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Introduction

Today. commercial food allergen extracts as used for in vitro and in vivo
diagnosis often lack good quality [1-3]. Some food allergens, such as peanut [4]
and codfish [3, 6]. often show a good predictive value. whereas other allergens
(e.g. fruit, vegetables. milk and egg) (2, 7, 8] have shown a much lower predic-
tive value, when compared to the double-blind, placebo-controlled food chal-
lenge (DBPCFC).

The basis of a reliable diagnostic test for IgE-mediated food allergy is a
standardized food allergen extract with a documented predictive value in com-
parison with the DBPCFC and a documented stability of the finished and inter-
mediate product. In a good quality extract all potential allergens must be present
and the extract must have a defined level of potency. Moreover, for in vivo test-
ing the potency of the extract should be expressed in biological units, no adverse
or false positive reactions through irritants should occur.

The fresh food skin prick test (SPT) might for some allergens (e.g. fruit and
vegetables) give more reliable results [2. 3] as compared to the current available
commercial extracts. However, fresh foods are not standardized, may contain
irritants that interfere with the SPT and the used raw material may vary in aller-
gen content and composition from batch to batch.




The aim of this study was to standardize the seven most abundant food aller-
genst apple. hazelnut, peanut. milk, cgg. codfish and wheat flour in order to
obtain reliable allergen extracts both for in vivo and in vitro diagnosis of TgE-
mediated food allergy. Further, the stability of the SPT formulation was detor-
mined.

Selection of Raw Materials

Of most food allergens a wide variety of raw materials can be obtained. The
pretreatment ot the material is important as this can influence the content of
allergens. Nearly all peanuts consumed by humans are roasted during process-
ing. however it was reported that the number and quantities of allergens are
higher in not-roasted peanut extracts [+. 9. 10]. Cooking of foods can degrade
allergens and it was also reported that by cooking new allergens can be formed
[3]. In sterilized milk, thermolabile allergens are completely absent.

As food allergens are biological materials. batch-to-batch variation of raw
materials may exist, especially between harvesting seasons. The cultivation con-
ditions in the country of origin is likely to intluence the allergen composition.
Some raw materials may contain contaminants, such as pesticides. Therefore, we
prefer to use “ecological” cultivated raw materials.

Because of these great variations in source materials it is very important to
screen for the best source material and chose one or two suppliers. Once the raw
material and suppliers are selected these should not be changed. An example is
given for peanut. We have studied the influence of the sort of peanut, the pre-
treatment and the country of origin. Nine varicties of peanut. available from local
stores. were selected. After grinding and petroleum ether extraction the peanuts
were extracted for 2 h in phosphate-butfered saline (PBS) under exactly the
same conditions. In SDS-PAGE all protein bands of extracts 5. 7 and 9 have the
highest intensity. Bands could be detected at 64 kD (probably Ara h T) and
20-30 kD and at 20, 18 (probably Ara h IT) and 13 kD. The band at 64 kKD is rel-
atively stronger in the not-roasted peanuts. indicating that this protein is rela-
tively sensitive to roasting. The protein content and relative potency (LIA inhi-
bition) of the same extracts was determined. It can be seen in figure 1 that the
not-roasted peanut extracts gave the highest protein content and relative potency.
The not-roasted peanut extract No. 9 has an equal protein content, but a lower
relative potency as compared to the other not-roasted peanuts. [t can be con-
cluded that peanuts 5 and 7 are the optimal source material and that protein con-
tent and SDS-PAGE alone are not sufficient for the selection of raw materials.
Further studies are necessary to determine differences in specific allergens.
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Fig. 1. Relative potency (%) (LIA inhibition) (73) and protein contents (mg/ml) (M) of
extracts of nine sorts of peanut. Peanut 1: roasted in shell. USA. Valencia: peanut 2: roasted
in shell, China: peanut 3: roasted, without skin. salted, Valencia: peanut 4: roasted. without
skin, USA. Runner: peanut 3: not roasted, without skin, USA. Runner: peanut 6: roasted,
without skin. king size. USA, Virginia: peanut 7: not roasted, without skin, USA. Virginia;
peanut 8: roasted with skin, Natal: peanut 9: not roasted with skin, Natal.

Selection of the Extraction Method

The extraction circumstances should preferably resemble the physiological
conditions in the tractus digestivus. The pH could be around 7, resembling
: extraction in the mouth; a fow pH. resembling the condition in the stomach or a
j high pH resembling conditions in the gut. The optimal extraction pH is depen-
dent of the charge of a protein at a given pH. Different extraction procedures
have been used for food allergens. Most authors use a PBS buffer at pH 7.0
[11-17]. Some have added PVPP. EDTA and sodium azide for hazelnut [12]. egg
[15] and apple [18] in order to prevent degradation during extraction. Others have
used buffers with another composition and pH for peanut [19] and wheat flour
[20]. Most authors have used overnight or 24-hour extractions [11,12, 14,15, 19],
others have used 1- to 4-hour extractions |13, 16, 18].

The extraction time should be as short as possible to prevent possible degra-
dation of extracted allergens. The extraction buffer should contain as little addi-
tives as possible and phenol should be omitted. because phenol has been shown
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to have a deleterious effect on allergens. In addition. the circumstances should be
such that microbiological contamination is as low as possible: cooled extraction
and removal of bacteria by filtration. Additives should only be used when
needed for the preservation of the allergenic activity during extraction. Defatting
is necessary for nuts and other fat- or oil-containing foods. Grinding is necessary
for nuts. It is important that no heat is generated by the grinding procedure,
which could cause degradation of allergens.

Again an example is given for peanut. Peanut 7 was selected and 10 g was
extracted in 100 ml in a buffer with or without PVPP and EDTA at pH 5.4, 7.4
and 9.4, The extracts were directly used for SDS-PAGE under exactly the same
conditions. The extraction time tested was 15 min. 2 h and 18 h. From the SDS-
PAGE results it could be concluded that the extraction time and buffer composi-
tion have no influence on the extraction of proteins. whereas the pH has a signif-
icant influence. The highest quantities of proteins are extracted at pH 9.4. In the
immunoblot bands at 75. 58, 47, 34 and 18 kD could be detected. No differences
between difterent buffers and extraction times could be seen.

In figure 2 the protein content and relative potency (LIA inhibition) of the
above-mentioned extracts are shown. There is a relatively large increase in the
protein content and relative potency when the pH of the extraction buffer is
increased from 7.4 to 9.4, which corresponds well with the SDS-PAGE results.
The conclusion of these experiments is that peanut is best extracted at pH 9.4
during 15 min.

Standardization and Control

In order to standardize the allergen extract it is necessary to select and
characterize an in-house reference (IHR) preparation. This [HR is prepared in
exactly the same way as the normal freeze-dried intermediate product and is
characterized by an electrophoresis profile. an allergogram with at least 20 sera
of DBPCFC-positive patients. The biological potency should also be determined
m patients having true TgE-mediated food allergy contirmed by DBPCFC. All
analytical methods and production steps should be validated.

The batch-to-batch consistency of freeze-dried intermediate product (IMP)
batches is determined relative to the IHR. The qualitative composition is deter-
mined with electrophoretic techniques. ensuring that all potential allergens are
present. The quantitative composition should be determined using a total po-
teney determination and a determination of at least two major allergens. Further,
the protein content and the water content is determined, as a too high water con-
tent could facilitate degradation. An example of the batch-to-batch consistency
of three produced batches is given in table 1 for egg. The results of the water,
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Fig. 2. Protein content (mg/mb) () and relative potency

(%) (D) ol peanut 7. extracted at

pH 5.4, 7.4 and 9.4 with or without PVPP and EDTA durtng 15 min. 2 h and 18 h.

Tuble 1. Batch-to-batch consistency of three batches of freeze-dried intermed

tate product

of egg as determined with LIA inhibition. rocket immunoelectrophoresis and SDS-PAGE

Batch Water Protein Relative Ovalbumin = Ovomucoid  SDS-PAGE
% % potency. % % T

| 9.80 19.2 93 103 128 passed

2 10.0 16.7 125 103 131 passed

3 10.0 19.4 119 93 116 passed

protein. the ovalbumin (RIE). ovomucoid content (RIE), relative potency (LIA
inhibition) and SDS-PAGE are shown. It can be concluded that all batches are
within specifications and a good batch-to-batch consistency is obtained.
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Relative potency (%)

Time (months)

Fig. 3. Results of a stability study of the SPT formulation for apple extract at 6 (W) and
25°C (+). hazelnut extract at 6 (m) and 25°C (%) and milk extract at 6 (®) and 25°C (x). as
measured with RAST inhibition.

Stability Skin Prick Test Formulation

The stability of the SPT formulation (PBS with 50% glycerol) was deter-
mined for apple. hazelnut and milk during storage for up to 6 or 9 months at 6
and 25°C (fig. 3). Milk extract is stable for only approximately 3 months at 6°C,
apple tor at least 6 months and hazelnut shows no decline at 6°C. but a degrada-
tion at 25°C. As aqueous SPT formulations of food allergens extracts seem not
Lo be stable for some allergens, a freeze-dried SPT preparation may be stored
without fast degradation.

Conclusions

[tis important to select the optimal raw material and extraction method for
cach allergen. A freeze-dried SPT preparation can be stored without fast degra-
davon. Using this procedure a good batch-to-batch consistency can be obtained
and the dingnostic capacity of the in vivo (SPT) and in vitro tests (Magic Lite)
can probably be improved. Further clinical and in vitro studies are necessary to
confirm this.

standardization of Food Allergen Extracts

N
N




(9%

A

]

16

19

20

References

Sampson HA: Comparative study of commercial food antigen extracts tor the diagnosis of food
hypersensitivity. J Allergy Clin Immunol 1988:82:718-726.

Orteant € Ispano M. Pastorello AL Ansalont Ro Magrt GC: Comparison of results of skin prick
tests (with fresh foods and commercial tood extracts) and RAST in 100 patients with oral allergy
syndrome. J Allergy Clin Immunol 1989:83:683 -690),

Rosen JP. Selcow JE. Mendelson LM, Marshall PG. Factor JM. Sampson HA: Skin testing with
natural foods in patients suspected of having food allergies: Is it a necessity? J Allergy Clin
Immunol 1994:93: 1068 1070.

Kemp AS, Mellis CM. Barnett D. Sharota E. Simpson J: Skin test, RAST and clinical reactions to
peanut allergens in children. Clin Allergy 1985:15:73-78.

Hansen TK. Bindslev-Jensen C: Codfish allergy in adults. Identitication and diagnosis. Allergy
1992:47:610-617.

Aas K: The diagnosis of hypersensitivity to ingested foods. Clin Alfergy 1978:8:39-50.

Vierucei A, Novembre E. de Martino M. ctal: Reliability of tests for specific IgE to food in atopic
dermatitis. Allergy 1989:44:090-99.

Norgaard A. Bindslev-Jensen C. Stahl Skov P, Poulsen LK: Serum-specitic I¢E in the diagnosis of
cog and milk allergy in adults. Allergy 1995:50:630-047.

Gillespie DN. Nakajima S, Gleich GJ: Detection ol allergy to nuts by the radioallergosorbent test.
J Allergy Clin Immunol 1976:537:302.

Barnett D. Baldo BA. Howden MEH: Multiplicity of allergens in peanuts. J Allerey Clin Immunol
1983:72:61 -68.

Bernhisel-Broadbent J. Scanlon SM. Sampson HA: Fish hypersensitivity. 1. In vitro and oral chal-
lenge results in fish-allergic patients. J Allergy Clin Immunol 1992:89:730-737.

Hirschwehr R, Valenta R. Ebner C. Ferreira F. Sperr W, Valent P, et al: Identitication of common
allergenic structures in hazel pollen and hazelnuts: A possible explanation for sensitivity to hazel-
nuts in patients allergic to tree pollen. J Allergy Clin Immunol 1992:89:730-737.

Vocks E. Borga A. Szliska C. Scifert B. Burow G. Borelli S: Common allergenic structures in
hazelnuts, rye grain, sesame seeds. Kiwi. and poppy seeds. Allergy 1993:48: 168172,
Bernhisel-Broadbent J. Dintzis HML Dintzis RZ. Sampson HA: Allergenicity and antigenicity of
chicken cgg ovomucoid (Gal d ) compared with ovatbumin (Gal d 1y in children with ceg allergy
and in mice. T Allerey Clin Immunol 1994:93:1047 - 1039,

Szeptalusi Z. Ebner C. Pandjaitan R, Orlicek F. Schneider O, Boltz-Nitulescu G, Kraft D, Ebner H:
Egg yolk a-livetin cchicken serum albuminy is a cross-reactive allergen in hird-egg syndrome.
J Allergy Clin Immunol 1994:93:932-942.

Burks AW, Williams LW. Thresher W. Connaughton C. Cockrell G. Helm R: Allergenicity of
peanut and soybean extracts altered by chemical or thermal denaturation in patients with atopic
dermatitis and positive tood chailenges. J Allergy Clin Immunol 1992:90:889-897.

Pteil T. Schwabl U, Ulmer WT. Konig W: Western blot analysis of water-soluble wheat flour
(Triticwm vulgaris). Int Arch Allergy Appl Immunol 1990:91:224-231,

Bjorksten F, Halmepuro L. Hannuksela M. Lahti A Extraction and properties of apple allergens.
Allergy 1980:35:671-677.

Nordlee JAL Taylor SL. Jones RT. Yunginger JW: Allergenicity of various peanut products as
determined by RAST inhibition. J Allergy Clin Immunol 1981:68:376-3%82.

Varjonen E. Savolainen J. Mautila L. Kalimos K: IgE binding components of wheat. rye. bartey and
oats recognized by immunoblotting analysis with sera from adult atopic dermatitis patients. Clin
Exp Allergy 1994:22:48 1 - 439,

Henning Lowenstein. ALK Research, Boege Alle 1012,
DK=2970 Horsholm (Denmark)

Niemetjer/de Monchy/NMetjer/van Hove/Dijkstra/Kautfman/Poulsen/Bindslev-Jensen/ 56
Lowenstein




