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Abstract

|gE-mediated adverse reactions to almonds have been reported by several investigations. Prevalence
data vary considerably with different patient cohorts and between studies from different countries.
Allergic symptoms due to almond ingestion range from milder oral symptoms to life-threatening systemic
reactions.

Although they belong to the family of Rosaceae fruits (e.g. apple, peach, and apricot), almonds are most
often classified as tree nuts. As such almonds are included in the Codex Alimentarius list of allergens
which should always be declared on the label of pre-packaged foods. Almonds are used in various forms
(whole, chopped, diced, or paste) predominantly in bakery products such as cookies, cakes, and pies as
well asin confectionary products. Almonds are a source of gourmet edible oils that potentially contain
residual allergens.

Thereisonly limited information on almond allergens. Two major allergens with approximately 66-70
kDa and 45-50 kDa have been identified. The latter proved to be stable during food processing such as
blanching and roasting of almonds. Moreover, the plant-pan allergen profilin is also present in almonds,
and recent studies indicate the presence of another plant-pan allergen in almonds: a lipid-transfer
protein. Almond allergens demonstrate in-vitro cross-reactivity of IgE binding to other tree nuts and
fruits from the Rosaceae family.

Detailed information on prevalence, symptoms, and diagnostic features of almond allergy are reviewed
in tabular form. The terms "nuts' or "tree nuts' refer to shell (nut) fruits of various botanical families. In
the present Allergen Data Collection nuts or tree nuts include almonds, Braz! nuts, cashew nuts,

hazel nuts, pecannuts, pistachios, and walnuts. Other tree nuts that are not commonly allergenic include
nutmegs, shea nuts, and Kola nuts. Unless not otherwise stated peanuts, chestnuts, and coconuts are not
included.

(Internet Symposium on Food Allergens 2001, 3(2): 71-85)
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Disclaimer

The referencelists of the Allergen Data Coll edions are based mainly on searches of Medline and FSTA (Food Science &
Tedchnology Abstracts) databases up to the related dates of publication. The scientific rigor of the studies listed is variable and
not subjea of critique or evaluation by the authors or the alitor of the Allergen Data Coll edions. The reader should be aware
of considerable probemsin comparing data from different studies (eg. patient cohorts, diagnostic performances, posshle
flawsin all ergen preparations and methodol ogies for all ergen characterization) and is encouraged to review the original

publi cations.
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1 Prevalenceof Almond Allergy

:/lwww.food-allergens.de

Prevalence data ae based on different diagnostic procedures. Whil e the prevalence of sensiti zation (sensitivity) can be
estimated by SPT, RAST, and immunoblat, a clinical reevant sensitization (all ergy) is evaluated by convincing history
(anamnesis) or food chall enge tests (ideally by DBPCFC).

1.1 General Population

Prevalence etimates within the author's sleced populations are listed. Those that are assgned randomly seleded
("unseleded") with numbers more than 500 may be regarded as representative of the "general populations'. Inclusion criteria

may involve drcumstances not related to atopic predispositi on according to current knowledge.

Country / Subjeds Allergy / Sensitivity References
Audtralia, Victoria Amond calculated

a) 332 wnsdeded new-barn infants (f:?agﬂengyocz):glﬁqogz il er)gy inb)

b) 4078children with suspeded peanut or treenut corredted for prevalenceratio to Hill et al. 1997
alergy (a_ge< 14yqars) (study 1990:96) _ peanut all ergy in b) and c),

¢) 620children at risk of atopy (followed from birth extrapolated by risk of atopy in a)

for 2 years)

1.2 Subjedswith Atopic or Other Diseases

Country / Subjeds Allergy / Sensitivity References

Audtralia, Victoria
4078children with suspeded peanut or treenut
alergy (age < 14 years) (study 1990:96)

amond 4.2% (SPT >3+, n=336)

Sporik & Hill 1996

Canada, Toronto, Ontario
45 patients with classc food all ergic symptoms and/or
subjedive food related complaints

amond, walnut 2.2% (SPT)

Parker et al. 1990

Costa Rica
171 children (68 asthmatics, 103 non-asthmatics)

amond 50% (spedfic IgE in MAST)

Soto-Quiros et al. 1998

Croatia
71 confedionary workers with occupational
respiratory all ergies (bronchitis, dyspnea, asthma)

amond 4.2% (SPT)

Zuskin et al. 1994

Finland
80foad handlers with hand dermatiti s

amond % (n=60, scratch chamber
test)

Niinimaki 1987

France Nancy
196 cases of invalving plant food all ergens (from 509
cases of food all ergy)

Rosacese fruits including amonds
17% (clinical evaluation)

Moneret-Vautrin et al. 1997

France Nancy
142 matients with peanut all ergy

amond 50% (clinical evaluation)

Moneret-Vautrin et al. 1998

France, Nancy and Toulouse
544foad allergic children

amond 0.6% (food chall enge)

Rance ¢ al. 1999

France Pierre Benite
60 cases of anaphylaxis (study period 198492)

amond 17%

Andre ¢ al. 1994

Germany, Ulm
80 matients with pall en asociated food all ergy

amond 6%% (clinical history, SPT)

Boehncke d al. 1998

Italy, Ferrara
169 gasspollen al ergic patients (age of 9-54 years,
mean 27.9)

amond 4% (clinical history)

Boccafogli et al. 1994
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112 mtients with food all ergy (onset after 10 years of
age)

b) ailmond 396 (food chall enge,
n=71)

Italy, Genoa amond 6.6% .

132 pollen and foad sensitive patients (incidents of hypersensitivity) Troise ddl. 1992
Italy, Milan L .

262fruit andlor vegetable all ergic patients amond 22% (clinical history) Ortolani et al. 1988
Italy, Milan L .

100fruit and/or vegetable all ergic patients amond 6% (clinical history) Ortolani et a. 1989
ltaly, Milan almond 13% (dlinical history) Pastorell 0 et al. 2000
30 apricot all ergic patients

Isradl, Tel-Aviv a) amond 5%% (SPT, n=108

Kivity et al. 1994

Spain, Barcdona
102 mtients all ergic to dried fruits

amond 8%, 81%, and 60%
(SPT, HR, and RAST)

Amat Per et al. 1990

Spain, Gran Canaria
102 adults with symptoms after ingestion of spedfic
foods

amond 7.5% (SPT, RAST)

Castillo et a. 1996

Spain, Madrid???
40 patients with fruit or vegetable all ergy

amond 43% (SPT, RAST, PK tests)

Hernandez et al. 1985

Spain, Madrid
a) 48 children with pollinosis
b) 42 children with fruit or vegetable all ergy

a) amond % (SPT), 2.1% (RAST)
b) amond 1% (SPT), 12% (RAST)

Caballero et al 1994

29 dant-derived foad al ergic patients

amond 0% (RAST)

Spain, Madrid almond 3.7% (clinical history, open

' Crespoet al. 1995
355foad allergic children foad challenge, SPT, RAST) [E00
Spain, Madrid almond 6.9% (SPT) Diez-Gomez et al. 1999

Spain, Plasencia (Caceres)
262 mtients with polli nosis

amond 22% (sdlf-reported)
amond 1.5% (SPT)

Garcia-Ortiz et al. 1995

Spain, Salamanca

a) 84 mugwort sensiti ve patients without other pollen
sensiti zaions

b) 57 fruit all ergic patients (age of 6-56 years, mean
215)

a) amond 12% (RAST)
b) almond 14%(clinical history)

a) Garcia-Ortiz et al. 1996
b) GarciaOrtiz et al. 1998

Spain, Salamanca
95 mllen all ergic patients (age 10-58 years, mean 27)

amond 16% (SPT)
amond 1% (foad chall enge)

Cuesta-Herranz et al. 2000

Sweden
60 severe all ergic reactions caused by food

soybean, nuts, and almonds >70%

Foucard et al. 1997

Sweden, Halmstad / Malmo
a) 380hirch pollen allergic patients
b) 103 mtients without birch pollen allergy

a) amond 276
b) almond 3%
(questionaire)

Erikson et al. 1982

Switzerland, Zurich
a) 402foad all ergic adults (study period 197887)
b) 383foad all ergic patients (study period 199094)

a) amond 17%
b) aimond 11%
(anamnesis, clinical relevance,
diagnogtic tests)

a) Withrich 1993
b) Etesamifar & Wiithrich
1998

United Kingdam, London
119 mtients with possble food all ergies

amond 3.4% (RAST, eimination-
chall enge test)

Wraith et al. 1979

USA, Boston, MA
63 asthmatic adults with positi ve food-induced skin
scratch tests

amond 3.2% (skin scratch test)

Rackemann 1931

USA, Galveston, TX / Philadelphia, PA
26 patients with atopic dermatiti s associated with
ingestion of various foods

amond 3.8% (clinical history,
elimination diet)

Livingood & Pill sbury 1949
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UK, Manchester
90 petients expierenced anaphylactic reactions to
foods (from 19941996

amond 3.3% (suspeded cause of
patients worst reaction)
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Pumphrey & Stanworth 1996

USA, Little Rock, AR/ New York City, NY
54 treenut al ergic patients

amond 24% (acute alergic
reactions)

Sicherer et d. 1998

USA, Los Angelos, CA
127 pediatric patients who reported one or more food
alergies

amond 3.9% (RAST)

Hoffman & Haddad 1974

USA, Memphis, TN
89 matients with food- induced anaphylaxis (age of 12-
75 years, study period 197892)

amond or peach 5.6% (clinical
history)

Kemp et al. 1995

USA, Mineola, NY
30 metients with gastrointestinal symptoms associated
with food all ergies

amond and Brazl nut 1 case
amond, walnut, and Brazl nut 1
case

(intracutaneous Kin test, oral
chall enge with mixture of foods)

Fries & Zizmor 1940

USA, Rochester, MN
a) 18 mtients with food- related anaphylaxis
b) 81 matients

a) amond 5.6% (history, SPT, and
RAST)
b) ailmond 196 (SPT)

Yocum & Khan 1994

USA, Torrance CA
8 patients with oral all ergy syndrome to avocado and
positi ve history

amond 125% (self-reportedly cause
of OAS; no clinical confirmation)

Telez-Diazet al. 1995

USA, Torrance CA
40 of 62 patients from an adult outpatient HIV clinic
who reported symptoms compatible with food all ergy

amonds and peanuts 1 case
(self-reportedly cause of diarrhea and
headache; no clinical confirmation)

Tubiolo et al. 1997

1.3 Prevalenceof Associated Allergies

(clinical history)

Country / Subjeds Sensitization / Allergy References
peach 81% walnut 51%
apple 43% hazelnut 41%
France, Italy, Netherlands apricot 3(;% p:g?ut 240t/;d
37 petients with Rosacese all ergy and positive  |CherTy 24% (self reported) Aero et . 2000
SPT to lipid-transfer protein enriched extracts plum 22% Axroda. cJUL
(plum / peach ped) amond 196
pear 16%

Germany, Ulm
52 amond allergic patients sleded out of 80
patients with poll en associated food all ergy

birch pollen 98% (clinical history, SPT)

Boehncke d al. 1998

Spain, Barcdona
78 admond allergic patients

RAST)

treepollen tree(em, olive, birch, plane,
ash) 5%

wedal pollen (parietaria, mugwort) 38%
grasspallen 13%

(2 positive results from SPT, HR, and

Amat Per et al. 1990

Spain, Madrid
55 chil dren sensiti zed to aimonds

pollen 80% (SPT)

Crespo et a. 199%
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Clinical history and a) b)

SPT and/or RAST

peach 91% 100%

apple 91% 68%

pear 27% 55%
Spain, Madrid and Toledo cherry 36%  |27%
Patients with all ergy to Rosaceae fruits apricot 18%  |23% _
a) 11 without polli nosis (mean age 26 years) plum 36% 23% Fernandez-Rivas et al. 1997
b) 22 with associated polli nosis (mean age 22 S
years) strawberry - 14%

amond 9% 14%

melon, watermelon,

cucumber 0% 50%

nuts and seeds 50% 5%

various plant foods 18% 41%

peach 7%
apple 21%
apricot 18%
Spain, Madrid plum 14%
28 ptients with positive SPT and/or spedfic  [almond 3.6% Rodriguez et al. 2000
IgE to ane or more fruits of the Rosaceae family | pear 3.6%
strawberry 3.6%
(DBPCFC or convincing episode of
anaphylaxis)
Spain, Salamanca latex 75% (SPT and/or RAST) . .
82Imond all ergic patients latex 25% (clinical history) GarciaOrtiz et al. 1998
peanut 65%
brazl nut 29%
UK, Cambridge amond 23%
62 petients with peanut and/or nut allergy (age |hazeinut 21% Ewan 1996
of 11 monthsto 53 years) walnut 13%
cashew nut 4.8%

(clinical history, SPT)
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2 Symptoms of Almond Allergy
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angioedema (3, 9), urticaria (1, 3, 8)

Gadtrointestinal symptoms
oral angioedema (4, 7), laryngeal edema (2, 4, 9), oral hives (7), oral itching (7), oral
alergy syndrome (2, 3, 6, 8, 9), vomiting (4)

Respiratory symptoms
asthma (4), dyspnea (9)

Other symptoms
general malaise (9)

Symptoms & Case Reports References
Systemic reactions

anaphylaxis (5), life-threatening reactions (7), lossof consciousness(4)

Symptoms of skin and mucous membranes (1) Schloss1912

(2) Ortolani et al. 1988

(3) Boccafogli et al. 1994

(4) Ewan 1996

(5) Delas Marinas et al. 1998
(6) GarciaOrtiz et al. 1998
(7) Roux et al. 1999

(8) Asero et al. 2000

(9) Pasini et a. 2000

Percentage of reactions
Oral alergy syndromein 75% (plus /stemic reactionsin 16%) and extra-oral
symptomsin 25% in 57 amond all ergic patients (1)

(1) Ortolani et al. 1988

3 Diagnostic Features of Almond Allergy

An amond sensitive individual

Parameters/ Subjeds Outcome References
Skin test . L . -

A boy with Urticaria provoked by ﬁ;l' 2 r:&tl ng with demonstration of urticarial Schloss1912
ingestion of aimond, egg, and oatmeal

Skin test, Systemic Reaction A case of systemic reaction following skin test Kahn 1942

IgE

treenut al ergic patients:

a) 11reacting

b) 25 not reacting to almonds

Almond spedfic serum IgE (RAST):

mean median
a 171 kU/L 3.8 kU/L Sicherer et d. 199%
b) 145 kU/L 1.8 kU/L

(no significant differences, P value 0.81)

IgE and Clinical Relevance
25 pmatients with atopic dermatiti s

44% had positive RAST to amonds. However,
none of the patients apparently mentioned
amonds as a cause of all ergic sensitivity

Hoffman et al. 1975

IgE and Clinical Relevance
67 asthmatic children

Agreament of history of almond all ergy and
amond spedfic serum Ige (MAST):

positi ve history and positive MAST in 3 children,
positive MAST and no positive history in 4
children and, positive history and a negative
MAST in 3 children

Adler et al. 1991

IgE and Clinical Relevance
43 patients with clinical history and
positive SPT to ailmond

Almond spedfic RAST:
positive 42%
negative 58%

Boehncke d al. 1998

IgE and Clinical Relevance
A 3 year old boy with peanut all ergy

Strong positive RAST to almond, although no
amond all ergy was described in history; also high
RAST to peanut, hazelnut, Brazl nut, pean,
pistachio, walnut, and pea.

Sicherer et al. 199&
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oo a) RAST (spedfic IgE):
SPT, IgE and Clinical Relevance positi ve restlts in 25%

a) 24 and b) 43 petients with clinical b) SPT with fresh foad: Ortolani et al. 1988
history of almond all ergy positive resultsin 30%

SPT, IgE and Clinical Relevance E&igﬁgﬁ;'ﬁ?&w KUIL):
6 petients with clinical history of almond | gy \vith fresh food: Ortolani et al. 1989
alergy _

positive resultsin 17%

_ _ Correlation of teststo clinical history of aimond
SPT, RAST, Histamine Release |dlergy:

and Clinical Relevance 8% for SPT Amat Par et al. 1990
102 ptients all ergic to dried fruits 87% for HR

68% for RAST

Almond Positivity
SPT, IgE, and DBPCFC SPT S4%
28 petients with suspeded all ergy to RAST 21% Rodriguez et al. 2000
fruits of the Rosaceae family DBPCEC* 3.6%

* or convincing episode of anaphylaxis

Immunoblot and Clinical \E binding amond proteins

Relevance _ a) 37-kDaprotein
a) 2 symptomatic patients with amond ) 50kDa and 62kDa glycoproteins (Con A Pasini et al. 2000
allergy (SPT positive, RAST negative) | eactive bands)

b) 3 asymptomatic subjeds with positive (SDS-PAGE Immunohiot)
RAST

Open Challenge Open chall enge procedure, where negative tests
17 chil dren with perceived peanut or tree| (SPT, RAST) indicate tolerance of nuts: 15 Baker e al. 1999
nut all ergy (almond suspeded cause in 2 |showed no reactions, all of them continued to —_
cases) ingest foods containing nuts without incidents.

4 Therapy of Almond Allergy

Treatment* Outcome References
Assesanent of food all ergy after treatment

TreePollen Immunotherapy (self-reported):

72 children with birch polli nosis (age of 6- improved |unchanged |worse

16 years), prevalence of adverse reactionsto

amond before immunotherapy 50% a) (=19 3% 42% 21%

I. subcutaneous immunotherapy for 3 years |b) (n=20) 55% 30% 15% || Maller 1989

with @) birch pollen preparation or b) a — o 0 0

mixture of birch, alder, and hazel pallen ©) (n=14) 21% e 19%

II. oral immunoctherapy for 10 months with d) (n=14) 14% 86% 0%

C) birch poll en preparation or d) placebo no significant more deaease in birch pollen

capsules immunotherapies as compared to placebo aad
immunotherapy

* Studies may be experimental, unproved, or controversial. Please noticethe disclaimer !
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5 Composition of Almonds

5.1 Distribution of Nutrients

For other almond products e USDA Nutrient Database

Nutrients. Content per 100 g

Energy 2527kJ (598 Ical)
Water 5.7 g

Protein 187 g

Lipids 541 g
Carbohydrate 9.0 g

Fiber 9.8 g

Minerals 2.7 g

Minerals

Sodium 5-40 mg
Potassum 835mg
Magnesium 170mg
Calcium 250mg
Manganese 2 mg
Iron 4 mg

Copper 850g
Zinc2mg
Phosphorus 455mg
Chloride 40 mg
Fluoride 90 ug
lodine 2 ug
Selenium 2 ug

Vitamins

Carotene 120 ug
Vitamin E 25mg
Vitamin B1 220ug
Vitamin B2 620ug
Nicotinamide 4180ug
Pantothenic acid 580ug
Vitamin B6 60ug
Biotin 0-20 ug

Folic acid 45ug
Vitamin C 0.8-6.5 mg

Amino Acids
Arg 2750mg
His520mg
Ile 880mg
Leu 1460mg
Lys580mg
Met 270mg
Phe 1160mg
Thr 610mg
Trp 170mg

Tyr 620mg
Val 1140mg

Lipids

Palmitic acid 3260mg
Stearic acid 900mg
Oleicacid 365 g
Linolic acid 9860mg
Linoleic acid 260mg

Other
Salicylic acid 3mg
Purines 30 mg

Reference Deutsche Forschungsangtalt fr Lebensmittelchemie, Garching bei Minchen (ed), Der kleine " Souci-Fachmann-
Kraut" Lebensmitteltabelle fir die Praxis, WVG, Stuttgart 1991

5.2 Protein Fraction

Proteins/ Glycoproteins

Amount of total protein

Soluble fractions

abumins (water-soluble) >95% (1)
amond major protein [460 kD3| upto 65% (3)
amandin (in 14S) (= classcal globulin fraction) 65-70% (2)

References: (1) Sathe 1993 (2) Woalf & Sathe 1998 (3) Acosta et a. 1999

6 Allergens of Almond

Proteins/ Glycoproteins Allergen Nomenclature References
37-kDa Allergen Pasini et a. 2000
Almond Profilin van Ree ¢ al. 1992 2000

Allergens: 45-50, and 70 KDa
Minor Allergens. 15 kDa

Bargman et al. 1992

Allergens: 50 kDa and 66 KDa
Minor Allergens. 10, 28, 37, and 3944 kDa

Roux et al. 1999
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6.1 Sensitization to Almond Allergens

Country / Subjeds Sengitivity to References
Italy, Padova 37 kDa dlergen .
2 almond all ergic patients (SDS-PAGE immunohl ot) Pasini e al. 2000
Netherlands, Amsterdam Spedfic IgE against
2 patients with poll en profili n spedfic amond profilin 6.9 and 3.0 IU/ml van Ree ¢ al. 2000
serum IgE (RAST, L-proline Sepharose bound profili n)
a) b)

albumin/globulin fraction 86%

amond major protein 7%

66 kDa dlergen 64% 55%
USA, Davis, CA 55 kDa dlergen 18%
a) 14 patients with history of life- 50 kDa dlergen 64% 55%

threatening reaction to almonds Roux et al. 1999

b) 11 patients with history of non-life- 39-44 kDa dlergen 2%
threatening reactions to amonds 37 kDa dlergen 7%
28 kDa dlergen 7% 27%
17 kDa dlergen 9%
10 kDa dlergen 21% 18%
(SDS-PAGE immunobl ot)
70 kDa dlergen in 50%
USA, Lincoln, NE 4550 kDa dlergen in 50%
8 almond sensiti ve patients 15 kDa dlergen in 25% Bargman et al. 1992

(SDS-PAGE / immunobiot)

7 Isolation & Preparation

Extract / Purified Allergens |Methods References

Ground whole almonds defatted with acetone and
ethyl ether; dried amond powder extracted with NaCl

Protein extract pH 7.0, centrifuged, dialyzed, centrifuged again, and Bargman et al. 1992
membrane filtered
Almonds finely chopped, extracted with Tris-HCI-
buffer pH 8.0 (containing gyceral, polyethylene

Protein extract glycol 800Q citric acid, L-cysteine, L-ascorbic acid, Teuber & Peterson 1999

EDTA, and polyvinylpyrrolidone); foll owed by
homogenization on ice centrifugation, membrane
filtration and membrane ncentration

Raw whole almonds grounded, defatted with
petroleum ether, extracted with 0.5-M NaCl for 2h;
after centrifugation protein was predpitated with
acetone at 4°C for 30 min; after centrifugation
protein extract was resolubili zed in SDS-PAGE
sample buffer

Defatted almond flour extracted with Tris-HCI buffer
(pH 8.1), centrifuged and isolation of the aimond
major protein from supernatant by anion exchange
Almond major protein [460 kD3| (DEAE column) and od filtration (Sephacryl Acosta et al. 1999
column) chromatography, coll eded fractions poded
and concentrated by membranefiltration, further
purification by gel filtration

Salt-soluble proteins Pasini et a. 2000
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Food samples ground and extracted with PBS-buffer
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Food extracts at 60°C for 2h, centrifuged and supernatant stored at | Hiywka et al. 2000
-20°C

8 CrossReactivities

CrossReacting Allergens Subjeds/ Methods References

Almond (Peanut)
peanut

Inhibition of IgE-binding:
by peanut to almond proteins (1 patient, RAST
inhibiti on)

Gill espie @ al. 1976

Almond (Peanut, Nuts)
significant associations: peanut,
hazel nut, wal nut*

262fruit and/or vegetable all ergic patients
(clinical history, SPT, RAST)

Ortolani et al. 1988

Almond (Nuts, Seeds)
hazelnut, brazl nut, sesame seeds *

111 peanut and/or treenut all ergic patients. strong
correlation (r >0.7) between amond and hazel nut,
brazl nut, and sesame (RAST)

Sicherer et d. 1998

Almond (Nuts)
hazelnut

6 hazelnut all ergic adults: Inhibition of IgE binding
to hazelnut proteins by ailmond proteins (appr. 8%)
(RAST inhibiti on)

Koppelman et al. 1999

Almond (Nuts)
coconut, walnut

Strong inhibiti on of IgE binding to coconut all ergens
(35, 36.5 and 55 KDa) and to walnut all ergen (36
kDa) by aimond extract (SDS-PAGE immunobot, 2
treenut all ergic patients)

Teuber & Peterson 1999

Almond (Apple)
apple (indicating all ergenic li pid-
transfer proteing)

Approximately 98% inhibiti on of IgE binding to
amond proteins by apple ped extract in 1 patient
serum spedfic for li pid-transfer proteins without
reactivity to Bet v 1, profilin, and carbohydrate
epitopes (RAST inhibiti on)

Asero et al. 2000

Almond (Rye)
ryeflour *

Correlation between spedfic IgE to rye flour and nuts
(peanut, aimond, brazl nut, coconut, hazelnut) (3310
atopic patients, RAST, r = 0.5t0 0.8)

Scifert et al. 1988

* multi ple sensiti zation (not proved by inhibiti on-tests)

9 Allergenicity of Different Almond Varieties

Varieties/ Subjeds

Differences

References

3 Almond Varieties
8 almond sensiti ve patients

No significant differencesin relative amounts and
binding patterns of all ergens (SDS-PAGE /

immunobiot)

Bargman et al. 1992
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10 Stability of Almond Allergens
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Treatment

Effeds

References

Almond extract (Sorage)

storage of water extract of almond
meal

Incubation of awater extract in the presence of azde
for about 12 days revealed degradation of the acidic
polypeptides of amandin probably by endogenous

proteinase(s)

Wolf & Sathe 1998

Almonds (Heat, Processing)
commercial samples of aimond
butter, blanched, and roasted
almonds

IgE-binding of protein extract from almond butter
similar to that of raw almonds;

blanching and roasting dd not affed IgE binding of
4550 kDa dmond all ergen, esentially reduced IgE
binding of 70 kDa dl ergen, and eliminated IgE
binding of 15 kDa dlergen (SDS-PAGE immunoblat,
8 almond sensitive individuals)

Bargman et al. 1992

Almonds (Heat, pH)

a) commercial samples of blanched
almonds, roasted almonds, and
amond paste

b) moaist heating of purified ailmond
major protein at 121°C for 15 min
¢) incubation of aimond major
protein at pH 125 and 15-2.5

Immunoreactivity of protein extractsin comparison to
purified amond major protein (polyclonal rabhit
antibodies, noncompetitive ELISA):

a) reactivity of blanched almonds, roasted almonds,
and almond paste was respedively reduced by 50.0%,
56.6%, and 684%

b) moist heat pretreatment reduced reactivity by 87%
¢) pH extremes (12.5 and 15-2.5) caused a 53% and
57% reduction in reactivity, respedively

Acosta et al. 1999

Almond protein isolate
(Hydrolysis)

Pepsin digestion of almond protein
isolatein 0.1-M HCI at 37°C for O-
60 min (protein enzyme ratios from
50:1t0 10001)

Major polypeptides with 38-42 kDa completely
hydrolyzed within 2 min, with 20-22 kDa within 5
min; digestion productsin the range of 15-36 kDa
and 1520 kDa ae hydrolyzed after 45-60 min (SDS-
PAGE)

Sze-Tao & Sathe 2000

11 Allergen Sources

Reported Adverse Reactions

References

Essencein Curry

esencein curry (1)

Severedlergic reactionsin a 30 year old woman after ingestion of almond traces from an

(1) Ewan 1996

Various Foods

Registration of adverse reactions to foods in Sweden show that 51 out of 77 cases were the
result of inadequate labelli ng; 3 of these ases were dueto amond (1)

(1) Kielkevik et al. 1997

Allergensin Food Products

Content / Products

References

Almondsin Cereals
commercial breakfast cereals

Detedion of almond major protein by competitive
ELISA inhibition (rabhit polyclonal antibody)

Acosta et al. 1999

Chocolate-coated Peanuts
retail sampleswith undedared
almond content

2 of 4 samples contained 4and 57mg/kg almond in
whole samples of chocolate-coated peanuts (ELISA,
polyclonal antibodies gedfic for whole ailmond
protein extract)

Hlywka et al. 2000




Almond Oils

4 Commercially availablealmond |, etineq peached, and deodorized oils (23026(°C) | Teuber et al. 1997
oil s (serum pod from 17 peanut

and/or nut all ergic patients) Protein contents of unrefined oils 62 pg/mL, 2 refined

IgE-binding potencies:
blend of unrefined and refined oil (90/ 190°C max.
processng temperature) > unrefined oil (57°C) > 2

(dot immunobiot)

ails: 2.2 and 17pug/mL, and blended oil 13 pg/mL

12 Food Allergen L abelling

Food Allergen Labelling / Regulation Status References
I nternational Regulations mandatory labelli ng of prepackaged food / advisary  |(1) Codex Alimentarius
Treenuts* and products of these status (1) Commisson 1999

European Regulations
Treenuts* and products of these

labelli ng appropriate / recommendation (1) (1) Bousquet et al. 1998

* Including aimond, brazl nut, cashew nut, hazelnut, pistachio, and walnut

13 References

¢ ¢© © © ©

¢ ¢ ¢ ¢ © © © © © cC°C

[ o«

Acosta MR, Roux KH, Teuber SS Sathe SK (1999 Production and characterization of rabbit polyclonal antibodiesto
almond (PrunusdulcisL.) major storage protein J Agric Food Chem 1999 Oct;47(10):4053-9

Adler BR, Assadullahi T, Warner JA, Warner JO (1991) Evaluation of a multiple food spedfic IgE antibody test
compared to parental perception, allergy skin testsand RASTClin Exp Allergy 21:683-8

Amat Par P, Sanosa Valls J Lluch Perez M, Malet Casgjuana A, Garcia Calderon PA (1990 Dried fruit
hypersensitivity and its correlation with pollen allergy Allergol Immunopathol Madr 18:27-34

AndreF, Andre C, Colin L, Cacaraci F, Cavagna S (1994 Role of new all ergens and of all ergens consumption in the
increased incidence of foad sensitizationsin France Toxicology 93(1): 77-83

Asero R, Migtrello G, Roncarolo D, de Vries SC, Gautier MF, Ciurana CLF, Verbeek E, Mohammadi T, Knul-Brettlova
V, Akkerdaas H, Bulder I, Aalberse RC, van ReeR (2000 Lipid transfer protein: A pan-allergen in plant- derived
foodsthat is highly resistant to pepsin digestion Int Arch Allergy Immunol 122:20-32

Baker H, Luyt D, Stern M (1999 Open challenge to nutsin children Allergy 54(1): 79-80

Bargman TJ, Rupnow JH, Taylor SL (1992 IgE-binding proteinsin almonds (Prunus amygddusL .); identification by
immunoblotting with sera from almond-all ergic adults] Food Sci 57:717-20

Boccafogli A, Vicentini L, Camerani A, Cogliati P, D'Ambrosi A, Scolozzi R (1994 Adverse food reactionsin patients
with grasspollen allergic respiratory disease Ann Allergy 73:301-8

Boehncke WH, Lodiger C, Kuehnl P, Kalbacher H, Bohm BO, Gall H (1998 Identification of HLA-DR and -DQ

alleles conferring susceptibility to pollen allergy and pollen associated foad allergy Clin Exp Allergy 28(4):434-41
Bousguet J, Bjérkstén B, Bruijnzed-Koomen CAFM, Huggett A, Ortolani C, Warner JO, Smith M (1998 Scientific
criteria and the seledion of allergenic foods for product labelling Allergy 53:3-21

Caballero T, Martin-Esteban M, Garcia-Ara C, Pascua C, Ojeda A (1994 Relationship between pollinosis and fruit or
vegetable senditization Pediatr Allergy |mmunol5;218-22

Cadtill o R, Delgado J, Quiralte J, Blanco C, Carrillo T (1996 Foad hypersensitivity among adult patients:
epidemiological and clinical aspeds Allergol Immunopathol 24:93-7

Codex Alimentarius Commisson (1999 Foad labelling - complete texts Joint FAO/WHO Food Sandards Programme,
FAO/WHO, Rome

Crespo JF, Pascual C, Burks AW, Helm RM, Esteban MM (1995) Frequency of food allergy in a pediatric population
from Spain Pediatr Allergy Immunol 6:39-43

Crespo JF, Pascual C, Valledllo A, Esteban MM (199%0) Sensitization to inhalant allergensin children diagnosed
with foad hypersensitivity Allergy Proc 16:89-92

Cuesta-Herranz J, L4zao M, Figueredo E, Igea JM, Umpiérez A, De-Las-Heras M (2000 Allergy to plant-derived
fresh foadsin a birch- and ragweed-free area Clin Exp Allergy 30:1411-6

Delas Marinas D, VilaL, Sanz ML (1998 Allergy to pine nuts Allergy 53:220-2

Diez-Gomez ML, Quirce S, Cuevas M, Sanchez-Fernandez C, Baz G, Moradidlos FJ, Martinez A (1999 Fr uit-pollen-



¢ © ¢ © © © °¢©°¢C

¢ © © ¢°

[ o

¢ © © © ¢ ¢C¢cocoC ©

L ol o

latex crossreactivity: implication of profilin (Bet v 2) Allergy 54:951-61

Eriksoon NE, Formgren H, Svenonius E (1982 Food hypersensitivity in patientswith pollen allergy Allergy 37:437-43
Etesamifar M, Withrich B (1998 I gE- mediated food all ergiesincluding oral allergy syndrome in 383 patients
Allergologie 21:451-7 (in German)

Ewan PW (1996 Clinical study of peanut and nut allergy in 62 conseautive patients. new features and associations
BMJ 312:1074-8

Fernandez-Rivas M, van ReeR, Cuevas M (1997 Allergy to Rosaceae fruits without related pollinosis J Allergy Clin
Immunol 100(6Pt1):728-33

Foucard T, Edberg U, Malmheden-Yman | (1997 Fatal and severe food hypersensitivity. Peanut and soya
underestimated all ergens Lakartidningen 94(30-31): 2635-8

Fries H, Zizmor J (1940 Gastrointestinal allergy in children: clinical reactionsresulting from ingestion of foods J
Pediatr 16:69-75

Garcia Ortiz JC, Cosmes Martin P, Lopez-Asunsolo A (1995 Melon sensitivity shares all ergens with Plantago and
grasspollens Allergy 50:269-73

Garcia-Ortiz JC, Cosmes PM, Lopez-Asunsolo A (1996 Allergy to foodsin patients monosensitized to Artemisia
pollen Allergy 51(12):927-31

Garcia Ortiz JC, Moyano JC, Alvarez M, Bdlido J (1998 L atex allergy in fruit- allergic patients Allergy 53:532-6

Gill espie DN, Nakajima S, Gleich GJ (1976 Detedion of allergy to nuts by the radioall ergosor bent test J Allergy Clin
Immunol 57:302-9

Hernandez J, Garcia-Selles FJ, Pagan JA, Negro JM (1985 Hipersensibilidad inmediata afrutasy verdurasy
polinosis Allergol Immunopathol 13:197-211 (in Spanish)

Hill DJ, Hosking CS, Zhie CY, Leung R, Baratwidjgja K, likura Y, lyngkaran N, Gonzadez-Andaya A, Wah LB, Hsieh
KH (1997 The frequency of foad allergy in Australia and Asia Environ Toxicol Pharmacol 4:101-10

Hlywka JJ Hefle SL, Taylor SL (2000 A sandwich enzyme-linked immunosor bent assay for the detection of almonds
in foods J Food Prot 63(2): 252-7

Hoffman DR, Haddad ZH (1974 Diagnosis of |gE-mediated reactionsto food antigens by radioimmunoassayJ Allergy
Clin Immunol 54:165-73

Hoffman DR, Yamamoto FY, Geller B, Haddad Z (1975 Spedfic IgE antibodiesin atopic eczena J Allergy Clin
Immunol 55:256-67

Kahn IS (1942 Fruit sensitivitySouthern Med J 35:858-9

Kemp SF, Lockey RF, Wolf BL, Lieberman P (1995 Anaphylaxis. A review of 266 cases Arch Intern Med 155:1749-54
Kivity S, Dunner K, Marian Y (1994 The pattern of foad hypersensitivity in patientswith onset after 10 years of age
Clin Exp Allergy 24:19-22

Kjelkevik R, Edberg U, Yman IM (1997 L abelli ng of potential allergensin foods Environ Toxicol Pharmacol 4:157-62
Koppelman SJ, Knulst AC, Koers WJ, Penninks AH, Peppelman H, Vlooswijk R, Pigmans|, van Duijn G, Hessng M
(1999 Comparison of different immunochemical methods for the detedion and quantification of hazenut proteins
in food products J Immunological Methods 229:107-20

Livingoad CS, PFill shury DM (1949 Spedfic sensitivity to foods as a factor in various types of eczenmatous
dermatitisArch Dermatol Syphilol 60:1090-115

Moller C (1989 Effed of pollen immunotherapy on food hypersensitivity in children with birch polli nosis Ann
Allergy 62:343-5

Moneret-Vautrin DA, Kanny G, RanceF, Lemerdy P (1997 L es all ergens vegetaux alimentaires. Allergies asociees et
reactions croisees Rev Fr Allergol 37:316-24 (in French)

Moneret-Vautrin DA, RanceF, Kanny G, Olsewski A, Gueant JL, Dutau G, Guerin L (1998 Food all ergy to peanutsin
France- evaluation of 142 observations Clin Exp Allergy 28:1113-9

Niinimaki A (1987 Scratch-chamber testsin food handler dermatitis Contact Dermatitis 16:11-20

Ortolani C, Ispano M, Pastordlo E, Bigi A, Ansaloni R (1988 The oral allergy syndrome Ann Allergy 61(6 Pt 2): 47-
52

Ortolani C, Ispano M, Pastorello EA, Ansaloni R, Magri GC (1989 Comparison of results of skin prick tests (with
fresh foods and commercial food extracts) and RAST in 100 patientswith oral allergy syndrome J Allergy Clin
Immunol 83(3):683-90

Parker SL, Leznoff A, Sussman GL, Tarlo SM, Krondl M (1990 Characteristics of patients with food-related
complaints J Allergy Clin Immunol 86:503-11

Pasini G, Simonato B, Giannattasio M, Gemignani C, Curioni A (2000 IgE binding to almond proteinsin two CAP-
FEIA-negative patients with allergic symptomsto almond as compared to three CAP-FEIA-false positive subjeds
Allergy 55:955-8

Pastorello E, D'Ambrosio FP, Pravettoni V, Farioli L, Giuffrida G, MonzaM, Ansaloni R, Fortunato D, Scibda E, Rivolta



¢c¢ €©€ © © ©©C ©

©

©

©

¢ ¢ © © © © ¢© [ o

ol o

F, Incorvaia C, Bengtsson A, Conti A, Ortolani C (2000 Evidencefor alipid transfer protein asthe major allergen of
apricotJ Allergy Clin Immunol 105:371-7

Pumphrey RS, Stanworth SJ (1996 The dinical spedrum of anaphylaxisin north-west England Clin Exp Allergy
26:1364-70

Rackemann FM (1931 Studiesin asthma. X. Skin teststofoodsin asthma J Allergy 2:113-7

RanceF, Kanny G, Dutau G, Moneret-Vautrin DA (1999 Food hypersensitivity in children: Clinical aspeds and
distribution of allergens Pediatr Allergy Immunol 10:33-8

Rodriguez J, Crespo JF, Lépez-Rubio A, de la Cruz-Bertolo J, Ferrando-Vivas P, Vives R, Daroca P (2000 Clinical
crossreactivity among foods of the Rosaceae family J Allergy Clin Immunol 106:183-9

Roux K, Sathe SK, Peterson WR, Teuber SS(1999 The major sead storage protein of almond (almond major protein
- AMP) isan allergen J Allergy Clin Immunol 103: S66-S67(Abstract 255)

Sathe SK (1993 Solubili zation, eledrophoretic characterization and in vitro digestibili ty of almond (Prunus
amygddus) proteins J Food Biochem 16:249-64

SchlossOM (1912 A case of allergy to common foods Am J Dis Child 3:342-62

Seifert HU, Seifert B, Dingemann H, Vocks E, Bordlli S, Gugger A (1988 I mmunologische Kreuzreaktionen bei
Nussen, Roggenmehl, Kiwi, Sesam und M ohnsamen Allergologie 11(5):169-72 (in German)

Sicherer SH, Bollinger ME, Hershfield MS, Sampson HA, Lederman HM (19983) Foaod allergy in a patient with
adenosine deaminase deficiency undergoing enzyme replacement with polyethylene glycol-modified adenosine
deaminase J Allergy Clin Immunol 101:562-4

Sicherer SH, Burks AW, Sampson HA (199&) Clinical features of acute all ergic reactionsto peanut and tree nutsin
children Pediatrics 102(1):el-e6

Soto-Quiros M, Gutierrez |, Calvo N, Araya C, Karlberg J, Hanson LA, Belin L (1998 Allergen sensitization of
asthmatic and nonasthmatic schodchildren in Costa Rica Allergy53:1141-7

Sporik R, Hill D (1996 Allergy to peanut, nuts, and sesame seed in Australian children BMJ 313:1477-8

Sze-Tao KWC, Sathe SK (2000 Functional propertiesand in vitro digestibili ty of almond (PrunusdulcisL.) protein
isolate Food Chem 69:153-60

Telez-Diaz G, Ellis MH, Morales-Ruso F, Heiner DC (1995 Prevalence of avocado allergy among aopic
patientsAllergy Proc 16:241-3

Teuber SS Peterson WR (1999 Systemic allergic reaction to coconut (Cocos nucifera) in 2 subjedswith
hypersensitivity to tree nut and demonstration of crossreactivity to legumin-like seed storage proteins. new
coconut and walnut foad all ergens J Allergy Clin Immunol 103:1180-5

Teuber SS Brown RL, Hagoanen LA (1997 Allergenicity of gour met nut oil s processed by different methods J
Allergy Clin Immunol 99:502-7

Troise C, Voltalini S, Delbono G, Negrini AC (1992 Allergy to pollens from Betulaceae and Corylaceaein a
Mediterranean area (Genoa, Italy) - a ten-year retrospedive J Investig Allergol Clin Immunol 2:313-7

Tubiolo VC, Vaza LA, Beall GN (1997 Foad all ergy in human immunodeficiency virus (HIV) infecionAnn Allergy
Asthma Immunol 78:209-12

van ReeR, Voaitenko V, van Leauwen WA, Aalberse RC (1992 Prdfilin isa cross reactive allergen in pollen and
vegetable foads Int Arch Allergy Immunol 98:97-104

van ReeR, Akkerdass H, van Leaiwen WA, Fernandez-Rivas M, Asero R, Knul-Brettlova V, Knulst A, Aalberse RC
(2000 New perspecaivesfor the diagnosis of food allergy ACI Int 12:7-12

Woalf WJ, Sathe SK (1998 Ultracentrifuga and polyacrylamide gel elearophoretic studies of extractability and
stabili ty of almond meal proteinsJ Sci Food Agric 78:511-21

Wraith DG, Merrett J, Roth A, Yman L, Merrett TG (1979 Reaognition of food-all ergic patientsand their allergens
by the RAST technique and clinical investigationsClin Allergy 9:25-36

Withrich B (1993 Nahrungsmittelall ergie Allergologiel6:280-7 (in German)

Yocum MW, Khan DA (1994 Assessnent of patients who have experienced anaphylaxis. a 3-year survey Mayo Clin
Proc 69:16-23

& Zuskin E, Kancdjak B, Mustajbegovic J, Schachter EN (1994 Immunologic findingsin confedionary workers Ann

Allergy 73:521-6
copyright © 2001by matthias besler - ONLINE PUBLISHER



