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	1. Tree Nut Allergy
Tharida  Khongcharoensombat, MD
Division of Pediatric Allergy, Immunology and Rheumatology unit
Department of Pediatrics, Faculty of Medicine
King Chulalongkorn Memorial Hospital
16 December 2022
 


	2. Contents
• Introduction
• Prevalence
•  Allergens
• Effects of Processing on the Allergenicity
• Clinical manifestation
• Diagnosis
• Cross reactivity/Co-allergies
• Natural History
• Management
 


	3. Tree Nut (TNs)
•  A culinary term used to describe any large, oily kernels found within a
shell and used in food.
• A dry fruit composed of an inedible hard shell and a seed.
• Commonly used to describe any nut coming from a tree, and this
includes foods that do not meet the botanical definition.
• One of the eight most common allergens, and allergic reactions to
them can be severe.
• Consumption of nuts has increased due to beneficial cardiovascular
effects. (lowering cholesterol, triglycerides, and fasting blood sugar)
Introduction
Weinberger T, et al. J Asthma Allergy. 2018 Mar 26;11:41-51.
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
 


	4. Majority of allergies  to TNs: 9 nuts
• Walnut, almond, pistachio, cashew, pecan, hazelnut, macadamia, Brazil
nut, and pine nut.
Additional considers to be TNs
• Beechnut, butternut, chestnut, chinquapin, coconut, ginkgo nut, hickory
nut, lychee nut, pili nut, and shea nut.
• A report from the National Academies of Sciences recommends that
these nuts be removed from this list since there are little data on them
and they uncommonly cause allergic reactions.
Introduction
Weinberger T, et al. J Asthma Allergy. 2018 Mar 26;11:41-51
 


	5. Bastiaan-Net S, et  al. Int Arch Allergy Immunol. 2019;178(1):19-32.
 


	6. Almond
Brazil nut
Cashew nut
Pistachio
Walnut
Pecan
Hazelnut
Macadamia  nut
Pine nut https://farrp.unl.edu/informalltreenuts
 


	7. Introduction
• Anaphylaxis to  ingestion of tree nuts accounts for 10% to more than 30% of
reported fatal and near-fatal food ingestions¹
• Tree nuts allergy tend to persist into adulthood. (Only 10% may outgrown
overtime)
• Allergen: seed storage allergens, LTP, profilins, PR protein family
• Skin testing reveals extensive cross-reactivity among tree nuts.
• For an individual with one tree nut allergy, at least one other is seen in 48.7%
• Patients allergic to nuts do not necessarily need to avoid peanuts (a legume) and
vice versa.
• About 30% of peanut-allergic patients also reacted to at least one tree nut.
• Nut co-reactivity can also change with age: increase in tree nut sensitization
developing in children over time.
1.Ann Allergy Asthma Immunol. 2005;95:45–52.
Anna Nowak-Węgrzyn, et al. Middleton 9th ed, Chapter 79
 


	8. Prevalence
• Varies by  region, age, and the definition used for diagnosis
• The prevalence of tree nuts allergy¹ = 0.6% to 1.2 % of the American
population. (Gupta RS, et al Pediatrics 2018)
• A systematic review of global tree nut allergy prevalence² found estimates
mostly based on self-reported data = 0.05% to 4.9%. (V.L. McWilliam, et al. 2020
• SchoolNuts study³
• The prevalence of clinic-defined (any) tree nut allergy is 2.3%, with
cashew the most common
• HealthNuts study⁴
• At age 1 year, the prevalence of parent-reported treenut allergy was 0.1%
At age 6 years, challenge-confirmed tree nut allergy prevalence was 3.3%
with cashew the most common. 1. Gupta RS, et al. Pediatrics 2018;142(6).
2. McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472
3.Sasaki M, et al. J Allergy Clin Immunol. 2018 Jan;141(1):391-398.e4.
4. McWilliam V, et al. J Allergy Clin Immunol. 2019 Feb;143(2):644-650.e5 .
 


	9. Anna Nowak-Węgrzyn, et  al. Middleton 9th ed, Chapter 79
 


	10. • Australia has  reported the highest population-based, clinic-confirmed tree
nut allergy prevalence in the world, with estimates of 2.3% (95% CI, 1.9- 2.8)
in 10- to 14-year-olds and 3.0% (95% CI, 2.8%-4.0%) in 6-year-old children.
• Low prevalence of TNs allergy in Asian countries.
Prevalence
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
 


	11. Vary by region
•  European: hazelnut ( because high rate of birch pollen allergy; Bet V1 –
Cor a 1)
• UK: Brazil nut
• Australia: Cashew
• US: Walnut and cashew
• Interestingly, individual tree nut prevalence estimates from the United
States are all low (at < 1%) compared with prevalence estimates of up to
2.7% (95% CI, 2.2-3.3) for cashew at age 6 years in Australia.
Prevalence
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
 


	12. Overview of the  role of different nuts as allergen sources for different regions of the world
Prevalence
Fuhrmann V, et al Front Immunol. 2021 Sep 23;12:742732.
 


	13. Oil-bodies-
associated oleosins
Seed storage  proteins Profilins PR proteins
2s albumins
nsLTPs
Prolamins Cupins
Heat - stable Heat - stable
Heat - labile
Heat - labile
7S vicilin-type
globulin
11S legumin-
type globulin
PR-10 (Bet V 1-like)
PR-12 (defensin)
PR-14 (nsLTP)
“oil bodies”
Scala E, et al. Eur Ann Allergy Clin Immunol. 2018 Jul;50(4):148-155.
Heat - stable
Nut (Seeds, Legumes) Allergens
Pan-allergens
Have high IgE-mediated cross-reactivity with pollen and food homologues.
 


	14. Oil-bodies-
associated oleosins
Seed storage  proteins Profilins PR proteins
2s albumins
nsLTPs
Prolamins Cupins
Heat - stable Heat - stable
Heat - labile
Heat - labile
7S vicilin-type
globulin
11S legumin-
type globulin
PR-10 (Bet V 1-like)
PR-12 (defensin)
PR-14 (nsLTP)
“oil bodies”
Molecular Allergology User’s Guide 2.0 2022
Scala E, et al. Eur Ann Allergy Clin Immunol. 2018 Jul;50(4):148-155.
Heat - stable
Nut (Seeds, Legumes) Allergens
Pan-allergens
Have high IgE-mediated cross-reactivity with pollen and food homologues.
The measurement of IgE specific to
2S albumins is mostly superior to
measuring IgE against total extracts
in edible seed allergy diagnosis.
• Hazelnut; Cor a 14
• Cashew nut; Ana o 3
• Brazil nut; Ber e 1
• Walnut; Jug r 1 (not significantly
than IgE to Walnut extract in
adults)
Significant clinical
relevance in legumes
Clinical relevant differ between food,
cannot assign to a specific group
• Hazelnut; Cora 9 – Cor a 14
• Cashew nut; Ana o 2
• Almond; Pru du 6 > whole extract
 


	15. OAS
Stable against heat
and  enzymatic
degradation
Severe systemic
adverse reactions
Tree nuts
Scala E, et al. Eur Ann Allergy Clin Immunol. 2018 Jul;50(4):148-155.
Stable against heat and
enzymatic degradation
Pru p 3 (peach)
 


	16. Molecular Allergology User’s  Guide 2.0 2022
Tree nuts
 


	17. Molecular Allergology User’s  Guide 2.0 2022
Geiselhart S, et al. Mol Immunol. 2018 Aug;100:71-81.
High risk marker for severe reactions.
Sensitization to hazelnut oleosins is associated with
severe systemic reactions and a negative skin-prick test.
OAS
Hazelnut
 


	18. Geiselhart S, et  al. Mol Immunol. 2018 Aug;100:71-81.
Walnut
Major
allergen
OAS
 


	19. Geiselhart S, et  al. Mol Immunol. 2018 Aug;100:71-81.
High sequence identity to other tree nut legumins: 95%
with Jug r 4 (walnut), 54% with Pru du 6 (almond)
Almond – peach allergy
Highly accurate diagnostic marker for cashew nut allergy
Diagnostic specificity (94.4%) as compared to total cashew extract
(58.3%) → considered as a diagnostic marker for pistachio allergy
Pis v 3 – Ana o 1: 80% amino acid sequence identity
 


	20. Coconut
• Is coconut  a tree nut ?
• Coconut allergy is overall rare.
• Currently, only one allergen, Coc n 1, belonging to the vicilin protein family is
accepted.
• US study provided evidence of no significant risk of allergy to coconut in
peanut and tree nut allergic children (Stutius et al., 2010).
• In a recent study, IgE sensitization to coconut was highly associated with
sensitization to almond and macadamia (Polk et al., 2016).
• As coconut allergy publications have been limited primarily to case reports, the
overall prevalence of coconut allergy, as well as clinical relevance of
sensitization to tree nuts in coconut-allergic individuals, is not known.
Geiselhart S, et al. Mol Immunol. 2018 Aug;100:71-81.
Weinberger T, et al. J Asthma Allergy. 2018 Mar 26;11:41-51
Cox AL, et al. J Allergy Clin Immunol Pract. 2021 Jan;9(1):82-99.
 


	21. Xiong W, et  al. J AOAC Int. 2019 Sep 1;102(5):1263-1270.
 


	22. Thermal process
• The  allergenicity of PR-10 proteins in hazelnut and almond may be
reduced by thermal processing, while non-specific lipid transfer
proteins and seed storage proteins are shown to be resistant to heat.
• In heat stable protein: their stability against digestive enzymes enables
allergenic storage proteins to reach the small intestine and the circulation,
thereby causing severe systemic allergic reactions.
• Maillard reaction¹
• Non-enzymatic browning reaction between the amino acid residue of
protein and reducing sugar, also known as glycation
1. Gou J, et al. Foods. 2022 Feb 12;11(4):530.
Molecular Allergology User’s Guide 2.0 2022
Smeekens JM, et al. Clin Exp Allergy. 2018 Jul;48(7):762-772.
 


	23. Maillard reaction
• May  destroy, mask, or modify sequential epitopes of an allergen by
introducing sugar chains, and conformational epitopes may also change, thus
affecting the allergenicity of food
Gou J, et al. Foods. 2022 Feb 12;11(4):530.
 


	24. Thermal process
• Systematic  review, 32 articles
• Roasting reduces the allergenicity of hazelnut in individuals with a birch
pollen allergy and reactivity to raw hazelnut.
• Thermal processing may reduce the allergenicity of the PR-10 protein in
hazelnut and almond in vitro.
• nsLTPs, seed storage protein → heat stability towards different thermal
processing methods.
Masthoff LJ, et al. Allergy. 2013 Aug;68(8):983-93.
 


	25. Masthoff LJ, et  al. Allergy. 2013 Aug;68(8):983-93.
 


	26. Decreased allergenicity
Masthoff LJ,  et al. Allergy. 2013 Aug;68(8):983-93.
 


	27. Conflicting data
Limited effect
Masthoff  LJ, et al. Allergy. 2013 Aug;68(8):983-93.
 


	28. Vanga SK, et  al. Crit Rev Food Sci Nutr. 2017 Nov 22;57(17):3794-3806.
 


	29. Clinical manifestation
Mild to  life-threatening
• TNs can also cause PFS
• Birch-pollen-sensitized individuals may develop PFS upon the
ingestion of almond and hazelnut
• Reactions to TNs can be severe.
• TNs alone account for 18%–40% of cases of anaphylaxis.
• Severity of coexisting atopic diseases, including allergic rhinitis,
asthma, and eczema, is associated with more severe reactions to TNs.
• Asthma may be an independent risk factor to predict severe reactions.
Weinberger T, et al. J Asthma Allergy. 2018 Mar 26;11:41-51
 


	30. • Observational study  of patterns of
clinical reactivity to five tree nuts and
peanuts in a Danish cohort of tree
nut allergic patients.
• N = 40
Juel-Berg N, et al. Front Allergy. 2022 Mar 28;3:824660.
 


	31. Positive OFC
• Oral  symptoms
• Skin involvement
• Hazelnut-walnut dual
allergy was common.
• 86%: allergic ≥ 2 TNs
• 55%: allergic 3 TNs
• 28%: allergic 4 TNs
Juel-Berg N, et al. Front Allergy. 2022 Mar 28;3:824660.
 


	32. Diagnosis
• History
• Skin  prick test (SPT)
• Whole nut sIgE
• Component resolved diagnosis (CRD)
• Basophil activation test (BAT)
• Oral food challenge test (OFC)
 


	33. Diagnosis: History
Careful history  of the symptoms
• Were there previous reaction(s) to tree nuts and/or seeds or is this the first
reaction?
• Were multiple foods ingested or multiple nuts?
• What was the approximate dose causing the symptoms?
• Did the patient engage in concomitant exercise, take non-steroidal anti-
inflammatories (NSAID), consume alcohol, or other potentially aggravating
factors?
• Is the patient birch pollen allergic or allergic to plants with pollen containing
LTPs? Molecular Allergology User’s Guide 2.0 2022
 


	34. Diagnosis: Skin Prick  Test (SPT)
Skin prick test: 95% PPV reported in Cashew and Walnut
• Australian cohorts; 247 patients with concern for TN allergy underwent
OFC (Ho MHK, et al. J Allergy Clin Immunol. 2006;117(6): 1506-1508.)
• Cashew; ≥ 8 mm (95% PPV, sensitivity of 39%)
• Hazelnut and walnut; ≥ 8 mm (95% PPV, sensitivity of 8%, 14%)
• 95% PPVs could not be established for almond, pecan, pistachio, and
Brazil nut. (small sample size)
• HealthNuts population cohort (McWilliam VMND, et al.J Allergy Clin Immun
Pract. 2020;8(1):141-148.)
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
 


	35. • Cashew; 10  mm (95% PPV; population cohort), 14 mm (95% PPV; clinic cohort)
• Cashew; 8 mm (89% PPV in population cohort, 62% in clinic cohort)
HealthNuts population cohort
McWilliam VMND, et al.J Allergy Clin Immun Pract. 2020;8(1):141-148.
 


	36. Cashew: AUCs 0.81  and 0.94
• 95% PPV 10, 14 mm
Pistachio: AUCs 0.81 and 0.94
• 95% PPV has not been established.
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
 


	37. Brettig T, et  al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
Walnut:
• 95% PPV 8 mm
Pecan: AUCs 0.84
• 95% PPV has not been established.
• 5 mm (Sens 0.83, Spec 0.79)
• 7 mm (Sens 0.5, Spec 0.96)
 


	38. Brettig T, et  al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
Hazelnut: AUCs 0.75-0.80
• 95% PPV has not been established.
• Optimal cut off: 7-8 mm
• Sens 0.59-0.64, Spec 0.64-0.77
Hazelnut: AUCs 0.75-0.80
• 95% PPV has not been established.
• Optimal cutoff: 7- 8 mm
• Sens 0.59-0.64, Spec 0.64-0.77
 


	39. Brettig T, et  al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
Almond:
• 95% PPV has not been established.
• Variable optimal cutoff: 7, 11 mm (poor sensitivity)
• Baker et al: High negative OFC, despite high SPT
 


	40. Brazil nut
• 95%  PPV has not been established.
• Optimal cutoff: 8 mm
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
Skin tests can vary widely among patients, institutions, and the extracts used.
Therefore, each practitioner must interpret SPT values somewhat cautiously.
 


	41. Diagnosis: Serum Specific  IgE
• The UK observational study (Clark AT, Clin Exp Allergy. 2003;33(8):1041–1045)
• A level of ≥15 kUA/L to an individual TN had a 95% PPV for clinical
allergy.
• BSACI guidelines (Stiefel G, et al. Clin Exp Allergy. 2017;47(6): 719-739)
• SPT ≥ 8 mm or sIgE of at least 15 KU/L indicates likely tree nut allergy
• SPT 3 to 7 mm or sIgE 0.35 to 14.99 KU/L should be considered for
OFC
• In retrospective US study (Couch C, et al.Ann Allergy Asthma Immunol.
2017;118(5):591–596.e593)
• Open TN OFCs, 79 of 124 (89%) patients passed a challenge with a
TN-specific IgE level < 2 kUA/L whereas 10 of 16 (69%) patients
passed an OFC with a TN sIgE level of ≥2 kUA (mean =5.12 kUA/L)
Smeekens JM, et al. Clin Exp Allergy. 2018 Jul;48(7):762-772
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
 


	42. Cashew and pistachio
•  sIgE to cashew or pistachio (whole nut IgE) appears to be a similar
diagnostic tool to SPT, but AUC is still good, ranging between 0.79 and 0.89
• Reasonable sensitivity and poor specificity.
• Cutoff values 0.35-2.62 (Cashew)
• 95% PPV has not been established.
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
 


	43. Walnut
• IgE to  walnut AUC appears to be similar to that of SPT ranging
from 0.79 to 0.86
• Optimal cutoffs for sensitivity and specificity = 0.46 to > 5.07 kUA/L
• A 95% PPV = 5.07 kUA/L(Elizur et al)
Pecan
• No studies of sIgE
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
 


	44. Hazelnut
• The AUC  for hazelnut IgE is similar to SPT, ranging from 0.71 to 0.87
• Optimal cutoff is wide = 0.35 to 7.25 kUA/L
• This makes it difficult to define a clinical decision point cutoff.
• 95% PPV has not been established.
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
 


	45. Almond
• Optimal cutoff  value of 10 kUA/L with an AUC of 0.61
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
 


	46. Brazil nut
• Optimal  cutoff value of ≥ 1.51 kUA/L (low sensitivity)
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
Macadamia: No studies of whole nut sIgE
 


	47. • Retrospective study,  April 2012
and July 2021
• MdA was diagnosed based on
• ≤3-g Md OFC or
• Obvious immediate allergic
symptoms following Md
ingestion as determined
through medical interviews
by an allergist
Kubota K, et al. Pediatr Allergy Immunol. 2022 Sep;33(9):e13852.
 


	48. An = anaphylaxis
Non-An  = non anaphylaxis
Non-MdA = not allergic to macadamia
Kubota K, et al. Pediatr Allergy Immunol. 2022 Sep;33(9):e13852.
 


	49. • Previous case  reports suggest that Md-sIgE levels may not be useful for
diagnosing MdA due to its high false-negative rate.
• In this paper, Md-sIgE levels could predict anaphylaxis, and the optimal cut-
off value was 3.76 kUA/L.
• Md-sIgE ≥ 3.75 kUA/L: 50% experienced anaphylaxis
• Md-sIgE < 3.75 kUA/L: none experienced anaphylaxis
• Higher Md-sIgE would correlate to the severity of the immediate type of
allergic symptoms.
• Severe reaction due to seed storage protein
• Mac i 1 (7S globulin) and Mac i 2 (11S globulin)
• Ehlers et al.¹ have recently reported that Mac i 1 is associated with systemic
reactions to Md.
1. Ehlers AM, et al. Clin Transl Allergy. 2020;10:55.
Kubota K, et al. Pediatr Allergy Immunol. 2022 Sep;33(9):e13852.
Md-sIgE levels were useful for determining the probability of anaphylaxis
 


	50. • CRD measures  IgE to specific proteins
within that food.
• In vitro diagnostics of seed storage
proteins that are currently available
• Hazelnut; Cor a 9, rCor a 14
• Cashew nut; rAna o 2, rAna o 3
• Walnut; rJug r 1, nJug r 2
• Brazil nut: rBer e 1
Smeekens JM, et al. Clin Exp Allergy. 2018 Jul;48(7):762-772.
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472
Diagnosis:
Component Resolved Diagnosis (CRD)
• Ana o 3 for cashew allergy
(93% of allergic children)
• Pis v 1 for pistachio
(68% pistachio allergic patients)
• Jug r 1 for walnut
(75% walnut-allergic patients)
• Car i 2 for pecan
(24% pecan-allergic patients)
• Clinical reactivity for pine nut, Brazil nut, and
macadamia have not yet been described.
• With the use of CRD, several tree nuts
could be reintroduced to the diet of those
allergic to peanut
 


	51. Cashew and pistachio:  Ana o 3
• Ana o 3 is much greater than SPT or whole nut IgE (AUC 0.92-0.98)
• Ana o 3 is highly predictive for cashew nut allergy (95%PPV for diagnosis)
• 95% PPV (Lange et al) ≥ 2 kUA/L
• Optimal cutoff value of ≥ 0.16 - 0.3 with optimal sensitivity and specificity
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
 


	52. Walnut: Jug r  1
• Jug r 1 had a similar AUC to whole nut IgE, ranging from 0.80 to 0.85
• 95% PPV (Elizur et al) ≥ 0.21 kUA/L, Jug r 4 ≥ 3 kUA/L
• Optimal cutoff value of ≥ 0.1 – 0.423 kUA/L
Pecan
• No studies of pecan component IgE
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
1. Molecular Allergology User’s Guide 2.0 2022
• IgE to walnut Jug r 1; superior to IgE to walnut extract in the diagnosis of walnut allergy
in children (not in adults)¹
• Younger children are mostly sensitized to the walnut seed storage proteins Jug r 1 and
4 → more severe than older children and adults
 


	53. Hazelnut
• Cor a  9 and Cor a 14: greater diagnosis accuracy compared with
whole nut sIgE and SPT (higher AUC 0.71-0.98)
• No clear optimal cutoff for clinical diagnosis.
• Cor a 14: optimal cutoff 0.63 - 5 kUA/L (Sense 0.6-1, Spec 0.92-1.0)
• 100% PPV (Buyuktiryaki et al): 0.63 kUA/L
• 95% PPV has not been established.
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
 


	54. • IgE to  hazelnut Cor a 9 and 14
• Predictive for clinical reactivity/differentiating primary hazelnut allergy from
sensitization to birch
• Associated with severe reactions
• In children: Cor a 14 (AUC 0.87) and Cor a 9 (AUC 0.81) → high
• In adults: Cor a 14 (AUC 0.67) and Cor a 9 (AUC 0.66) → decreased probably due to
the increased prevalence of sensitization to Cor a 1 in the adult population (Masthoff
LJ, et al. J Allergy Clin Immunol. 2013;132(2):393-399.)
• Region specific, with differential thresholds for Cor a 14
• ≥ 1.0 kUA/L, with a sensitivity of 92% and specificity of 93%, in the United States
• ≥ 5.0 kUA/L with a sensitivity of 83% and specificity if 93%, in the Netherlands
• ≥ 0.35 kUA/L with a sensitivity of 85% and specificity of 81%
Molecular Allergology User’s Guide 2.0 2022
Diagnosis:
Component Resolved Diagnosis (CRD)
 


	55. Brazil nut: Ber  e 1
• Optimal cutoff of 0.25 kUA/L for the Brazil nut
• This showed greater sensitivity and similar
specificity compared with whole nut IgE, using the
same cohort (n = 36)
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
Almond, Macadamia: No studies of component IgE
 


	56. • Uses flow  cytometry to measure the expression of activation markers
on the surface of basophils in the presence of allergen, have been
explored for the diagnosis of tree nut allergy.
• In contrast to peanut allergy, their diagnostic implications are not yet clear.¹
• The NUTCRACKER study found that
• SPT and BAT separately were limited in their ability to distinguish allergy
from tolerance
• But used BAT in combination with SPT and found BAT correctly
differentiated co-allergenicity patterns in patients sensitized to walnut,
pecan, cashew, and pistachio
Diagnosis: Basophil activation test (BAT)
1. Molecular Allergology User’s Guide 2.0 2022
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472
 


	57. Cashew and pistachio
•  95% PPV of 5.5% of CD63 activation to cashew
• NPV was not reported
• This study reports no false negative results using an
algorithm combining inconclusive positive SPT (3
mm SPT 12 mm) and BAT
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
 


	58. Walnut and pecan
•  Walnut; 95% PPV to walnut allergy of 6.4% CD63+
activation
• NPV was not reported in this study.
• No false-negative results were reported using an
algorithm combining inconclusive-positive SPT (3
mm SPT < 8 mm) and BAT
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
 


	59. Hazelnut
• AUC is  far greater for BAT compared with other
diagnostic tools, ranging between 0.94 and 0.98.
• No 95% PPV could be established.
• No false negative BAT result
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
Almond, Macadamia: No studies of BAT
 


	60. Diagnostic test: summary
SPT  (mm)
95% PPV
SPT (mm)
Optimal
sIgE to whole
extract
(kUA/L)
CRD 95% PPV sIgE
to CRD
(kUA/L)
Optimal sIgE
to CRD
(kUA/L)
95% PPV BAT
(% of CD63
activation)
Cashew 10, 14 - 0.35 - 2.62 Ana o 3 2 0.16-0.3 5.5
Pistachio - 7 - 7.25 4.14 Ana o 3 - 0.35 -
Walnut 8 5 - 6 0.46 – 5.07 Jug r 1 0.21 0.1-0.423 6.4
Pecan - 5 - 7 - - - - -
Hazelnut - 7 - 8 0.35 - 7.25 Cor a 9, 14 - 0.63-5 -
Almond - 7 - 11 10 - - - -
Brazil nut - 8 1.51 Ber e 1 - 0.25 -
Macadamia - - 3.76¹ - - - -
Overall, a SPT ≥8 mm or TN sIgE ≥15 kU/L usually indicates a high risk of allergy
No studies were identified assessing the accuracy of any diagnostic tests to macadamia
Smeekens JM, et al. Clin Exp Allergy. 2018 Jul;48(7):762-772.
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2
1. Kubota K, et al. Pediatr Allergy Immunol. 2022 Sep;33(9):e13852.
 


	61. Anna Nowak-Węgrzyn, et  al. Middleton 9th ed, Chapter 79
 


	62. Discussion
• SPTs outperform  whole nut IgE in terms of diagnostic accuracy.
• 95% PPVs were reported for cashew and walnut, and hazelnut has
been comprehensively studied.
• Test for cashew provide the greatest accuracy, with Ana o 3 in
particular appearing to have a high diagnostic value.
• Cashew-Pistachio
• Ana o 3 is the highest of all CRD tests and appears the most accurate
tool in predicting cashew allergy
• AUC for BAT to cashew = CRD
• Pistachio CRD; Pis v 1 or Pis v 2: no studies reporting the diagnostic
accuracy of predicting pistachio allergy
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
SPT, CRD = BAT
 


	63. • Walnut
• Whole  nut IgE and CRD optimal cutoff: not clearly defined (wide range)
• Jug r 1 (2S albumin)/ Jug r 4 (11S globulin): accurate in predicting
walnut allergy
• A 95% PPV was able to be calculated for Jug r 4 and appeared more
predictive in diagnosis of dual walnut-pecan allergic patients.
• Pecan
• Poorly assessed across all diagnostic tests.
• No studies looking at pecan CRD for diagnosis of pecan allergy
• No “pecan allergic, walnut tolerant”
• However, a patients do have walnut allergy, despite tolerance to pecan.
Discussion
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
sIgE, CRD (wide range cutoff)
SPT
None
 


	64. • Hazelnut
• Whole  nut IgE or CRD: wide range of optimal cutoff values
• Cor a 9 and Cor a 14 be used in combination when determining allergic status
to hazelnut. (Cor a 14 slightly more accurate than Cor a 9 )
• Pooled data suggesting 0.35 kUA/L produced the best sensitivity (65.1%
and 64.6%) and specificity (84.9% and 74.1%), respectively.
• BAT is more accurate in diagnosis of hazelnut allergy (limit in clinical setting)
• Almond
• Low prevalence, poor diagnostic test
• The majority of data suggest a high false-positive rate.
• There is an argument that in a patient with no prior exposure, testing should
not be performed.
Discussion
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
sIgE, CRD, BAT (wide range cutoff)
None
 


	65. • Macadamia
• No  any studies that assessed the accuracy of the diagnostic tests.
Aspect to consider
• Variability in results between extracts and between fresh tree nuts
• BAT: Non-responder status (which can be seen in greater than 15% of
patients in food allergy), performed on fresh blood
• Consensus of clear diagnostic cutoffs is not established for a number
of tree nuts, it highlights the importance of interpreting any results with
caution.
Discussion
Brettig T, et al. J Allergy Clin Immunol Pract. 2021 May;9(5):2028-2049.e2.
None
 


	66. Diagnosis: Oral Food  Challenge (OFC)
• Double-blind, placebo-controlled food challenges remain the gold
standard for diagnosis.
• But are resource-intensive and not typically indicated for diagnosis where
there is a clear history of recent reaction.
• For those with established allergy; OFC may be used
• To determine reaction thresholds or
• For commencement of oral immunotherapy trials or treatment
• There is a need for better minimally invasive diagnostic tools for tree
nut allergy diagnosis and management
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
 


	67. Cross reactivity
Cross-reactivity Vs  Cross-sensitization
• If the cross binding IgEs do not cross-link IgE and FceRI, they likely will
not cause allergic symptoms (Cross-sensitization)
• CCDs (false-positive IgE reactivity to peanut)
• Currently no studies that investigate the prevalence of CCDs
contributing to tree nut allergies.
• There is high sequence identity between tree nuts, and even between
tree nuts and some legumes and seeds, resulting in potential cross-
reactivity between these allergens.
• Protein sequences and sequence identity alone cannot accurately
predict cross-reactivity between allergens, as structural epitopes may also
play a role when the allergen is properly folded. Molecular Allergology User’s Guide 2.0 2022
Smeekens JM, et al. Clin Exp Allergy. 2018 Jul;48(7):762-772.
 


	68. Smeekens JM, et  al. Clin Exp Allergy. 2018 Jul;48(7):762-772.
Amino acid identities: 2S albumin
 


	69. Smeekens JM, et  al. Clin Exp Allergy. 2018 Jul;48(7):762-772.
Amino acid identities: Vicilins (7S globulin)
 


	70. Smeekens JM, et  al. Clin Exp Allergy. 2018 Jul;48(7):762-772.
Amino acid identities: Legumins (11S globulin)
 


	71. Walnut – Pecan
Cashew  – Pistachio
Walnut – Hazelnut
Molecular Allergology User’s Guide 2.0 2022
Cross-reactivity between homologous seed storage proteins
 


	72. Molecular Allergology User’s  Guide 2.0 2022
Cashew - Pistachio
(Ana o 1) - (Pis v 3)
Cashew - Pistachio
(Ana o 1) - (Pis v 3)
Cross-reactivity between homologous seed storage proteins
 


	73. Molecular Allergology User’s  Guide 2.0 2022
Hazelnut – Walnut
(Cor a 9) – (Jug r 4)
Cross-reactivity between homologous seed storage proteins
Cor a 9 – Ara h 3
Sin a 2
 


	74. Cross reactivity
Maloney JM,  et al. J Allergy Clin Immunol. 2008;122:145-151.
• Correlation between peanut-, tree nut- and seed-specific IgE in patients with
Spearman rank order correlation coefficients.
• The highest correlations were between
• Walnut and pecan (0.96)
• Cashew and pistachio (0.95)
• Almond and hazelnut (0.84)
• Interestingly, peanut was not highly correlated with any tree nut or seed; the
highest correlation was with almond (0.53).
• They found that the majority of peanut-allergic patients (86%) were also
sensitized to tree nuts, but only 34% were clinically reactive to tree nuts.
Smeekens JM, et al. Clin Exp Allergy. 2018 Jul;48(7):762-772.
 


	75. Peanut and Tree  Nut Co-allergy
• In vitro cross-reactivity between peanuts and tree nuts has been reported
as high as 86%
• Clinical-reactivity
• Self-report: 20% and 60%.
• OFC-confirmed outcomes report: 4 – 40%
• The co-allergy between peanut and tree nuts is probably not primarily due
to cross-reactivity of IgE to peanut and tree nut allergens.¹
• Taxonomically, peanut and tree nuts are from very different plant groups.
• Likely sensitized to peanut and tree nuts independently.
• Hazelnut/peanut: Cor a 1- Ara h 8 (Bet v1), Cor a 9 – Ara h 3 (11S globuin)
Molecular Allergology User’s Guide 2.0 2022
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
1. Masthoff LJ, et al. Allergy. 2015 Mar;70(3):265-74.
 


	76. • A single-center  allergy cohort of 47 patients (Clark AT, et al. J Allergy
Clin Immunol. 2008;122(2):286-289)
• Peanut allergy → early tree nut sensitization (≥ 1 tree nut) 19% by 2
years of age
• Australian Health Nuts study (McWilliam V, et al. J Allergy Clin Immunol.
2019 Feb;143(2):644-650)
• Peanut allergy → tree nut sensitization (≥ 1 tree nut) 33.3% at 1 year of
age
• Sensitization rates were higher for those with multiple food allergies
• Both egg and peanut sensitized → 48% sensitize ≥ 1 tree nut
Peanut and Tree Nut Co-allergy
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
 


	77. Sampson HA, et  al. J Allergy Clin Immunol. 2014 Nov;134(5):1016-25.e43.
 


	78. • A single-center  retrospective US study (Couch C, et al. Ann Allergy Asthma
Immunol. 2017;118(5):591-596)
• 159 tree nut challenges performed in tree nuts sensitized individuals
• Co-allergy rate of 24% to ≥ 1 tree nuts
• Australian Health Nuts study (McWilliam V, et al. J Allergy Clin Immunol. 2019
Feb;143(2):644-650.)
• Co-allergy rate of 47%
• The NutCracker study (Elizur A, et al. Allergy. 2017;73(3): 593-601.)
• Prospective cohort study of 83 children with tree nut allergy in Israel
• 2/3 with walnut and cashew allergy were also allergic to pecan and pistachio,
respectively whereas all those with pecan and pistachio allergy were allergic
to walnut and cashew, respectively.
Tree Nut co-allergy
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
 


	79. Tree Nut co-allergy
•  The NutCracker study
(Elizur A, et al. Allergy. 2017;73(3): 593-601.)
• Most patients were sensitized to 5-6 tree
nuts, over 50% were only allergic to 1-2
tree-nuts.
• No association between almond and
other tree nuts was found.
Molecular Allergology User’s Guide 2.0 2022
McWilliam VL, et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
Cox AL, et al. J Allergy Clin Immunol Pract. 2021 Jan;9(1):82-99.
The strongest cross-reactivities
• Walnut-Pecan in the Juglandaceae family
• Cashew-Pistachio in the Anacfamilyardiaceae
Pecan
 


	80. Tree Nut co-allergy:  Pronuts study
Brough HA, et al J Allergy Clin Immunol. 2020 Apr;145(4):1231-1239.
 


	81. Sampson HA, et  al. J Allergy Clin Immunol. 2014 Nov;134(5):1016-25.e43.
 


	82. Tree nut introduce  in
peanut-allergic patients
McNamara KB, et al. JACI in Practice. 2018 Mar 1;5(2);705-6
Abrams EM, et al. Pediatr Allergy Immunol. 2022 Jan;33(1):e13669.
 


	83. Natural history
McWilliam VL,  et al. Ann Allergy Asthma Immunol. 2020 May;124(5):466-472.
1. Elizur A, et al. J Allergy Clin Immunol Pract. 2020 Jan;8(1):157-165.e2.
Elizur A, et al. 2020 (NUT CRACKER Study)¹
• Tree nut allergy constitutes a life-long risk for many allergic patients given
its low (9%) resolution rate.
 


	84. Natural history
1. Corinne  Keet, UpToDate, Jul 16 2021
Foong RX, et al. Pediatr Allergy Immunol. 2021 Feb;32(2):223-233.
The rate of resolution increased
with lower tree nut IgE levels¹
• < 5 kUA/L: 58%
• < 2 kUA/L: 63%
• Negative: 75%
 


	85. • Swedish population-based  cohort study
• Assessed early-life factors associated with the development
of tree nut allergy (symptoms, sensitization) at 24 years
• Egg allergy, eczema and
asthma at pre-school age
were associated with tree nut
symptoms and storage protein
sensitization at 24 years
• CRD: better diagnostic tools
for hazelnut, walnut and
cashew
• Sensitized to TN storage
protein: more extensive atopic
phenotype in adult
Bager J, et al. Clin Exp Allergy. 2021 Nov;51(11):1429-1437.
 


	86. Management
• Currently available  diagnostic tests for peanut and tree nut
allergy can only partially identify clinically relevant cross-
reactivity.
• Oral food challenges (OFCs) remain the best procedure to
define nut allergy in patients with positive test results.
• Allergen avoidance
• Pharmacotherapy (emergency kit)
• Allergen-specific immunotherapy
Molecular Allergology User’s Guide 2.0 2022
Eigenmann PA, et al. J Allergy Clin Immunol Pract. 2017 Mar-Apr;5(2):296-300.
 


	87. Allergen avoidance
• Balanced  avoidance of the
offending tree nut, and/or seeds.
• Avoid all nut Vs Eat selected TNs
• Decisions may be influenced by
many factors including the patient’s
age, risk, their developmental
ability, and motivation of
undertaking OFC
Management
Weinberger T, et al. J Asthma Allergy. 2018 Mar 26;11:41-51
 


	88. Pharmacotherapy (emergency kit)
•  In patients with previously anaphylaxis or systemic reactions on a
minor dose, emergency medication including AAI for self-administration
is required accompanied with a personalized emergency treatment plan.
• Non-sedating antihistamines are useful for the management of mild to
moderate reactions.
• Steroids are no longer part of standard treatment for allergic reactions
unless asthma exacerbation may have contributed to severity of
anaphylaxis or in case of refractory anaphylaxis.
Management
Molecular Allergology User’s Guide 2.0 2022
 


	89. Allergen-specific immunotherapy
• At  present, commercially available products for allergen-specific
immunotherapy of tree nut or seed allergies are not available.
• Research into tree nut and sesame desensitization is ongoing in certain
US centres and commercial companies are working on walnut and cashew
nut desensitization.
Management
Molecular Allergology User’s Guide 2.0 2022
 


	90. 266 Elizur A,  et al. Lancet Child Adolesc Health (2019) 3:312–21. (Nut CRACKER)
Fuhrmann V, et al. Front Immunol. 2021 Sep 23;12:742732.
 


	91. 271.Enrique E, et  al. J Allergy Clin Immunol (2005) 116:1073–9.
Fuhrmann V, et al. Front Immunol. 2021 Sep 23;12:742732.
 


	92. Prevention
• Whether adding  the tree nuts early would “prevent” allergy
development is also unknown.
• But there is a theoretical possibility.
• There are no data to delay TN introduction, and they can be
introduced based on family preference in age-appropriate
forms.
Weinberger T, et al. J Asthma Allergy. 2018 Mar 26;11:41-51
 


	93. Molecular Allergology User’s  Guide 2.0 2022
 


	94. Case
• A 2-year-old  Japanese boy with atopic dermatitis
• History; 9 months: He had urticaria, vomiting after eating
Lebanese bread 30 minutes. The symptoms resolved without
taking antihistamine.
• Skin test: positive to wheat, EW, EY, TN / Negative to CM,
soy, PN
• No reaction: CM, PN, Fish
• Consult for treenut introduction
 


	95. sIgE (kUA/L) 12/7/2565  (2 yr 1 mo)
Peanut 0.13
Almond 1.84
Hazel nut 0.63
Cashew nut 16.70
Pistachio 13.50
Walnut 0.03
Pecan 0.02
Macadamia 0.14
Advice
• Allow PN, Macadamia, Pecan
• Avoid Cashew, Pistachio,
Almond, Hazel nut
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