
phorbol myristate acetate (600 n~m!) were used as controls. 
Histamine content in the supernatant of the samples was 

measured by an automated fluorometric method? 6 After sub- 
traction of the spontaneous release, histamine release was 
calculated as the percentage of total cellular histamine content. 
Histamine release greater than or equal to 10% was regarded as 
a positive response, and histamine release threshold concentra- 
tions were calculated by intrapolation with log-linear regres- 
sion. 2~ When threshold concentrations exceeded maximum or 
minimum concentrations, twice or half the concentration was 
used for statistical and graphical analysis, respectively. For 
comparison of the results found with allergen extracts and 
isolated major allergens, the allergen content of the former was 
estimated at 10% of total protein content.~, z0. 27-29 

R E S U L T S  
R o u t i n e  d i a g n o s t i c  d a t a  

Of the  606 rout inely screened pat ients ,  [73 (29%) 

were  sensit ized to grass pol len  as indicated by a positive 

grass pol len R A S T  score (>->-1+) and a positive grass 
pol len SPT response.  Of  these  pa t ien ts  allergic to grass 

pollen,  50 (29%) were found  to have significant levels of 

an t i -peanu t  IgE ( R A S T  score >- 1 + )  in combina t ion  with 

a negat ive p e a n u t  SPT response  and no peanu t - re l a t ed  
allergic symptoms.  

R A S T  

Sera of 32 pa t ien ts  with p e a n u t  R A S T  scores of 2 +  or 
grea ter  and  negat ive p e a n u t  SPT responses  were avail- 
able for fu r ther  serologic analysis. A med ian  level of  3.0 
IU/ml  IgE an t i -peanu t  (range,  0.9 to 18.0 IU/ml)  was 
found  when  these  sera were  re tes ted  in the  rout ine  
peanu t  RAST.  These  results  were conf i rmed with a 
commercial ly  available specific IgE assay (CAP,  Phar-  

macia).  A good corre la t ion  was found  be tween  the 
ou tcomes  of the  two an t i -peanu t  IgE assays (r = 0.94; 
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TABLE II. Results of RAST, ICT, and BHRAs in patients 1 to 15 

RAST (IU specific IgE/ml) 

Patient 
No. Peanut* CCD Ara h 1 Ara h 2 

Peanut ICT (wheal/ 
flare diameter; mm) 

BHRA (threshold 
concentration; pg/ml)  

0.5 0.05 
mg/ml mg/ml Peanut Ara h 1 Ara h 2 

1 3.7 3.0 <0.1 <0.1 
2 2.0 6.3 <0.1 <0.1 
3 3.4 3.5 <0.1 <0.1 
4 6.5 9.2 <0.1 <0.1 
5 2.3 1.5 <0.1 <0.1 
6 1.5 2.7 <0.1 <0.1 
7 1.8 0.5 0.8 <0.1 
8 1.5 0.9 <0.1 <0.1 
9 12.2 10.4 <0.1 <0.1 

10 2.2 1.3 <0.1 <0.1 
11 4.1 1.9 <0.1 0.4 
12 59.9 0.7 22.7 54.2 
13 61.5 <0.1 17.2 30.6 
14 2.0 0.4 0.2 0.9 
15 26.7 <0.1 11.6 38.1 

10/32 8/26 9.1 1.8 >50 
10/32 7/-- t024 >50 >50 
11/38 9/-- >2000 >50 >50 
ND 8/29 106 ND ND 

11/32 7/-- 542 ND ND 
7/22 - - / - -  >2000 >50 1.3 

10/42 9/30 157 18.2 >50 
10/41 7/-- 465 >50 14.2 
ND ND 5.0 1.2 >50 
ND ND ND ND ND 
ND ND ND ND ND 
ND ND <0.02 0.04 <0.0005 
ND ND <0.02 0 .009 <0.0005 
ND ND 0.2 >50 0.003 
ND ND --** --** --** 

*Peanut skin test preparation. 
**No response. 
ND, Not done. 

regression coefficient, 1.09 [95% confidence interval 
(CI), 0.94 to 1.24]). In 29 (91%) of the 32 sera, anti-CCD 
IgE was detected with a median level of 0.8 IU/ml 
(range, 0.1 to 10.8 IU/ml). Anti-peanut IgE profilin was 
found in six (19%) of 32 patients (median, 0.4 IU/ml; 
range, 0.1 to 1.7 IU/ml). 

RASTs with the peanut skin test preparation and the 
peanut major allergens Ara h 1 and Ara h 2 were 
performed with sera from patients 1 to 15 (Table II). In 
accordance with the results of the routine peanut RAST, 
levels of serum IgE directed to the peanut skin test 
preparation were found to be lower in patients 1 to 11 
compared with the patients allergic to peanut (12 to 15). 
The RAST results of patients 1 to 11 were further 
characterized by significant levels of anti-CCD IgE and 
low or undetectable levels of anti-Ara h 1 IgE and 
anti-Ara h 2 IgE. In contrast, low levels of anti-CCD IgE 
and significant levels of anti-Ara h 1 IgE and anti-Ara h 
2 IgE were found in the patients allergic to peanut (12 to 
15). 

RAST inhibition 

The peanut RAST results of patients 1 to 11 were 
found to be almost completely inhibited by preincuba- 
tion of the diluted serum samples with proteinase K -  
digested grass pollen extract (94.3% _+ 5.5%, mean -+ 
SD) (Fig. 1). In contrast, in the patients allergic to 
peanut (12 to 15) only partial inhibition was found in one 
subject (59%), with no significant inhibition in the others 
(Fig. 1). This difference in RAST inhibition between the 
two groups of patients was found to be statistically 
significant (p = 0.002, Mann-Whitney U test). 

In patients 3, 4, 9, 12, and 13, inhibition of the peanut 
RAST was also studied with series of dilutions of 

untreated and proteinase K-digested grass pollen ex- 
tract and peanut extract. Again, inhibition with CCD was 
established in patients with discrepant peanut RAST 
and SPT results but not in patients allergic to peanut, 
whereas clear RAST inhibition with peanut extract was 
found in both groups of patients. In patients 3, 4, and 9, 
the results with digested and undigested grass pollen 
extract were similar (results not shown), in Fig. 2, 
representative examples of the RAST inhibition curves 
as found in each group with CCD and peanut extract are 
shown (patients 3 and 13). Depicted is the percentage of 
the uninhibited value at each concentration of the 
inhibiting reagent. The affinity of IgE antibodies di- 
rected to peanut allergens and CCD was found to be 
similar as indicated by the parallel running slopes of the 
RAST inhibition curves found with CCD in patient 3 
and with peanut extract in patient 13 (Fig. 2). 

Skin tests 

The results of the SPTs and ICTs with peanut extract 
are shown in Tables I and [I, respectively. In patients 1 
to 8 and 12 to 15, the peanut SPT was repeated in 
duplicate and had results similar to those in the routine 
peanut SPT with negative or borderline test results in 
patients 1 to 8 and clear positive test results in patients 
12 to 15. 

In the peanut ICTs of patients 1 to 8, low-grade skin 
reactivity was found in all patients with 0.5 mg/ml peanut 
extract (Table II). With 0.05 mg/ml peanut extract, skin 
reactions including erythema were found in three of 
eight patients tested (Table II), whereas no skin reactiv- 
ity was found with 0.005 mg/ml peanut extract (results 
not shown). In the three atopic control patients without 
anti-peanut IgE, no skin reactivity was found in the 
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4 

LU 

2 

patient 1-11 

PBS CCD 

patient 12-15 

PBS CCD 

FIG. 1. Results of  peanut RAST inhibi t ion in patients wi th discrep- 
ant peanut RAST and SPT results (patients 1 to 11) and peanut 
al lergic patients (patients 12 to 15}. PBS, Phosphate-buffered 
saline, 0.01 mol /L e thy lened iamine  tetraacet ic  acid, 0.3% bo- 
v ine serum a lbumin;  CCD, prote inase K-d iges ted  grass pol len 
extract .  

peanut ICTs with any of the concentrations tested 
(results not shown). 

BHRA 

The threshold concentrations for basophil histamine 
release are in Table II. In the group of patients with 
discrepant peanut SPT and RAST results, the threshold 
concentrations for histamine release on stimulation with 
peanut extract were found to be high (median, 465 
ixg/ml; range, 5 to >2000 Ixg/ml; n = 9). In addition, high 
threshold concentrations for the peanut major allergens 
Ara h 1 and Ara h 2 were found (Ara h 1: range, 1.2 to 
>50 pg/ml; A r a h  2: range, 1.3 to >50 ~g/ml; n = 7). In 
contrast, in the BHRAs of patients allergic to peanut (12 
to 14), strong reactivity to peanut allergens was found 
with low histamine release threshold concentrations for 
peanut extract and the peanut major allergens Ara h 1 
and Ara h 2 (peanut extract: range, <0.02 to 0.2 Fg/ml; 
Ara h 1: range, 0.009 to >50 Ixg/ml; A r a h  2: range, 
<0.0005 to 0.003 I*g/ml). Patient 15 was found to be a 
non-responder in this assay 3° with negative results on all 
stimuli (anti-IcE, allergens). 

The results of the BHRA with peanut extract in two 
patients with discrepant peanut RAST and SPT results 
(patients 2 and 7) and one patient allergic to peanut 
(patient 14) are depicted in Fig. 3. Although the level of 
IcE directed to the peanut extract was similar in these 
patients (approximately 2.0 IU/ml), the reactivity to the 
peanut skin test preparation was found to be signifi- 
cantly lower for patients 2 and 7 than for patient 14. This 
is indicated by the differences in threshold values and the 
histamine release curves of at least a factor of 1000 
between patient 14 and patients 2 and 7 (Fig. 3). 

In Fig. 4, the relation is shown between histamine 
release threshold concentrations and specific IcE !evels, 
as found with peanut extract and a control inhalant 
allergen in patients 1 to 4 and 6 to 9. Patient 5 was 

120 

100 

6O <~ 
m 80 
-o 
© 

60 
x z  
c -  

~d 
40 

20 

v : patient 3. peanut. 
v : patient 3, COD 
o : 13, patient peanut 

",-- e - patient 13 COD 

0.3 1 10 100 

inhibiting agent (~g) 

FIG, 2. Peanut RAST inhibition with peanut extract and CCD (pro- 
teinase K-digested grass pollen extract) in one patient with discrep- 
ant peanut RAST and SPT results (patient 3) and one patient allergic 
to peanut (patient 13). Depicted is the percentage of the uninhibited 
value at each concentration of the inhibit ing reagent. 

excluded because no threshold concentration for the 
control allergen could be calculated as a result of 
high-level histamine release with the lowest concentra- 
tion of control allergen used (peanut threshold, 542 
ixg/ml). Fig. 4 shows the poor reactivity on stimulation 
with peanut allergens in patients with positive peanut 
RAST results selectively based on anti-CCD IcE. In 
relation to specific IcE levels, higher threshold concen- 
trations of approximately a factor of 1000 were found 
with peanut extract compared with the control allergen. 

The slopes of the fitted regression curves of peanut 
extract and control allergen-related data points were 
found to be similar ( -2 .43 [95% CI -0 .40 to -4.47], r = 
-0.78, p = 0.03 and -2 .59 [95% C[ - 0.63 to - 4 . 5 @  
r = -0.80,  respectively; p = 0.02). Refitting of the 
logarithmic transformed data sets with the mean of the 
two slopes (i.e., -2.51)  resulted in a difference in the y 
intercept of 1492 @ < 0.0001, t-test), indicating the 
difference in biologic activity of anti-CCD IcE and IcE 
directed to inhalant control allergen. 

In the patients allergic to peanut (12 and 13), a similar 
comparison of reactivity to peanut extract and a control 
inhalant allergen could not be made because of extreme 
differences in specific IcE levels. In patient 14, however, 
reactivity to peanut extract and Lol p 5 was found to be 
similar (results not shown). In the three atopic control 
patients who did not have anti-peanut ICE, no histamine 
release was found after stimulation with concentrations 
of peanut extract up to 2000 ~g/ml. 

DISCUSSION 

In one third of grass pollen-sensitized patients in an 
outpatient population, IcE directed to peanut was de- 
tected without a positive peanut SPT response and with 
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• : p a t f e n t  2 

6 0  • : p a t i e n t  7 
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c ~ 30 
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peanut ex t rac t  (#g/ml)  

FIG. 3. Results of BHRA with peanut extract in two patients with 
discrepant peanut RAST and SPT results (patients 2 and 7) and 
one patient allergic to peanut (patient 14) with similar level of IgE 
directed to peanut extract (i.e., 2.0 IU IgE/ml). 

no obvious symptoms of peanut allergy. These positive 
peanut RAST results were confirmed with a commer- 
cially available specific IgE assay. In a group of these 
patients with significant levels of anti-peanut IgE, IgE 
directed to CCD of glycoproteins was detected in 91% of 
cases. In contrast, anti-peanut IgE profilin was found in 
only 6%, indicating that profilin will be of minor impor- 
tance in these cross-reactions. From these results and in 
accordance with earlier reports, 1, 2, 4 we postulated poor 
biologic activity of anti-CCD IgE as an explanation for 
these discrepancies between findings in vitro and in vivo. 
This could also explain the high prevalence of positive 
food RAST results in patients allergic to grass pollen 
reported by Bircher et al? 1 or the recently described 
high prevalence of anti-Hymenoptera venom IgE found 
in the general population. 32 In this study the biologic 
activity of anti-CCD IgE was investigated with BHRAs 
and ICTs with peanut allergens? 7 

The presence of IgE directed to the carbohydrate 
moieties of glycoproteins was investigated in RAST and 
RAST inhibition experiments with proteinase K-di- 
gested grass pollen extract. After the proteinase K 
treatment, no intact protein was found in this prepara- 
tion when analyzed by SDS-PAGE in conjunction with 
silver staining. Moreover, in contrast to the untreated 
grass pollen extract, loss of grass pollen allergenic activ- 
ity was found in major allergen assays and grass pollen 
RAST inhibition experiments. Recently, Fischer et al. 33 
reported that the major timothy grass pollen allergen Phl 
p 4 is trypsin-resistant, thereby suggesting that protease 
digestion might leave some important allergens unaf- 
fected. Our experiments, however, indicated complete 
digestion of the protein backbone of glycoproteins. This 
contradiction can be explained by the difference between 
the proteases used in both studies, with trypsin being a 
more specific proteolytic enzyme than proteinase K. The 
monosaccharide composition of IgE-binding carbohy- 
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FIG. 4. The relation between specific IgE and threshold concen- 
trations for histamine release in BHRA with peanut extract and 
control inhalant allergen in patients with discrepant peanut RAST 
and SPT results (peanut extract: r = -0.78, p - 0.03; control 
allergen: r - -0.80, p = 0.02; n = 8). Threshold values exceeding 
measurement limits are indicated by equals signs. 

drate structures in grass pollen was previously deter- 
mined for a representative allergenic glycoprotein, Lol p 
11.19 This major grass pollen allergen was shown to 
contain all monosaccharids usually found in plant-de- 
rived complex glycans. Among these were xylose and 
fucose, which have been indicated as pivotal in IgE and 
IgG binding, s, 34 

In this study levels of IgE directed to peanut were 
found to be higher in patients allergic to peanut than in 
patients allergic to grass pollen having discrepant peanut 
RAST and SPT results. This difference hampered the 
direct quantitative comparison of the two groups of 
patients in their reactivity to peanut allergens. In the 
histamine release assay of patients with discrepant pea- 
nut RAST and SPT results, the reactivity to peanut 
allergens was therefore intraindividually compared with 
the reactivity to control allergens. This was done by 
comparing the relation of corresponding threshold con- 
centrations with specific IgE levels. 21 For RAST inhibi- 
tion, a correction for differences in anti-peanut IgE 
between the two groups was made by diluting sera, 
resulting in similar initial levels of anti-peanut IgE. 

In the 11 patients with discrepant peanut RAST and 
SPT results who were studied, the positive RAST results 
were demonstrated to be the consequence of serum 
anti-CCD IgE. Almost complete inhibition of the peanut 
RAST was found after preincubation of the serum 
samples with a CCD source. In contrast, partial inhibi- 
tion was found in only one of four patients allergic to 
peanut, indicating that CCD is not a prominent aller- 
genic structure in these patients. Comparison of the 
inhibition curves of the peanut RAST with CCD and 
peanut extract in both groups ,of patients showed similar 
affinity of IgE antibodies directed to CCD as those 
directed to peanut allergens. 

The peanut major allergens Ara h 1 and Ara h 2 are 
both glycoproteins, yet low binding of IgE to Ara h ] and 
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Ara h 2 was found in sera with significant levels of IgE 
ant i -CCD in only 1 of 11 cases for each major allergen. 
These results suggest that not  all glycoproteins will 
induce IgE ant i -CCD and might be limited to certain 
carbohydrate determinants.  Further  studies into the 
biochemical structure 35-3s of the glycosyl port ion of 
immunogenic glycoproteins that induce IgE must be 
performed to clarify this phenomenon.  In contrast, high 
levels of IgE directed to Ara  h 1 and Ara  h 2 in 
combination with low or undetectable levels of IgE 
anti-CCD were found in patients allergic to peanut. 
These findings could be characteristic for patients aller- 
gic to peanut. The use of purified peanut  major allergens 
might therefore improve the specificity of peanut allergy 
diagnostics in vitro. However,  this will only be feasible 
when all major peanut  allergens and their role in allergic 
diseases are characterized. 

B H R A s  and ICTs demonstrated poor  biologic activity 
to peanut allergens in patients having positive peanut 
R A S T  results predominantly based on IgE anti-CCD. 
High threshold concentrations for a positive test result 
were found for peanut extract or the isolated major 
peanut  allergens Ara h 1 and Ara  h 2. When related to 
specific IgE levels, the reactivity to peanut extract in the 
B H R A  was found to be approximately a factor of 1000 
less when compared with the reactivity to a control 
inhalant allergen. This difference could even be more 
pronounced because the allergen content  of the allergen 
extracts was conservatively estimated at 10%. 18, 20, 27-29 A 

blocking activity by antibodies of other  isotypes as an 
explanation for the low biologic act ivi@ 9 has been ruled 
out because histamine release was performed with 
washed basophils in se rum4ree  medium. In contrast, in 
the B H R A s  of patients allergic to peanut,  low threshold 
concentrations of peanut  extract and the major allergens 
Ara h 1 and A r a h  2 were found. 

In the B H R A s  and ICTs of atopic patients without 
IgE anti-peanut, no reactivity was found after challenge 
with high concentrations of  peanut  extract. The low- 
grade allergic reactivity to high concentrations of peanut 
allergens found in patients having IgE anti-CCD can 
therefore be considered to be nontoxic, specific, and 
IgE-dependent.  The reactivity found might be the result 
of  glycoprotein aggregate formation in the concentrated 
peanut extracts. It is our hypothesis that the glycosyla- 
tion site of  glycoproteins will function as a hapten when 
inducing IgE anti-CCD. As a consequence,  monovalent  
binding of IgE ant i -CCD to glycan epitopes of isolated 
glycoproteins will  be detected in the R A S T  but cannot 
result in cross-linking of surface IgE on basophils and 
mast cells. In contrast, glycoprotein aggregates will have 
multiple carbohydrate antigenic sites with the potential 
to cross-link surface IgE anti-CCD, resulting in mediator  
release. 

In summary, in approximately one third of patients 
allergic to grass pollen, significant levels of IgE directed 
to peanut were found in the absence of positive peanut 
SPT responses or complaints of peanut  allergy. In the 
majority of these patients, cross-reactive IgE directed to 

the glycan moiety of glycoproteins was detected. In these 
patients, only poor  allergic reactivity was found after 
challenge with high concentrations of peanut allergens 
in ICTs or BHRAs.  Moreover ,  when related to specific 
IgE levels, the reactivity to peanut allergens was found 
to be low compared with control inhalant allergens. 

F rom this study we conclude that cross-reactive IgE 
directed to the glycosyl port ion of glycoproteins has poor  
biologic activity. This can explain the discrepant peanut 
R A S T  and SPT results in a significant proport ion of 
patients allergic to grass pollen as described in this study. 
Identification of IgE anti-CCD will improve allergy 
diagnostics in vitro by discriminating positive R A S T  
results without apparent clinical significance in patients 
sensitized to grass pollen. 

We thank Jan A. Weber for performing peanut CAP-RAST 
experiments and Marcel Mulder for histamine measurements. 
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