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Peanut allergy has become a major public health
issue in many countries because it is relatively
common, causes severe and sometimes fatal
reactions, starts early in life, and rarely resolves.
The problem has recently preoccupied even
statutory Government agencies with the publica-
tion of of®cial reports.

The UK Department of Health produced an
expert committee report making recommenda-
tions on peanut avoidance in women during
pregnancy and lactation, and in children up to at
least 3 yr of age (1). Whilst the committee felt
that evidence supporting a link between exposure
to peanut allergen early in life and sensitization
was inconclusive, it was `unwise to discount' this
possibility. Therefore, it was felt prudent to
recommend avoidance for all pregnant and
lactating women who were either atopic them-
selves or whose partner or children had atopic
disease. The arbitrary lower age of 3 yr was
suggested as the minimum to maintain avoidance
in the resulting child. However, because peanut
allergy nearly always occurs in individuals with
associated clinical allergic disease (96%) (2), this
recommendation was not extended to the non-
atopic population. Clearly, prospective studies
would be required to establish whether this
recommendation is an appropriate public health
measure. Such studies would take many years to
complete but we publish a paper in this issue of
Pediatric Allergy and Immunology from South
Africa which supports the concept of in utero

sensitization to peanuts via maternal ingestion,
utilizing data from a small case-control study (3).

There is also a need to rationalize food labeling
legislation so that the all-too-frequent accidental
exposures to peanut can be avoided (4, 5). Thus,
the International Life Sciences Institute (Europe)
produced a Food Allergy Expert Group report to
establish scienti®cally based criteria for deciding
which food constituents should always be labeled,
irrespective of quantity (6). The list of food
allergens inevitably included peanut, for which
there is the largest evidence base to justify the
recommendation. Also included are crustaceans,
egg, ®sh, milk, sesame seed, soya bean, tree nuts
(including almond), and wheat.

There has also been a remarkable proliferation
of scienti®c papers published on peanut allergy in
the last decade, which may well represent the
increasing prevalence of the problem (7).
However, most of the early reports came from
the USA where peanut consumption, particularly
in early life, ®rst became popular (5, 8±10). One
concern in relation to the apparent increase in
peanut allergy has been the potential for the
commonly utilized peanut oils to contribute to
sensitization. In this issue of Pediatric Allergy and
Immunology we publish a paper which suggests
that peanut oils in vitamin preparations are
probably not a concern in relation to primary
sensitization (11).

This review highlights some of the key issues in
relation to the health burden of peanut allergy.
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Increasing prevalence

Over the last three decades there has been a
remarkable increase in the prevalence of the
atopic diseases asthma, eczema and hay fever, in
many countries in the developed world. During
the same period of time, there are no data that
have accurately ascertained prevalence rates for
peanut allergy, in any populations. Nevertheless,
there is clearly a higher prevalence of peanut
allergy in successive generations within families
of peanut-allergic probands. Thus, the prevalence
of peanut allergy has been shown to be 0.1% in
grandparents, 0.6% in aunts and uncles, 1.6% in
parents, and 6.9% in siblings. This would point to
there having been a true increase in prevalence,
which may be related to a general trend for
increased prevalence of atopy, associated, of
course, with increasing exposure to the allergens
of peanut (7).

Peanut and peanut products were introduced
into the European diet towards the end of World
War II with the arrival of large numbers of
American troops. Increasing Americanization of
lifestyle and diet in Europe have resulted in
peanuts being used evermore extensively. The
average British consumption per capita in 1994
was 1.77 kg/person/yr. This is one-half of the
intake of the average North American resident.
Nevertheless, it is perhaps surprising that there
has been less appreciation of an increasing
problem in relation to peanut allergy compared
with other atopic diseases unless it is only very
recently that the problem has increased. There is
an overwhelming anecdotal impression from
clinical practice that acute, severe peanut allergy
is presenting in much younger children than has
been the case in the past, as well as now being
manifest in larger numbers of older children and
young adults. As we have evidence of more recent
increasing use of peanut and peanut products at a
progressively earlier age, this must focuss atten-
tion on early exposure as being important in
relation to sensitization and subsequent manifes-
tation of disease.

Genes and early sensitization

The role of genetic predisposition to allergy must
not be ignored. There is a virtual absence of
peanut allergy in populations in sub-equatorial
Africa that have overall low rates of atopy but
high consumption of peanut. Crushed peanuts
are often introduced into the diet of Korean
children from weaning (at < 6 months of age)
but peanut allergy is rare in Korea (K. S. Park,
personal communication). Studies from France,

however, suggest that sensitization can occur
exceedingly early. Hatahat et al. (12) skin prick
tested 54 newborn infants, who were under 11 d
of age, and 71 babies aged between 17 d and
4 months. In both groups, 8% had a positive test
to peanut, implying sensitization in very early life
and possibly even before birth. As immunoglo-
bulin E (IgE) clearly does not cross the placenta,
it is likely that the fetus and/or the newborn
infant is exposed to peanut proteins, thus
producing sensitization. This concept is sup-
ported by Frank et al. (3) who, in a case-control
study, showed that peanut-allergic children's
mothers had ingested more peanut during
pregnancy, but not during lactation, than
mothers of milk- or egg-allergic children. We
have shown that this is the case on the basis of
cord-blood peripheral mononuclear cell prolif-
erative responses to allergens such as egg and
milk (13). We have also established that this can
occur in the middle of the second trimester of
pregnancy, from 20 to 22 weeks of gestation
onwards (14). Other groups have made similar
observations, the most recent being in relation to
milk proteins (15).

Food antigens can be retrieved from human
breast milk. This has been known for many years
(16). More recently, peanut allergens have been
demonstrated in breast milk. De Bolt et al.
studied nine nursing mothers who excluded
legumes for 24 h before eating 90 g of roasted
peanuts. Peak peanut allergen levels in breast
milk occured at varying times between 1 and 5 h
after ingestion (17). Indeed from our own studies
(7), we identi®ed one child who reacted adversely
to breast feeds after the mother ate peanuts. We
have also identi®ed an increased peanut con-
sumption by pregnant and breast-feeding
mothers whose children have later been shown
to be peanut allergic. This is in keeping with the
observation that 80% of British peanut-allergic
people react on their ®rst direct exposure to
peanut (4). Furthermore, Zeiger's studies, which
followed-up a control group and a study group of
American children with hypoallergenic diets for
the ®rst 2 yr of life, showed that all infants in the
control group and 80% of infants in the study
group, despite parents having been advised to
avoid nuts and peanuts, had eaten peanuts by
their second birthday (8). In 23 of Ewan's 24
`nut'-allergic patients who presented under the
age of 2 yr, the allergies were caused by peanuts.
Peanuts accounted for all patients who were
allergic to a `nut' by the age of 1 yr. She
concluded that sensitization to peanuts or nuts
had occured `considerably earlier than the age at
presentation' (2).
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Route of sensitization

Whether this early age of onset of sensitization is
caused by exposure in utero or occurs during
lactation will be dif®cult to establish without
further prospective longitudinal study, although
the data from Frank et al. (3) would suggest that
in utero exposure is more important. Clearly,
there is concern that hidden exposure might occur
in various foods. The role of vitamin D prepara-
tions containing peanut oil has been raised (18).
This has also been suggested in relation to
initiation of eczema in children fed on milk
formulae containing peanut oils. A study of four
infants with eczema suggested worsening on
challenge with a peanut-containing milk formula
(19). This was further investigated by Kull and
colleagues. They concluded that peanut oil-based
vitamin preparations have probably not
increased sensitization rates, though there was
an association with a wider range of symptoms
following allergic responses to peanut (11).

There have also been concerns about possible
topical exposure to peanut allergens via peanut
oil-containing formulations (20±24). It is of
particular concern that children who already
have in¯amed skin (i.e. those with eczema) might
be particularly susceptible to sensitization by the
topical route. There are a few topical prepara-
tions recommended for the treatment of eczema
that have an Arachis oil base. Certainly this is an
area that requires further investigation. In the
interim, it would seem prudent to recommend
that individuals with broken skin, and particu-
larly those with the potential for atopy, should
not use Arachis oil-containing preparations.
Low-dose exposure to allergen in the skin may
be more likely to induce an allergic type of
response than the higher-dose exposure that
occurs through the gut following allergen inges-
tion. Thus, recommendations about avoidance of
topical preparations containing peanut oils does
not necessarily imply that similar exposure
through the gut will have the same effect (25).

Allergenicity of oils

The question of whether puri®ed peanut oils are
allergenic has now been appropriately addressed.
Bock & Atkins gave up to 30 ml of re®ned peanut
oil to four subjects who had previously reacted on
double-blind challenge to peanut ± none reacted
to the oil (5). Taylor et al. studied 10 adult peanut
allergics in a double-blind crossover study with
peanut oil, using olive oil as a placebo. The
peanut allergics ingested 1, 2 and 5 ml of
encapsulated oils successively and none reacted.

The conclusion from this was that peanut oil is
not allergenic in peanut-allergic individuals (26).
Conversely, however, an assay of so-called cold
pressed or crude peanut oils has identi®ed
antigenic proteins at a dose of 3.3 mg/ml.
However, in the same study, no protein could
be demonstrated in highly re®ned oils (27).
Another group also failed to identify any
peanut protein in re®ned peanut oils, although
once peanut had been cooked in the oil, allergen
could be detected (28). Our own study comprised
60 proven peanut-allergic subjects, over 50% of
whom had severe reactions. No subject reacted to
an ingestion of up to 16 ml of puri®ed oil. Six
subjects reacted to crude oil, although only two of
these reactions were unequivocal in terms of
being objective. The other four subjects only had
subjective sensations. Even the two objective
reactions were mild. Thus, statistically there is a
95% likelihood that peanut oil represents a risk to
fewer than 5% of peanut allergics. Therefore it
can be concluded that re®ned peanut oil is safe
for those with peanut allergy and even crude oil is
very unlikely to produce a severe reaction (29).

Whilst re®ned and crude oils need not be
implicated as causing acute, severe or life-
threatening reactions in individuals who are
already allergic, it is not yet possible to exclude
these oils in relation to having a role in primary
sensitization. Nevertheless, it seems improbable
that this is the case by the oral route, though this
assertion remains unproven.

Prevalence and clinical features of peanut allergy

Peanut allergy is relatively common in children.
Overall, food allergy affects up to 8% of pre-
school children (30). Bock et al. found that 93%
of positive double-blind placebo-controlled food
challenges in children were caused by just eight
foods, in order of frequency being: egg, peanut,
milk, soy, tree nuts, shell®sh, ®sh, and wheat (31).
In a cohort of 4-yr-old children on the Isle of
Wight, 1.3% were identi®ed with skin test-
positive reactions to peanut, although only six
of the 13 so identi®ed actually had a clinical
history of an allergic reaction to peanut (32). This
latter study perhaps gives the most recent and
accurate assessment of the true prevalence of
peanut allergy. Clearly it is impossible to estab-
lish whether the seven sensitized individuals had
latent allergy or just true sensitivity without
allergy.

Peanut allergy is considered to be a lifelong
problem. Compared with milk and egg allergy, it
rarely remits. Bock & Atkins reported the results
of a follow-up of 32 children who had positive
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double-blind placebo-controlled food challenges
with peanut. Many suffered frequent accidental
reactions, 50% within the previous year. Two to
10 yr later, skin prick tests (SPTs) were still
positive in all the individuals (5). In our own
study, 25% of peanut allergics reported having
had a reaction in the previous 6 months and 50%
in the previous year (4). The ®ndings of these
studies indicate that peanut allergy, once devel-
oped, nearly always persists and accidental
exposures, despite attempts at avoidance, are
common. However, these have been based on
follow-up of established peanut allergy in older
children. Whether the same is true of peanut
allergy in infancy remains to be established. As is
the case for egg and milk allergy, remission rates
may be higher in infancy than in childhood (33).

Peanut is the commonest food to cause severe
acute and sometimes life-threatening reactions.
Indeed, it accounts for one-third of all severe
food-related reactions (9). Features of the fatal-
ities included associated asthma and a failure to
use epinephrine. Most fatal reactions occured
outside the home environment.

Our own experience in 622 self-reported peanut
allergic individuals was that only 19% had been
knowingly exposed to peanut before the ®rst
documented reaction, implying a high frequency
of occult sensitization. Severe symptoms were
commoner in adults than in children but over
50% had moderate or severe reactions associated
with wheezing or other breathing dif®culty,
cyanosis, and/or collapse. A common association
with more severe reaction was abdominal pain, a
feature not reported in previous studies. This is a
symptom that was not apparent in individuals
who had mild reactions, such as angio-edema and
urticaria. Fifty per cent reacted merely to the
touch of a peanut and 90% reacted to eating
signi®cantly less than one whole peanut.

Our study also demonstrated that 50% of
individuals with more than one reaction felt that
the severity was similar in successive exposures;
38% had worsening reactions; and only 2.5% had
a decrease in severity. The adjuvantizing effect of
exercise in exacerbating reactions was noted in
2.9% of individuals but an additional 0.8%
reported amelioration of symptoms with exercise.
Disappointingly, epinephrine in any form was
carried by only 65% of individuals, and only 18 of
43 (41%) who had collapsed during a reaction had
actually been given epinephrine as treatment. It
was clear that acute reactions were under-treated,
and sufferers had inadequate education and
training in the use of rescue medication following
diagnosis (4).

Associated allergies

Peanut is not a tree nut but a legume. In vitro
studies in peanut allergics have shown extensive
cross-reactivity with other legumes, such as soy,
peas, beans, etc. (34). However, clinical studies
suggest that in vivo cross-reactivity is rare (5).
Many peanut-allergic patients report associated
allergy to tree nuts. Given the taxonomic
disparity between peanuts and tree nuts, cross-
reactivity seems unlikely. It is perhaps more likely
that this is an associated sensitivity. In our group
of patients, 49% reported associated tree nut
allergy. Conversely, ®ve of 12 UK brazil nut
allergics were also allergic to peanuts (35).
Recently, a major brazil nut antigen known as
2S-albumin was transferred to soy beans trans-
genically. The 2S protein, being rich in methio-
nine, was considered to be a useful way of
enhancing the nutritional qualities of the soy
beans. However, it was subsequently identi®ed
that the transgenic soy bean contained allergen
that inhibited binding of brazil nut-speci®c IgE
and caused positive SPTs in brazil nut-allergic
individuals (36). This resulted in the withdrawal
of the transgenic bean before it reached the food
chain. However, it remains to be established
whether or not associated tree nut allergy is a
result of shared allergen protein sequences.

Dose±response relationships

As apparent from the previous sections of this
report, accidental exposure to hidden peanut
antigen in prepared food is common. Severe
reactions have been reported from cross-contam-
ination of kitchen utensils (10). The question of
how much peanut can actually induce a reaction
has not been properly studied. We recently
conducted double-blind placebo-controlled food
challenges in 14 peanut allergic subjects with
doses of peanut ranging from 10 mg to 50 mg. An
attempt was made to identify a threshold dose
that produced a response. One subject had a
severe reaction to 5 mg; four subjects had mild
objective reactions to 2, 5 and 50 mg, respec-
tively; four subjects had mild subjective reactions
to 50 mg; and ®ve of the subjects tolerated doses
up to and including 50 mg. The nine individuals
with positive reactions had short-lived subjective
reactions to preceding doses before the objective
response and, in two subjects, to doses as low as
100 mg. This indicates that the threshold dose
varies widely but can occur at exceedingly low
doses (37).

Peanut allergy: A major public health issue
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Objective evaluation of clinical history

In our studies, we have been able to make some
estimates of the reliability of clinical evaluations
in peanut-allergic individuals. The questionnaire-
based diagnosis of peanut allergy in adults
revealed a 13% false-positive rate based on
subsequent SPTs and peanut challenge. The
false-positive rate for questionnaire-based diag-
nosis in children was 14%, based primarily on
SPTs and validated in a small percentage by
subsequent challenge. The features associated
with false positivity on history were neatly
divided into two. Approximately 50% of the
individuals reported unusual symptoms, often
developing many hours after challenge. Where
tested, these symptoms could sometimes not be
replicated by formal challenge procedures. The
remaining 50% were individuals who had mis-
takenly attributed an acute severe reaction to
peanut. In some instances this was because of
isolated tree nut rather than peanut allergy where
a product from a nut mix had been ingested.

Evaluation of skin tests

The Isle of Wight 4-yr birth cohort follow-up
data indicated that a signi®cant percentage of
individuals with positive SPTs may have sensiti-
zation without necessarily a history of clinical
disease consequent upon exposure. There are no
data to indicate the exact sensitization rate in the
absence of symptomatic allergy. My own clinical
experience would suggest that it may be fairly
high, particularly in the asthmatic population.
However, whether this represents latent allergy,
which will subsequently show itself, remains to be
seen by follow-up. Certainly this is the case for
skin test positivity to grass pollens in adolescence
(38). SPTs, provided they are carried out with
appropriate allergen extracts with positive and
negative controls, rarely give false-negative
results. However, in a very recent paper investi-
gating the value of SPTs in children with atopic
dermatitis, two of 10 children with negative
peanut tests had a positive food challenge test.
The false-positive rate was higher, with nine of 25
children with positive skin tests not reacting on
food challenge (39).

There is a moderate correlation between SPT
wheal size and clinical severity. However, the
clinical usefulness of this correlation is very
limited owing to the large overlap between
groups. Based on all the studies carried out in
my group, the SPT was 96% sensitive and 77%
speci®c (18, 29). Sporik & Hill have recently
suggested that only 13% of subjects with small

SPT reactions (50% of the diameter of the
reaction to 1 mg/ml histamine) react to relevant
nut on food challenge compared to more than
85% of those with a SPT reaction of more than
twice the diameter of the histamine control (40).
More challenges with peanut would be needed to
con®rm or refute these ®ndings.

IgE (total and speci®c)

Most, but not all, peanut-allergic children have
raised serum total IgE levels (38). To my knowl-
edge, there has been no study of sensitivity and
speci®city of IgE antibody measurements,
whether by radio-allergo-sorbent test (RAST)
or using newer techniques. My own anecdotal
impression is that both speci®city and sensitivity
are lower with IgE antibody measurements than
for skin prick testing. However, this has not been
exhaustively investigated. As with skin prick
testing, there is little correlation between the
degree of positivity of the RAST and severity of
clinical reaction in response to peanut.

Peanut allergens

It is important to be aware both from SPT and
RAST that the extract of peanut used is crude,
containing many proteins in variable quantities
(depending on the company manufacturing the
material) and, indeed, with some potential for
variation from batch to batch. Currently there
is no gold standard peanut antigen against which
to test any materials. This is unlikely to be
standardized until the major peanut allergenic
proteins have been better characterized. By
Western immunoblotting, we have shown that
the larger the number of separated peanut
proteins recognized by IgE from individual
patients' sera, not unexpectedly, the higher their
RAST. However, we also have some limited
evidence that patients with IgE antibodies against
a low-molecular-weight protein (of 7000 MW)
were more likely to have severe disease. Further
elaboration of these observations is required (41).

Our study, based on individual Western blots
from 91 peanut-allergic individuals, clearly iden-
ti®ed the two hitherto well-described major
peanut allergens, Ara h I (63 000 MW) (42)
and Ara h II (17 000 MW) (43). However, we
have also identi®ed two other major allergens of
15 000 and 51 000 MW with, in total, 19 separate
proteins being recognized by IgE from some
patients. Thus, a great deal more work is required
to elaborate on the different important peanut
proteins.
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T-cell responses

Peripheral blood mononuclear cell proliferative
responses to crude peanut extract are increased in
peanut-allergic individuals compared with atopic
or non-atopic controls. Furthermore, there are
some differences in cytokine generation from the
proliferating cells, suggesting that there is a T
helper 2 (Th2)-predominant response to the
peanut in allergic individuals (44, 45). There is
no correlation between the degree of proliferative
response of mononuclear cells and the clinical
severity, SPT wheal size or peanut-speci®c IgE
levels (46).

Immunogenetics

Few studies have investigated the immunoge-
netics of peanut allergy. In one, there was a
selective expansion of T cells expressing Vb2 (T-
cell-receptor variable regions) (47), and in our
own study there was some human leucocyte
antigen (HLA) class 2 restriction: DRB1*08,
DRB1*08-12, tyr 16, and DQB1*04 (48). We
also have some information on immunogenetic
analysis of the heavy chain variable regions of
IgE from patients allergic to peanuts with a
predominance of VH1 gene families. The IgE VH

sequences were highly somatically mutated but
there was clear evidence of clustering of amino
acids, indicative of antigen selection, in only a
minority. This suggests that there could be a
super-antigen effect in peanut allergy (48).

Food challenge

In the ®nal analysis, double-blind placebo-
controlled food challenges are considered the
gold standard in making a de®nitive diagnosis of
peanut allergy (31). From the data presented
above, it is apparent that in the majority of
clinical situations, a good history and a positive
SPT is probably all that is required. Where SPT
sensitivity is dubious or negative, challenges are
indicated. It has, however, also become apparent
that even food challenges are not without
problems. There is a marked disparity between
the reported severity of reactions to peanut and
the reactions observed under challenge condi-
tions. As the latter is strictly controlled to avoid
any adjuvantizing in¯uences, this is perhaps not
surprising. Nevertheless, this creates a possibility
that some clinically relevant sensitivities might be
missed under controlled-challenge conditions.

Conclusion

Much has been learned in recent years about the
magnitude of the clinical problem of peanut
allergy. The factors that contribute to the
life-threatening nature of the condition in
some individuals have not been identi®ed.
Furthermore, we still know little of the timing
and nature of primary sensitization, although we
believe that exposure early in life, perhaps even in
utero, is important. Diagnostic procedures have
been well evaluated. Management is based on
avoidance, which often fails, and rescue treat-
ment of accidental exposures based on the use of
epinephrine. All too frequently, the relatively
straightforward rules of management are not
followed. Thus the overwhelming message is that
more research and more education are urgently
required.
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