
12

Review
s and

feature articles

Progress in peanut allergy research: Are
we closer to a cure?
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Thirty years ago, the allergy literature contained very
few articles on peanut allergy, and textbooks of allergy
gave the problem scant mention. May1 was the first to
report a significant series of children with positive blind-
ed food challenge results to peanut. This study initiated
the systematic search for better diagnostic, treatment,
education, and prevention modalities. Several articles in
this issue of the Journal address the current status of
advances in these areas. Recent data indicate that the inci-
dence and prevalence of peanut allergy are increasing,
although the reasons for this change remain speculative.
With more than a million Americans with peanut allergy,
this subject has become an important public health issue.2

This statistic is magnified by the fact that sensitization to
peanut seems to be increasingly prevalent in the United
Kingdom as well.3 In addition to the sheer size of the pop-
ulation with this one food allergy, the mortality from ana-
phylactic reactions to peanut is of mounting concern. The
exact mortality rate is difficult to ascertain, but even anec-
dotal series demonstrate that peanut alone accounts for a
significant number (about 50%) of deaths caused by food
allergy.4,5 Despite an increasing public awareness of food
allergy, most patients are ill prepared to deal with ana-
phylactic reactions.6 In a recent series more than 80% of
patients dying from food-induced allergic reactions had
not been previously provided with appropriate informa-
tion or self-injectable epinephrine to avoid or manage
accidental food-induced reactions.5

If the goal of containing the development and morbid-
ity of peanut allergy is to be achieved, then more research
in this area is urgently needed. At this time, good
progress has been made in the diagnosis of peanut aller-
gy in individual subjects. The properly performed skin
test followed by the in vitro quantitative assay for specif-
ic IgE antibodies to peanut protein has provided a
straightforward approach to the identification of subjects
likely to have the problem. This in turn has decreased the
need for blinded food challenges in many subjects who
have a reasonable history of immediate-onset symptoms
when peanut is ingested.7,8 However, there is the need for
a test that could predict the severity of an individual’s
reaction. Without the means to gauge how severe a

response might be, many families are hesitant to pursue
peanut challenges for their loved ones, even when the
patient’s peanut antibody value has decreased to levels
indicating that a challenge might be tolerated. In the cur-
rent issue of the Journal, Beyer et al9 found that the mea-
surement of peanut peptide–specific IgE was a particu-
larly useful additional tool for identifying patients with
clinical reactivity to peanut but low levels of peanut-spe-
cific serum IgE. This new assay might reduce the need
for peanut food challenges in patients who have a nondi-
agnostic serum IgE assay for peanut.

The article by Fleischer et al10 is most helpful in
extending the data reporting that approximately 20% of
youngsters with peanut allergy, especially when diag-
nosed at a young age, might lose their reactivity over
time.11 Now Fleischer et al10 are reporting the loss of
reactivity at various levels of specific peanut antibody in
serum. This lends support to recommendations that chil-
dren with low levels of antibody should undergo a chal-
lenge. However, it would still be optimal if future research
identified a test that predicted the likely severity of reac-
tions both initially and on subsequent exposure. The
counter concern raised both by Fleischer et al10 and
another recent report12 is the possibility of redevelopment
of peanut allergy, especially if a reaction might be life-
threatening. Therefore another crucial area of research
will be longitudinal outcome studies in the group of sub-
jects who pass their food challenges, either after a previ-
ous failure or a highly likely diagnosis on the basis of his-
tory and laboratory testing. Ultimately, the true natural
history of peanut allergy is likely to involve different pat-
terns in different subpopulations that might yet be found
to be genetically divergent. Further studies that eventual-
ly include genotyping will finally clarify the issue.

Another important question is raised by the study of
Roberts et al.13 Is food allergy, and in particular peanut
allergy, a risk factor for life-threatening asthma? By
extension, one might raise the question of whether severe
asthma episodes are due to food allergens in which the
diagnosis is missed, and therefore the reactions recur
repeatedly. The data presented support the hypothesis
that food allergy triggers life-threatening asthma in chil-
dren. If food allergy triggers life-threatening asthma,
how often does it trigger non–life-threatening, food-
induced allergic asthma episodes? Perhaps the former is
more common than is appreciated and the latter is less
common, but additional research will be necessary to
reach a firm conclusion. Examination of the reported
mortality from peanut reactions has shown that many, if
not all, of the known fatalities in which the data exist
have occurred in individuals who are known to have asth-
ma.4,5 A question that must be answered is whether the
degree of control of the asthma at the time of a peanut
reaction influences the outcome.
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Clinicians struggle each day with the practical manage-
ment and education of both children and adults with
peanut allergy and their families. Families have many
questions and concerns that must be addressed. The study
by Simonte et al14 is most helpful in allaying 2 of the most
common fears that families experience and that often lead
to significant alterations in lifestyle for individuals with
peanut allergy. Parents of young children are usually very
concerned about the potential for a life-threatening reac-
tion to occur from incidental contact or exposure to
peanut. This study has shown that an exposure to peanut
protein when it is in peanut butter vastly reduces the poten-
tial for a reaction to occur. It is important to be able to
explain to families that they might distinguish between the
potential dangers of peanut butter versus peanut fragments
that are released into the air from packaged products. In
other words casual skin contact or inhalation of peanut
butter fumes will not usually cause a severe allergic reac-
tion. However, these results cannot be generalized to larg-
er exposures or to contact with peanut in other forms, such
as roasted peanuts. Practical studies of this type dramati-
cally enhance our ability to educate and reassure families.

Prevention of the development of peanut allergy is also
a crucial subject for study. A recent article by Lack et al15

has raised the issue of whether exposures to peanut by
multiple routes in very young children are responsible for
sensitization leading to clinical peanut allergy in suscep-
tible infants. They propose that topical exposure to peanut
or ingestion of cross-reacting epitopes might lead to early
sensitization, and by extension, the avoidance of these
might lead to prevention. Confirmation of this study and
especially examination of the genetic predisposition of a
portion of the population is urgently needed.

Why is peanut such an allergenic food in the United
States? Some studies suggest that cooking practices
might be part of the explanation.16 Now an article by
Maleki et al17 in this month’s issue reports that the major
peanut allergen, Ara h 2, functions as a trypsin inhibitor
and that roasting increases this trypsin inhibitory activity
by 3.6-fold. Interestingly, another major peanut allergen,
Ara h 1, was protected from digestion with trypsin in the
presence of roasted Ara h 2. These observations might
account for the reason that roasting enhances the aller-
genic properties of peanuts and explain why peanut is
such a potent allergen. The possibility that functional
properties of allergens influence their allergenicity has
important implications for studies of other allergens, in
which research has previously focused primarily on
structural characteristics.

The number of severe and fatal food-induced allergic
reactions indicates that the current management strategies
(ie, allergen avoidance and early use of epinephrine) are
not adequate for dealing with this disorder. Interestingly,
one fundamental aspect of poison management has not
been commonly applied to the management of food-
induced anaphylaxis. This relates to the prevention of
ongoing absorption of food allergens from the gastroin-
testinal tract into the systemic circulation. Activated char-
coal, when administered as an oral suspension, has been

shown to prevent the absorption and increase the elimina-
tion of a variety of poisons and drugs from the gut. This
month, Vadas and Perelman18 report that activated char-
coal adsorbs to peanut proteins, forming insoluble com-
plexes that no longer allow the peanut proteins to bind
IgE. These data suggest that administration of activated
charcoal soon after accidental ingestion of peanut might
be a useful adjunct in the management of peanut-induced
anaphylaxis. This approach is likely to be applicable to
the prevention of more severe and prolonged anaphylactic
reactions to other foods as well.

Unlike traditional immunotherapy for inhalant and bee
sting allergy, the risk/benefit ratio for injection of peanut
extracts is unacceptable because of the high prevalence
of intolerable side effects.19,20 Given this unfavorable
risk/benefit ratio of traditional immunotherapy, novel
immunotherapeutic strategies are needed for treatment of
food allergy. Recently, several potentially effective ther-
apeutic approaches have been identified that might be
effective in the long-term management of peanut allergy.

The most direct approach is based on the concept that
allergic reactions are mediated by means of antigen-spe-
cific IgE bound to high-affinity Fcε receptors (FcεRI) on
mast cells and basophils.21 TNX-901 is a humanized IgG1
anti-IgE mAb that binds with high affinity to an epitope
in the CH3 domain of IgE, masking a region responsible
for binding to both FcεRI and low-affinity Fcε receptors
(FcεRII [CD23]).22 Recently, a double-blinded, placebo-
controlled, randomized, dose escalation trial of TNX-901
(anti-IgE) was conducted in 84 patients with a history of
peanut allergy.23 Patients were randomized to receive
either TNX-901 (150, 300, and 450 mg) or placebo sub-
cutaneously every 4 weeks for 4 doses. From mean base-
line values of 178 to 436 mg of peanut in the various treat-
ment groups, the mean increases in the peanut challenge
threshold were 710, 913, 1650, and 2627 mg for the
placebo and 150, 300, and 450 mg for the TNX-901 dose
groups, respectively (P = .0008 for trend with dose). No
significant adverse effects were associated with TNX-901
treatment. TNX-901 at a dose of 450 mg significantly
increased the threshold of sensitivity to peanut from a
level of approximately one half that of peanut (178 mg) to
almost 9 peanuts (2805 mg). Of note, 24% of patients
receiving 450 mg of TNX-901 were able to tolerate 8 g of
peanut. Because accidental ingestions of peanut usually
only involve exposure to less than 2 peanuts, these studies
suggest that treatment of patients with anti-IgE therapy
might represent an effective long-term approach for man-
agement of food-induced anaphylaxis. This same
approach is likely to be useful in blocking anaphylaxis to
other foods, such as tree nuts and shellfish. It is important
to note that although Xolair (E25),24 another humanized
anti-IgE, which might be approved soon for treatment of
severe asthma, could be useful for prevention of food-
induced anaphylaxis, the optimal dose for prevention of
food-related allergic reactions might differ from the dose
required for asthma therapy. Thus formal clinical trials
should be carried out for Xolair before they are used in
treating patients with food allergy.
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Using a mouse model of peanut-induced anaphylaxis, Li
et al25-27 have reported the efficacy of engineered recombi-
nant proteins, as well as traditional Chinese herbal medi-
cines in reducing peanut-induced allergic reactions. The
development of genetically engineered major allergenic
peanut proteins (mAra h 1-3) that no longer bind IgE but
retain T-cell proliferation is a particularly elegant approach
to overcoming frequent adverse events previously encoun-
tered in conventional immuno-therapy with native peanut
proteins.28 These proteins could therefore be used as a
peanut vaccine that would safely elicit a protective immune
response to peanut without concerns over eliciting an aller-
gic response to peanut during desensitization.

In the current issue of the Journal, an important mile-
stone is reported in the development of a peanut vaccine for
long-lasting protection against peanut-induced anaphylaxis.
Li et al25-27 examined the efficacy of mAra h 1-3 recombi-
nant proteins in the prevention of peanut-induced anaphy-
laxis in a mouse model. Because these engineered recombi-
nant proteins are generated in Escherichia coli and because
E coli possess LPSs that favor TH1 responses,29 administra-
tion of heat-killed E coli containing engineered mAra h 1-3
proteins (amino acid substitutions within IgE-binding epi-
topes to abrogate IgE binding, such as illustrated for Ara h
1 on this month’s Journal cover)28 should be highly effica-
cious in the prevention of peanut-induced anaphylaxis.
Indeed, the rectal administration of 9 or 90 µg/mL HKE-
mAra h 1-3 led to protection of peanut-sensitized mice, with
an absence of anaphylactic symptoms or an increase in plas-
ma histamine levels after the peanut challenge. Peanut aller-
gy is associated with increased production of IgE and TH2
cytokines in response to peanut.30 Importantly, peanut-spe-
cific serum IgE levels, as well as peanut-induced TH2
cytokine production, were significantly reduced at the time
of challenge in the HKE-mAra h 1-3–treated mice com-
pared with the sham-treated group and remained lower after
additional peanut challenges, indicating that the protective
effect of HKE-mAra h 1-3 was persistent.

Although studies in human subjects are needed to
extend these promising results, the future looks bright as
new paradigms for treatment of peanut allergy are emerg-
ing. The current issue of the Journal reports major
advances in our approach to the diagnosis and understand-
ing of the natural history and mechanisms underlying
peanut allergy.9,10,13,14,16,17 Anti-IgE therapy, when avail-
able, is likely to provide immediate benefit for the preven-
tion of anaphylactic reactions to unintended ingestions of
peanut. Long-term protection, although still in the early
experimental stages, might be on the horizon with the
development of a new generation of peanut vaccines.27

Donald Y. M. Leung, MD, PhD
S. Allan Bock, MD

Denver, Colo

REFERENCES

1. May CD. Objective clinical and laboratory studies of immediate hyper-
sensitivity reactions to foods in asthmatic children. J Allergy Clin
Immunol 1976;58:500-15.

2. Sicherer SH, Munoz-Furlong A, Burks AW, Sampson HA. Prevalence of
peanut and tree nut allergy in the US determined by a random digit dial
telephone survey. J Allergy Clin Immunol 1999;103:559-62.

3. Grundy J, Matthews S, Bateman B, Dean T, Arshad SH. Rising preva-
lence of allergy to peanut in children: Data from 2 sequential cohorts. J
Allergy Clin Immunol 2002;110:784-9.

4. Sampson HA, Mendelson L, Rosen JP. Fatal and near-fatal anaphylactic reac-
tions to food in children and adolescents. N Engl J Med 1992;327:380-4.

5. Bock SA, Munoz-Furlong A, Sampson HA. Fatalities due to anaphylac-
tic reactions to foods. J Allergy Clin Immunol 2001;107:191-3.

6. Gold MS, Sainsbury R. First aid anaphylaxis management in children
who were prescribed an epinephrine autoinjector device (EpiPen). J
Allergy Clin Immunol 2000;106:171-6.

7. Sampson HA. Food allergy. Part 2: diagnosis and management. J Allergy
Clin Immunol 1999;103:981-9.

8. Sampson HA. Utility of food-specific IgE concentrations in predicting
symptomatic food allergy. J Allergy Clin Immunol 2001;107:891-6.

9. Beyer K, Ellman-Grunther L, Jarvinen K-M, Wood RA, Hourihane J, HA
S. Measurement of peptide-specific IgE as an additional tool in identify-
ing patients with clinical reactivity to peanuts. J Allergy Clin Immunol
2003;112:202-7.

10. Fleischer DM, Conover-Walker MK, Christie L, Burks AW, RA. W. The
natural progression of peanut allergy: resolution and the possibility of
recurrence. J Allergy Clin Immunol 2003;112:183-9.

11. Skolnick HS, Conover-Walker MK, Koerner CB, Sampson HA, Burks W,
Wood RA. The natural history of peanut allergy. J Allergy Clin Immunol
2001;107:367-74.

12. Busse PJ, Nowak-Wegrzyn HA, Noone SA, Sampson HA, Sicherer SH.
Recurrent peanut allergy. N Engl J Med 2002;347:1535-6.

13. Roberts G, Patel N, Lev-Schaffer F, Habibi P, Lack G. Food allergy as a
risk factor for life threatening asthma in childhood a case-controlled
study. J Allergy Clin Immunol 2003;112:168-74.

14. Simonte SJ, Ma Songhui M, Mofidi S, Sicherer SH. Relevance of causal
contact to peanut butter in peanut-allergic children. J Allergy Clin
Immunol 2003;112:180-2.

15. Lack G, Fox D, Northstone K, Golding J. Factors associated with the devel-
opment of peanut allergy in childhood. N Engl J Med 2003;348:977-85.

16. Beyer K, Morrow E, Li XM, Bardina L, Bannon GA, Burks AW, Samp-
son HA. Effects of cooking methods on peanut allergenicity. J Allergy
Clin Immunol 2001;107:1077-81. 

17. Maleki SJ, Viquez O, Jacks T, Dodo H, Champagne ET, Chung S-Y, et al.
The major peanut allergen, Ara h2, functions as a trypsin inhibitor and
roasting enhances this function. J Allergy Clin Immunol 2003;112:190-5.

18. Vadas P, Perelman B. Activated charcoal forms non-IgE binding com-
plexes with peanut proteins. J Allergy Clin Immunol 2003;112:175-9.

19. Oppenheimer JJ, Nelson HS, Bock SA, Christensen F, Leung DY. Treat-
ment of peanut allergy with rush immunotherapy. J Allergy Clin Immunol
1992;90:256-62.

20. Nelson HS, Lahr J, Rule R, Bock A, Leung D. Treatment of anaphylac-
tic sensitivity to peanuts by immunotherapy with injections of aqueous
peanut extract. J Allergy Clin Immunol 1997;99:744-51.

21. Oettgen HC, Geha RS. IgE regulation and roles in asthma pathogenesis.
J Allergy Clin Immunol 2001;107:429-40.

22. Chang TW. The pharmacological basis of anti-IgE therapy. Nat Biotech-
nol 2000;18:157-62.

23. Leung DY, Sampson HA, Yunginger JW, Burks AW Jr, Schneider LC,
Wortel CH, et al. Effect of anti-IgE therapy in patients with peanut aller-
gy. N Engl J Med 2003;348:986-93.

24. Boushey HA Jr. Experiences with monoclonal antibody therapy for aller-
gic asthma. J Allergy Clin Immunol 2001;108:S77-83.

25. Li XM, Serebrisky D, Lee SY, Huang CK, Bardina L, Schofield BH, et al. A
murine model of peanut anaphylaxis: T- and B-cell responses to a major peanut
allergen mimic human responses. J Allergy Clin Immunol 2000;106:150-8.

26. Li XM, Zhang TF, Huang CK, Srivastava K, Teper AA, Zhang L, et al.
Food allergy herbal formula-1 (FAHF-1) blocks peanut-induced anaphy-
laxis in a murine model. J Allergy Clin Immunol 2001;108:639-46.

27. Li XM, Srisvastava K, Grishin A, Huang C, Schofield BH, Burks AW, et
al. Persistent protective effect of heat killed E. coli producing “engi-
neered,” recombinant peanut proteins in a murine model of peanut aller-
gy. J Allergy Clin Immunol 2003;112:159-67.

28. Stanley JS, King N, Burks AW, Huang SK, Sampson H, Cockrell G, et al.
Identification and mutational analysis of the immunodominant IgE bind-
ing epitopes of the major peanut allergen Ara h 2. Arch Biochem Biophys
1997;342:244-53.

29. Liu AH. Endotoxin exposure in allergy and asthma: reconciling a para-
dox. J Allergy Clin Immunol 2002;109:379-92.

30. Turcanu V, Maleki SJ, Lack G. Characterization of lymphocyte responses
to peanuts in normal children, peanut-allergic children, and allergic chil-
dren who acquired tolerance to peanuts. J Clin Invest 2003;111:1065-72.


