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Diagnosis of peanut allergy presents a significant clinical
challenge. Accurate diagnosis is critical for patient management
and prevention of allergic reactions, whereas overdiagnosis or
failure to diagnose tolerance in a previously allergic patient can
lead to unnecessary dietary restrictions and impaired quality of
life. Oral food challenges, the criterion standard for diagnosis,
pose a risk of potentially severe allergic reactions, and are time-
and resource- intensive. In this article, we review other
currently available tests for peanut allergy and present the
strengths and weaknesses of each to assist the clinician in
determining which test might be appropriate for their patients,
as well as highlighting emerging tests currently in development.
Traditional tests for peanut-specific IgE (skin prick testing and
specific IgE) remain useful as first-line tests—a negative test
result is useful for excluding peanut allergy and a high positive
result has a high specificity for peanut allergy. For those with
an intermediate positive test result, Ara h 2 testing might be
useful as a second step. Basophil activation tests and peanut
protein epitope-specific IgE analyses appear promising in
recent studies; however, further research is required into
standardization, validation, and cost-effectiveness. Given the
limitations of existing tests for peanut allergy, there remains a
clear need for improvement. Finding a safe and affordable
method for peanut allergy diagnosis that is both sensitive and
specific remains an active area of research. © 2018 American
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INTRODUCTION

Accurate diagnosis of peanut allergy, critical for patient
management and prevention of allergic reactions, presents a
significant clinical challenge. Oral food challenges (OFCs),
particularly double-blind placebo-controlled OFCs, are the
criterion standard for diagnosis of peanut as well as other food
allergies. However, food challenges pose a risk of potentially
severe allergic reactions, and are time- and resource- intensive.

Diagnosis of IgE-mediated peanut allergy may be straight-
forward in the context of a clear clinical history of reaction
following known peanut exposure and evidence of peanut-
specific IgE. However, for patients who present with an
unclear history of peanut ingestion or reaction, or infants
without a clear history of tolerating age-appropriate portions of
peanut, but who are at high risk due to history of early severe
eczema or egg allergy, an accurate diagnostic test is vital. Simi-
larly, accurate diagnostic tests are needed to determine resolution
of allergy (development of tolerance) in patients with a history of
peanut allergy.

In this article, we review currently available tests for peanut
allergy and present the strengths and weaknesses of each to assist
the clinician in determining which test might be appropriate for
their patients. We also highlight emerging tests currently in
development.

DEFINITIONS

The ability of a diagnostic test to correctly classify individuals
into 2 categories (allergic or not allergic) is assessed by 2
parameters, sensitivity and specificity.

Sensitivity is defined as the proportion of true positives (pea-
nut-allergic individuals) correctly identified as peanut allergic by
the diagnostic test. In other words, for a test with high sensitivity,
very few truly allergic patients will have a false-negative test
result.

Specificity is defined as the proportion of true negatives (pea-
nut-tolerant individuals) correctly identified as peanut tolerant
by the diagnostic test. In other words, for a test with high
specificity, very few peanut-tolerant patients will have a false-
positive test result.

Clinically, it is common to use positive and negative predictive
values, which are more easily interpreted because they provide a
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Abbreviations used
BAT- basophil activation test
HR- histamine release
MAT- mast cell activation test
OFC- oral food challenge
PPV- positive predictive value
sIgE- specific IgE
SPT- skin prick test

measure of the probability that a patient is truly allergic or
tolerant, respectively.

Positive predictive value (PPV) is defined as the proportion of
test-positive patients who are truly peanut allergic.

Negative predictive value is defined as the proportion of test-
negative patients who are truly peanut tolerant.

Positive and negative predictive values are related to the
sensitivity and specificity of the diagnostic test; however, they are
also dependent on the underlying prevalence of disease. For
example, if a test with a particular fixed specificity and sensitivity
threshold is performed in a patient presenting to an allergy clinic
with a clear history of reactions to peanut (likely truly peanut
allergic), the PPV for a given test will be higher compared with
the PPV for the same test applied in a community setting where
few individuals will be peanut allergic. Keet et al' provide a clear
example of this issue in an article that shows that PPVs for
specific IgE (sIgE) derived from clinic populations cannot be
meaningfully applied to the general population.

It has been proposed that likelihood ratios, which compare the
probability of a positive skin prick test (SPT) result in patients
with and without food allergy, should be the measure of choice
because they have the potential to be independent of disease
prevalence and could therefore be applied across different allergy
settings.” The calculation and appropriate application of likeli-
hood ratios does however require several steps, which may
explain why this procedure has so far received limited use in
clinical practice.

A NOTE ABOUT STUDY DESIGNS

Many of the early studies investigating the accuracy of diagnostic
tests such as SPTs and measurement of peanut sIgE in serum used
data from patients presenting to allergy clinics for peanut OFC.
Several issues need to be considered when interpreting the results of
these studies: OFCs are typically offered clinically to only those
patients deemed by the allergist to be at low risk of reacting (eg,
because of recent history of accidental exposure without reaction);
patients seen in allergy clinics are likely to have a more severe profile
of allergic disease compared with patients seen by a general practi-
tioner (eg, multiple food allergies or more severe reactions to foods);
and food challenge stopping criteria are often not standardized (eg,
some challenges may be called positive if a patient develops sub-
jective symptoms, whereas others are stopped only for objective
symptoms). As a result, the findings of these studies might not be
generalizable to the wider group of all patients with suspected food
allergy, and results may vary even between different tertiary allergy
centers due to differences in patient populations. Finally, most
studies to date have been performed in pediatric populations with
limited studies in adults, and the relationship between SPT wheal
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sizes and sIgE levels to peanut and true peanut allergy may vary by
age.

SKIN PRICK TESTING

In Australia, most pediatric allergy clinics use SPTs in pref-
erence to sIgE testing because results are immediately available.
SPT has consistently been shown to have high sensitivity; in
other words, peanut allergy is highly unlikely in an individual
with a negative SPT result (usually defined as a wheal size of <3
mm). In a systematic review and meta-analysis, Soares-Weiser
et al’ calculated a pooled sensitivity of 94.7% (95% CI, 87.9-
97.8) for an SPT with a wheal size of greater than or equal to 3
mm using data from 5 studies with a combined total of 499
participants and 245 cases of peanut allergy.

Conversely, a positive SPT result has a low specificity. In the
same systematic review, the pooled specificity for an SPT with a
wheal size of greater than or equal to 3 mm was only 61.0%
(95% CI, 46.6-73.6). Consequently, several studies have
attempted to calculate SPT thresholds above which an individual
has a 95% probability of being clinically allergic (95% PPV), to
determine when an OFC is likely to be unnecessary. Using data
from the HealthNuts study in Australia, Peters et al* calculated
PPVs for peanut allergy in a population-recruited cohort of 5276
infants who were 1 year old. All infants underwent SPT to
peanut, and those with any detectable wheal (wheal size > 1
mm) underwent an OFC irrespective of their SPT wheal size
(n = 435, of which 148 were positive on challenge), as did 200
randomly selected SPT negative controls. An SPT wheal size of 8
mm had a 95% PPV for peanut allergy, a specificity of 98%
(95% CI, 95-99). and a sensitivity of 54% (95% CI, 46-62).

In a follow-up of the same peanut-allergic individuals at age 4
years, Peters et al” reported that a decreasing wheal size between
age 1 and 4 years predicted development of tolerance to peanut.
Of 156 peanut-allergic infants, 22% were tolerant to peanut on
repeat food challenge at age 4 years. On average, SPT responses
decreased by 4 mm in children whose peanut allergy had resolved
by age 4 years, compared with an average increase of 3 mm in
children with persistent peanut allergy. However, there was sig-
nificant variability between individuals, with some children
developing tolerance despite a lack of decrease in SPT wheal size,
and others remaining allergic despite a significant decrease. At
age 4 years, an SPT wheal size of 8 mm or greater had a 95%
PPV for persistent peanut allergy. Similar observations were
reported previously in a clinical cohort of peanut-allergic children
of a similar age.

A key advantage of SPT is that results are immediately avail-
able. The high sensitivity makes this a useful tool to exclude
peanut allergy in an individual with an unclear clinical history if
the test result is negative. Although a positive SPT result has poor
specificity overall, use of a higher cutoff can improve specificity
and several studies conducted in different populations have
confirmed that an 8-mm threshold provides a high specificity
and PPV for peanut allergy. However, individuals with a smaller
SPT wheal size are still likely to require OFC or further testing to
determine their food allergy status in the absence of a clear
clinical history. Various factors have also been shown to influence
SPT wheal size, including choice of SPT device and reagents,
technique, and even site of SPT,” and these need to be taken into
account when interpreting the results of the above studies and
applying these in different clinical settings.
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PEANUT slIgE (WHOLE PEANUT)

Measurement of serum peanut sIgE levels is common as a
first-line test for peanut sensitization in US pediatric allergy
clinics. Like SPT, sIgE measurement has a high sensitivity but a
relatively low specificity. In a systematic review and meta-
analysis, Soares-Weiser et al’ calculated a pooled sensitivity of
96.3% (95% CI, 91.6-98.4) and a specificity of 59.3% (95% ClI,
45.4-72.0) for peanut sIgE (mixed cutoffs) using data from 5
studies with a combined total of 817 participants and 452 cases
of peanut allergy. Similar to SPT, decreasing sIgE levels to pea-
nut are associated with resolution of peanut allergy.’

Studies have also attempted to determine a 95% PPV for sIgE
testing, with varying results. In the HealthNuss study, sIgE levels
above 34 kUA/L had a 95% PPV for peanut allergy at age 1 year,
whereas at age 4 years the corresponding 95% PPV was 2.1 kU,/
L. Other studies have suggested a threshold of 15 kU4/L for
children with a median age of 3.8 years.”” These differences are
likely to be attributed to differences in study populations and test
methods. As we describe above, the PPV for a given sIgE
threshold is expected to be higher if the test is performed in
patients presenting to an allergy clinic with a history of peanut
reactions (high likelihood of being truly peanut allergic)
compared with a community setting where few individuals will
be peanut allergic." Peters et al” reported that the sIgE threshold
with 95% PPV for peanut allergy was significantly lower in
infants with a history of reacting to peanut (1.0 kU,/L)
compared with those without a history of reaction (39 kU4/L).

Measuring sIgE levels has advantages over SPT in some set-
tings because it can be performed even in patients with severe
eczema who may not have a patch of clear skin for SPT, and does
not require patients to avoid antihistamines before testing.
General practitioners without training and experience in per-
forming and interpreting SPT may also be more comfortable
with ordering sIgE testing. However, cutoffs that define a very
high likelihood of peanut allergy appear to be more variable
between studies.

slgE TO PEANUT COMPONENTS

In the past 5 to 10 years, more studies have focused on
measuring IgE to specific peanut components (component-
resolved diagnosis) rather than to whole peanut in an attempt to
improve on the high rate of false-positive results for SPT and
sIgE levels. These test are now commercially available and in
widespread clinical use.

Peanut components that have been tested in clinical studies
include Ara h 1, 2, 3, 6, 8, and 9. A systematic review by Kle-
mans et al'’ of 22 studies, 21 in pediatric populations, concluded
that Ara h 2 provided the best combination of diagnostic accu-
racy measures, and was mainly superior to SPT and sIgE for
diagnosing peanut allergy in case of a positive test result. Ara h 2
testing may be useful as a second screening step in patients with a
positive SPT result or whole peanut sIgE result to reduce the
requirement for OFCs.'' Similar to whole peanut sIgE,
increasing levels of component sIgE to Ara h 2 are also associated
with an increasing likelihood of true peanut allergy."' A more
recent systematic review that included only 3 studies with
double-blind placebo-controlled OFC outcomes suggested that
Ara h 6 might have a higher diagnostic accuracy for peanut
allergy compared with Ara h 2, but comparison between studies
was difficult due to varied cutoff values, and concluded that more
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research is required to determine clinically appropriate cutoff
values and cost-effectiveness of component-resolved diagnosis
approaches for peanut allergy.'” A final issue to consider is that
patterns of sensitization to peanut components may vary in
different regions because of the effects of sensitization to cross-
reacting pollens.

A proposed diagnostic approach combining SPT or sIgE
measurements with Ara h 2 testing is highlighted in Figure 1.
Using this 2-step approach, when managing children with a
clinical history of an IgE-mediated reaction to peanut in the
middle range of sIgE or SPT sensitization who may not have
previously been challenged, if they have a low Ara h 2 result,
clinicians may now opt to perform an oral peanut challenge.

BASOPHIL ACTIVATION TEST

Basophils, like mast cells, express a high-affinity IgE receptor.
Cross-linking of IgE bound to FceRI receptors on the cell surface
results in rapid release of granule-stored inflammatory mediators
(eg, histamine) and upregulation of cell surface receptors such as
CD63 and CD203c. The basophil activation test (BAT) is an
in vitro functional assay that assesses the expression of these
activation markers on the surface of live basophils in whole fresh
blood by flow cytometry following stimulation with peanut
allergen.’” In a key study of peanut-allergic patients, BAT
showed a dose-dependent expression of activation markers CD63
or CD203c. Conversely, sensitized tolerant and nonsensitized
nonallergic patients either did not express or showed a much
lower expression of these activation markers following stimula-
tion with peanut allergen.'*

The key strength of the BAT is the ability to accurately
differentiate between allergic and tolerant patients and have a
superior specificity and comparable sensitivity compared with
other diagnostic tests. In this pivotal study, BAT was shown to
have a 95% PPV and 98% negative predictive value, and allowed
a two-thirds reduction in the number of OFCs required.'”
However, it should be noted that the population prevalence of
peanut allergy in this allergic cohort was approximately 40% so
PPV will be higher than when applied to a more general popu-
lation. When the same authors validated the BAT in clinical
practice using it selectively in various multistep strategies
following an equivocal test (SPT, sIgE, or Ara h 2), the most
accurate and cost-effective analysis was found to be when an
equivocal peanut SPT or Ara h 2-sIgE was followed by BAT. In
this way, the number of OFCs required was reduced significantly
(a reduction of 97%). It has been proposed that following this
diagnostic pathway for selected cases where the history, SPT,
and/or IgE are not definitive for the diagnosis of food allergy, a
BAT should be performed. A positive BAT result would remove
the need for an OFC; however, a patient with a negative BAT
result or nonresponder basophils (basophils that do not respond
to IgE-mediated stimulants) would still require the criterion
standard OFC test to confirm or refute the diagnosis. It has been
suggested that this occurs in approximately 10% to 15% of
individuals."

The udility of using BAT to diagnose peanut allergy has been
assessed in multiple studies in recent years with overall high
sensitivity and specificity with ranges from 83% to 92% and
77% to 100%, respectively.llk‘l("18

The BAT also has some other clear strengths: being able to be

performed even in children with extensive eczema, or in those
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Clinical history of IgE reaction to peanut
OR
Review for potential resolution of peanut allergy

SPT or sIgE

SPT < 3mm
or
sIgE < 0.35 kU, /L

SPT 3mm to 8 mm
or or
sIgk 0.35 kU,/L to 15 kU,/L

SPT > 8mm

slgk > 15 kU, /L

IgE peanut allergy

possible
IgE peanut aller
’ punlikely ® | IgE peanut allergy
[Arah2<1.0kU/L| [Arah2> 1.0 kU, /L | likely
consider cautious home introduction’ ‘ ‘ Consider hospital-based peanut challenget ‘ ‘ Strictly AVOID peanut*

FIGURE 1. Suggested algorithm for the diagnosis of peanut allergy in children with a history suggestive of an IgE-mediated reaction to
peanut or review for potential resolution of peanut allergy. *In infants and young children, an SPT wheal of 2 mm may indicate clinical
allergy and Ara h 2 may be indicated to determine whether a hospital peanut challenge should be considered. Cautious home introduction
should be done only under allergist guidance and may not be recommended where there is a history of severe anaphylaxis. tFuture
diagnostic tests (eg, Ara h 6, BAT, or epitope sIgE analyses) may assist in reducing the number of children requiring hospital OFCs for
diagnosis. {Depending on child’s age, SPT and/or sIgE should be repeated at regular intervals in children avoiding peanut to determine
need for ongoing avoidance or possible development of tolerance. A decrease in SPT wheal size or slgE may indicate an increased like-
lihood that peanut allergy has resolved. For children with whole peanut IgE level of more than 15 kUA/L, Ara h2 testing may be helpful in
some infants and children without a history of reaction because some studies have demonstrated higher 95% PPV cutoffs in infants and

children without a history of reaction.*

who have had recent antihistamine medication and a high safety
profile (as they are performed 7 vitro not in vive). However, the
major weakness of the BAT is that fresh whole blood (<4 hours
from sampling) is required although only a small volume of
approximately 1 mL is needed. In addition, the laboratory
method and analysis are not standardized. The method can vary
with regard to sample anticoagulation, reagents, allergen extracts
used, flow cytometry equipment, settings, and criteria for
analyses.

Although the BAT appears to be an extremely promising test,
offering higher specificity and safety for the patient, future
research into standardization and validation of the BAT, the
impact of BAT on health outcomes, and cost-effectiveness are
urgently needed.

MAST CELL ACTIVATION TEST

Mast cells have traditionally been considered the main effector
cells in patients with allergic reactions (activated through IgE
cross-linking of FceRI on the cell surface, resulting in de nuovo
synthesis and release of inflammatory mediators) and it therefore
makes sense that a test to measure their activation might make a
good in vitro diagnostic test. Recently, this novel test has been
validated against existing tools.''” In the mast cell activation
test (MAT), the function of the individual’s allergen sIgE anti-
bodies’ ability to elicit mast cell degranulation is assessed. Initially
human blood—derived mast cells need to be generated from
peripheral blood precursors from healthy donors—a technique
that requires time and specific expertise.’”” Once mast cell

cultures are established, they are sensitized passively with indi-
vidual patient sera, incubated with allergen i vitro, and assessed
for mast cell activation by flow cytometry.

A definite advantage of the MAT over the BAT is the use of
stored plasma rather than fresh whole blood, which allows
testing of samples that may have been collected far from the
laboratory or previously stored. MATs like BATs have
demonstrated high specificity when used to diagnose peanut
allergy.'™"” Santos et al'” felt that the BAT showed greater
diagnostic accuracy compared with their MAT assay (using
LAD2 mast cell line) because of better sensitivity; however, the
MAT provided definitive results for all individuals with non-
responding basophils. Conversely, Bahri et al'” felt that their
MAT assay (which used a different cell line, CD117*CD34")
was superior to BAT and all other available diagnostic tests
(area under the curve, 0.99). Although there is certainly some
further work to be done to standardize and validate the MAT
assay, it is clear that it too is a promising novel diagnostic tool
for the diagnosis of peanut allergy.

HISTAMINE RELEASE ASSAYS

Another new in vitro assay, the histamine release (HR) assay,
measures the amount of histamine released from activated ba-
sophils. In this version of the basophil diagnostic test, whole
blood (collected < 24 hours from sampling) is incubated with
peanut extract or anti-IgE, released histamine binds to a solid
glass fiber phase, and unbound blood is removed with repeated
washing. Trapped histamine is obtained from the solid phase



J ALLERGY CLIN IMMUNOL PRACT
VOLUME 7, NUMBER 2

by increasing pH and quantified flurometrically. A modified
passive HR assay using an individual’s serum has also been
developed to overcome the need for fresh blood.”” Recently,
these 2 in vitro basophil tests (BAT, HR assay, and passive HR
assay) were compared. The BAT displayed a significantly
higher CD sensitivity (a measure of basophil allergen sensi-
tivity) compared with HR assay and passive HR assay (80%,
23%, 11%)°%; however, excluding inconclusive tests, diagnostic
accuracy was comparable. Because of the strengths of using
stored sera, the authors suggest that the passive HR assay might
have clinical use for confirming peanut allergy, but because it
incorrectly identified subjects as nonallergic, it could not be
used to exclude it.

OTHER EMERGING DIAGNOSTIC TESTS

Given the limitations of existing tests for peanut allergy, there
remains a clear need for improvement. Finding a safe and
affordable method for peanut allergy diagnosis that is both sen-
sitive and specific remains an active area of research. Two decades
ago it was shown that IgE antibodies to sequential (linear) epi-
topes of food proteins correlated closely with reactivity to specific
foods.”! Subsequently, IgE to allergenic (IgE-binding) epitopes
were evaluated using short sequential peptides of 15 to 20 amino
acids bound to a solid phase (eg, initially cellulose-derived “spot
membranes” and later microarrays) using immunofluorescence.
Beyer et al”” identified 5 immunodominant epitopes in selected
peanut allergen peptides in 2003 that more accurately predicted
persistent peanut allergy. Several years later, using microarrays
containing peptides of the major peanut allergens, Ara h 1, 2,
and 3, investigators identified specific epitopes bound more by
the IgE antibodies of peanut-allergic patients compared with IgE
of peanut-sensitized, tolerant patients, which also correlated with
severity of allergic reactions.””** Given the heterogeneity of IgE-
and IgG4-binding profiles among peanut-allergic patients,
machine-learning methods have been enlisted, which markedly
enhance the diagnostic accuracy and utility of the microarray.”
Most recently, a Luminex-based peptide assay has been devel-
oped that requires lower serum volumes and has lower interassay
variability, increased sensitivity, and ease of automation
compared with the microarray.” If current studies are validated,
the Luminex-based peptide assay will provide greater accuracy in
diagnosing clinical peanut allergy, identify those patients who
will outgrow their peanut allergy, provide information on po-
tential severity of future reactions, and predict who will respond
well to immunotherapy.”® Other studies looking at peanut-
stimulated T-cell cytokine production and mRNA expression
profiles may also prove valuable as future diagnostic tests of
peanut allergy.

CONCLUSIONS

Forty-eight years ago the double-blind placebo-controlled
food challenge was shown to be the “criterion standard” for
diagnosing food allergy. Over the past 4 decades diagnostic
testing has progressed from the SPT to crude measurements of
serum IgE to whole peanut protein (radioallergosorbent test) to
quantitative measurement of IgE to whole peanut protein,
component proteins comprising peanut, and most recently to
allergenic epitopes of Ara h 1, 2, 3, and 6. With this evolution,

the clinician can now provide patients with more accurate
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diagnoses, but with new tests that may soon be available for
clinical use (BAT and epitope analysis), the clinician may be able
to provide patients with information about the degree and nat-
ural history of their peanut allergy.
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