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ABSTRACT

Background: The basis for qualification for venom immunotherapy (VIT) is the fulfilment of both
the clinical and immunological criteria. Diagnostic tests that confirm the immunological criterion of
an IgE-mediated sensitization include skin prick tests (SPT), intradermal tests (IDT), and serum
specific IgE (sIgE) for the culprit venom.

Objective: This study aimed to assess the usefulness of SPT as the immunological marker in the
diagnosis of insect venom sensitization in children with history of systemic reaction (SR) to insect
sting evaluated by means of I-IV-grades Mueller’s scale. There are no such studies in children.

Methods: This cross-sectional study sample consisted of 416 children aged 3–18 years (mean age
10.6 � 3.8), 76% males, all with the history of a systemic reaction (SR) after a Hymenoptera sting
(48% of grade III/IV according to Mueller scale), diagnosed between 1999 and 2019 in the tertiary
referral centre. The standard diagnostic tests were used. Specificity, sensitivity, and positive and
negative predictive values were computed to assess the diagnostic properties of the clinical tests
to distinguish between mild and severe SR. To assess the relative value of an individual test in
predicting the qualification to VIT we incorporated the Shapley value (SV).

Results: Positive SPT results were found in up to no more than 3% of children; among them less
than 1% had only positive SPT and were negative for sIgE and IDT. Approximately 85% of the
children had detectable venom sIgE, followed by positive IDT (75%). Almost 70% of children had
positive both sIgE and IDT results. In children with grade III/IV reaction, about 80% of children had
positive results of both of these tests. sIgE and IDT had sensitivity >0.80, whereas SPT had high
specificity (>0.97) in differentiating between mild and severe SR. Relative value of diagnostic tests
in predicting qualification to VIT varied between venoms. Bee venom IDT had higher SV (0.052)
than sIgE (0.041). In contrast, wasp venom sIgE had higher SV (0.075) than IDT (0.035).

Conclusion: SPTs are not an useful immunological marker of venom sensitization in children, and
eliminating SPT does not result in a loss of diagnostic accuracy. Limiting diagnostics to venom sIgE
and IDT would shorten the procedure and reduce costs. Future studies are needed to determine if
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venom sIgE as the first line diagnostic test, with IDT added only if the venom sIgE is undetectable,
is an optimal diagnostic process.

Keywords: Insect venom allergy, Skin prick test, Intradermal test, Specific IgE, Venom

immunotherapy
INTRODUCTION

According to the European Anaphylaxis Regis-
try, insect venom is the most common cause of
anaphylaxis in adolescents and one of the leading
causes of anaphylaxis in children.1 Clinical history
of systemic reaction (SR) to insect sting is of key
importance for undertaking allergy diagnosis.2–4

If venom-induced clinical symptoms meet
anaphylaxis criteria according to either one of its
current definitions of the National Institute of Al-
lergy and Infectious Diseases/Food Allergy and
Anaphylaxis Network (NIAID/FAAN) (2006) modi-
fied by the World Allergy Organization (WAO)
(2019),5,6 diagnostic evaluation is required to
confirm an IgE-dependent sensitization and
venom immunotherapy (VIT) is indicated.2–4

Standard diagnostic methods for insect venom
anaphylaxis include skin prick tests (SPT),
intradermal tests (IDT), and analysis of serum
specific IgE (sIgE) for venom extract. For
additional diagnostic insight, measuring sIgE for
venom components (component resolved
diagnosis, CRD) may increase analytic sensitivity,
detection of cross-reactivity and determination of
individual sensitization profiles.4,7–9 The basophil
activation test (BAT), increasingly used, may also
be helpful in some doubtful cases.10

Skin testing is laborious and time-consuming,
and might be perceived as painful. A critical eval-
uation of current approach to IDT in venom tested
adults has been recently published by Quirt
et al.11 The validity of the shortening IDT
procedure in children, by limiting it to
concentrations of venom from 0.01 mcg/ml to
1.0 mcg/ml, to reduce pain and costs, was
previously documented,12 and applied by other
authors.13 In this study, we critically evaluated the
utility of the standard SPT testing in the diagnosis
of children with history of SR to insect sting.
There are no studies critically assessing the
usefulness of SPT in the diagnosis of venom
allergy in children and its application to initiation
of VIT.
METHODS

Sample description

In the years 1999–2019, 500 children were
admitted for one-day in-hospital diagnostic pro-
cedures due to a SR after an insect sting or due to
large local reaction after an insect sting exclusively
in the head or neck region. From this population, a
group of 416 children, who developed SR grades
I-IV according to Mueller’s classification14 and had
all 3 standard diagnostic tests (sIgE, IDT and SPT)
performed, was selected. Details of the inclusion
and exclusion criteria for this analysis are
summarized in Fig. 1. The data were obtained
from the tertiary referral pediatric center in
southeastern Poland.

All the participants over 16 years and caregivers
of those younger than 16 provided their written
consents prior to any diagnostic procedures. The
study was conducted in accordance with the
principles of Declaration of Helsinki and was
approved by local Bioethical Committee.

Diagnostic approach

Eligibility for VIT was evaluated using the criteria
of the European Academy of Allergy and Clinical
Immunology (EAACI) (2005, 2019), the American
Academy of Asthma, Allergy and Immunology
(AAAAI), and the American College of Asthma,
Allergy and Immunology (ACAAI) (2017).2–4,7,14–16

The first visit was dedicated to completion of a
detailed medical history using complete source
records, collection of blood samples, and skin
tests. All patients were tested for wasp and bee
venom serum sIgE, and in selected cases, for
hornet venom sIgE. Due to lack of a hornet
venom diagnostic extract in Poland, the children
suspected of hornet anaphylaxis, had their SPT
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Fig. 1 The chart of inclusion and exclusion criteria for the analysis
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and IDT performed with wasp venom and they
were included in the wasp venom tested group
during further analysis. The skin tests included
SPT and IDT with either bee or wasp venom,
based on patient’s history. For children in whom
the specific insect could not be identified on the
basis of history, or those suspected of having SR
after being stung by insects of both species, skin
tests were performed with the venom of both
species. In final analysis only those children who
had a complete set of three tests (sIgE, SPT, IDT)
for the venom of a given species were included.
Children with negative results of all tests were
scheduled for the follow-up visit in 3–6 months to
repeat the complete series of diagnostic proced-
ures. In such cases our analysis included only the
results of the first set of diagnostic tests.

Due to the history of SR, all patients regardless
of tests results, during the first visit, were trained in
the treatment of anaphylaxis and provided with
emergency medication, including self-
administered adrenaline, per EAACI guidelines.17

Venom-sIgE was evaluated using ImmunoCAP�
(Thermofisher Scientific, Sweden). Values equal to
at least 0.35 kUa/l were regarded as detectable.
SPT was performed with a commercial venom
extract 100 mcg/ml (Pharmalgen Wasp Venom and
Pharmalgen Bee Venom, ALK-Abelló A/S,
Denmark); the results were regarded positive
when wheal diameters caused by histamine and
the specific venom were greater than or equal to
3 mm after 15 min. IDT were performed with
venom concentrations of 0.0001 mcg/ml to 1.0
mcg/ml, during time period from 1999 to 2017,
then starting from 2017 the venom concentrations
were limited to 0.01 mcg/ml to 1.0 mcg, based on
the results of study by Cichocka-Jarosz et al.12

Results of IDT were regarded as positive when
wheal diameter for any venom concentration was
equal or greater than 5 mm after 15 min.14 Skin
puncture was performed by means of allergy
lancets (Heinz Herenz Medizinalbedarf GmbH,
Germany), a new sterile lancet was used for each
puncture. Each child had 3 SPTs placed
(histamine control, saline, and venom) and 3 or
more IDTs.

Statistical analysis

Distributions of analyzed variables were pre-
sented as counts and percentages. Relationships
between qualitative variables were analyzed using
Fisher-Freeman-Halton Chi-square test. Differ-
ences between proportions of positive tests were
performed using McNemar test for dependent
samples proportions with continuity correction.
Sensitivity, specificity, positive and negative pre-
dictive values were computed to assess the diag-
nostic properties of the clinical tests to distinguish
between mild (grades I-II) and severe (grades III-IV)
SRs.

To assess the relative value of particular diag-
nostic test or severity of reaction in predicting the
qualification to VIT, we incorporated the Shapley
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value (SV), which is a solution concept originated
from cooperative game theory.18 The SV was
originally used for linear regression and R-
squared as a measure of fit. To estimate the SV
for a set of predictors it is necessary to estimate
the R-squared for so called null model including
none of the predictors (the prediction is based
solely on the knowledge of distribution of
dependent variable), then for the models
including only 1 of each predictors, then for the
models including each combination of 2 of the
predictors, and more, reaching finally the model
including all predictors. We used logistic
regression model to predict qualification to VIT
which is a binary variable, and as a measure of fit
of the model we used the percent of correct
classification of dependent variable categories,
which was an input to calculate the SV. Therefore,
in this paper, SV reflects the weighted average
improvement in percent of correct classification,
which particular diagnostic test or severity of
reaction provide while predicting qualification to
VIT. Therefore theoretically SV ranges from 0 to
1. However, as there is no computational
possibility to estimate logistic regression model
Bee venom

No 255 (100%)

Age 10.5 � 3.7

Gender (male) 189 (74%)

Mueller’s grade

I 60 (23%)

II 77 (30%)

III 68 (27%)

IV 50 (20%)

Culprit insect recognized

Bee 202 (79%)

Wasp 0 (0%)

Bee and wasp 6 (2%)

Hornet 0 (0%)

Not established 47 (19)

Table 1. Demographic and clinical characteristics of the study groups
with no predictors, we assumed the percent of
correct classification for the null model to be
equal to the percentage of the children qualified
to VIT for particular kind of venom. With such
assumption the maximum of SV may not exceed
the difference between 1 and this value. We used
four variables to predict the qualification to VIT:
severity of SR differentiating severe from mild
reactions, and results of sIgE, IDT and SPT tests
(indicating positive result of particular test).

Statistical analysis was performed using IBM
SPSS Statistics 26 for Windows.
RESULTS

Characteristics of study group

The children were in the age group 3–18 years,
three-fourths of the sample were male. About one-
half of the children had the history of grade III-IV SR
to the sting. In total, 364 children or their parents
were able to identify the culprit insect (Table 1).
Out of 255 children tested for bee venom
hypersensitivity (bee venom group) with 3
diagnostic tests (ie, SPT, IDT, and sIgE), 158
Wasp venom Total

212 (100%) 416 (100%)

10.9 � 3.8 10.6 � 3.8

164 (77%) 315 (75.7%)

57 (27%) 92 (22%)

64 (30%) 123 (30%)

52 (25%) 117 (28%)

39 (18%) 84 (20%)

0 (0%) 202 (49%)

154 (73%) 154 (37%)

6 (3%) 6 (1%)

2 (1%) 2 (1%)

50 (23%) 52 (12%)

divided according to the type of venom tested
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children (62%) were qualified for VIT based on the
clinical criterion (systemic reaction grade II-IV in
Mueller’s classification) and the immunological
criterion (positive result of at least 1 test confirming
an IgE-dependent venom sensitization). In the
Bee venom

Total 158 (62%)

Severity <

I & II Mueller’s grade 46 (34%)

III & IV Mueller’s grade 112 (95%)

sIgE <

negative 1 (3%)

positive 157 (70%)

SPT

negative 151 (61%)

positive 7 (100%)

IDT <

negative 19 (28%)

positive 139 (74%)

Number of positive tests <

0 0 (0%)

1 19 (39%)

2 133 (76%)

3 6 (100%)

Distribution of positive results <

None 0 (0%)

sIgE only 18 (43%)

SPT only 0 (0%)

IDT only 1 (14%)

sIgE & SPT 1 (100%)

sIgE & IDT 132 (75)

SPT & IDT 0 (0%)

sIgE & SPT & IDT 6 (100%)

Table 2. Qualification for venom immunotherapy (VIT) with respect to
relative percentage of the children qualified to VIT within a particular venom cat
number and their possible configurations respectively. * - test performed for categ
IgE; SPT, skin prick test; VIT, venom immunotherapy
group of 212 children tested by means of analo-
gous procedures with wasp venom (wasp venom
group), 106 children (50%) were qualified for VIT
(Table 2). Among above mentioned children, 51
were tested with both venoms, out of which 2
p Wasp venom p

– 106 (50%) –

0.001 <0.001

21 (17%)

85 (93%)

0.001 <0.001

1 (3%)

105 (59%)

0.046 1.000

105 (50%)

1 (33%)

0.001 <0.001

14 (28%)

92 (57%)

0.001 <0.001

0 (0%)

15 (31%)

90 (62%)

1 (50%)

0.001* <0.001*

0 (0%)

14 (44%)

0 (0.0%)

1 (7%)

0 (0%)

90 (62%)

0 (0%)

1 (50%)

the results of diagnostic tests Numbers represent absolute count and
egory as function of positive results in different test types, their cumulative
ories with at least 10 cases.Abbreviations: IDT, intradermal test; sIgE, specific



6 Cichocka-Jarosz et al. World Allergy Organization Journal (2023) 16:100775
http://doi.org/10.1016/j.waojou.2023.100775
were qualified for VIT with wasp venom and 5 were
qualified for VIT with both venoms.

Standard diagnostic methods

In both venom groups SPT was positive in no
more than 3% of the children; however the per-
centage of children with positive results of only
SPT was less than 1% (Fig. 2A and B). Positive
results of sIgE and intradermal tests (IDT) were
observed in about 85% and 75% of the children,
respectively. About 68% of children have positive
results of both sIgE and IDT, regardless of kind of
venom (Fig. 2A and B). The proportion of positive
Fig. 2 A)Diagnostic tests’ results in the study sample in bee venom gro
group. Abbreviations: IDT, intradermal test; sIgE, specific IgE; SPT, ski
sIgE was significantly higher than the proportion
of positive IDT (p < 0.001 for bee venom group,
p ¼ 0.020 for wasp venom group), and both
were significantly higher than the proportion of
positive SPT (p < 0.001 for both comparisons),
regardless of the kind of venom (Fig. 2A and B).
No side effects were observed when performing
both SPT and IDT.

In children with III/IV Mueller’s grade these
numbers markedly increased — in bee venom-
tested children sIgE was positive in 94%, and IDT
was positive in 86%. In wasp venom-tested chil-
dren sIgE was positive in 92%, and IDT was
up. B) Diagnostic tests’ results in the study sample in wasp venom
n prick test; VIT, venom immunotherapy

https://doi.org/10.1016/j.waojou.2023.100775
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positive in 81%. Summarizing in grade III/IV re-
actors, 80% of bee venom-tested and 79% of wasp
venom-tested children had positive results of both
of these tests, meanwhile, SPT was positive in only
5% of bee venom-tested and in 1% of wasp
venom-tested children (Fig. 2A and B).

Among Mueller’s grade III/IV reactors, 6 children
tested for bee venom allergy (5%) and 6 children
tested for wasp venom allergy (7%) had negative
results in all 3 tests. In further follow-up evaluation
all test results remained negative.

Predictive properties of tests and its usefulness for
qualification to VIT

In the bee venom group, 94% of children with
Mueller’s grade IV after sting, 96% of children with
grade III, 48% with grade II and 15% of children
with Mueller’s grade I, were qualified for bee
venom VIT. The percentage of children who were
qualified for bee venom VIT with a positive test
result exceeded 70% for each type of test and was
the highest for SPT. Out of the 7 children with
positive bee venom SPT results, 86% (n ¼ 6) had a
positive also sIgE and IDT results. The remaining
14% (n ¼ 1) had a positive result of sIgE only. All of
them were qualified to VIT with bee venom.

No child was qualified for VIT based solely on
the positive results of SPT with bee venom. In
contrast, the fraction of the patients qualified for
bee venom VIT with negative SPT result for bee
venom was over two times higher than that of
children with negative results of IDT and over 20
times higher than that of children with negative
results of sIgE. The greater number of positive
tests, the higher the percentage of children quali-
fied for bee venom VIT (Table 2). In the sample of
children qualified for bee venom VIT, positive
results of sIgE, IDT, and SPT were observed in
99%, 88% and 4%, respectively.

In the wasp venom group, 95% of children with
Mueller’s grade IV after sting, 92% of children with
grade III, 30% with grade II and 4% of children with
Mueller’s grade I, were qualified for VIT. The per-
centage of children who were qualified for wasp
venom VIT, based on their positive SPT results was
over 1.5 times lower than those who were qualified
with positive results of sIgE or IDT. There were only
3 children with positive results of SPT to wasp
venom, 67% (n ¼ 2) of them had positive SPT
concurrent with positive results of sIgE and IDT,
while in case of 33% (n ¼ 1) positive SPT was the
only positive test. However this particular patient
was not eligible for VIT since he was classified as
Mueller’s grade I.

No child was qualified for the wasp venom VIT
based solely on the positive SPT. The fraction of
children qualified for wasp venom VIT with a
negative result of SPT to wasp venom was almost
1.5 times higher than that of children with negative
results of IDT and over 15 times higher than that of
children with negative results of sIgE. In the sample
of patients with 2 or 3 positive wasp venom tests,
there was almost twice as many children qualified
for wasp venom VIT compared to the children with
a single positive test (Table 2). The children
qualified for wasp VIT showed positive results of
sIgE, IDT, and SPT in 99%, 87%, and 1%,
respectively.

The highest sensitivity (above 0.9) in discrimi-
nation between mild (Mueller’s grades I/II) and
severe (Mueller’s grades III/IV) SRs after a sting in
both species of venom was obtained for sIgE, and
it was close to zero for SPT. On the contrary, the
specificity was almost 1 for SPT, and did not
exceed 0.36 for the other types of tests. The posi-
tive predictive value (PPV) for sIgE and IDT in both
species of venom was about 0.5 and was lower
than the PPV for SPT in both venoms. Negative
predictive value (NPV) was the highest for sIgE
(approx. 0.8) and the lowest (approx. 0.55) for SPT.
Accuracy for all tests in both insect species ranged
between 0.5 and 0.6 (Table 3).
Relative value of intradermal testing as compared
to detection of serum sIgE

The highest SV was estimated for the clinical
manifestation of the allergic reaction according to
Mueller’s grade both in case of bee (0.086) and
wasp (0.29) venoms. The SV for skin and blood
tests differed between 2 venoms. For bee venom,
higher SV was calculated for IDT (0.052) than for
sIgE (0.041). In contrast, for wasp venom tests,
higher SV was calculated for sIgE (0.075) than for
IDT (0.035). The SV for SPT was equal to 0 for both
kinds of venoms, indicating that, the results of SPT
did not increase the quality of prediction of the
patient’s eligibility to initiate VIT (Table 4).



Sensitivity Specificity
Positive

predictive
value

Negative
predictive

value
Accuracy

Bee venom

sIgE 0.94 0.18 0.50 0.77 0.53

IDT 0.86 0.36 0.54 0.75 0.59

SPT 0.05 0.99 0.86 0.55 0.56

Wasp venom

sIgE 0.92 0.21 0.47 0.79 0.52

IDT 0.81 0.27 0.46 0.66 0.50

SPT 0.01 0.98 0.33 0.57 0.57

Table 3. Properties of different diagnostic tests in discrimination between I/II vs III/IV Muller grades for wasp and bee venom

Bee venom Wasp venom

No predictors 0.62 0.50

1 predictor

Mueller’s grade 0.80 0.87

sIgE 0.73 0.65

IDT 0.73 0.60

SPT 0.62 0.50

2 predictors

Mueller’s grade & sIgE 0.73 0.90

Mueller’s grade & IDT 0.75 0.87

Mueller’s grade & SPT 0.80 0.87

sIgE & IDT 0.73 0.66

sIgE & SPT 0.73 0.65

IDT & SPT 0.74 0.60

3 predictors

Mueller’s grade & sIgE & IDT 0.80 0.90

Mueller’s grade & sIgE & SPT 0.73 0.90

Mueller’s grade & IDT & SPT 0.75 0.87

sIgE & IDT & SPT 0.73 0.66

4 predictors

Mueller’s grade & sIgE & IDT & SPT 0.80 0.90

Table 4. Percentage of correctly classified cases by logistic regression models including tests as a predictors of qualification to VIT for
particular venom Abbreviations: IDT, intradermal test; sIgE, specific IgE; SPT, skin prick test; VIT, venom immunotherapy
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DISCUSSION

Diagnosis of allergy to insect venom in the light of
current guidelines

Diagnostics of venom allergy is recommended
only in these children in whom the severity of
systemic symptoms after a sting justifies treatment
with culprit insect VIT.2–4,7 Our study included only
children with SR. In children with SR of I/II grades,
diagnostic process was limited to the patients in
whom a high risk of subsequent stings was
associated with the proximity of the bee hives or
with decreased quality of life due to high anxiety.

The WAO guidelines recommend SPT as the
first level of diagnostic procedure in case of sus-
pected type I, immediate, IgE-mediated venom
allergy.19 The test is regarded as safe, of high
enough sensitivity and good specificity when
performed and interpreted correctly, while IDT,
regarded as more sensitive than SPT, is usually
done as the second step.2,14,19–21 However, it
appears that sensitivity of venom SPT is rather
low, reaching up to 64%, while combination of
SPT with IDT reaches sensitivity about 94%;
therefore, it is recommended to perform both
tests sequentially.19–22 In spite of the above
results, SPT were commonly used as the
diagnostic test in pediatric and adult centres
performing Hymenoptera venom allergy (HVA)
diagnostics in some European countries.23–25

The results presented in current paper suggest
that SPT sensitivity in diagnostics of IgE-dependent
HVA in children may be substantially over-
estimated. In this study, the number of positive
SPT results (3%) was over twenty times lower than
the number of positive sIgE or IDT (over 70),
regardless the kind of venom. An isolated positive
SPT result occurred in less than 1% of children.

The skin tests, both SPT and IDT, were recog-
nized by WAO as secure procedures.26 In line with
the WAO Statement, systemic allergic reactions to
venom skin tests were rare, and near-fatal or fatal
reactions were exceedingly rare.27 Also in this
study none of the children had side effects due
to skin testing with any kind of venom. Even
more, the simultaneous intradermal testing with
different venoms was safe and efficient.28 In
Strohmeier’s study, 472 (98.7%) patients tolerated
the simultaneous intradermal testing (0.02 ml of
venom in concentrations from 0.001 up to
1.0 mg/ml of honey bee and wasp venom),
without any side-effects.28 Despite a low risk of
SRs, many scientific institutions both US and
European, recommend to perform a graduated
approach for venom skin testing.14,20–22,24,26

In doubtful cases, such as double sensitization or
negative results of standard diagnostic tests, in a
patientwith confirmedhistory of SR,more advanced
procedures of CRD with the evaluation of sIgE to
certain venom components or basophil activation
test (BAT) is recommended.2,4,7,8,10,14,21,24,29 The
BAT should be carried out in highly specialized
laboratories for diagnostic purposes, only in
specific situations. Its role as a diagnostic tool in
patients with mast cell disorders and negative
venom-specific IgE and skin test results remains
controversial.24 According to Korosec et al, BAT
allowed to confirm Hymenoptera venom allergy in
81% of patients suspected of HVA with negative
sIgE results and in 60% of patients who are
negative for both sIgE and IDT with insect
venom.30,31 The current manuscript does not
address diagnostics by means of CRD and BAT.

In the era of personalized medicine, it is neces-
sary to consider limiting procedures that are not
relevant to clinical decision making.9,32–34 In
earlier work by Cichocka-Jarosz et al, authors
suggested exclusion of the 2 lowest venom con-
centrations (lower than 0.01 mg/ml) during IDT in
children,12 while Quirt et al in the studies of IDT in
adult patients, proposed reduction of the venom
testing to 1 concentration equal to 1 mg/ml.11

Although a possibility of the single-step venom
IDT is very attractive as safe and time-sparing, we
would have some concern regarding its technical
accuracy, possibility of false-positive results in case
of a too deep puncture of the skin or false-negative
results in case of a too superficial one, and diffi-
culty of re-evaluation in case of a single intrader-
mal puncture. The role of the proper technique
during skin testing is also emphasized by other
authors.35

Park et al, proposed an updated order of the
validation tests based on results of their prospec-
tive study.36 The initial step should include the
sIgE assessment. In case of negative results in a
patient with clinical signs suggestive of a
systemic allergic reaction, IDT should be
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performed.36 In Park’s results, there was significant
discordance between positive IDT and sIgE levels
evaluated by ImmunoCAP� allergy panel;
however, according to author’s statement, they
were complementary. It was especially
pronounced in Vespide venoms. More than 47%
of the case patients would have different venom
immunotherapy prescriptions if ImmunoCAP�
and IDT had been performed during initial
diagnosis versus IDT alone.36 However, Park’s
results varied from these from our study
indicating the clinically relevant difference
between children and adults with respect to HVA
diagnostics. In this study results of sIgE and IDT
were concordant in about 79% of tested children,
what suggested that most of diagnosed young
patients might be qualified to VIT based on the
results of one diagnostic tool in case of
conclusive clinical indications for treatment.

The order of diagnostic procedures proposed
by Park et al might be considered also in paedi-
atric patients. Taking into account that in this study
about 85% of children have positive venom serum
sIgE, only about 15% of patients would need to be
checked with another type of test (to exclude false-
negative results). Since qualifying a child for VIT
treatment requires a certain severity of symptoms
after a sting and confirmation by any test of the
IgE-mediated mechanism of this reaction, the use
of such a procedure would save children (espe-
cially younger ones) from several painful skin
punctures. In recent times, such a tendency is also
observed in the management of allergy to inhaled
and food allergens, due to the greater availability
and less demanding (blood collection), though
highly specialized procedure.37 It is currently the
matter of debate, whether molecular allergy
diagnosis will replace screenings by skin prick
test in the future.38 For example, the
ImmunoCAP test might be the preferred as a
single test for possible allergy to nuts, wheat,
other specific foods, and anaphylaxis of any
cause, while SPT might be considered as the
preferred test for latex allergy.37

Predictive properties of tests and its usefulness for
qualification to VIT

Of all the diagnosed children, 50% in wasp
venom group and 62% in bee venom group, were
qualified for VIT. Among grade III/IV reactors over
90% of patients were qualified for VIT, regardless
of kind of venom. The low percentage of children
qualified for VIT with the history of grade I/II re-
action, resulted from the fact that according to the
guidelines they do not have an absolute in-
dications for immunotherapy.2–4 After education in
the field of prevention, clarification of clinical
indications, and contraindications to VIT, as well
as provision of intervention drugs, patients were
instructed to return for re-evaluation in case of
subsequent reaction to an insect sting. In the
sample of children qualified for bee venom VIT,
positive results of sIgE and IDT were observed in
more than 85% of children whereas positive SPT in
less than 5%. SPT result did not influence the de-
cision to undertake VIT.

Sensitivity of analysed tests in discriminating
between mild and severe SRs, was proportional to
positivity of these tests in our sample. On the other
hand, their specificity was proportional to per-
centage of negative tests results, being rather low
for sIgE and IDT and very high for SPT. Both these
facts resulted in accuracy about 0.5 for all the tests,
suggesting that precision of predicting severity of
reaction based on tests scores is slightly higher
that predicting it just by chance. Similarly to adults
the results of skin testing and levels of venom-
specific IgE do not predict the degree of future
systemic reactivity of untreated or treated
patients.14,24,39

It should be also underlined that diagnostic
procedures do not differ between children and
adults,2,4,14,24 though the skin reactivity seems to
be lower in pediatric patients.12 There is a
concept that higher skin reactivity in adults is
reflected by a lower concentration of venom
extract yielding positive IDT results and greater
wheal diameter. Hypothetically this may result
from higher mast cell concentration in the
forearm skin in adults; however, there is no
literature about mast cell distribution in children’s
skin.40
Relative value of intradermal testing as compared
to detection of sIgE

Coefficients such as sensitivity and specificity,
estimate the value of a particular diagnostic test
based solely on its results, therefore we consid-
ered necessary to estimate diagnostic value of

https://doi.org/10.1016/j.waojou.2023.100775
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certain test using method which takes into account
the relationship between evaluated test and the
other tests used in the same settings. We decided
to use the Shapley value for its simplicity in
computation and interpretation. Using this coeffi-
cient SPT demonstrated the most limited value (SV
equaled 0) as a diagnostic tool in the approach to
HVA children, both for wasp and bee venom. This
meant that SPT results did not increase percentage
of correct classifications, when predicting qualifi-
cation to VIT, based on results of all performed
diagnostics tests and severity of SR measured by
means of Mueller’s classification. This was consis-
tent with the rate of SPT positive results in our
study sample of children with SR to insect stings,
which did not exceed 3%.

As concerns the other diagnostic tests, which
positive results occurred several times more
frequently than those of SPT, SV indicated that IDT
and sIgE differ between venoms in terms of their
relative value in determining qualification to VIT. In
bee venom group, IDT was the test with greater
impact on qualification to VIT than the sIgE,
whereas in wasp venom group it was opposite.
However in wasp venom sample the difference
between SV values for both tests was greater than
in bee venom group. Also SV estimated for
severity of reaction is much smaller for bee than for
wasp venom group. These differences originate
from the fact that in bee venom group the per-
centage of children qualified to VIT (we assumed
this value as the fit of the null model) is greater
than in wasp venom group, and the possible
improvement in correct classification when adding
other predictors to the model is lower. Additionally
in bee venom group there exist a predictor which
was not included in SV analysis, namely vicinity to
beehives, which diminishes impact of other factors
in prediction of qualification to bee venom VIT.
Limitations and strengths of the study

Our retrospective study has some limitations.
While wasp venom allergy is highly prevalent in
Europe, our centre provides medical service to
areas with a high prevalence of beekeeping;
hence, a higher proportion of children of bee-
keepers would have been enrolled in the study
than in the general population. We did not differ-
entiate subspecies within Vespula species,
assuming that Vespula germanica and Vespula
vulgaris are the most common in the countries with
the same geographic location as Poland. The
distinction between them does not affect the
choice of VIT preparation, which is universal for
Vespula venom. So far, the problem of Polistes is
marginal in Poland, which is a problem in most
European countries and results from the sporadic
occurrence of allergy to the venom of this insect,
unlike in the Mediterranean countries.41 The fact
of the lack of hornet venom for diagnosis and
treatment may also be considered a limitation.
However, strong, though individually variable,
cross-reactivity occurs between the venoms of
different Vespinae species (Vespula, Dolichoves-
pula, Vespa). In Central Europe, anaphylaxis after
European hornet stings is nearly always due to
cross-reactivity with Vespula venom.42–44 For this
reason immunotherapy with Vespula venom is
justified in case of hornet venom anaphylaxis,45

though in patients with ascertained Vespa crabro-
induced allergic reactions a specific Vespa crabro
VIT, where available, would be more adequate, at
least concerning the safety profile.46

The strengths of this study include a large cross-
sectional pediatric sample, a uniform methodol-
ogy, the use of data originating from a single
reference centre over twenty consecutive years.
Additionally, we rigorously followed methodology
of the qualification for VIT process according to the
guidelines, and applied advanced statistical anal-
ysis methods to verify the process.

In conclusion, SPT is a redundant immunolog-
ical diagnostic marker in children and adolescents
with insect venom allergy, since it does not
significantly affects the decision to introduce VIT.
Modified diagnostic approach in children meeting
the clinical criterion of VIT may start from
measuring venom serum sIgE test and following
with IDT only in the event of its negative result. This
would shorten the procedure and reduce costs,
and possibly also improve the patient’s quality of
life.
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