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Summary

Background Peanut is one of the most common foods provoking allergic reactions and is
the most frequent cause of fatal and near-fatal food-induced anaphylaxis. However, as yet,
little is known of the genetic and immunological mechanisms which underly peanut allergy.
Objective Based on findings in other allergic diseases, we have investigated whether
particular human leucocyte antigen (HLA) class II genetic polymorphisms contribute to the
development of peanut allergy.
Methods All individuals from 37 families each containing one or more peanut allergic
individuals, plus nine unrelated patients (161 individuals in total, defined as the study group)
were typed for the HLA class II DRB1, DQB1 and DPB1 loci, by PCR-based techniques.
Genotype frequencies were compared with those found in 293 unrelated controls.
Results Four class II genotypes (DRB1*08 (13.7% vs 4.8%;Pc¼ 0.026), DRB1*08/12 tyr
16 (22.4% vs 8.2%;Pc¼ 0.021), DQB1*04 (12.2% vs 2.7%;Pc¼ 0.0026) and DPB1*0301
(49.1 vs 22.5%;Pc¼ 0.00062)) were present at a significantly higher frequency in the study
group compared with controls. Three of these genotypes (DRB1*08 (18.0%;Pc¼ 0.027),
DRB1*08/12 tyr16 (24.0%;Pc¼ 0.029) and DQB1*04 (16.7%;Pc¼ 0.0029)) were also
significantly increased in peanut allergic individuals compared with controls. In addition,
two genotypes (DPB1*0101 and 0201) were significantly decreased in frequency in the
overall study group, but not specifically in peanut allergic individuals.
Conclusion While other genetic factors may be important, results from this study indicate
that HLA class II genetic polymorphism may play a role in determining susceptibility to
peanut allergy.
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Introduction

Peanut (Arachis hypogea) is one of the most common foods
causing acute allergic reactions in both children and adults
and is, in fact, the most frequent cause of fatal and near-fatal
food-induced anaphylaxis [1]. Such allergic reactions to
peanut allergens, induced by ingestion or contact, develop

early in life and usually persist indefinitely [2]. The problem
for the sufferer is that peanuts are particularly difficult to
avoid, being present in many foodstuffs, sometimes even
being disguised as other nuts [3].

While considerable advances have been made in identify-
ing and characterizing a number of peanut allergens [4–6],
as yet little is known of the genetic and immunological
mechanisms which underly peanut allergy. Early identifica-
tion of individuals who may be genetically at risk of
developing peanut allergy is, however, an essential element
in early avoidance strategies to prevent sensitization to
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peanuts and will aid the design of appropriate therapies. We
hypothesize that the unique severity and persistence of
peanut allergy is likely to be separately genetically deter-
mined in addition to the general genetic predisposition to
atopy, although peanut allergy is much more frequent
among atopic individuals.

The human leucocyte antigen (HLA) genes play a major
role in regulating the immune response and particular
polymorphisms of these loci play a well known role in
predisposition to a large number of immunologically
mediated diseases, including rheumatoid arthritis, coeliac
disease, insulin dependent diabetes mellitus and multiple
sclerosis [7]. HLA class I and class II molecules are encoded
by the most highly polymorphic gene family in the human
genome [8] and are membrane-bound glycoproteins that
bind intracellularly processed antigenic peptides and present
them to T cells via their cell surface T-cell receptors
(TCRs). While HLA class I molecules are present on all
nucleated cells (except fetal trophoblast) and platelets and
function to present peptides of largely endogenous (viral)
origin to CD8þ T-cells, which are mostly cytotoxic, HLA
class II molecules are expressed on a more restricted range
of cell types — including B cells, activated T cells and the
monocyte/macrophage lineage and are interferon-gamma
inducible. Expressed class II molecules present short pep-
tides (12–25 aminoacids in length [9]) of largely exogenous
origin to CD4þ T cells of mainly helper phenotype. Poly-
morphism of the HLA class II molecules in question
influences the sequence of the peptides which may be
bound and presented to CD4þ T cells.

A considerable body of evidence now indicates that
particular HLA class II alleles also influence specific
immunoglobulin E (IgE) responses to several airborne
pollen, mould spore, domestic animal and house dust mite
allergens [10,11] and HLA class II DR and DP molecules
have been shown to restrict T-cell recognition of peanut
antigens using T-cell clones derived from a peanut allergic
individual [12]. In addition, peanut allergic patients may use
specific TCR variable regions in the recognition of peanut
allergens [13]. Based on these findings and the well-docu-
mented role of HLA class II genetic polymorphism in
regulating the T cell immune response, we have investigated
whether particular polymorphisms of the HLA class II
DRB1, DQB1 and DPB1 loci contribute to the development
of peanut allergy in a well-documented series of 37 families
each containing at least one peanut allergic proband, plus an
additional nine unrelated peanut allergic individuals.

Materials and methods

Study group

One hundred and sixty-one individuals were included in the

study group, which comprised 34 nuclear families each
containing one peanut allergic proband, three nuclear
families each containing two peanut allergic siblings (in
one family, one parent was also allergic to peanuts), plus
nine peanut allergic patients whose immediate family
members were not available for analysis. In total, the
study group of 161 individuals (hereafter referred to as the
study group) contained 50 peanut allergic individuals, 34
non-peanut allergic siblings (of whom 12 were non-atopic
and 22 atopic) plus non-peanut allergic parents. All indivi-
duals were of caucasian ethnic origin. The age profiles and
characterization of other allergies in the child probands have
been published elsewhere [14]. Briefly, only one child was
mono-allergic, 51% of the group had asthma, 67% had
eczema and 44% had hay fever or rhinitis. Allergy to
foods other than peanuts was reported to affect 16 probands
(30%), nine of which were allergic to tree nuts, six to eggs
and three to fish.

Each subject (probands and family members) was eval-
uated by one investigator and a standard questionnaire was
applied [14]. Skin tests using peanut mix 1:10 w/v (Miles
Inc, Elkhart, Indiana, USA), saline 0.9% (negative control)
and histamine 1% (positive control) were performed. Sub-
jects were considered peanut allergic if history of an allergic
reaction was convincing and skin-prick test was positive
(weal diameter of more than 3 mm in the presence of a
positive response to histamine and no response to saline).
One family contained a pair of non-identical twins, both of
whom were allergic to peanuts. Two other families con-
tained non-identical twin pairs who were discordant for
peanut allergy. The nine allergic patients seen without their
families had a mean age of 27 years. Five were male and all
were skin-prick test positive to peanut and one or more
additional allergens.

Controls

A total of 293 unrelated British Caucasoid bone marrow and
cadaveric renal donors previously HLA class II DRB1 and
DQB1 typed in the laboratory [15; and previously unpub-
lished data] were included as controls for the HLA class II-
peanut allergy association studies. HLA class II DPB1
typing data were also available for 187 of this control
series [16]. However, data on the incidence of atopy and
specific allergies in this control series were unavailable.

HLA class II typing

Following DNA extraction from peripheral blood samples,
HLA class II DRB1, DQB1 and DPB1 typing was per-
formed by PCR amplification combined with sequence
specific oligonucleotide probing (PCR-SSOP). PCR ampli-
fication of the second exon of the class II gene in question
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was achieved using PCR primers and conditions derived
from the Eleventh International Histocompatibility Work-
shop [17] and modified as described previously [15]. Two
microlitre aliquots of PCR products were dotted onto nylon
membranes and digoxigenin 50 end-labelled 18mer
sequence specific oligonucleotide probes (SSOPs) were
used, one probe per membrane, in a dot blot assay to
determine the allelic specificities present. Oligonucleotide
probes were selected from the Eleventh and Twelfth Inter-
national Histocompatibility Workshop panels [17] and
employed in membrane hybridization, stringency washing
and enhanced chemiluminescent detection of bound probes
according to established PCR-SSOP methodology [15].
Eighteen oligonucleotide probes were used for typing the
DRB1 locus, 16 probes for DQB1 and 19 for DPB1. This
typing system is capable of detecting all known DRB1 and
DQB1 alleles, combined into 13 resolvable DRB1
(DRB1*01–14) and 7 DQB1 (DQB1*0201–06) allelic
groups. All 48 DPB1 alleles or allelic groups known at the
time of the study were also detectable.

Statistical analysis

HLA-DRB1, DQB1 and DPB1 genotype frequencies were
scored in the peanut allergic patients, family members and
in the control group. Genotype frequencies were compared
between the overall study group (peanut allergic patients
plus family members) and the control group, between the
peanut allergic patients only and the control group and
between peanut allergic patients and nonpeanut allergic
siblings (both atopic and non-atopic). Significance was
evaluated using the chi-square test, or Fisher’s Exact test
if any value in a 2× 2 table was less than 5. Uncorrected
probability values were examined for evidence of trends
towards particular HLA genotypic associations with peanut
allergy. Probability values were then corrected for the
number of allelic comparisons made for each locus (i.e.
13 for DRB1, seven for DQB1 and 13 for DPB1), according
to established procedures for HLA and disease association
studies [18] (including studies of HLA and allergic diseases
[e.g. 19, 20]), to demonstrate statistically significant geno-
typic associations. These analyses were performed using the
University of Southampton Faculty of Medicine MED-
STAT package. Relative risks [18] were calculated where
a particular genotype showed a significantly increased
incidence in peanut allergic individuals compared with
unrelated controls.

Ethical approval

This study was approved by the local Hospital Ethics
subcommittee.

Results

DRB1 typing data were obtained for all 161 individuals
(including 50 with peanut allergy) in the study group. One
hundred and fifty-six of these individuals were also typed
for the DQB1 locus and 122 were typed for DPB1, as
dictated by DNA availability. All 13 detectable DRB1 and
seven detectable DQB1 allelic groups were found within the
study group, but only 13 of the 48 detectable DPB1 alleles
or allelic groups were present. All alleles were resolvable in
all heterozygous combinations. As described in Patients and
Methods, DRB1, DQB1 and DPB1 genotypic frequencies in
the entire study group, in peanut allergic individuals only, in
non-peanut allergic siblings (both atopic and non-atopic)
and in the control group were compared. Genotypes show-
ing significant differences in frequency (with and without
correction for the numbers of comparisons made) between
any of the comparison groups are summarized in Table 1.

DRB1

Of the 13 DRB1 genotypes detected, three (DRB1*08, 12
and 03) showed differing prevalences between the compar-
ison groups as defined above. DRB1*08 was present at a
significantly increased frequency in the total study group as
compared with the controls (13.7% vs 4.8%; corrected
probability (Pc) ¼ 0.026). DRB1*08 was also increased in
frequency among peanut allergic individuals (18.0%;
Pc¼ 0.027; Relative Risk (RR)¼ 4.37) compared with
controls and non-significantly among non-peanut allergic
siblings (17.6%). In addition, DRB1*12 was increased in
frequency in the total study group (8.7% vs 3.4%), but this
increase was significant only before correcting for the
number of comparisons made (P¼ 0.027). The same
increase in DRB1*12 frequency was also seen as a non-
significant trend when comparing peanut allergic indivi-
duals (6.0%) and non-peanut allergic siblings (14.7%) with
controls. DRB1*08 and DRB1*12 alleles all share a TAT
motif at codon 16, exon II (encoding an aromatic tyrosine
residue). This motif is only found in a number of other, rare
DRB1 alleles (1317, 1404, 1411 and 1415) not detected in
this analysis [21]. Based on this rationale, the incidence of
this sequence motif, derived from combined DRB1*08 and
12 frequencies was determined and found to be significantly
increased in frequency in the overall study group (22.4%;
Pc¼ 0.0021) and among peanut allergic individuals (24.0%;
Pc¼ 0.029; Relative Risk (RR)¼ 3.54) as compared with
controls (8.2%). This motif also showed a significantly
increased frequency among non-peanut allergic siblings
compared with controls (32.4%;Pc¼ 0.0027).

Finally, DRB1*03 also showed a trend towards an
increased frequency among peanut allergic individuals
(42.0%) compared with both controls (23.6%;P¼ 0.01;
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Pc¼ NS) and nonpeanut allergic siblings (17.6%;
P¼ 0.033; Pc¼ NS). There was no evidence for an
increased frequency of DRB1*08/12, DRB1*03 heterozy-
gotes among either the overall study group or the peanut
allergic individuals (data not shown).

DQB1

Of the seven DQB1 genotypes detected, two (DQB1*04 and
0302) showed differing prevalences between the compar-
ison groups as defined above. DQB1*04 was significantly
increased in frequency in both the total study group (12.2%;
Pc¼ 0.0026) and among peanut allergic individuals (16.7%;
Pc¼ 0.0029; RR¼ 6.79) as compared with controls (2.7%).

All DRB1*08 individuals also typed as DQB1*04 and vice
versa. Conversely, a nonsignificant trend towards a
decreased incidence of DQB1*0302 among the overall
study group (17.3%;P¼ 0.019; Pc¼ NS) and among
peanut allergic patients (14.6%;P¼ NS) as compared
with the controls (27.6%), was also seen.

DPB1

Of the 13 DPB1 genotypes detected, four (DPB1*0101,
0201, 0301 and 1101) showed differing prevalences
between the comparison groups as defined above.
DPB1*0301 was significantly increased in frequency
among the study group (49.1%;Pc¼ 0.00062) compared

HLA and peanut allergy 159

q 1998 Blackwell Science Ltd,Clinical and Experimental Allergy, 28, 156–162

Table 1. HLA class II DRB1, DQB1 and DPB1 genotype frequencies in the total study group, peanut allergic individuals, non-peanut
allergic siblings and unrelated controls: significant genotypic associations with peanut allergy

Total study Peanut allergic Non-peanut allergic Controls P/Pc P/Pc P/Pc

Locus/allelle groupn (%) individualsn (%) siblingsn (%) n (%) I II III

DBR1* (N ¼ 161) (N¼ 50) (N¼ 34) (N¼ 293)

03 46 (28.6%) 21 (42.0%) 6 (17.6%) 69 (23.6%) NS P¼ 0.01 P¼ 0.033;
Pc¼ NS Pc¼ NS

08 22 (13.7%) 9 (18.0%) 6 (17.6%) 14 (4.8%) P¼ 0.0020; P¼ 0.0021;
Pc¼ 0.026 Pc¼ 0.027 NS

12 14 (8.7%) 3 (6.0%) 5 (14.7%) 10 (3.4%) P¼ 0.027 NS NS
Pc¼ NS

08/12 36 (22.4%) 12 (24.0%) 11 (32.4%) 24 (8.2%) P¼ 0.00016 P¼ 0.0023 NS
(tyr16) Pc¼ 0.0021 Pc¼ 0.029

DQB1* (N ¼ 156) (N¼ 48) (N¼ 34) (N¼ 293)

0302 27 (17.3%) 7 (14.6%) 9 (26.5%) 81 (27.6%) P¼ 0.019 NS NS
Pc¼ NS

04 19 (12.2%) 8 (16.7%) 3 (8.8%) 8 (2.7%) P¼ 0.00037 P¼ 0.00042
Pc¼ 0.0026 Pc¼ 0.0029 NS

DPB1* (N¼ 122) (N¼ 41) (N¼ 22) (N¼ 187)

0101 2 (1.6%) 0 (0.0%) 1 (4.5%) 27 (14.4%) P< 0.0001 P¼ 0.018
Pc¼ 0.00057 Pc¼ NS NS

0201 3 (2.5%) 2 (4.9%) 0 (0.0%) 37 (19.8%) P< 0.0001 P¼ 0.011
Pc< 0.0001 Pc¼ NS NS

0301 59 (49.1%) 17 (41.5%) 8 (36.4%) 42 (22.5%) P< 0.0001 P¼ 0.019
Pc¼ 0.00062 Pc¼ NS NS

1101 0 (0.0%) 0 (0.0%) 0 (0.0%) 13 (7.0%) P¼ 0.0071
Pc¼ NS NS NS

P/Pc I ¼ uncorrected and corrected probability, total study group vs controls.
P/Pc II ¼ uncorrected and corrected probability, peanut allergic patients vs controls.
P/Pc III ¼ uncorrected and corrected probability, peanut allergic patients vs non-peanut allergic siblings.
N ¼ Number of individuals typed for each locus examined.
NS¼ Not significant.
Probability values in bold type indicateP andPc values for comparisons significant after correcting for numbers of comparisons made.



with controls (22.5%). This genotype was also present at a
non-significantly increased incidence among the peanut
allergic individuals (41.5%;P¼ 0.019;Pc¼ NS). Conver-
sely, two alleles (DPB1*0101 and 0201) were significantly
decreased in incidence among the overall study group
compared with the controls. These decreases were also
seen as non-significant trends when comparing peanut
allergic individuals with the control group (see Table 1 for
full data). Finally, DPB1*1101 showed a non-significant
trend towards a decreased incidence in the total study group
and among peanut allergic patients as compared with the
controls (Table 1).

None of the above DRB1, DQB1 or DPB1 genotypes
which showed significant differences in frequency when
comparing peanut allergic individuals with controls or non-
peanut allergic siblings (independent of atopic status)
showed significant differences when the peanut allergic
individuals were separately compared with atopic and
non-atopic non-peanut allergic siblings, due to the small
numbers in each group (data not shown).

Discussion

Allergic (atopic) diseases, including peanut allergy, in
children and young adults are characterized by persistent
IgE responses to extrinsic protein allergens. A broad
definition of atopy may include up to 40% of the popula-
tion but despite many studies, debate persists over the
extent and nature of genetic influences on the atopic
phenotype [22]. Nevertheless, a number of epidemiological
[9] and family based genetic studies [23] have clearly
demonstrated that specific IgE responses to purified aller-
gens are influenced by HLA class II genotype. These
studies have concentrated on airborne pollen, mould
spore, domestic animal and house dust mite allergens
[10,11]. To date, the strongest and most consistent associa-
tions have been in those individuals reacting to low
molecular weight minor allergenic determinants such as
Amb a 5 (Ra5) of ragweed, which consists of a small
peptide of 45 aminoacids [10,24]. Unlike large protein
antigens, which undoubtedly express multiple epitopes,
small polypeptides may express only a very small
number of peptide epitopes that can each be presented to
T cells in association with particular HLA class II alleles,
thus making any genetic associations clearer at the popula-
tion level. In addition, particular HLA class II DQB1
alleles and haplotypes have been shown to be associated
with industrial asthma induced by low molecular weight
compounds such as isocyanates [25]. Unlike inhalant
allergy, investigations of possible genetic influences on
the development of food allergies have been limited.
Therefore in the present study we sought to determine
whether the particular polymorphisms of the three most

polymorphic HLA class II loci — DRB1, DQB1 and
DPB1 — were associated with the presence of peanut
allergy in a series of families and unrelated peanut allergic
individuals.

Genotypic comparisons were made in three ways. Firstly,
HLA genotypes in the total study group were compared with
the unrelated control series, to provide preliminary, but non-
definitive evidence of over- or under-representation of
particular HLA genotypes in the study group. This first
method of analysis revealed that four HLA class II geno-
types (DRB1*08, DRB1*08/12 tyr16, DQB1*04 and
DPB1*0301) were significantly increased in frequency (in
the total study group compared with the controls, while 2
genotypes (DPB1*0101 and 0201) were significantly
decreased in frequency in the study group. However, such
an subsequent approach cannot per se provide definitive
evidence for HLA associations with peanut allergy, since
skewing of HLA genotypes could arise by chance when
small numbers of large families) are analysed, although
such skewing was not observed in two recent HLA and
allergy studies in which family groups were compared with
unrelated controls [23,26]. More importantly, when com-
paring HLA genotypes in peanut allergic individuals alone,
with the control series, three of the four HLA genotypes
which were present at a significantly higher frequency in the
study group (DRB1*08, DRB1*08/12 tyr16 and DQB1*04)
were also significantly increased in frequency in the peanut
allergic individuals compared with the unrelated controls.

None of the HLA class II associations seen in either the
peanut allergic patients or total study group as compared
with unrelated controls were significant when considering
peanut allergic vs non-peanut allergic siblings. For a defi-
nitive sibling pair analysis, peanut mono-allergic vs non-
allergic sibling pairs should be considered. However, peanut
allergy is recognized as being only rarely an isolated
manifestation of allergy. Re-analysis of our published data
[14] suggests only 5% of our patient series are mono-
allergic to peanuts, in agreement with a parallel study
[27]. Thus, such an analysis could not be performed in the
present study.

These preliminary findings, in particular those derived
from this first case-control study of HLA and peanut allergy,
indicate that allergic reactions to peanuts are at least in part
under genetic control and that part of this control is likely to
be modulated by HLA class II polymorphism. This conclu-
sion is supported by a single, recently published study of a
nuclear family containing four peanut-allergic siblings,
which suggested that peanut allergy segregated with a
single parental HLA haplotype [28]. However, functional
studies will be required to demonstrate causality. Also, due
to the extensive linkage disequilibrium which occurs with
the Major Histocompatibility Complex (MHC), a significant
role for other polymorphic MHC loci not examined in this
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study, such as TNF [29], cannot formally be excluded.
Therefore, our present results do not allow the precise
HLA associated peanut allergy susceptibility allele, alleles
or sequence motifs to be defined unequivocally.

Other factors inherent in the present study design may, in
fact, have served to underestimate HLA class II or class II-
related associations with peanut allergy. For example, data
on the incidence of atopy and other allergic diseases among
the unrelated control series were not available. A high
incidence of atopy among such controls may act to mask
HLA associations with atopy or specific allergies, which
may only become apparent when non-atopic controls are
available [20], an issue we have considered in some detail
elsewhere [30]. However, due to the low prevalence of
peanut allergy (1.3% of British 4-year-old children) [31],
while many of our control series may have been atopic, it is
unlikely that many of the controls were allergic to peanuts.

The results presented in this study are especially signifi-
cant in that HLA class II genetic associations with suscept-
ibility to peanut allergy were clearly demonstrable even
when considering HLA associations with skin-prick test
positivity to crude peanut allergen. Such an allergenic
extract contains several identified peanut allergens (e.g.
Ara h 1 and Ara h 2), each of which undoubtedly express
multiple epitopes or sequence motifs that can each be
presented in association with different HLA class II poly-
morphic molecules expressed on the surface of antigen
presenting cells. This phenomenon inevitably dilutes any
association between particular HLA class II alleles and
specific T-cell mediated responses to a given allergen in a
population. For example, a previous study from our labora-
tory failed to demonstrate significant HLA class II genoty-
pic associations with house dust mite allergy as determined
by skin-prick testing to crude house dust mite allergen [26],
despite the fact that HLA-DRB1, DQB1 and DPB1 alleles
have been shown to restrict recognition of T-cell epitopes of
purified Der p 1 and Der p 2 house dust mite allergensin
vitro [32,33]. Even when HLA class II associations with IgE
responsiveness to purified allergens is investigated, strong
associations are only be expected if one particular epitope
on the allergen is immunodominant.

Based on these results, we hypothesize that one or more
peptides derived from peanut allergens show differing
affinities with particular HLA class II alleles. Allergenic
peptide presentation by these class II molecules to CD4þ

helper T cells, expressing particular TCR V gene families
[13] or complementarity-determining region sequences,
may lead to a Th2 type response, triggering an IgE hyper-
sensitive response to the peanut allergen. This is supported
by studies showing that peanut allergen-specific T-cell
clones isolated from the blood of peanut allergic individuals
produce a TH2 cytokine profile [12,34]. A negative HLA
class II association (e.g DPB1*0101) may reflect a low

affinity of peptide for the class II molecule in question
leading to failure to trigger T cells, or peptide presentation
to ‘suppressor’ T cells. Present results suggest that alleles or
sequences within the DRB1*08, DQB1*04 haplotype are
the strongest candidates for presentation of immunodomi-
nant epitopes, since DQB1*04 was found in association
with DRB1*08 in all DQB1*04 individuals in the study
group. In addition, residue tyr16 (mapping within the pep-
tide binding groove of HLA-DR molecules), common to
both DRB1*08 and DRB1*12 alleles is a potential candi-
date for a peanut allergy-associated sequence motif, since
DRB1*12 also showed a nonsignificantly increased
frequency in the overall study group.

In summary, based on these findings and combined with
functional studies, it is very likely that once the major
peanut allergens have been fully characterized and T-cell
epitopes identified, it will be possible to demonstrate extre-
mely strong associations between IgE responsiveness to
these allergens and particular HLA genotypes. Furthermore,
it may even be possible to identify groups who are at a high
risk of having severe reactions because of exposure to
particular allergenic determinants to which they are
susceptible.
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