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Abstract: Peanut allergy has increased substantially in the past few decades, both in
developed and developing countries. Peanut allergy has become a major public health
concern, affecting up to 1 in 50 children, with repercussions for school and airline policies.
Recent research findings have shown that, contrary to the long-standing teaching of
“delayed” introduction of allergens, early introduction of peanut protein is of benefit as an
allergy prevention strategy, especially in high-risk cases. Ideal dose, frequency and duration
of “proactive” peanut therapy for maximum protection remain to be determined in order for
it to become acceptable and practical on a large scale. Logistics around widespread screening
of high-risk patients remain complex. The correct diagnosis of peanut allergy is crucial and
diagnostic tests have been fine-tuned in the past 2 decades in order to help differentiate true
allergy from false-positive sensitization through cross-reactivity. Component-resolved diag-
nostics have become routinely available, and the use of basophil activation tests has
increased, although standardization and availability remain issues. Future tests, including
epitope testing and histamine-release assays, promise to be even more specific in ruling out
false positives and reducing the need for incremental food challenges. Stringent peanut
avoidance and prompt treatment of reactions remain the cornerstone of treatment. The
concept of exposing the allergic body to small amounts of peanut protein in a cautious,
orderly, escalating fashion in the form of desensitization has been widely applied in the past
10-15 years, mainly in the research domain, but of late spilling over into every-day practice.
However, desensitization does not equate to a cure, and has significant safety concerns and
practical ramifications; probably requiring lifelong-controlled peanut ingestion for ongoing
protection. Further strategies to enhance the safety and efficacy of immunotherapy are under
exploration, many with a non-specific immune-modifying effect. Despite recent advances in
peanut allergy, we still need to go back to basics with accurate diagnosis, nutritional
counselling, well-organized allergy action plans and accessible emergency kits.
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basophil activation test, peanut immunotherapy, policies in schools

Introduction
Within the food allergy “epidemic” of the past 2 decades, peanut allergy has
become the poster girl of the food allergy world, with a tangible and documented
increase in both developed' * and developing® countries.

Peanut allergy is a major public health concern estimated to affect between
0.5% and 2% of the children."*> Peanut allergy can be severe or life-
threatening and is one of the most common causes of food-related anaphylaxis.’

Moreover, peanut allergy begins early in life for most and is persistent in the vast
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majority of cases.’ Therefore, preventing peanut allergy
would have a significant impact on the individual and
potentially at a public health level.

Prevention is not always possible, but for those with
a possible peanut allergy, accurate diagnosis is key in
order to facilitate a targeted management plan. The gold
standard diagnostic clincher of an incremental, supervised
oral food challenge is not practical, available or financially
viable for all- hence advances in diagnostic markers which
more accurately discern the “real” from the “noise” are
welcome.

The cornerstone of food allergy management has tra-
ditionally consisted of careful, targeted elimination of the
allergy-provoking food, and timely, severity-driven treat-
ment in the case of accidental ingestion. The concept of
desensitization to peanut has arisen in the past 10-15 years
with the hope of effecting more of a cure, and has recently
been converted from a research concept into anticipated
FDA approval of a peanut desensitization “drug.”8
Desensitization is not without complications and does not
necessarily equate to tolerance development, so is an area
of ongoing research and controversy.’

The very real threat of peanut allergy in a substantial
proportion of young and school-going children, who can-
not be expected to take full responsibility in avoidance of
allergenic food, has led to recommendations and policy
changes on a large-scale basis in schools.'® The peanut-
allergic child has the right to a safe learning environment,
with efforts required to reduce the risk of allergen
exposure.'! Nut-free schools may not necessarily be the
answer. Certainly, schools should be allergy aware, and
equipped for allergy-related emergencies.

This article focuses on four major aspects of peanut
allergy:

e Prevention

e Accurate diagnosis

e Treatment

e Peanut allergy in schools,

outlining recent advances, current challenges and future

options in each of these categories.

Peanut Allergy Prevention

Prevention of peanut allergy would be first prize in reining
in the peanut allergy epidemic and would have the greatest
impact at the individual and public health levels.

Recent Advances in Peanut Allergy

Prevention

Recent efforts in peanut allergy prevention have focused
on the concept of early oral introduction of peanut protein,
and preservation of the skin barrier to reduce the chance of
epicutaneous sensitization.

Early Oral Introduction of Peanut Protein

Two large studies published in the past 5 years have
demonstrated the potential protective effect of early peanut
introduction. The most persuasive of these studies, albeit
in a high-risk population, was the LEAP study (Learning
Early about Peanut Allergy),'> a landmark trial in the
realm of peanut allergy prevention.® This study enrolled
640 children at high risk of peanut allergy, which was
defined for this study as infants between 4 and 11 months
of age with severe eczema and/or egg allergy. At study
entry, LEAP participants were stratified according to skin
prick test (SPT) result to peanut into those with a negative
SPT response (n=530), a primary prevention group, and
those with a measurable SPT response (1-4 mm), n=98,
a secondary prevention group as they were considered
sensitized but not allergic to peanut at study entry.
Participants with an SPT of greater than or equal to
5 mm were excluded because of their high risk of estab-
lished peanut allergy, although these patients did not
undergo oral food challenges (OFC) to determine if they
were truly peanut-allergic. Patients were randomized to
consume at least 2 g of peanut protein thrice weekly or
avoid peanut-containing food until 5 years of age, at which
stage a peanut OFC was performed. Infants randomized to
consume peanut ingested a median of 7.7 g peanut protein
per week during the first 2 years of the trial.

Figure 1 demonstrates the outcome of the study, with
a significant protective effect of early peanut introduction
in high-risk infants.'?

The LEAP-ON study'* demonstrated the long-term
persistence of oral tolerance to peanut achieved in the
LEAP trial when peanut consumers subsequently avoided
peanut for 1 year from 60 to 72 months. A further analysis
on nutrition in the LEAP cohort'® showed that introduc-
tion of peanut did not affect the frequency or duration of
breastfeeding and did not influence growth or nutrition.

The significant reduction in peanut allergy in the early
consumption group led to international effort to develop prac-
tical clinical recommendations on peanut allergy prevention.'®
Although many existing infant feeding guidelines prior to
2015 already suggested the introduction of allergenic foods

52 submit your manuscript

Dove

Journal of Asthma and Allergy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Gray

Summary of evaluable patients in LEAP study

<«

Negative SPT at baseline

\

N=530

pa

\

Positive SPT at baseline (1-4 mm)

N=98

« \u

Peanut avoidance Peanut consumption

N=264 N=266

Peanut avoidance Peanut consumption

N=51 N=47

13.7% peanut allergy  1.9% peanut allergy

P<0.001

Figure | Summary of LEAP study outcome.

from 4 to 6 months onwards, these did not specifically empha-
size that avoidance may be harmful. A consensus statement
regarding the implementation of LEAP findings was published
after the LEAP findings in 2015 on behalf of several interna-
tional professional societies.'” In addition, the National
Institute of Allergy and Infectious Diseases (NIAID) pub-
lished addendum guidelines for the prevention of peanut
allergy in the United States in 2017,'® an addendum to the
2010 “Guidelines for the diagnosis and management of food
allergy in the United States.”

Table 1 summarises the general recommendations for pea-
nut introduction in infants according to risk level for peanut
allergy,'” and Figure 2 demonstrates the recommended path-
way of peanut introduction in high-risk infants.'

Health and economic benefit modelling found that
early peanut introduction is cost-effective when compared
to delaying peanut introduction beyond 12 months."?

The Enquiring about tolerance study (EAT study) is
another recent study looking into the introduction of
a variety of allergenic foods in a more unselected popu-
lation of infants.? This study enrolled 1303 exclusively
breastfed infants at 3 months of age and randomized
half to exclusively breastfeed till about 6 months of age
and then introduce solids according to family preference
(the standard introduction group); and half to consume
six allergenic foods (peanut, cow’s milk, egg, wheat,
fish, sesame) twice weekly from study enrolment (early
introduction group). Per protocol analysis found peanut
allergy prevalence to be significantly lower in the early

35.3% peanut allergy  10.6 % peanut allergy

p=0.004

Table | Recommendations for Peanut Introduction in Infants
According to Risk Stratification

and no other

food allergies

Infant Recommendations Earliest Age of
Criteria Peanut Introduction
No eczema Introduce peanut- In accordance with family

containing foods

preferences and cultural
practices, but no need to

delay beyond 6 months

eczema,” egg
allergy or
both

Mild-to- Introduce peanut- Around 6 months
moderate containing foods

eczema

Severe Evaluation by slgE Around 4-6 months

measurement and/or SPT,
and if necessary, an OFC.

Based on test results,

introduce peanut-
containing foods (see
Figure 2 and Table 2)

Notes: *Severe eczema is defined as persistent or frequently recurring eczema with
typical morphology and distribution assessed by a health-care provider, requiring
frequent need for prescription strength topical corticosteroids or calcineurin inhi-
bitors despite appropriate use of emollients.

intervention group (0% v 2.5%, p=0.003). There was
a trend towards an effect in the intention to treat analy-
sis. A secondary intention-to-treat analysis showed that
early introduction was effective in preventing the devel-
opment of food allergy in specific groups of infants at
increased risk of food allergy: those sensitized to any

food at enrolment, and those with moderate eczema at
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Severe eczema or
egg allergy or
both

Peanut sIgE

Risk of reaction low: up
to 90% will have a
negative SPT.

Refer to specialist
for consultation/
SPT protocol
Options (based on

provider/caregiver

preference):

Introduce peanut
at home
Supervised
feeding in the
office

Risk of reaction low:
95% will not have
peanut allergy.

Infant probably
allergic to
peanut

Risk of reaction
varies from
moderate to high.

Options are:

Options (based on Continue

provider/caregiver management

by a specialist

Supervised
preference): feeding in
the office.
Graded OFC

ina

Introduce peanut
at home

Supervised o
o specialised
feeding in the o
_ facility
office

Figure 2 Peanut protein introduction in infants at high risk of peanut allergy. ©2018. Allergy Society of South Africa. Adapted from Gray CL, Venter C, Emanuel S, Fleischer D. Peanut
introduction and the prevention of peanut allergy: evidence and practical implications. Curr Allergy Clin Immunol. 2018;31:28-30."® Data from Fleischer et al.'”

enrolment.”! A follow-up of EAT children at 8 years of
age will be performed to study a more long-term out-
come of early allergen introduction.

Preservation of the Skin Barrier to Minimize
Transcutaneous Entry of Allergens

Skin barrier dysfunction has been shown to play a role in
food allergy. The dual allergen hypothesis proposes that
allergic sensitization may occur through the skin, but tol-
erance may be induced via the gut.*?

There is evidence that environmental peanut exposure
increases the risk of peanut sensitization and peanut
allergy, particularly in those with atopic dermatitis and
filaggrin loss of function mutations.”® ?’ Studies have
shown that early emollient therapy may reduce the chances
of developing eczema.?®%°

Studies are now underway to examine whether early
emollient application can prevent food allergy sensitization.

The PEBBLES pilot study showed a trend towards reduced
food sensitization with regular emollient therapy.’® Larger
and robust studies on skin barrier preservation and food
allergy prevention are underway.

The LEAP study demonstrated that Staphylococcus aureus
on the skin is associated with food sensitization and allergy,
independent of eczema severity. Prevention and prompt treat-
ment of Staphylococcus aureus in children with eczema may
therefore be another means of enhancing the integrity of the
skin barrier and maintaining tolerance to allergens.”'

Current Challenges in Peanut Allergy

Prevention

With a documented protective effect of early peanut intro-
duction, a population programme aiming to identify and
screen all infants at risk of peanut allergy would be ideal.
However, it would pose major logistic and economic chal-
lenges, hence a more pragmatic approach needs to be
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Food

Typical serving containing 2 g of peanut protein

Feeding tips

Peanut butter

8-10 g (2 teaspoons)

Mix with warm water,
breast milk or formula
milk for a smoother
texture. In older
children, mix with
pureed fruit or
vegetables.

Peanuts

8 g peanuts=approx.
10 whole peanuts or 2
172 teaspoons of
ground peanuts

(whole peanuts are a

Add ground peanuts to
a portion of yoghurt or
pureed fruit

choking hazard in .- e D4 2
young children under M
the age of 3)
Peanut flour 4g p Mix with yoghurt, apple
1 c}: sauce or apple juice.
(50% peanut Approx 2 teaspoons
protein) y
£y .Q;;E‘T'
Bambasnack | 17g(2/30fa28g For a smooth texture,
packet or 21 sticks) S e B D mix with warm
wvf by -} water/infant milk and
R ‘ mash well.
\,\«(
—

Figure 3 Typical peanut-containing foods and portion sizes. ©2018. Allergy Society of South Africa. Reproduced from Gray CL, Venter C, Emanuel S, Fleischer D. Peanut
introduction and the prevention of peanut allergy: evidence and practical implications. Curr Allergy Clin Immunol. 2018;31 :28-30."

taken for patients.>> Other challenges and controversies in

early peanut introduction are the following:

1. Is the recommended amount of regular peanut

intake realistic?

The LEAP study suggests that the first dose of peanut
protein should be a cumulative dose of around 2 g of
peanut protein. Thereafter, the total minimum amount of
peanut protein should be 6-7 g per week, consumed over

three or more feedings per week.'? Figure 3 demonstrates

pictorially that this is a substantial amount of peanut

protein for young infants to eat in one sitting. However,

ingesting peanut would have the same results.

it is not yet known if other amounts and frequencies of

2. There is controversy around the best way forward in
those infants with very minimal reactions (for exam-
ple, a few hives around the mouth in an otherwise
asymptomatic infant), and those who only react at
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a higher dose but seem to tolerate a lower dose of

peanut protein. The potential benefit of continued

exposure of such infants to much lower, tolerated
levels of peanut protein, with potential slow
increases over time, remains to be explored.

3. The minimum length of treatment to induce the tolero-
genic effect is not known. The effect of sporadic feeding
of peanut, and potential disadvantages of premature
discontinuation of regular peanut feeding are currently
unknown and may only become clear in “real-life”
setting. Certainly, in the author’s practice, we have
seen several cases of early tolerance in high-risk
patients, followed by periods of erratic intake which
eventually culminated in reactivity.

4. The LEAP study included a high-risk population and
cannot make recommendations on the benefit of
early peanut introduction in the general or low-risk
populations. Further follow-up data on the more
“unselective” EAT study are awaited.

5. The LEAP-style approach should be adapted according to
country, community or even family-setting to promote the
adherence. This would ideally require thoughtful tailoring
of the protocol to the specific situation of each child.

6. The longstanding notion that delayed introduction of
certain foods may help reduce allergies will have to be
“undone” as we learn now that avoidance may in fact be
harmful. This will need to start at the primary care levels,
and getting the message out there will require widespread
efforts. The distribution of the message that earlier peanut
consumption has potential advantages has already borne
fruit in countries such as Australia: from 2007 to 2011,
fewer than 3 in 10 Australian infants consumed peanut by
the age of 12 months. Changes in infant feeding guide-
lines in 2016 resulted in nearly 9 in 10 infants consuming
peanut by the age of 12 months in 2018.%

7. The practical implications of screening high-risk
infants for peanut allergy and arranging suitable
incremental oral food challenges in “grey area”
cases are significant and will place a burden on
health-care facilities. A delay in the introduction
of solids whilst awaiting an allergy screening
appointment can in itself increasing allergy risk.

Future Prospects in Peanut Allergy

Prevention
Further research trials that explore real-life application of
early peanut introduction guidelines are needed, as well as

the potential role of early peanut introduction in the gen-
eral population.

Some prospective ideas on how to implement preven-
tion strategies are discussed below:

e The message about potential advantages of early
peanut protein introduction needs to be relayed at
all tiers of the healthcare system. Baby (immuniza-
tion) clinics can play an important role in spreading
the message when discussing solids with parents.
Posters explaining the introduction of solids and
allergenic solids could be designed and displayed
in baby clinics and day-care centres. The child’s
“health” book could contain a page on allergen
introduction and warning signs of “high risk” infants
who should be screened.

e A practical consideration for applying this guideline at
4—6 months of age is that infants visit their health-care
provider for routine health-care visits during this time.
This provides a fortuitous opportunity for the evalua-
tion of risk factors, such as eczema and/or reported
milk or egg allergy, and a prompt referral to a specialist
for peanut allergy evaluation and introduction advice.

e Consideration should be given to having screening
opportunities at primary health-care centres or
family doctors for peanut allergy screening.
Opportunities to pre-screen with a simple skin
prick test at routine immunization visits around the
4- to 6-month mark could provide an exciting oppor-
tunity which would require prospective studies to
check for feasibility. Perhaps the facility for “corri-
dor” challenges in lower risk cases should be more
widely available in the health-care setting at many
levels.

e Routine encouragement of the use of suitable emol-
lients to the infant skin to reduce eczema rates and
perhaps transcutaneous sensitization can be imple-
mented on a large-scale basis. Discouraging the use
of harsh soapy products in young babies is key.
Local infant skincare guidelines for countries should
include advice on the maintenance of an intact skin
barrier.

Diagnosis of Peanut Allergy

Accurate diagnosis of peanut allergy is critical.

Sensitization to peanut does not always equate to allergy:
cross-reactivity with peanut proteins can lead to false
positives, with overdiagnosis leading to unnecessary
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dietary elimination, stress and reduced quality of life. On
the other hand, it is imperative to recognise a true peanut
allergy in order to be able to institute the correct manage-
ment process and equip the patient for unintentional
exposures.

First-line treatment in peanut allergy diagnosis
remains a detailed history coupled with skin prick tests
and/or specific IgE to peanut: both skin prick tests and
specific IgE to peanut are highly sensitive (95%) but
specificity is poor (around 60%).>* A negative test is
useful for excluding peanut allergy, whereas a high posi-
tive result coupled with a positive history has a high
likelihood ratio for peanut allergy. However, for those
with intermediate results, further specialized tests such
as food challenges may be required to differentiate
between asymptomatically sensitized and truly allergic
patients. Food challenges are time-consuming, labour-
intensive and potentially hazardous, requiring expertise
narrowed to certain centres.

Therefore, the quest remains to find accurate diag-
nostic means to clarify true diagnosis versus false posi-
tivity, with aim of reducing (but not abating) the need
for food challenges.

Recent Advances and Current
Controversies in Peanut Allergy
Diagnosis
95% Positive Predictive Values
Ninety-five percent positive predictive values (95% PPVs)
have been established to predict food allergies more
reliably.

Several studies in different populations have postulated
that a skin prick test to whole peanut extract of 8 mm or

Table 2 Main Peanut Components

more provides high specificity and PPV for peanut
allergy.*>¢ Studies endeavouring to define a 95% PPV
for specific IgE to peanut in diagnosing peanut allergy
have suggested a threshold of 15 kU/L.>’~®

However, these PPVs may be population and age spe-
cific. Age-specificity of cut-off values was demonstrated
by the Health Nuts™ study in Australia, which showed
a 95% PPV of 34 kU/L at 12 months of age, with
a corresponding PPV of 2.1 kU/L at 4 years.”

Population-specificity was demonstrated by a recent
study in South Africa: Commonly used 95% PPVs for
SPTs and Ara h 2 levels fared sub-optimally in this popula-
tion. Maximum PPVs for this study population were found
at SPT 11 mm, and ImmunoCAP Ara h 2 of 8 kU/L.*’

Component-Resolved Diagnostics
The use of molecular allergology using component-
resolved diagnostics has become commonplace in peanut
allergy diagnosis in the past decade.

Component-resolved diagnostics are useful in refining
reactive peanut-specific IgE tests to differentiate true pea-
nut allergy from in vitro cross-reactivity (possible false
positives).*'*? Peanut components are prefixed “Ara” after
the name for peanut, Arachis hypogaea. Component test-
ing for peanut proteins helps differentiate between the
more cross-reactive components such as Ara h 5, 8 and 9
and specific peanut components such as Ara h 1, 2, 3 and
6, which are heat-resistant storage proteins (Table 2). In
Mediterranean countries, the lipid transfer factor Ara h 9 is
an important peanut allergen.”” Ara h 8, in the PR10
protein group of labile food allergens, is more prominent
in those exposed to certain pollens such as birch and
alder.** The pattern and relevance of peanut components

Peanut Components

Storage Proteins Profilin PR-10 Protein LTP (Lipid Transfer | CCD (Cross-Reactive
Protein) Carbohydrate
Determinant)
Ara h [Ara h 2Ara h 3Ara h 6 Arah5 Arah 8 Ara h9 CCD

® Stable to heat and digestion
® Associated with a risk of

anaphylaxis

® May be asymptomatic or
experience symptoms of

oral allergy syndrome

® May be asymptomatic or
experience symptoms of

oral allergy syndrome

® Risk of anaphylaxis,
mainly in

Mediterranean

® Pollen-cross reactivity
® Avoidance usually not

necessary

® May indicate cross-reactivity with

other nuts and seeds, which needs

to be investigated further.

countries

Note: Data from Van Rooyen and van den Berg.*®
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may therefore vary between geographical areas and possi-
bly between ethnic groups.

Ara h 2 (2S albumin storage protein) has been shown to
be the most important component in prediction of true food
allergy in several countries, including the UK,* France,*’
Japan,*® the USA,* and South Africa.’® A systemic review"
of 22 studies concluded that Ara h 2 was the most accurate in
predicting true peanut allergy versus false positivity, and may
be useful as a second step investigation in patients with
a positive SPT or specific IgE to peanut to clarify further
and reduce the number of challenges.

Cut-off values for Arah2 predicting 95% likelihood of
reactivity vary between studies and region, and the initi-
ally suggested reactivity level of 0.35 kU/L has been
recently been shown to lead to significant false positivity
in many populations. A South African study showed opti-
mal PPV of >90% at ImmunoCAP Ara h 2 of 8 kU/L.*°

% suggested that Ara

A more recent systemic review’
h 6 may have a higher diagnostic accuracy for peanut
allergy compared with Ara h 2, but more research is

required to determine clinically appropriate cut-offs.

Basophil Activation Test

The Basophil Activation Test (BAT) is an in vitro func-
tional assay that assesses the expression of activation
markers (such as CD63 and CD203c) on the surface of
live basophils in whole fresh blood by flow cytometry
following stimulation with peanut antigen.

The use of BAT in peanut allergy diagnosis has been
assessed in multiple studies with overall high sensitivity
(83-92%) and specificity (77-100%).%*3*

Similar to blood tests for specific IgE, the BAT can be
performed on patients with active eczema and patients can
continue antihistamine treatment. BAT requires fresh
whole blood within 4 hrs of sampling with no previous
storage; hence, proximity to a suitable laboratory is
needed, and sampling can only be performed during
“office” hours. Currently, it is only offered by certain
specialist laboratories.

However, BAT essentially remains a research tool for
now with limited availability. More work needs to be per-
formed on standardizing laboratory methods and analysis.
Availability and cost-effectiveness are further concerns.

Future Prospects in Peanut Allergy Diagnosis
The aims of “future” diagnostic tests in peanut allergy
would include

e Accurate differentiation between allergic and toler-
ant patients with a superior specificity to currently
available tests.

e Tests which predict severity of peanut allergy

e Tests which more accurately predict the likelihood
of allergy persistence versus tolerance development

e Tests that aid in identifying patients most suitable
for peanut immunotherapy.

Currently, emerging diagnostic tests include

e Mast cell activation tests — In this test, the ability of
the patient’s allergen-specific IgE antibodies to elicit
mast cell degranulation is assessed. Mast cell activa-
tion tests are currently undergoing validation.>**>

e Histamine-release assays — These measure the amount
of histamine released from activated basophils®’

e Specific epitope binding — This refines component-
resolved diagnostics one step further to look at spe-

cific peanut epitope binding is under investigation.®

Treatment of Peanut Allergy

Recent Advances in Peanut Allergy

Treatment

Currently, stringent avoidance, and quick and correct
emergency response to reactions are the mainstay of treat-
ment for peanut allergy.

A hope of a more curative approach to peanut
allergy was born in the concept of peanut immunother-
apy. Peanut oral immunotherapy and more recently sub-
lingual and epicutaneous immunotherapy have been
studied extensively in the past decade or so, culminating
in the anticipated FDA approval of the first peanut oral
immunotherapy programme in the near future.®

The idea of immunotherapy is initially to raise the thresh-
old of reactivity and protect the patient against small hidden
exposure; ultimately permanent resolution of the allergy
would be first prize but not routinely achievable.”

Desensitization is a transient state of reduced reactivity,
measured as an increased dose that triggers a reaction in
a post-treatment DBPCFC, with the aim of protection from
accidental exposure. Interruption of desensitization may
lead to the loss of the protective effect.

Sustained unresponsiveness is a more lasting clinical
outcome that leaves the treated patient clinically protected
for weeks or months, even when not consuming the aller-
gen regularly. This can be measured by intentional
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Maintenance phase
(daily doses to
maintain
desensitization):

Over months to

Food avoidance

Updosing phase

-

years

(weekly or biweekly
over months):

10-20% drop out

Escalation phase
(hours):

10-20% drop out

Figure 4 Overview of the peanut oral immunotherapy process.

interruption of immunotherapy dosing for at least 4—12
weeks followed by a “tolerance” food challenge® (see
Figure 4).

Full tolerance is a permanent resolution of the allergy, with
unresponsiveness to the allergen even after prolonged
avoidance.

Oral Immunotherapy (Specific Oral Tolerance
Induction or SOTI)

Over the past decade, hundreds of patients have partici-
pated in randomized trials of peanut oral immunother-
apy (OIT).

There has been much heterogeneity between OIT trials
with different dosing regimens and endpoints, making
results difficult to compare and interpret.®® %>

In an attempt to pool available results, a recently pub-
lished meta-analysis analyzed 12 clinical trials of peanut
oral immunotherapy involving 1041 patients followed up
for a median of 12 months; comparing peanut OIT versus
placebo or peanut avoidance.” Oral immunotherapy out-
performed no oral immunotherapy on the standard primary
endpoint: an estimated 40% of the treatment group passed
a supervised oral food challenge at the end of the regular
treatment period compared with 3% of the control group.
However, many more serious adverse events were
observed in the treatment group: There was a pooled pre-
valence of 22% of the anaphylaxis in oral immunotherapy

group, versus 7% in those without active peanut OIT

DBPCFC DBPCFC

Desensitization
challenge

Challenge to
determine sustained
unresponsiveness
60-80% pass rate
Less than 50% pass
rate (further studies
needed)

(placebo or avoidance). This equated to an additional 15
anaphylactic events per 100 treated patients.

The conclusion of this meta-analysis is that there is
strong evidence that peanut OIT results in desensitization,
but the process carries a significant risk, albeit
a “controlled risk” to a large degree.

The first Phase 3 clinical trial of OIT enrolled 554
peanut-allergic patients, aged 4-55 years, with reactivity
at a maximum clinical dose of 100 mg peanut protein.®
Patients were randomized in a ratio of active to placebo of
3:1. The primary endpoint was tolerating, with no or mild
symptoms, greater than or equal to 600 mg single dose
peanut protein in a DBPCFC (cumulative dose 1043 mg as
DBPCFC was done per modified PRACTALL guidelines),
conducted 6 months after achieving a 300 mg maintenance
dose. Results showed that 67% of the actively treated
group tolerated greater than or equal to 600 mg peanut
protein at the exit challenge, versus 4% of the placebo
group (p<0.0001). The incidence of mild-to-moderate
adverse events was high in both the active and placebo
groups, but serious adverse events were significantly
higher in the active group: 4.3% of the active group had
a serious adverse event v 0.8% of the placebo group. There
was one case of eosinophilic oesophagitis in the active
group.

The significant and convincing rate of achieving desen-
sitization at the exit peanut challenge led to FDA consid-

eration for approval of the peanut protein desensitization
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“drug,” in September 2019 as Palforzia in the USA.® The
FDA has stipulated that during this treatment, the patient
needs to carry an adrenaline autoinjector, and that initial
dosing and updosing have to be performed at a facility
capable of treating severe allergic reactions.

Sublingual Immunotherapy to Peanut
Recent studies show that sublingual immunotherapy may
be a safe and effective way for peanut allergy sufferers to
protect themselves from severe allergic reactions.

Because peanut protein avoids digestion when given
sublingually, patients are given far smaller amounts of
peanut protein, ranging from 0.0002 mg to 2 mg.** SLIT
poses smaller risks of side effects but efficacy remains to
be established in larger studies. Kim et al followed 48
patients on a SLIT programme of 2 mg daily for 5 years;
at the oral challenge after 5 years of maintenance, 67%
were able to tolerate at least 750 mg of peanut protein
without serious side effects, and 25% could tolerate
5000 mg.%®

Several smaller studies®® ®® have been published on
SLIT showed a statistically significant increase in rate of
desensitization in comparison with placebo. However,
with SLIT the median threshold dose increased approxi-
mately 20-fold, in comparison with more than 300-fold
with OIT, hence OIT seems more effective. A major
advantage of SLIT is improved safety profile over OIT.

Pharma companies are currently working on a sublingual
immunotherapy for possible commercialization.

Epicutaneous Immunotherapy

Epicutaneous application of peanut patches that release
small amounts of peanut protein via the skin on a daily
basis to effect desensitization represents a potentially safe
and “easy” form of desensitization. Epicutaneous allergen-
specific immunotherapy requires application of the patch
to intact skin to ensure a tolerogenic effect, thus avoiding
the transcutaneous sensitization potential of eczematous

skin.®’

A patch applied to intact skin leads to solubiliza-
tion of the allergen and direct uptake by antigen-presenting
cells, with transport to lymph nodes without entering the
bloodstream.

A published study with a 250-pg epicutaneous peanut
patch showed a 25% increase above placebo in the primary
endpoint (primary endpoint was a 10-fold increase in the
reaction-eliciting dose, or tolerating 1000 mg of peanut
protein).”® In a phase 3 study, 356 peanut-allergic children
were randomised 2:1 to receive a daily active patch of

250-ug peanut protein or placebo, for 12 months. In the
exit challenge, participants were considered responders if
they tolerated at least 100 mg peanut protein (143 mg
cumulative) if their entry eliciting dose was 10 mg or less;
or at least 300 mg peanut protein (443 mg cumulative) if
their entry eliciting dose was >10 mg. Using these criteria,
the response rate was 35.3% in active group v 13.6% in the
placebo group.”' Based on this latter study, the pharma
company initiating the trials has submitted its “Viaskin”
patch for Biologics License Application to the FDA for
review.

Current Controversies in Peanut Allergy

Treatment

Whilst the excitement of the potential large-scale benefit
of peanut immunotherapy is almost tangible, clinicians
should take the following controversies into consideration
when selecting patients for peanut immunotherapy:

Safety
The large meta-analysis of 12 clinical trials (n=1041)
showed that OIT versus no OIT increased anaphylaxis
risk (risk ratio 3.12 (1.75-5.55)) and adrenaline use (risk
ratio 2.21 (1.27-3.83)).°

In a large Phase III oral immunotherapy study, adverse
events led to the withdrawal of 12.4% of the active group
versus only 1.6% of the placebo group.®?

Eosinophilic oesophagitis has been flagged as a potential
longer-term side effect of peanut OIT.”?

Real-Life Representativity of Trials

Peanut doses given under supervision in clinical trials
may not be representative of dosing under real-life con-
ditions. In most studies, significant lifestyle limitations
are applied, including no dosing on an empty stomach
and no exercise for 2-3 hrs after ingestion. Protection
can fluctuate under “real-life” conditions, with reactions
even at doses previously well tolerated. Augmentation
factors such as viral infection, exercise, use of NSAIDs,
menstruation or even sleep deprivation could trigger
reactions to the previously tolerated maintenance dose.”

Peanut Protein in Non-Food Forms May Not Allow
for Early Warning Signs of Reactions

An advantage of oral immunotherapy using native, unen-
capsulated forms of peanut, such as peanut flour, and
eventually actual nuts or peanut butter in the maintenance
stage, is that it represents real-life taste, oral sensation and
absorption. Sublingual/epicutaneous forms may lead to
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missing out of some warning signs such as oral itch,
delaying the recognition and treatment of adverse events.

Cost

With commercialization of peanut desensitisation pro-
ducts, cost may become prohibitive for many. Cost-
effective options do exist, for example, in the author’s
allergy centre in the private setting in South Africa,
a simple desensitization programme with peanut flour
measured out sequentially for incremental doses over 20
weeks, has a total cost of equivalent to under US $700 for
the entire 6 months escalation period. Thereafter, patients
convert to peanut butter or whole peanuts which carries
minimal cost. This programme is likely far more cost-
effective to the patient (albeit more labour-intensive for
the physician) than commercialized products.

Low Levels of Sustained Unresponsiveness and
Tolerance

Whilst typically around 60-80% of the patients undergoing
peanut OIT are able to reach maintenance dose and there-
fore desensitization, a far smaller proportion demonstrates
sustained unresponsiveness after cessation of regular peanut
intake. In a real-world experience retrospective analysis of
270 children who had undergone peanut desensitization,
79% completed the escalation phase and maintained desen-
sitization with continued daily dosing, but only 6.5% were
able to achieve sustained unresponsiveness.’*

A recently published study of 120 patients who built up
to and maintained 4000mg peanut protein to week 104,
then randomized patients to either stop peanut, continue
consumption at 300 mg, or continue on a placebo flour,
showed that discontinuation and even reduction of peanut
protein intake increased the likelihood of regaining clinical
reactivity to peanut within 13 weeks.”

At the biochemical level, a recent paper by Santos et al
demonstrates that protection during desensitization is
afforded by blocking antibodies, produced in response to
regular peanut consumption, but that there seem to be few
permanent changes in reactivity at mast cell-level.”® Once
again, this demonstrates the transient state of desensitization.

Diligent life-long intake of controlled amounts of pea-
nut protein on a regular basis may well be an unrealistic
goal, especially as many patients have an aversion to the
taste of peanut.

Quality of Life During Peanut Immunotherapy
In the large meta-analysis of 12 clinical trials (n=1041),
the quality of life was not significantly different between

active and placebo (combined parent and self-report
RR1.21 (0.87-1.69)), mainly because of the high risk of
side effects during desensitization. However, a real-world
experience study of 270 patients who had undergone pea-
nut OIT demonstrated that the vast majority of patients
reported an enhanced quality of life during the desensitiza-
tion process.’* Certainly in the author’s experience, most
patients express an enhanced quality of life, with com-
ments such as “life-changing”, “I’m much more relaxed”
and even “I can go to restaurants again.” However, long-
term quality of life remains to be studied.

Specificity of Peanut OIT

Peanut OIT, whilst providing a measure of protection against
peanut protein, does not affect reactivity in co-existing aller-
gies such as tree nut allergies. With multiple allergies in mind,
the OUtMATCH study (Omalizumab as Monotherapy and as
Adjunct Therapy to Multi-Allergen Oral Immunotherapy in
Food Allergic Children and Adults) has recently been
initiated.”” It will test the ability of biweekly or monthly
injections of omalizumab, alone or together with multi-
allergen oral immunotherapy, to increase allergen tolerance.

Future Prospects for the Treatment of
Peanut Allergy

Future prospects in peanut allergy treatment include perso-
nalizing immunotherapy with tailored regimes, enhancing
immunotherapy with immune treatments with a non-allergen
specific impact and reducing the allergenicity of peanut.

Personalizing Inmunotherapy
Choosing Patients
More accurate diagnostic tests, including molecular allergy
diagnostic tests, may help identify patients who are unli-
kely to outgrow their peanut allergy as well as those who
may favourably respond to OIT.”®

Once immunotherapy has been chosen as an option, the
type of immunotherapy will need to be adapted to the
patient, taking into account factors such as age, likely
compliance, risk for side effects, and cost.

Age

Starting immunotherapy at a younger age may well have
a better outcome and a greater chance of sustained
unresponsiveness.”’ In the author’s experience, starting at
around 3—4 years of age is feasible from a practical point
of view, and produces generally favourable desensitization
results.
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It may not be necessary for all to achieve large doses in
OIT; lower doses may well achieve the aims of improved
quality of life and reduced reactivity to trace amounts
without inducing significant side effects.

A recent study on low-dose placebo-controlled peanut
oral immunotherapy in 62 children aged 3—17 with proven
IgE-mediated peanut allergy, with a maintenance dose of
125-250 mg of peanut protein, showed that 74% of the active
group tolerated 300 mg peanut protein and 42% tolerated 4.5
g peanut protein versus 16.1% and 3.2% respectively in the
placebo group, after 16 months of OIT. P<0.001.%

A further study showed that a lower maintenance dose
(1200 mg daily vs 3000 mg daily of peanut protein) increased
adherence to treatment and maintained desensitization.®'

Duration
It may also be possible to improve the rate of tolerance
with a longer duration of OIT.

In a long-term study of peanut OIT, 24 subjects were
treated up to 5 years with maintenance daily dose 4000 mg
peanut protein.” Twelve (50%) of 24 passed a peanut chal-
lenge to 5000 mg of peanut protein 1 month after stopping
OIT and were considered to have achieved sustained unre-
sponsiveness, and added unrestricted peanut to their diet.
This is in contrast with lower figures of sustained unrespon-
siveness of around 7-30% in previous studies.”*

Strategies to Enhance or Optimize Oral
Immunotherapy

Probiotics

The role of the microbiome in immune modulation has
prompted the addition of probiotics as an adjunct to enhance
desensitization or sustained unresponsiveness. In a placebo-
controlled randomised trial in Australia in peanut-allergic
children aged 1-10 years, the active treatment was peanut
OIT combined with the probiotic lactobacillus rhamnosus
daily for 18 months.®* At the end of this period, the desensi-
tization rate in the active group was 82.1% versus 3.6% in the
placebo group. The sustained unresponsiveness rate may also
be enhanced with this approach,*** which deserves further
study.

Biologics with OIT

Omalizumab has been studied as a monotherapy to raise the
threshold of reactivity in peanut allergy with some success.***
In conjunction with OIT, several studies have now

demonstrated a more rapid and safe escalation of

immunotherapy under the protection of omalizumab.®**’
Ideal duration of therapy, and possible effect on sustained
unresponsiveness require further study. In the near future,
anti-IL5 and anti- [L4ra as well as anti-IL13 and anti-IL 33
are likely to be involved in clinical trials as an adjunct to
OIT, with anti IL4ra (dupilumab) in active planning
stage.**

Chinese Herbal Formula

Food allergy herbal formula-2 (FAHF2) is a formulation
currently under study for immune-modulatory effects.
Although in vitro immune-modulatory effects have been
demonstrated,® efficacy was not significant in a Phase 2
clinical trial.*® Additional studies as an adjunct to immu-
notherapy are currently underway.

Modifying Peanut Proteins

Using immunotherapy in which the allergenic proteins
have been modified aims to induce immune tolerance
and efficacy without the risk of severe side effects.
Several are currently entering clinical trials. These include:

e recombinant peanut allergens modified by amino
acid substitution at major IgE binding epitopes,
administered rectally

e chemically modified aluminium hydroxide-adsorbed
peanut extract, administered subcutaneously

e synthetic peptides representing T cell epitope
sequences from Ara h 1 and 2, given intradermally.

e peanut extract adjuvanted with Glucopyranosyl
Lipid A (GLA), administered subcutaneously

The first DNA “vaccine”, a product known as ASP0892, is
undergoing early trials in peanut-allergic adults.”® DNA
encoding peanut allergens are inserted in a single plasmid
containing the coding sequence for lysosomal-associated
membrane fusion protein. The hypothesis is that the vac-
cine will stimulate a protective Thl response, with little
chance IgE-mediated reactions.

Reducing the Allergenicity of Peanut

Many methods have been proposed to modify peanut
allergens to make peanut-derived products less allergenic.
Products with reduced allergenicity could be used for
immunotherapy, food products and food ingredients,
potentially reducing the severity of allergic reactions.
Potential methods to reduce allergenicity include genetic
modification, gamma irradiation, pulsed UV treatment,
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chemical modification, enzymatic cross-linking and enzy-
matic hydrolysis.”!

Peanut Allergy in Schools

Going to school is an extremely stressful time for food-

allergic children and their families, as they move from

a “controlled” to a relatively “uncontrolled” environment.
With the current prevalence of peanut allergy having

-5 .
this

means that up to 1 in 50 children has a peanut allergy. In

increased to 1-2% of the childhood population,'

reality, in most average-sized schools, with 3—4 classes per
grade, this equates to 1-2 children per grade. With a child
having a right to being safe in the school environment, this
has led to a requirement for policy changes in several schools.

Is a Total Ban of Nuts in Schools the

Answer?

A total ban of nuts is an option, but not necessarily the
answer for all schools. Further research is needed regard-
ing the pros and cons of a total nut ban in schools.

Potential disadvantages of a total nut ban include''"*%*

e A false sense of security. In reality, an allergic child
and their teachers should always be prepared for
a reaction and should not let their guard down.

e A total nut ban is not representative of the “real”
world and the child may not be equipped to deal
with the reality of allergens outside the school envir-
onment, on outings, at birthday parties, etc.

¢ It may make the school lax about other protective
measures, eg handwashing, which may become
an issue if there is a “lapse” in the nut-free
status, eg a child is given a nut-containing sand-
wich by a caregiver in error, and no further nut-
reduction techniques may be in place if the
school is “nut free.”

e A nut-free school may discount other food allergies,
for example, egg and milk allergies may be just as
severe, but the school lets its guard down under the
auspices of being “allergen free.”

A recently published study from the United States provided
the first large dataset (over 2000 schools over a 5-year
period) exploring the effects of school peanut-free policies
on clinical outcomes. Interestingly, this study identified
higher rates of adrenaline usage in schools with peanut-

free policies compared with schools without such policies.”

Other Options for Allergen Restriction in

the School Environment Include:

e Nut-free classrooms or zones if there is a child in
a class with a nut allergy, particularly if it is a severe
allergy.

e A nut-free table or protected eating area, which is
cleaned regularly.

e An integrated eating area but a strict policy of no
lunch box sharing.

e Close supervision of eating times if there is an
allergic child in the class.

e Strict handwashing after meal times to minimize the
transmission of allergens on to work surfaces.

The school should decide on which allergy-aware options
they will adopt and make specific plans accordingly. This
should always be coupled with accurate documentation of
children’s allergies, an accessible emergency action plan
and emergency kit, and training of teachers in allergy
recognition and management.

A further advance in the school environment has been
legislation in some countries to allow the use of an
“unnamed” adrenaline autoinjector for emergency use.
Recent legislation in the United Kingdom allows schools
to obtain an adrenaline autoinjector, without a named pre-
scription, to be kept on campus for emergencies. '’

Similar to the school environment, much discussion is
taking place around allergen restriction on airlines, and
availability of emergency adrenaline on aeroplanes.

Conclusion
Peanut allergy has increased in prevalence, can cause
severe allergic reactions and is rarely outgrown, placing
a significant burden on the peanut-allergy sufferer. Peanut
allergy has enjoyed being a focus of food allergy research
from many perspectives in the past decade: prevention,
diagnosis, treatment and public health policies. Many
advances have been made in these spheres, but many
controversies and practical frustrations remain, which
need to be addressed by future research. The advantage
of early peanut introduction in the infant at risk of peanut
allergy has been underpinned by high-quality research, but
wide-scale application of this principle faces many hur-
dles. The benefits of component-resolved diagnostics,
basophil activation tests and even microarray tests have
been demonstrated, but

they are not fail-proof.

Immunotherapy to peanut is an exciting treatment prospect
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which has grown in acceptance outside of the research
realm — but desensitization does not equate to tolerance
development.

Despite recent advances, we still need to go back to
basics with accurate diagnosis, including food challenges
in equivocal cases, nutritional counselling, well-organized
allergy action plans and accessible emergency Kkits.
Refining labelling laws for “may contain” products and
instituting policies for schools and public transport are
vital for increased protection of the food-allergic
population.
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