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The role of environmental exposure to peanut and the

development of peanut allergy

Peanut affects around 2% of children in developed countries
and is the leading cause of food-related anaphylactic deaths in
the United States and United Kingdom. Peanut allergy is rarely
outgrown and, although peanut desensitization has been shown
to increase the threshold of reactivity to peanut, the evidence for
oral tolerance induction remains elusive. The Learning Early
About Peanut (LEAP) study showed that high-dose regular peanut
consumption from 4 to 11 months of age up until 5 years of age
was highly effective in preventing peanut allergy in high-risk
children.! However, 76 of 834 (9.1%) children screened for the
LEAP study were excluded as they already had a peanut skin-
prick test of >5 mm, and therefore they were presumed to be
peanut allergic. Thus, although effective, this intervention was not
appropriate for these patients. To prevent and treat peanut allergy,
understanding the mechanism of peanut sensitization and allergy
is imperative.

Children usually react on first oral exposure to peanut, which
implies previous sensitization through an alternative route. Several
studies have assessed the role of peanut exposure in utero and via
breastmilk; the results have been conflicting and previous recom-
mendations to avoid peanut during pregnancy and breastfeeding
were reversed in 2009.? The strongest risk factors for peanut allergy
are egg allergy and severe eczema.>> The relationship between
eczema and peanut allergy is dose dependent, and children with
increasing severity and duration of eczema are at increased risk of
developing peanut allergy. Furthermore, children with filaggrin loss-
of-function mutations, leading to a more disrupted skin barrier and
often eczema, are also at increased risk of peanut allergy,® making
the skin barrier a major focus.

There is an increasing body of evidence supporting the role of
cutaneous sensitization in the development of peanut allergy.*®
Epicutaneous sensitization to peanut has been demonstrated in
various mouse models (with tape stripping before topical applica-
tion of peanut protein and without tape stripping), in-vitro models
(where skin-homing T-cell proliferation was predominant in peanut-
allergic individuals), and human observational studies (where
application of arachis oil onto the skin of children with eczema in-
creased the risk of peanut allergy 6.8-fold). However, now that very
few eczema creams contain arachis oil, epicutaneous exposure to
peanut could be occurring through other routes.

The role of peanut in the environment, leading to epicutaneous
sensitization, has been explored in a number of studies.>®'%!" House-
hold peanut consumption during an infant’s first year of life
increased the risk developing peanut allergy as compared with chil-
dren whose households did not consume peanut in their first year
of life.” The risk of peanut allergy increased further if household
peanut consumption was in the form of peanut butter (rather than
peanuts covered in chocolate), which the authors hypothesized may
be due to peanut butter being more sticky and therefore amena-
ble to transferring onto surfaces and the infant’s skin. Household
peanut consumption was subsequently shown to be highly correlated
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with peanut levels in dust and surfaces of the infant’s cot and play
area, even if the infant was not consuming peanut.® Of note, if the
infant did consume peanut, household peanut consumption did not
increase their risk of peanut allergy, in keeping with the dual al-
lergen exposure hypothesis.*’

Peanut protein found in the dust of the infant’s home environ-
ment is biologically active in that it stimulates activation of basophils
from peanut-allergic children in a dose-dependent manner.? Thus,
the peanut in dust has the capability of binding high-affinity im-
munoglobulin E (IgE) receptors on the basophils of peanut-allergic
individuals, triggering downstream intracellular signaling that leads
to degranulation; therefore, peanut protein in dust could also in-
teract with peanut-specific receptors on other immune cells in the
skin such as mast cells or antigen-presenting cells, with the capa-
bility of inducing sensitization, although this is yet to be proven.
Of note, the levels of peanut protein in dust (micrograms per gram
of dust) are generally below the threshold levels (milligrams) found
for clinical reactivity, and therefore would be unlikely to cause im-
mediate hypersensitivity reactions.’

Subsequently, 2 studies described a dose-response relation-
ship between peanut levels in dust in early life and the development
of peanut allergy, especially if the infant had a disrupted skin barrier
(as defined by filaggrin loss-of-function mutations or a history of
eczema).*!° In a population-based study from the United Kingdom,
children with wild-type filaggrin did not have an increased risk from
early environmental peanut exposure?; however, children with a
filaggrin loss-of-function mutation had 3-fold increase in risk of
challenge proven peanut allergy per natural log increase in envi-
ronmental peanut exposure. In a study from the United States, in
a high-risk group of children, the risk of peanut allergy increased
with higher levels of peanut in dust and this was amplified if the
infant had a history of eczema, and even further if the history of
eczema was severe.!” These studies support the concept that chil-
dren become allergic to peanut through the environment, either
directly through peanut protein found in dust or the dust could just
be a marker of hand-to-hand transfer of peanut.

The studies just described meet only some of the Bradford Hill
criteria for epidemiologic risk factors for disease, including: strength
of association; consistency of results in population-based and high-
risk cohorts in different locations; biological gradient in terms of
a dose-response relationship between peanut in dust and peanut
allergy; temporality; coherence in that it fits with previous house-
hold peanut consumption data; and that peanut in dust has been
shown to be bioactive. To prove causation, a randomized, con-
trolled trial to reduce environmental exposure to peanut during the
first 4 months of life would be required; thereafter, in children with
moderate to severe eczema, early peanut consumption would be
recommended from 4 to 6 months of age.! One study showed that
peanut levels in the dust of household soft furnishings and bedding
could be reduced by 1,000-fold and 40-fold, respectively, using thor-
ough cleaning measures.'!

Other food allergens have previously been quantified in dust,
including egg, milk, and fish allergens.!? However, the assays used
in those studies have not undergone validation for quantifying food
allergens in dust as was done for the Veratox polyclonal peanut
enzyme-linked immunoassay.'' The role of other foods allergens
in dust on the development of respective food allergens has not
been evaluated; however, a study from Spain showed that house-
hold consumption of almond was associated with almond
sensitization.”


http://crossmark.crossref.org/dialog/?doi=10.1016/j.anai.2017.10.033&domain=pdf

Guest Editorials / Ann Allergy Asthma Immunol 120 (2018) 229-233 233

Helen A. Brough, PhD, MBBS*{

Gideon Lack, MD, MBBCh*{

*Children’s Allergy Service

Evelina Children’s Hospital

Guy'’s and St. Thomas’ NHS Foundation Hospital
London, United Kingdom

"Department of Paediatric Allergy

King’s College London

London, United Kingdom
helen.brough@gstt.nhs.uk

References

[1] Du Toit G, Roberts G, Sayre PH, et al. Randomized trial of peanut consump-
tion in infants at risk for peanut allergy. N Engl ] Med. 2015;372:803-813.

[2] Kramer MS, Kakuma R. Maternal dietary antigen avoidance during pregnan-
cy or lactation, or both, for preventing or treating atopic disease in the child.
Cochrane Database Syst Rev. 2012;(9):CD000133.

[3] Flohr C, Perkin M, Logan K, et al. Atopic dermatitis and disease severity are the
main risk factors for food sensitization in exclusively breastfed infants. J Invest
Dermatol. 2014;134:345-350.

[4] Lack G. Update on risk factors for food allergy. J Allergy Clin Immunol. 2012;
129:1187-1197.

[5] Brough HA, Simpson A, Makinson K, et al. Peanut allergy: effect of environ-
mental peanut exposure in children with filaggrin loss-of-function mutations.
J Allergy Clin Immunol. 2014;134:867-875, el.

[6] Brown SJ, Asai Y, Cordell HJ, et al. Loss-of-function variants in the filaggrin gene
are a significant risk factor for peanut allergy. J Allergy Clin Immunol. 2011;
127:661-667.

[7] Fox AT, Sasieni P, Du Toit G, Syed H, Lack G. Household peanut consumption

as a risk factor for the development of peanut allergy. J Allergy Clin Immunol.

2009;123:417-423.

Brough HA, Santos A, Makinson K, et al. Peanut protein in household dust is

related to household peanut consumption and is biologically active. J Allergy

Clin Immunol. 2013;132:630-638.

[9] Brough HA, Turner PJ, Wright T, et al. Dietary management of peanut and tree
nut allergy: what exactly should patients avoid? Clin Exp Allergy. 2015;45:
859-871.

[10] Brough HA, Liu AH, Sicherer S, et al. Atopic dermatitis increases the effect of
exposure to peanut antigen in dust on peanut sensitization and likely peanut
allergy. J Allergy Clin Immunol. 2015;135:164-170.

[11] Brough HA, Makinson K, Penagos M, et al. Distribution of peanut protein in
the home environment. J Allergy Clin Immunol. 2013;132:623-639.

[12] Witteman AM, van Leeuwen ], van der Zee ], Aalberse RC. Food allergens in
house dust. Int Arch Allergy Immunol. 1995;107:566-568.

[13] Garcia Boyano M, Pedrosa M, Quirce S, Boyano-Martinez T. Household almond
and peanut consumption is related to the development of sensitization in young
children. J Allergy Clin Immunol. 2016;175:1248-1251.

[8


mailto:helen.brough@gstt.nhs.uk
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0010
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0010
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0015
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0015
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0015
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0020
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0020
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0020
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0035
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0035
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0030
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0030
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0030
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0025
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0025
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0025
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0040
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0040
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0040
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0045
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0045
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0045
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0050
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0050
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0050
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0055
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0055
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0055
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0060
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0060
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0065
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0065
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0070
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0070
http://refhub.elsevier.com/S1081-1206(17)31223-1/sr0070

