REVIEW

URRENT
PINION

allergy

David B.K. Golden

Purpose of review

New directions in diagnostic evaluation of insect

Diagnosis of insect sting allergy and prediction of risk of sting anaphylaxis are often difficult because tests
for venom-specific IgE antibodies have a limited positive predictive value and do not reliably predict the

severity of sting reactions.

Recent findings

Component-resolved diagnosis using recombinant venom allergens has shown promise in improving the
specificity of diagnostic testing for insect sting allergy. Basophil activation tests have been explored as
more sensitive assays for identification of patients with insect allergy and for prediction of clinical
outcomes. Measurement of mast cell mediators reflects the underlying risk for more severe reactions and

limited clinical response to treatment.

Summary

Measurement of IgE to recombinant venom allergens can distinguish cross-sensitization from dual
sensitization to honeybee and vespid venoms, thus helping to limit venom immunotherapy to a single
venom instead of multiple venoms in many patients. Basophil activation tests can detect venom allergy in
patients who show no detectable venom-specific IgE in standard diagnostic tests and can predict increased
risk of systemic reactions to venom immunotherapy, and to stings during and after stopping venom
immunotherapy. The risk of severe or fatal anaphylaxis to stings can also be predicted by measurement of
baseline serum tryptase or other mast cell mediators.
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The diagnosis of insect sting allergy is surprisingly
complex, despite the simple recommendation that
venom immunotherapy (VIT) is indicated in
patients with a history of systemic reaction to a
sting and positive venom-IgE by skin tests or serum
test [1]. It is the indications for, and interpretation
of, these tests that frustrates clinicians, leading
to the search for new diagnostic materials and
methods. This article will review the currently avail-
able diagnostic methods and their limitations, and
will summarize the development of alternative
approaches for diagnosis and prediction of risk in
insect sting allergy.

Diagnostic testing is centered on the demonstration
of venom-specific IgE antibodies by skin test or
serum test [2,3]. As with all allergies, these tests
are useful when they confirm a clear history of
allergic reaction but have a poor overall positive
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predictive value. To understand this, we must recall
that venom-specific IgE can be demonstrated in
about 20% of normal adults, and up to 40% of those
who have been recently stung [4]. The presence of
venom-specific IgE is not necessarily predictive of
clinical reactivity or the severity of reaction to a
sting [5]. The risk of anaphylaxis to a future sting
is predicted by many factors, including the history
of reaction, the presence of venom-IgE, the natural
history of the disease, the baseline level of mast cell
mediators, and age [6,7]. The demonstration of
venom-IgE is associated with a modest chance of
systemic reaction (10-15%) even in those with a
negative history of sting reaction, and with a vari-
able chance of systemic reaction in those with a
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KEY POINTS

e Current venom skin fests and serum IgE tests are very
good for confirming the diagnosis of insect-sting
allergy, but have imperfect sensitivity and limited
positive predictive value.

o Recombinant venom allergens can improve the
specificity of serum IgE tests and differentiate cross-
reactivity from specific sensitization, but optimal
sensitivity may not be achieved without inclusion of
multiple component allergens.

e BATs can identify some patients with insect allergy who
are not detected by venom skin fests or serum IgE fests.

e The severity of sting anaphylaxis may be predicted by
using BATs as well as by measurement of mast cell
mediators or their metabolic pathways (e.g. tryptase,
PAF acetylhydrolase).

positive history of allergic reaction, ranging from 5
to 75% depending on the severity of the prior reac-
tion [1,8-10]. The clinician often orders a test with
the expectation that it will provide a clear direction
for treatment and guidance of the patient. The test
is, however, often being done after the fact (after an
allergic reaction to a sting), with up to 40% chance
of a positive result because of the sting itself. In most
cases, we cannot know what the result would have
been before the sting.

In a prospective sting challenge study [6], we
found that the severity of the past sting reaction was
correlated with the frequency, but not the severity,
of systemic reaction to a sting. In this study, we also
noted that the chance of systemic reaction was also
correlated with the species of yellow jacket used for
the sting challenge. This demonstrates that a patient
could have no reaction to one yellow jacket sting,
but could still have a severe reaction to another
yellow jacket sting. The venom skin test also showed
a correlation with the frequency of systemic reac-
tion to sting challenge, with the lowest risk being in
patients with negative venom skin test but positive
venom-IgE.

Negative venom skin and serum tests have been
reported in about 15% of patients with a convincing
history of systemic reaction to a sting, some of
whom will have systemic reactions to future stings
[11]. One effort to improve the sensitivity of skin
tests was to dialyze the venom extract to eliminate
small molecular weight components that cause non-
specificirritant reactions in the skin. This resulted in
skin tests that detected 79% of the patients who had
negative skin tests to commercial venom, some of
whom also had negative serum tests [12]. There
remains a need to improve the sensitivity and
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specificity of diagnostic tests to predict systemic
reactions to stings.

The use of recombinant venom allergens for in-vitro
diagnostic testing offers the possibility of increased
sensitivity and/or increased specificity over existing
methods. The former has been inconsistently dem-
onstrated, but the latter appears quite promising.
Although the sensitivity of serologic testing with
native venoms is superior to that of recombinant
allergens, some allergens may be underrepresented
in commercial venoms. This may explain the identi-
fication of a small number of patients who have no
detectable IgE to vespula venom in commercial
serum tests, but are positive when tested with
recombinant Ves v5 or Ves v1 [13]. This difference
has also been related to geographic variation in
responses to specific venom allergens because of
either differences in the honeybees (and their ven-
oms) in different areas or differences in genetic
responsiveness to specific allergens in different
populations (as has been observed for peanut) [13].

The most cited advantage of recombinant aller-
gens is that they are expressed in cell cultures that do
not add the cross-reactive carbohydrate determi-
nants (CCDs) that are present on the native aller-
gens. The area of greatest concern in this respect is
the dual-sensitized patient with positive IgE tests for
both honeybee and yellow jacket venoms. Muller
et al. [14] reported that diagnostic sensitivity was
96% for rApi m 1 and 87% for rVes v 5. This was
performed using an Advia-Centaur system for which
Muller reports significantly greater specificity than
in the ImmunoCAP system reported by Hofmann
etal. [15] to have 79% sensitivity with rApi m 1. The
source of the recombinant protein may account for
some of the variability in other reports (e.g. 57%
for rApi m 1) [16]. Sturm et al. [17] warns that
‘using rApi m 1 and rVes v 5 is insufficient, and will
miss genuine sensitization to other major allergens’.
Greater accuracy accrues with the inclusion of
additional allergens (e.g. rApi m 2, rVes v 1)
[18-20,21"]. Interestingly, Korosec notes that the
sensitivity of the testing with native and recombi-
nant allergens is not related to the severity of the
reaction to stings, an observation made previously
for both venom skin and serum tests for venom-IgE.
The addition of specific allergens to the natural
venom test for serum IgE also improves accuracy.
The addition of rVes v 5 to the yellow jacket Immu-
noCAP increased the sensitivity of the test from 83.4
to 96.8% [22]. More recently, Eberlein et al. [23"]
confirmed the utility of component-resolved
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diagnosis to distinguish dual from cross-reactive
sensitivity to honeybee and yellow jacket venoms,
but their results also raised questions regarding the
role of CCDs. Jakob et al. [24] noted a similar lack of
relation of honeybee or yellow jacket double pos-
itivity to CCDs, but found comparable reactivity to
native and recombinant Api m 1 in their patients.
The use of recombinant honeybee venom (HBV)
allergens has also demonstrated the spectrum of
sensitization to include all of the six allergens tested,
and the use of all the six allergens achieved a
sensitivity of 94% [25]. Perhaps more importantly,
Kohler et al. also showed that Api m 3 and Api m 10
are underrepresented in commercial HBV extract
leading not only to potential missed diagnosis but
to incomplete protection on VIT, especially in the
5% of patients who were sensitized exclusively to
these components. This could contribute to the
long-recognized difference in degree of protection
between HBV and vespid venoms. These data
suggest the potential utility of adding these com-
ponents to native HBV to improve diagnostic
accuracy (similar to spiking yellow jacket with Ves
v 5) and even to improve the therapeutic response to
honeybee VIT.

A problem that is more common in the United
States is double sensitivity to yellow jacket and wasp
(Polistes) venoms, which occurs in about half of
patients with yellow jacket allergy (which are the
majority of all cases of insect sting allergy in the
United States). In the past, radioallergosorbent test
(RAST)-inhibition has been a useful tool for dis-
tinguishing dual sensitization (and therefore dual
VIT) from cross-reactive sensitization (and single
VIT) [26]. The use of recombinant venom allergens
can also clarify the specific nature of the vespid
sensitivities, although this may not be related to
CCDs [27]. It has also been shown that both phos-
pholipases and antigen 5s must be represented in
the recombinant venoms to give optimal accuracy
[20].

A very different approach postulates that the level of
basophil sensitivity is of clinical significance
because it modulates the specific IgE in relation to
the allergic reaction to a sting. There is a long history
in the literature of allusion to such ‘twitchy mast
cells’, ‘basophil hyper-releasability’, and ‘leaky baso-
phils’ [28]. This heightened level of activation,
which may stop short of actual mediator release,
could be the result of many intracellular signaling
processes, and can be monitored by the expression
on the cell surface of basophil activation markers
such as CD63 and CD203c [297].
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One of the problems in translation of basophil
activation tests (BATs) from a research tool to a
routine clinical test is the need for a uniform and
standard approach to the methodology, and the
reporting and analysis of the results. Kosnik et al.
[30] initially reported a ratio of ‘positive’ activation
to 1.0 vs. 0.1 pg/ml of venom. This ‘positive acti-
vation’ is the proportion of basophils showing
increased CD63 expression in response to allergen
using a cutoff that varies in different studies, usually
in the range of 10-15%. More recently, the ‘CD-
sens’ is used to represent the inverse of the concen-
tration for maximal CD63 response [23"%,31]. Other
studies continue to report the absolute response to a
single-concentration venom, and some studies still
find the CD203c expression to correlate with some
clinical outcomes.

Nevertheless, a growing literature attests to the
potential utility of the test. The BAT was more sensi-
tive than intradermal skin tests in patients suffering
from clinical allergy with negative serum IgE and skin
prick tests [32], especially in patients with mastocy-
tosis [33"]. Although recombinant venom allergens
have shown some utility in detecting clinical insect
allergy in patients with negative tests for serum IgE to
native venoms, the BAT was reported to be superior in
such cases [34]. The BAT was highly correlated with
the frequency of systemic reactions to VIT [30] and
with successful protection during VIT [35], and pre-
dicted the relapse of patients after stopping VIT [36].
Eberlein et al. [23™] has described a refinement of
the BAT using recombinant venom allergens for
improved diagnostic accuracy.

Confirmation of sensitization to specific venoms or
component allergens is essential for diagnosis and
may have some value in predicting the frequency or
severity of future sting reactions or the response to
VIT or both, but there are other tests that are import-
ant in the prediction of risk. Most notably, baseline
serum tryptase has been recognized for almost
20 years as an indicator of risk in patients with
insect allergy [37,38]. Elevated baseline serum
tryptase has been reported to indicate increased
risk of severe anaphylaxis to stings, systemic reac-
tions to VIT, incomplete protection with VIT, and
relapse (including fatal reactions) after stopping VIT
[7,39-41]. Measurement of baseline serum tryptase
has become an essential part of the evaluation of
patients who are sting allergic, and often leads to
turther evaluation for potential underlying systemic
mastocytosis. It is noteworthy that insect stings are
the most common cause of anaphylaxis in patients
with indolent systemic mastocytosis [42].
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Increased serum levels of PAF have also been
identified as a risk factor for severe and fatal ana-
phylaxis, including insect stings [43",44]. This is
because of abnormally low levels of PAF acetyl-
hydrolase in these patients. When these measure-
ments become available as commercial assays, they
will undoubtedly become part of our repertoire for
evaluation of risk in patients with insect sting
allergy. One can imagine that future research will
identify similar risk-associated and predictive
measurements for other mast cell mediators or their
metabolic pathways.

The utility of each of the diagnostic assessments
discussed here depends entirely on how it can
answer the clinical question being asked (Table 1).
For initial diagnosis, a detailed clinical history is
essential. Diagnostic tests are not required for
patients who are judged to be at a low risk for
anaphylaxis, such as large local reactors, and chil-
dren with cutaneous systemic reactions. For the
majority of patients with sting anaphylaxis, stand-
ard venom skin tests or serum tests or both for
venom-IgE will give sufficient information to guide
clinical decision-making. When these tests are
inconclusive, the BAT and baseline tryptase may
be helpful. When there are multiple sensitivities,
recombinant allergen tests (or RAST-inhibition
tests) may clarify the primary clinical allergy for
specific treatment. When there is a need to predict
the severity (rather than the frequency) of reactions
to stings, the most useful tests are the prior history,
the baseline tryptase, and the BAT. There is often
much uncertainty about what test gives the most
guidance on when to discontinue VIT. This is
because there is no test that actually predicts the
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persistence of immune tolerance (vs. a waning
immunity), although the BAT shows some promise
in this respect, as does the expression of CD27 on
allergen-specitic T-cells [36,45].

The presence or absence of venom-specific IgE does
not by itself provide a clinical conclusion. This leads
to great confusion when there is an expectation that
the course of action will become clear when the
test results become available. When the history is
unclear or inconclusive, we cannot know from a
positive result whether the person had venom-
specific IgE present before the recent sting, or just
as a result of the sting. There are many normal
individuals (no history of sting allergy) who are
positive for venom-IgE, but have a relatively low
risk of sting anaphylaxis (<10%). The presence of
venom-specific IgE is necessary, but not sufficient
for sting anaphylaxis. The magnitude of the test
result correlates with the frequency, but not always
with the severity of reactions to stings. Therefore,
identification of patients at greatest risk for sting
anaphylaxis depends on recognition of high-risk
factors [7,46].

Interpretation of negative tests for venom-IgE is
also fraught with pitfalls. Venom skin tests have
limited sensitivity because of the limited range of
concentrations that can be used without causing
nonspecific (false-positive) reactions. Serum IgE to
venoms can be detected in about 10% of the patients
who are clinically sting allergic and have negative
venom skin tests, but there remain a small number
of patients who have negative venom skin test and
serum IgE tests, and yet have systemic reactions to
stings [11]. It has been recommended that patients
with a convincing history of moderate-to-severe
sting anaphylaxis, who have negative venom skin

Table 1. Diagnostic evaluation of insect-sting allergy

Skin Specific Recombinant RAST- Tryptase
History test IgE BAT allergen inhibition baseline
Diagnosis
No reaction X
LIR X
Mild systemic reaction X X X
Anaphylaxis X X X X X X X
Predict severe reaction (to stings or VIT) X X X
Cross-reactivity (honeybee/yellow jacket ) X X
Discontinue VIT X X X

BAT, basophil activation test; LIR, large local reaction; RAST-inhibition, radioallergosorbent test-inhibition; VIT, venom immunotherapy. Reproduced with permission

from [9].
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tests, should have a serum test for venom-IgE, and if
it is negative, the skin test should be repeated a few
months later [47]. Both recombinant venom aller-
gens and the BAT techniques have been shown to
identify some patients who are suffering from sting
allergy and have negative skin tests or serum IgE.

There is clearly a need for improved diagnostic and
prognostic tests for insect sting allergy. Currently
available tests have up to 95% accuracy, but when
the diagnosis is difficult, there is an additional role
for component-resolved diagnosis using recombi-
nant allergens and for BATs. There is a need to
standardize the materials and methods for these
tests to avoid some of the discrepancies that are
evident in the literature. Another diagnostic tool
that would be most valuable is the ability to identity
the patients who are at highest risk for the most
severe reactions to stings. In this respect, the BAT
holds some promise, but ideally it would be assessed
in studies using live sting challenge for the most
controlled observations of its correlation with
clinical outcomes. Measurement of baseline serum
tryptase or other mast cell mediators has shown
significant correlation with severity of sting reac-
tions.
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