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Prevalence of Pol d 1 Sensitization in Polistes
dominula Allergy and Its Diagnostic Role in Vespid
Double-Positivity
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What is already known about this topic? Although Polistes venom allergy is common, diagnosis of primary sensitization
versus vespid cross-reactivity is challenged by the availability of only Pol d 5 as a Polistes molecule in diagnostics.

What does this article add to our knowledge? Pol d 1 is the most frequent allergen in Polistes-sensitized patients (97%
to 100%). The diagnostic accuracy of Pol d 1 is good for detecting primary sensitizations in double-sensitized patients
(area under the curve: 87% to 99%).

How does this study impact current management guidelines? Pol d 1 can increase the diagnostic accuracy of Polistes
primary sensitizations if implemented in clinical practice, reducing the use of cumbersome and expensive in vitro testing
(ie, CAP-inhibition and basophil activation tests) and unnecessary double-venom immunotherapies.
BACKGROUND: Stings by Polistes species frequently cause
allergic reactions. However, standard allergy diagnostics are
often unable to differentiate between primary sensitization and
cross-reactivity in case of Vespula/Polistes double-sensitization
because antigen 5 is the only Polistes venom molecule currently
available in diagnostics (Pol d 5).
OBJECTIVE: To evaluate the frequency of phospholipase A1 in
Polistes venom allergy (Pol d 1) and its diagnostic role in vespid
allergy.
METHODS: We performed component-resolved diagnostics in
patients with vespid allergic reactions who were positive to
Polistes venom. A prevalence analysis was performed and the
diagnostic accuracy of Pol d 1 was evaluated to detect primary
Polistes sensitization in double-sensitized patients.
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RESULTS: Blood samples were collected from 132 patients. Pol
d 1 was present in 97% to 100% of 128 Polistes-positive patients.
It was frequently involved in case of positivity to a single Polistes
molecule (48% in double- and 80% in mono-sensitized patients).
Furthermore, Pol d 1 was positive in 95% of Pol d 5-negative
subjects. The diagnostic accuracy of Pol d 1 was good (folded type:
area under the curve[ 87%; 82% sensitivity and 77% specificity
at the best cutoff of 5.773), and even better when used combined
with the whole extract ratio (area under the curve [ 99%; 91%
sensitivity and 100% specificity).
CONCLUSIONS: The study shows that Pol d 1 is the most
frequent Polistes allergen in Italian patients. It can distinguish
Polistes primary sensitizations with good diagnostic accuracy,
which supports its use in clinical practice. � 2021 Published by
Elsevier Inc. onbehalf of theAmericanAcademyofAllergy, Asthma
& Immunology (J Allergy Clin Immunol Pract 2021;-:---)

Key words: Polistes; Vespid; Cross-reactivity; Double-sensitiza-
tion; Pol d 1; Phospholipase A1; Pol d 5; Venom immunotherapy;
CAP-inhibition; Hymenoptera allergy

INTRODUCTION
Stinging insects that most frequently cause Hymenoptera

venom allergy in developed countries are bees of the Apidae
family and wasps of the Vespidae family (composed of the
Vespinae and Polistinae subfamilies). In southern Europe, in
addition to Vespula (V) and hornets, some species of Polistes, such
as Polistes dominula (P) are a frequent cause of allergic re-
actions.1,2 Moreover, P dominula has invaded the United States,3

South Africa,4 and central Europe.5 It will probably become
more important in the future in different parts of the world, in
addition to other well-known Polistes species that are currently
present (eg, Polistes annularis, Polistes apachus, Polistes exclamans,
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Abbreviations used

AUC- A
rea under the curve

CRD- C
omponent-resolved diagnostic
P- P
olistes dominula

ROC- R
eceiver operating curve

sIgE- S
pecific IgE

SR- S
ystemic reaction

V-V
espula
Polistes fuscatus, and Polistes metricus). In southern Europe,
double-sensitization to V and P is much more frequent than to
V/P and honeybee venom,6-8 and standard allergy diagnostics
(skin test and serum IgE to whole extract) are mostly unable to
differentiate between primary sensitization and cross-reactivity.9

Radioallergosorbent and CAP-inhibition techniques appear to
be useful in cases of double V-P cosensitization6,7,10,11; however,
they may be relatively expensive and results could prove difficult
to interpret.12

More recently, component-resolved diagnostics (CRD) iden-
tify molecule-specific IgEs using recombinant or natural aller-
genic epitopes, with important consequences for both diagnosis
and therapeutic management. However, although CRD is able to
distinguish allergies adequately to honeybee venom and vespid
venom (particularly V), this is not the case when differentiation
between allergies to various vespid venoms is required. Although
P venom is devoid of carbohydrate determinants,13 definite
discrimination is rarely possible owing to the high degree of
cross-reactivity among the major allergens of these venoms.8

Because the only P venom allergen currently available for CRD
on the most common sIgE assay platform is Pol d 5, the
additional availability of other allergens from vespid venoms for
CRD would represent an added value for advanced precision
diagnostics in Hymenoptera venom allergy.6

Therefore, the objectives of this study were to evaluate, in a
real-world setting (1) the frequency of P phospholipase A1 (Pol
d 1) sensitization in vespid venom allergy, with a prevalence
analysis; (2) and its diagnostic role in vespid allergy, particularly
in the case of double-sensitization, when other available
allergenic molecules (antigen 5s) are unable to characterize the
P sensitization pattern.

METHODS
We collected the medical history and clinical examination of all

patients with allergic reactions by vespid stings and then consecu-
tively collected their blood samples at three allergy centers in
northern and central Italy (S. Maria degli Angeli Hospital in
Pordenone, Azienda Ospedaliero-Universitaria in Ancona, and
Azienda Ospedaliera Universitaria Integrata in Verona), from 2016
to 2020. Patients were tested for sensitization to both P and V by
EUROLINE DPA-Dx insect venom profile (Euroimmun, Lübeck,
Germany). EUROLINE is a semiquantitative immunoblot assay for
determining allergen-specific IgE.14 The profile applied in this study
was composed of the following allergen extracts and molecules: V
vulgaris venom, honeybee venom, Polistes ssp. venom, Vespa crabro
venom, Api m 1, Api m 2, Api m 4, Api m 10, Ves v 1, Ves v 5, Pol
d 1, and Pol d 5, as well as a carbohydrate determinant marker. Two
different types of recombinant phospholipase A1 were used for
testing: Pol d 1a (native-like folded protein) and Pol d 1 l (an arti-
ficial, unfolded variant, was produced under denaturing conditions,
yielding a protein with primarily linear epitopes). All patients posi-
tive for P were selected for analysis. Serum IgE levels specific to the
extracts and molecules (Pol d 5 and Pol d 1) were measured. In-
cubations were performed according to the manufacturer’s in-
structions on the EUROBlotOne instrument (Euroimmun, Lübeck,
Germany). In brief, 210 mL of patients’ sera diluted 1:2.5 was
incubated at room temperature. After the first three washing steps,
strips were incubated with alkaline phosphatase-conjugated anti-
human IgE, and after the second three washing steps with chro-
mogen/substrate solution. The reaction was stopped by washing
with distilled water. The strips were placed on the evaluation pro-
tocol, dried, and evaluated with the EUROLineScan program
(Euroimmun).

Prevalence analysis of sensitization to the P molecules was per-
formed and their frequencies were reported for the overall P-sensi-
tized subjects, doubly-sensitized ones, and P mono-sensitized ones.
According to the manufacturer’s instructions, the threshold of
negative results was less than 0.35 kU/L. Chi-square test was used
for comparisons between double and mono-sensitized groups. For
subjects with levels of 0.35 kU/L or greater, median serum IgE
values with interquartile ranges were also reported. Specific IgE
values less than 0.35 and greater than 100 kU/L were considered to
be 0.34 and 101 kU/L, respectively, for the quantitative analysis.
Mann-Whitney test was used to compare continuous variables.

A subgroup analysis was performed in patients sensitized to the
whole P venom extract but negative to Pol d 5 (Pol d 5 negative
subgroup), to characterize the role and magnitude of Pol d 1 in these
subjects.

A CAP-inhibition test was performed in a subgroup of patients
with similar values of specific IgE (sIgE) to P and V whole extract and
antigen 5 (CAP subgroup), to assess sensitization to P or V.10 Results
were used as the standard reference to build receiver operating curves
(ROCs) to investigate the diagnostic accuracy of Pol d 1 in detecting
P sensitization (AUC, sensitivity, and specificity), comparing different
IgE ratios. The P/V ratios of the sIgE to these extracts and antigens
were chosen for evaluation: whole extracts, antigen 5 (ie, Pol d 5/Ves
v 5), phospholipase A1 (ie, Pol d 1/Ves v 1), and all antigens (ie, [Pol
d 1þ Pol d 5]/[Ves v 1þ Ves v 5]). Cutoff values for each sIgE ratio,
together with sensitivity and specificity, were calculated from the
ROC analysis: the Youden index (ie, cutoff at the highest sum of
sensitivity and specificity) and the 100% specific cutoff (ie, cutoff
with a specificity of 100%). The obtained cutoff values were then
applied to the all CAP subgroup, to compare their diagnostic ability
with CAP-inhibition. A logistic model was used to evaluate the
diagnostic accuracy of the P/V ratio of whole extracts combined with
the P/V ratio of all available antigens.

We used STATA software (version 13, StataCorp, College
Station, Tex) for analyses. Participants were informed about the
study and signed informed consent spontaneously, according to
Good Clinical Practice. Because all interventions were part of
routine clinical practice, formal approval by the Ethics Committee
was not needed and was not requested.
RESULTS

A total of 132 blood samples from White adult patients were
consecutively collected. Four were excluded because V mono-
sensitized; the remaining 128 were included in the analysis.
Seventy percent of patients were males and 30% were females,
median age of 55 years (interquartile range, 38-65 years). All
reported allergic reactions to vespid stings, 64.5% had systemic



TABLE I. Prevalence of molecular allergens in Polistes-sensitized patients (positive to whole Polistes extract and/or Polistes molecules)

Molecule Total (n [ 128) Double-sensitized (n [ 116) Mono-sensitized (n [ 10) P*

Whole Polistes extract 126 (98%) 116 (100%) 10 (100%) 0

Pol d 1(l) 104 (81%) 98 (84%) 6 (60%) .004
Pol d 1(a) 100 (78%) 93 (80%) 7 (70%) .672

Pol d 5 64 (50%) 62 (53%) 2 (20%) .015

Pol d 1 (l and/or a) 123 96% 113 (97%) 10 (100%) .573

Negative to all Polistes molecules† 3 (2%) 3 (3%) 0 n.a.

Negative to whole Polistes extractz 2 (2%) 0 0 n.a.

a, folded type; l, unfolded type; n.a., not applicable.
Bold values show statistical significance at P < .05.
*Double versus mono-sensitized patients (chi-square test).
†Positive to whole Polistes extract.
zPositive to Vespula and to Pol d 1a only.

TABLE II. Specific IgE values

Molecule Total (n [ 128) Double-sensitized (n [ 116) Mono-sensitized (n [ 10) P*

Whole Polistes extract 34.1 (12.8-62.9) 38.9 (14.4-68.1) 13 (0.9-26.2) .002

Pol d 1(l) 21.9 (5.1-57) 22.3 (4.8-58) 14.1 (8.1-30.6) .019
Pol d 1(a) 15.4 (2.5-41.1) 21 (2.5-44.6) 2.9 (1.1-15.4) .049

Pol d 5 1.4 (0.5-7.8) 1.4 (0.5-8.8) 1.9 (0.6-3.2) .025

a, folded type; l, unfolded type.
Results are expressed in kU/L median values (interquartile range). Bold values show statistical significance at P < .05.
*Double versus mono-sensitized patients (Mann-Whitney test).

TABLE III. Frequency of Polistes molecular allergens (as mono-allergens)

Molecule Total (n [ 128) Double-sensitized (n [ 116) Mono-sensitized (n [ 10)

Pol d 1(l) 9 (7%) 8 (7%) 1 (10%)

Pol d 1(a) 17 (13%) 13 (11%) 4 (40%)

Pol d 5 0 0 0

Pol d 1 (l and/or a) 61 (48%) 53 (46%) 8 (80%)

a, folded type; l, unfolded type.
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reactions (SRs), 21.8% had large local reactions, and 13.7% had
both reactions.

Double-sensitization to whole-venom extracts was observed in
most of the study population (n ¼ 116; 90.6%); the others were
either P mono-sensitized (n ¼ 10; 7.8%) or negative to whole
P extract but positive to Pol d 1a (n¼ 2; 1.6%) (Table I). Median
sIgE values to each extract or molecule are reported in Table II. No
significant correlations were found between type of reaction (ie, SR
or large local reactions) and sensitization patterns or sIgE level.

Prevalence analysis of Pol d 1 and Pol d 5

sensitization
Overall, Pol d 1 was the most frequent P allergen (regardless of

the folded or unfolded structure) in both double-sensitized pa-
tients (97%) and mono-sensitized patients (100%) compared
with Pol d 5 (53% and 20% in the double- and mono-sensitized
group, respectively) (Table I). Pol d 1a frequency was more
frequent in double (80%) than in mono-sensitized patients
(70%), but the difference was not statistically significant
(P ¼ .672). On the other hand, Pol d 1l was significantly
more frequent in the double-sensitized group (84%) than in the
mono-sensitized group (60%) (P ¼ .004).

Pol d 1 was involved in 48% of patients who were positive to a
single P molecule; it was even more frequent in P mono-sensitized
patients (80%) (Table III). Pol d 1a as the only P positive molecule
was present in 13% of P-sensitized patients, compared with 7%
of Pol d 1l. This difference between phospholipase A1 types
was reflected both in double- and mono-sensitized patients
(Table III).

Conversely, antigen 5 was present in only 53% of double-
sensitized patients, with a significant lower frequency in
P mono-sensitized patients (20%; P ¼ .015) (Table I). Further-
more, antigen 5 was not involved in cases of positivity to a single
P molecule (Table III).

Three patients (2%) were positive to the whole P venom
extract but negative to all P molecules (Table I).

Sixty-two patients (48% of 128 subjects) were positive to the
whole P venom extract but negative to Pol d 5; therefore, they
were included in the Pol d 5 negative subgroup (Table IV).
Almost all subjects had anti-Pol d 1 sIgE (n ¼ 59; 95% of this
subgroup). The remaining three patients (5%) were negative to
all P molecules. Pol d 1a was more frequent than Pol d 1l (81%
and 71%, respectively). This difference was even bigger in the
mono-sensitized group (88% and 50%), but not statistically
significant. Concerning the median values of sIgE, in this Pol d 5
negative subgroup, the only significant difference was observed
for values of whole P venom extract between double- and mono-
sensitized patients (20.6 and 3.2 kU/L, respectively; P ¼ .032).



TABLE IV. Frequency of molecular allergens (with specific IgE values) in Polistes-sensitized patients who were negative to Pol d 5
(n ¼ 62)

Molecule

Total (n [ 62) Double-sensitized (n [ 54) Mono-sensitized (n [ 8) P

N sIgE IQR N sIgE IQR N sIgE IQR * †

Whole Polistes extract 62 (100%) 19.2 3.2-44.6 54 (100%) 20.6 3.4-45.5 8 (100%) 3.2 0.7-22.3 n.a. .032

Pol d 1(l) 44 (71%) 12.8 3.1-23.6 40 (74%) 13.8 3.1-26.7 4 (50%) 9.4 4.3-14.1 .162 .108

Pol d 1(a) 50 (81%) 6.5 2.3-27.1 43 (80%) 8.1 2.3-28.9 7 (88%) 2.9 1.1-15.4 .599 .650

Pol d 5 0 n.a. 0 n.a. 0 n.a. n.a. n.a.

Pol d 1 (l or a) 59 (95%) n.a. 51 (94%) n.a. 8 (100%) n.a. .494 n.a.

Negative to all molecules 3 (5%) n.a. 3 (6%) n.a. 0 n.a. n.a. n.a.

a, folded type; IQR, interquartile range; l, unfolded type; n.a., not applicable.
Median-specific IgE values are expressed in kU/L. Bold values show statistical significance at P < .05.
*Double versus mono-sensitized patients (frequency of positive subjects, chi-squared test).
†Double versus mono-sensitized patients (specific IgE values, Mann-Whitney test).

FIGURE 1. Diagnostic accuracy of specific IgE ratios in detecting Polistes sensitization (receiver operating characteristics analysis):
All molecules : ðPol d 1þPol d 5Þ

ðVes v 1þVes v 5Þ;Whole : Polistes whole extract
Vespula whole extract;Model : All molecules þ Whole.
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Diagnostic accuracy of Pol d 1 for Polistes
sensitization in double-sensitization

Similar values of P and V sIgE for the whole extract
(35.6� 30.5 and 21.9� 20.0 kU/L, respectively) and antigen 5
(Pol d 5 ¼ 9.7 � 21.9 kU/L; Ves v 5 ¼ 10 � 18.4 kU/L,
respectively) were identified in 52 patients (CAP subgroup, 41%
of the total 128 patients); their samples were tested with the
CAP-inhibition test. The results showed that 21 subjects were
sensitized to P (40%) and 14 subjects to V (27%). In the
remaining 17 subjects (33%), the test showed either undeter-
mined results (ie, it was unable to discriminate between P or V
owing to technical limitations) or genuine double-sensitizations
in 13 and 4 patients, respectively.

The P/V ratio of the whole venom extract showed good
diagnostic accuracy in detecting P sensitization compared with
the standard reference obtained from CAP-inhibition (area under
the curve [AUC] ¼ 0.89; standard error [SE] ¼ 0.06; 95%
confidence interval [CI], 0.77-1.00) (Figure 1). The Youden
cutoff was 1.759 (sensitivity ¼ 94%, specificity ¼ 79%). It was
able to classify 89% of subjects correctly. The 100% specific
cutoff was 7.195 (sensitivity ¼ 28%, percentage of correctly
classified subjects ¼ 63%).

The diagnostic accuracy of the phospholipase A1 ratio was good
for Pol d 1a (Pol d 1a/Ves v 1) as well (AUC ¼ 0.87; SE ¼ 0.13;
95%CI, 0.61-1.00) (Figure 1). The value of 11.10was identified as
both the Youden and the 100% specific cutoff (sensitivity¼ 80%;
specificity ¼ 100%), and it was able to classify 89% of subjects
correctly. On the other hand, the AUC of the Pol d 1l/Ves v 1 ratio
was lower (AUC ¼ 0.75; SE ¼ 0.14; 95% CI, 0.48-1.00; 100%
specific cutoff: 8.226; Youden cutoff: 1 with 40% specificity and
100% sensitivity) (Figure 1), and the Pol d 5/Ves v 5 ratio showed
poor accuracy for the diagnosis of P sensitization (AUC ¼ 0.63;
SE ¼ 0.16; 95% CI, 0.33-0.94; 100% specific cutoff: 166.7;
Youden cutoff: 1 with 50% specificity and 92% sensitivity)
(Figure 1).

When all of these molecules were summed to obtain the P/V
ratio of all antigens (Pol d 1 þ Pol d 5)/(Ves v 1 þ Ves v 5), the
diagnostic accuracy was fair (AUC ¼ 0.80; SE ¼ 0.09; 95% CI,
0.61-0.98) (Figure 1). The Youden cutoff was 5.773
(sensitivity ¼ 82%; specificity ¼ 77%) and it was able to classify
83% of subjects correctly. The 100% specific cutoff was
78.38 (sensitivity ¼ 27%; percentage of correctly classified
subjects ¼ 64%).

After the P/V ratio of the whole venom extract was combined
with the P/V ratio of all allergens in a logistic model for the
diagnosis of P sensitization, using CAP-inhibition results as the
reference standard, the AUC reached 99% (Figure 1) with 100%
of the P group correctly classified (specificity) and 91% of the V



TABLE V. Venom immunotherapy prescriptions according to CAP-inhibition testing and specific IgE ratios with area under the curve
(AUC) of 80% or greater (n ¼ 52)

Test CAP inhibition

Polistes whole extract

Vespula whole extract

Pol d 1a

Ves v 1

ðPol d 1DPol d 5Þ
ðVes v 1DVes v 5Þ

AUC n.a. 89% 87% 80%

Cutoff* n.a. 1.759 11.1 5.773

Sensitivity/specificity n.a. 94%/79% 80%/100% 82%/77%

Polistes 21 (40%) 33 (63%) 36 (69%) 30 (58%)

Vespula 14 (27%) 18 (35%) 4 (8%) 21 (40%)

Both† 17 (33%) 1 (2%) 12 (23%) 1 (2%)

n.a., not applicable.
*Best cutoff (Youden).
†Both Polistes and Vespula immunotherapies are prescribed in case of genuine double-allergy or undetermined diagnosis.
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group correctly classified (sensitivity) at the best cutoffs (Youden
and 100% specific cutoff) identified in this model for P/V whole
extract (2.773) and P/V of all allergens (3.551).

Table V lists the percentages of P, V, and undefined diagnoses
after these ratios with an AUC of 80% or greater were applied;
they may reflect the prescription of venom immunotherapies. On
the other hand, with the 100% specific cutoff values, the
percentages obtained were P ¼ 67%, V ¼ 31%, and not
defined ¼ 2%.
DISCUSSION

Prevalence analysis
We studied the prevalence of Pol d 1 in a population of

vespid-sensitized patients consecutively enrolled in northern and
center Italy. Most were double-sensitized to P and V (90.6%).

Our results showed that the major allergen in P sensitization
was Pol d 1, because it was by far the most frequent positive an-
tigen in the overall study population (96%), ranging from 97% to
100% in the double- and mono-sensitized populations, respec-
tively. Furthermore, it was the only P allergen involved in sensi-
tization to a single P antigen. On the other hand, Pol d 5 was
positive in only 50% of the overall population (53% in double-
sensitized patients and 20% in the mono-sensitized group), and
it was not present in sensitization to a single P antigen.

These figures are consistent with the only two previous studies
on Pol d 1 in V/P double-sensitized patients, reporting a Pol d 1
frequency of 87%e62%, compared to 70%e15% of Pol d 5,
despite the different methods and small sample sizes (45 and 13
subjects analyzed).6,15

Concerning the type of Pol d 1, Pol d 1a would resemble the
natural-like variant contained in the venom, which has natural-
like folding, and Pol d 1l is an artificial, unfolded variant with
primarily linear epitopes. This unfolded type (Pol d 1l) was more
frequent than the folded one (Pol d 1a) in the overall population
(81% vs 78%) and in double-sensitized patients (84% vs 80%),
but it was less frequent in the P mono-sensitized group (60% vs
70%).

The prevalence was different in patients sensitized to a single P
molecule, because Pol d 1a was always more represented than Pol
d 1l. Results from previous studies support the hypothesis that
patterns of sensitization may be different between double- and
mono-sensitized subjects16,17; this might be consistent with our
results showing a different distribution of Pol d 1a and Pol d 1l in
these two groups. However, further studies on the characteriza-
tion of folded and unfolded types of sensitization are needed to
confirm the differential diagnosis of vespid allergy based on
differences in recognition patterns.

Currently, the presence of a single P allergen (Pol d 5) in a
monoplex platform hampers an accurate diagnosis of P sensiti-
zation, because a negative Pol d 5 does not rule out possible
significant and neglected sensitization to Pol d 1. Among other
allergens, Pol d 1 may have an important role. In our study, Pol
d 1 sensitization was present in almost all the patients (95%) of
the Pol d 5-negative subgroup (ie, positive to the whole P venom
extract but negative to Pol d 5), confirming its role of major
allergen in P allergy. Only three patients (5%) had no Pol d 1
sensitization in this subgroup, and they were negative to Pol d 5,
too. This suggests that additional P antigens not yet available
might be relevant at least in a small percentage of P-sensitized
patients.9 Although all three patients reported SR to stings, the
clinical relevance of these unknown antigens is hard to predict,
because the subjects were P/V double-sensitized.

Concerning sIgE median values, anti-Pol d 1 IgE levels were
higher than anti-Pol d 5 levels in the overall study population. In
particular, anti-Pol d 1l IgE levels were higher than those of anti-
Pol d 1a, especially in the P mono-sensitized patients (14.1 vs 2.9
kU/L).

Significant differences were observed even between double-
and mono-sensitized patients, because both the whole extract
and the molecules, except for Pol d 5, had higher values in the
double-sensitized group, compared with the mono-sensitized
one (Tables II and III). Similar results were observed in
double-sensitized population of bee venomeallergic patients.16
CAP-inhibition analysis
The usefulness of CRD in resolving challenging cases of P/V

double-sensitization is a long-standing issue. Several studies have
tried to discover possible ways to combine available P and V
molecules to distinguish between genuine double-sensitization
and clinically insignificant cross-reactivity. A Pol d 5 to Ves V 5
double ratio was previously proposed, but unfortunately, the
diagnostic accuracy has not met minimum requirements for
implementation in clinical practice.7,10,18 It is well-acknowledged
that the lack of additional P antigens, in addition to the only
available Pol d 5, is probably the biggest limitation in these
studies, together with the choice of an arbitrary cutoff not
supported by ROC analyses (double ratio [ie, cutoff ¼ 2]).

According to literature, measuring the levels of sIgE for the
four major allergens phospholipases A1 (Pol d 1 and Ves v 1) and
antigens 5 (Pol d 5 and Ves v 5) of P and V allows reliable
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identification of the allergy-eliciting venom in 69% of allergic
patients with double sensitization.6

Therefore, considering the magnitude of phospholipase A1 in
double-sensitizations, as also suggested by our analysis of prev-
alence, in this study we implemented Pol d 1 in the diagnostic
algorithm and tested different ratios in the CAP subgroup at the
best cutoffs obtained from the ROC analysis.

The P/V ratio with the whole extract had good diagnostic
accuracy (AUC ¼ 89%) with good sensitivity (94%) but low
specificity (79%) at the best cutoff (1.759). The accuracy of the
Pol d 1a to Ves v 1 ratio had similar accuracy (AUC ¼ 87%)
with higher sensitivity (80%) and specificity (100%), but the
best cutoff was high (11.10) for use in clinical practice.
Conversely, the diagnostic accuracy was low for Pol d 1l/Ves v 1
(AUC ¼ 75%) and Pol d 5/Ves v 5 (AUC ¼ 63%). Nevertheless
the biological rationale behind using either phospholipase A1 or
antigen 5 is probably poor, because the contribution of both
should be considered for P sensitization, as was supported by our
prevalence analysis. Therefore, we tested the ratio of all available
antigens (ie, [Pol d 1 þ Pol d 5]/[Ves v 1 þ Ves v 5]), which
showed just fair diagnostic accuracy (AUC ¼ 80%), not as good
as the whole extract ratio, but with the best cutoff (5.773), closer
to that observed with the whole P/V ratio, and more convenient
in clinical practice than the high Pol d 1a/Ves v 1 cutoff.

The best result was obtained by combining, in a logistic
model, the two ratios with the strongest rationale: the whole
extract and all antigen ratios. With this new ratio, we reached
excellent accuracy (AUC ¼ 99%; and 100% specificity and 91%
sensitivity) with cutoff values of 2.773 for the P/V whole extract
and 3.551 for the all-antigens ratio.

For venom immunotherapy prescription, a comprehensive
assessment of clinical data, history (eg, identification of the
culprit Hymenoptera species), and in vivo and in vitro tests must
be performed, with CAP-inhibition or basophil activation testing
to be used in case of undefined diagnosis even after sIgE and
CRD evaluation. After applying these ratios, the percentage of
undefined diagnosis decreased markedly, even compared with
CAP-inhibition testing, avoiding many unnecessary double-
venom immunotherapies, with consequent benefits in terms of
cost, time, and burden for patients, health care professionals,
health care systems, and payers.

Some points highlight limitations related to our study of
prevalence. First, many factors hinder comparability with other,
similar studies. It is well-known that different tests and calibra-
tion approaches may show different results. Therefore, com-
panies are encouraged to add Pol d 1 to their pipelines and
develop accurate quantitative immunoassays to enhance the
standardization and validation process of these new molecules.
Different baseline characteristics of patients, such as geographical
origin or sensitization pattern, may also have a confounding role
in the comparisons. Furthermore, a P mono-sensitized popula-
tion should be analyzed to investigate the actual role of the
P antigens, to avoid possible confounders related to cross-
reactivity. We performed a prevalence analysis on P mono-
sensitized patients, but the sample size of this group was low
compared with the overall study population (n ¼ 10; 8%). On
the other hand, some strengths can be highlighted in this study.
First, the sample size was about double those of previous studies
on Pol d 1.6,15 Second, for the first time, we implemented CAP-
inhibition to investigate Pol d 1, which allowed both a formal
analysis of Pol d 1 diagnostic accuracy and an estimate of its
actual impact in clinical practice (eg, venom immunotherapy
prescription). Third, we investigated for the first time two Pol
d 1 variants, reflecting different sensitization patterns. None-
theless, further multicenter studies need to be performed in a
broader population and in different geographic areas with V/P
dual-sensitization problems, aiming to confirm our findings and
investigating the role of other P antigens, in addition to Pol d 1
and Pol d 5, which are still overlooked but might have a role, as
suggested by results from the three patients who were positive to
the whole P extract but negative to all tested P molecules.

Our prevalence analysis, which was conducted in a real-world
setting of Italian P-sensitized patients, showed that Pol d 1
seems to be the most frequent P allergen, supporting its crucial
role in diagnostics. The increase in diagnostic accuracy, after
implementation of Pol d 1, is particularly important in dis-
tinguishing real V/P co-sensitizations from not clinically signifi-
cant cross-reactivities. A combination of a whole-extract ratio and
an all-allergens ratio might be the best diagnostic tool to avoid or
limit both complex tests (CAP-inhibition, basophil activation
testing) and unnecessary double venom immunotherapy.
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