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Predictors of severe anaphylaxis in Hymenoptera venom allergy
The importance of absence of urticaria and angioedema
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ackground: Severe anaphylaxis (SA) in Hymenoptera venom allergy has been associated with a number of
isk factors. However, the effect of several of those risk factors on the severity of anaphylaxis is poorly
efined.
bjective: To evaluate risk factors for SA in Hymenoptera venom allergy.

Methods: We evaluated data from 500 patients who were referred to our department for the diagnosis of
Hymenoptera venom allergy during a period of 11 years to identify risk factors for SA.
Results: Six significant risk factors for SA were identified (P < .05): short interval from sting to reaction,
absence of urticaria or angioedema (U/A) during anaphylaxis, older age, male sex, elevation of baseline
serum tryptase (BST) level, and diagnosis of systemic mastocytosis. Moreover, elevation in BST level was
significantly associated with the absence of U/A and older age. No association could be established between
SA and comorbidities, concurrent cardiovascular medication, or the severity of the systemic reaction during
the initiation of venom immunotherapy.
Conclusion: Apart from BST and older age, male sex, short interval from sting to reaction, and absence of U/A
are also risk factors for SA. The association between elevated BST level and SA was largely confined to those
who had an absence of U/A after field sting, possibly because of the higher risk of concurrent systemic
mastocytosis. Patients with an SA after a field sting do not have an elevated risk of systemic reactions during
the initiation of venom immunotherapy compared with patients with mild anaphylaxis; therefore, addi-
tional preventive measures are not necessary.
� 2020 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction documented with skin prick or intradermal tests, specific serum IgE
Hymenoptera venom allergy affects approximately 3% of the
adult population in Western countries1-4 and represents the most
common cause of anaphylaxis inGermany, Austria, and Switzerland,
accounting for 50% of reported cases.5 The incidence of insect
stingerelated mortality in Europe caused by anaphylaxis is esti-
mated tobe approximately 200 fatalities per year,6 but the incidence
of near-fatal episodes might be considerably higher.7 Moreover, the
documented mortality may be underestimated because of unrec-
ognized insect stings in unexplained causes of death.8

European and North American practice guidelines recommend
venom immunotherapy (VIT) in patients with a systemic allergic
reaction to Hymenoptera stings exceeding generalized skin symp-
toms. The sensitization to the venom of the culprit insect must be
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tests, and/or the basophil activation test.1,8 For individuals with
systemic reactions limited to the skin, European guidelines (Euro-
pean Academy of Allergy and Clinical Immunology) recommend
VIT for adults at high risk of reexposure and/or impairment of
quality of life,8 whereas the US guidelines also consider risk factors
for severe anaphylactic reactions (SARs).1

In the past, numerous studies have tried to identify risk factors
for SARs to contribute to an improved selection of patients for
immunotherapy. According to those studies, systemic anaphylaxis
in Hymenoptera venom allergy is clearly associated with an
elevation of baseline serum tryptase (BST) level,9-12 older age,13-15

and male sex.12,15 In contrast, the effect of personal health issues
(concomitant cardiovascular diseases10,16 and concurrent medica-
tion12,10) on the severity of anaphylaxis is often controversial across
different studies. Furthermore, anaphylaxis-associated findings (eg,
skin symptoms and interval from sting to onset of reaction) have
been proposed to be taken into account for individual risk assess-
ment,10 but their association with the severity of the systemic re-
action is poorly defined.
lsevier Inc. All rights reserved.
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The aim of this study was to investigate which factors signifi-
cantly increase the risk of SARs (grade III and IV17) after field sting
in patients with Hymenoptera venom allergy. In addition, it was
investigated whether anaphylactic reactions during the initiation
phase of VIT occur more frequently in patients with grade III and IV
SARs after field sting.

Methods

Patients

A total of 500 consecutive patients (215 men and 285 women)
with the diagnosis of insect venom allergy, who were referred to
our department between 2007 and 2018 for VIT initiation according
to the international guideline criteria,8,18 were included in this
retrospective, single-center, observational cohort study. The patient
enrollment and the analysis of retrospectively collected patient
data were approved by the institutional review board of our center,
and each patient consented to an anonymous data analysis.

Patient History

Patient histories were taken with a standardized questionnaire.
Apart from insect sting history, demographic data (age and sex),
medical history (cardiovascular and pulmonary diseases), and
concurrent medication at the time of anaphylaxis were docu-
mented. In case ofmultiple insect stings, the field sting that resulted
in themost severe reaction determined the index sting, towhich all
the datawere referred. All symptoms that referred to the index sting
were documented, and the severity of anaphylaxis was classified
accordingly. All medical records were monitored by the director of
the allergology department to ensure consistent quality of data.

Grading of Anaphylaxis

Severity of anaphylaxis was classified initially according to Ring
andMessmer17 in 4 grades (Table 1). Because of the purposes of this
study and the limited number of grade IV reactions in our patient
collective, grade I and II reactions were defined asmild and grade III
and IV reactions as severe (SARs).

Allergy Testing

Prick and intradermal skin tests with bee venom and wasp
venom extract (ALK-Abello, Wedel, Germany) were performed ac-
cording to international guidelines.1,2 Venom-specific IgE was
determined using the ImmunoCAP (Phadia, Uppsala, Schweden)
method and BST by using UniCAP Tryptase method (Phadia) ac-
cording to the manufacturer’s instructions.

Statistical Analysis

All statistical tests were performed by using SPSS, version 23.0,
for MAC (SPSS Inc, Chicago, Illinois). Continuous variables were
expressed as mean (SD). To assess the association of binary
Table 1
Grading the Severity of Anaphylaxis According to Ring and Messmer17

Location Grade I (mild) Grade II (mild)

Skin Itch, flushing,
urticaria, angioedema

Itch, flushing, urticaria,
angioedema (not obligator

Abdomen Nausea, cramps
Respiratory tract Rhinorrhea, hoarseness,

dyspnea
Cardiovascular Tachycardia (heart rate increa

�20/min), hypotension (�2
mm Hg decrease in SBP),
arrhythmia

Abbreviation: SBP, systolic blood pressure.
NOTE. Grading is always according to the worst manifestation present (no manifestation
variables with the severity of anaphylaxis, the Fisher exact test was
used; for nonbinary variables, the Mann-Whitney U test was used.
All tests were 2-tailed, and P < .05 was considered statistically
significant. The multiple logistic regression models were estimated
by using the R packages arm and sjmisc. All variables included in
these models were dichotomized.
Results

Clinical Characteristics of the Cohort and VIT Initiation

A total of 500 patients were enrolled in this study; their de-
mographic, clinical, and laboratory data are summarized in Table 2.
Most patients were women (57%), and the mean age was 51.36
years (range, 18-86 years). The index field sting was mild in 373
patients (74.6%) and severe in 127 patients (25.4%).

Eight patients (1.6%) had systemic mastocytosis (SM) diagnosed
by bone marrow biopsy, and 6 patients (75%) with SM had SARs.
The BST level was determined in 490 patients (Table 2). Despite an
existing indication (BST � 20 mg/L), 18 patients (3.6%) had not un-
dergone a bone marrow biopsy for SM investigation by the time of
this analysis. These patients were treated similar to patients with
SM during hyposensitization (lifelong VIT, increased VIT mainte-
nance dose, and prescription for 2 epinephrine autoinjectors). In 29
patients (6%), an increased BST in the range of 11.4 to 20 mg/L was
found. In these cases, regular BST follow-up but no bone marrow
biopsy was performed. Patients with normal BST values (<11.4 mg/
L) and absence of cutaneous mastocytosis were evaluated as in-
dividuals with no sign of SM.

Fifty-one patients (10.2%) underwent hyposensitization with
bee venom and 449 (89.8%) with wasp venom. In total, only 25
patients (5%) had a systemic reaction during VIT initiation.

Bivariate Analyses

Six factors were significantly associated with the severity of
anaphylaxis after Hymenoptera field sting: (1) a shorter interval
from sting to reaction (P ¼ .004), (2) absence of skin symptoms
(urticaria or angioedema) during anaphylaxis (P ¼ .007), (3) older
age (P < .001), (4) male sex (P ¼ .007), (5) higher BST level (P ¼
.004), and (6) presence of SM (P ¼ .004). The distribution of SARs
after field sting with respect to baseline parameters is demon-
strated in detail in Table 3.

No association was found between the severity of anaphylaxis
and comorbidities, concomitant cardiovascular medication, sIgE
concentration, and the threshold concentration of skin tests. The
severity of systemic reactions during VIT initiation did not correlate
with the severity of anaphylaxis after field sting.

A statistically significant association was observed between
elevated BST level (>11.4 mg/L) and the absence of skin symptoms
during anaphylaxis (P < .001). An increased BST was noted in 14 of
186 patients (18.3%) without skin symptoms compared with 18 of
Grade III (severe) Grade IV (severe)

y)
Itch, flushing, urticaria,
angioedema (not obligatory)

Itch, flushing, urticaria,
angioedema (not obligatory)

Vomiting, defecation Vomiting, defecation
Laryngeal edema,
bronchospasm, cyanosis

Respiratory arrest

se
0

Shock Circulatory arrest

is obligatory).



Table 2
Clinical and Laboratory Data

Variable Finding (N ¼ 500)

Age, mean (range), y 51 (18-86)
Male/female 215/285
Severity of anaphylaxis after field sting
Grade I (mild) 122 (24.4)
Grade II (mild) 251 (50.2)
Grade III (severe) 124 (24.8)
Grade IV (severe) 3 (0.6)

Interval from sting to reaction, min
Median (range) 10 (1-4320)
Interquartile range 5-20

Sensitization
Bee venom 24 (4.8)
Wasp venom 210 (42)
Both 266 (53.2)

BST, mg/L
<11.4 437
11.4-20 29
>20 25

Concomitant diseases
Cardiovascular disease 184 (36.8)
Arterial hypertension 172 (34.4)
Coronary heart disease 5 (1)
Congestive cardiac failure 2 (0.4)

Atopic disease 93 (18.6)
Pulmonary disease (asthma and chronic

obstructive pulmonary disease)
22 (4.4)

Concurrent cardiovascular medication 168 (33.6)
b-Blockers 38 (7.6)
Angiotensin receptor blocker 69 (13.8)
ACE inhibitors 48 (9.6)
Calcium channel blockers 89 (17.8)

VIT
Bee venom 51 (10.2)
Wasp venom 449 (89.8)

Reaction during VIT initiation
Local reaction 383 (76.6)
Large local reaction 92 (18.4)
Grade I 12 (2.4)
Grade II 10 (2)
Grade III 3 (0.6)

Abbreviations: ACE, angiotensin-converting enzyme; BST, baseline serum tryptase;
VIT, venom immunotherapy.
NOTE. Data are presented as number (percentage) of patients unless otherwise
indicated.

Table 3
Distribution of SARs After Field Sting and Associations

Variable Patients with
mild reactions,
No. (%)

Patients with
severe reactions,
No. (%)

P value

Interval from
sting to
reaction,
min

.007

�5 113 (68.9) 51 (31.1)
>5 260 (77.4) 76 (22.6)
As metric

variable)
.004

U/A .007
No 128 (68.1) 60 (31.9)
Yes 242 (79.1) 64 (20.9)

Age, y <.001
�40 111 (90.2) 12 (9.8)
>40 262 (69.5) 115 (30.5)
As metric

variable)
<.001

Sex .007
Male 147 (68.4) 68 (31.6)
Female 226 (79.3) 59 (20.7)

BST > 11.4 mg/L
In total .013
No 333 (76.4) 103 (23.6)
Yes 33 (60) 22 (40)

In subset with
U/A

>.99

No 222 (79.1) 59 (20.9)
Yes 15 (83.3) 3 (16.7)

In subset
without U/
A

.02

No 109 (71.7) 43 (28.3)
Yes 17 (50) 17 (50)

As metric
variable

.004

SM .004
No sign of

mastocytosis
333 (76) 103 (24)

SM diagnosed
by BMB

2 (25) 6 (75)

Cardiovascular
diseases

.29

No 241 (76.3) 75 (23.7)
Yes 132 (71.7) 52 (28.3)

Pulmonary
diseases

.80

No 357 (74.7) 121 (25.3)
Yes 16 (72.7) 6 (27.3)

Medication with
b-blocker

.567

No 346 (74,9) 116 (25.1)
Yes 27 (71.1) 11 (28.9)

Medication with
ACE
inhibitors

.601

No 339 (75) 113 (25)
Yes 34 (70.8) 14 (29.2)

Anaphylactic
reaction
during VIT
initiation

>.99

Grade I 10 (83.3) 2 (16.6)
Grade II 6 (60) 4 (40)
Grade III 2 (66.6) 1 (33.3)

Abbreviations: ACE, angiotensin-converting enzyme; BMB, bone marrow biopsy;
BST, baseline serum tryptase; SM, systemic mastocytosis; U/A, urticaria or angioe-
dema; VIT, venom immunotherapy.
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299 patients (6.0%) with skin symptoms during anaphylaxis
(Table 4). An elevated BST level was also significantly associated
with older age (>40 years; P ¼ .001).

Logistic Regression Models

Of the 8 dichotomized variables included in the logistic
regression model, 4 emerged as significant independent influence
factors of SARs after Hymenoptera field sting: older age (>40
years), absence of skin symptoms, short interval from sting to re-
action, and male sex (Table 5). As a possible confounder, the type of
insect venom allergy was included in a sensitivity analysis of the
model, which did not change these results (data not shown).

Because the elevated BST level was significantly associated
with the severity of anaphylaxis in the bivariate analysis but not
in the regression model, further regression analyses were per-
formed to clarify its influence. When there were no other vari-
ables in the regression model, elevated BST level (>11.4 mg/L) was
a risk factor of borderline significance for a SAR (P ¼ .053).
Adding age, interval from sting to reaction, or sex did not clearly
modify this association. However, including the presence of skin
symptoms in the regression model considerably changed the P
value of the BST effect to .16, suggesting that the presence of skin
symptoms acts as an effect modifier of the influence of BST on
SARs. We therefore performed the regression analysis stratified
by the presence or absence of skin symptoms. Dichotomized BST
was included as the only predictor of SARs in these models. BST
turned out to be a significant influence factor in the subsample
without skin symptoms (P ¼ .04) but not in the subsample with
skin symptoms (P ¼ .41).



Table 4
Number (Percentage) of Patients With and Without U/A by BST Levels

U/A BST P value

Normal Elevated

No 152 (81.7) 34 (18.3) <.001
Yes 281 (94) 18 (6)

Abbreviations: BST, baseline serum tryptase; U/A, urticaria or angioedema.

Table 6
Distribution of Anaphylactic Reactions During VIT Initiation After Severity of
Anaphylaxis After Field Sting

Severity Reaction during VIT initiation, No. (%)
Total, No. (%)

Local reaction Anaphylaxis

Mild 355 (95.2) 18 (4.8) 373 (100)
Severe 120 (94.5) 7 (5.5) 127 (100)
Total 475 (95) 25 (5) 500 (100)

Abbreviation: VIT, venom immunotherapy.
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Risk of Anaphylaxis During VIT Initiation

The risk of an anaphylactic event during VIT was not different
for those with a history of systemic anaphylaxis to a field sting
(5.5%) and those with a history of mild reaction (4.8%; relative risk,
1.146; 95% CI, 0.488-2.671; Table 6). Performing this analysis
stratified by BST level (<11.4 or �11.4 mg/L) did not change the
result substantially.
Discussion

Patients with an anaphylactic reaction after Hymenoptera field
sting are at increased risk for subsequent reactions that will most
likely follow a similar clinical pattern to the previous one.1,4,19 As a
result and given the often controversial findings in the litera-
ture,12,10,16 a definitive identification of the risk factors for systemic
anaphylaxis after field sting is of great significance. Our study was
designed to identify those risk factors of SARs to Hymenoptera field
stings and compare these results with the findings that have
already been described in the literature.

The virtual absence of grade IV reactions documented in our
cohort is consistent with data from a previous multicenter study
that used the same classification system.12 In accordance with this
study, a SAR was defined as a grade III or IV reaction, resulting in a
similar SAR incidence of 25.4%. The comparability of our data with
those of other studies that used different grading systems is
limited.9e11
Short Interval From Sting to Reaction

A strong association was found between SARs after field sting
and a short interval from sting to reaction. Older studies have
assumed that a short TI (less than 30 minutes) correlates with the
severity of anaphylaxis.20,21 This hypothesis was initially presented
in an early retrospective study describing a decrease in the inci-
dence of moderate and severe systemic sting reactions over time.22

It has also been reported that lethal anaphylactic reactions had a
median time of only 15 minutes from insect sting to cardiac ar-
rest.23 As part of a sting challenge, short interval from sting to re-
action was also associated with SARs.13 Another large study
demonstrated that an interval from sting to reaction of less than 5
Table 5
Logistic Regression Analysis of Risk Factors for Severe Anaphylactic Reactions After
Field Sting

Variable Coefficient P value

Presence of at least 1 cardiovascular
disease

0.0005 .99

BST > 11.4 mg/L 0.0695 .32
Age > 40 y 0.1856 <.001
Interval from sting to reaction > 5
min

�0.1048 .01

Presence of skin symptoms (U/A) �0.1146 .007
Female sex �0.1371 <.001
Medication with b-blocker 0.0100 .91
Medication with ACE inhibitors �0.0965 .22

Abbreviations: ACE, angiotensin-converting enzyme; BST, baseline serum tryptase;
U/A, urticaria or angioedema.
minutes is a significant risk factor for SARs.10 Our results are
therefore in accordance with previous studies.

Older Age

Older age is an established risk factor for systemic anaphylaxis
not only in Hymenoptera venom allergy12,9,13-15,24 but also in other
causes of life-threatening anaphylaxis. A plausible explanation
would be that older patients often have coexisting severe cardio-
pulmonary diseases (eg, coronary heart disease and cardiomyopa-
thies) that may affect the endogenous counterregulation in
anaphylaxis. In accordance with this hypothesis, a study on 29 fa-
talities from Hymenoptera stings found a peak between the ages of
60 and 70 years, and autopsy in 12 of those patients revealed 11
with cardiac disease, 10 with coronary heart disease, and 7 with
cardiomyopathy.14 In addition, BST levels increase9,11,25,26 and mast
cell degranulation pathways change continuously with increasing
age,27 which may be at least partially related to the increasing
severity of the anaphylactic reaction.

In accordance with these reports, patients older than 40 years
had significantly more SARs (30.5%) in our patient population
compared with younger patients (9.8%; P ¼ .007). In addition, we
found a highly significant increase in BST levels in older patients
(>40 years). However, age older than 40 years was also a highly
significant risk factor for systemic anaphylaxis in the logistic
regression model. In accordance with previous studies, this finding
suggests that the effect of age occurred independently of BST,12,9

medication with b-blockers or angiotensin-converting enzyme
(ACE) inhibitors,12 and the other included variables (Table 5).

Male Sex

Male sex has already been reported as an independent risk
factor for SARs after Hymenoptera field sting.12,15 This association
contradicts findings in other type I allergies, inwhich sex hormones
increase the risk of anaphylactic reactions in female patients.28

However, a recent multicenter study found that male sex is an in-
dependent risk factor for systemic anaphylactic reactions to food,
drugs, insect venom, and other triggers.15 In accordance with the
literature,12,15 male sex was found to be a highly significant risk
factor for SARs in our cohort.

Concurrent Cardiovascular Disease and Cardiovascular Medication

Several studies report that a positive history of cardiovascular
disease is a risk factor for SARs.14,16,21,29 This association was not
confirmed in our patient population (P ¼ .29). This lack of associ-
ation may be because the patients in our cohort were relatively
young (median age, 51 years) and the cardiovascular diagnosis was
predominantly hypertension (n ¼ 172), whereas severe cardiovas-
cular diseases, such as coronary heart disease (n ¼ 5) or heart
failure (n ¼ 2), were rare. Our results are consistent with findings
from other comparable studies,12,10 which could support the hy-
pothesis that only certain severe cardiovascular diseases (eg, cor-
onary heart disease and cardiomyopathies) could be predictors of
systemic anaphylaxis. This hypothesis is endorsed by the observa-
tion that the number and concentration of cardiac mast cells in
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patients with those diseases are elevated,29 which could increase
the risk of systemic anaphylaxis. Future studies are needed to
answer this question definitely.

Regarding the concurrent cardiovascular medication, b-blockers
and ACE inhibitors could increase the severity of anaphylaxis and
impair the response to treatment by inducing mediator release and
inhibiting the endogenously released and injected epinephrine.18,30

In a large, multicenter, observational study, medication with ACE
inhibitors was the only independent pharmacologic predictor of
systemic anaphylaxis after field sting.12 However, we found no
significant effect of cardiovascular comedication on the severity of
anaphylaxis, which is in line with another study.10 These findings
also support the hypothesis that general cardiovascular comor-
bidities, such as arterial hypertension, might not be associated with
SARs, which is also reflected in the missing association between
hypertensive comedication and SARs.

Absence of Skin Symptoms

Skin symptoms (urticaria, angioedema, and flushing) are com-
mon during anaphylactic reactions, and their presence evokes
suspicion of allergy. All anaphylaxis grading systems include the
presence of skin symptoms, and, generally, the anaphylactic re-
actions with symptoms that are limited to the skin are classified
with the lowest grade of severity of anaphylaxis.17,31 The absence of
skin symptoms has been linked to anaphylactic hypotensive
shock,14,20,21 especially in patients with SM,32-34 presumably
because of the counteracting release of endogenous epinephrine
leading to peripheral vasoconstriction.20,33 In a recent study, it was
reported that in the case of anaphylaxis with hypotension after
Hymenoptera field sting, the absence of skin symptoms may
represent a significant BST-independent factor for the identification
of a clonal mast cell disease. The authors suggested that those pa-
tients should undergo bone marrow biopsy despite normal BST
values.35

In accordance with these studies, our study found that SARs
occurred significantly more often in patients without skin symp-
toms (31.9%) compared with patients with skin symptoms (20.9%;
P ¼ .007). We also found BST to be elevated more often in patients
without skin symptoms (18.3% vs 6%, P < .001).

Elevated BST Levels

A strong association of BSTwith the severity of anaphylaxis after
Hymenoptera field sting has been observed for many years and
subsequently confirmed in large studies.11,12,25,32,36-38 A significant
proportion of patients (5%-19%) who experienced anaphylaxis after
field sting have elevated BST levels (>11.4 mg/L).34,39 Even slight
increases in the normal range of BST (<11.4 mg/L) are associated
with SARs after Hymenoptera field sting, regardless of other
prognostic variables.12,20

In the bivariate analysis, our study confirmed the significant
association of BST level elevation with the severity of anaphylaxis.
However, elevated BST level (>11.4 mg/L) was not an independent
predictor of SARs in the regression model. This result appears to
contradict a multicenter study report12 that identified BST as an
independent risk factor. However, the deviation of our results was
probably caused by adding the presence of skin symptoms to our
regression model. This factor was a confounder and an effect
modifier in our cohort and was not considered by Ruëff et al.12

Presence of SM

SM is a clonal mast cell disease that can lead to fatal anaphy-
lactic reactions through massive release of mast cell mediators. SM
is a rare disease in general, but its prevalence in patients with
Hymenoptera venom allergy is significantly higher than that in the
general population (1%-7.9% in patients with Hymenoptera venom
allergy vs 0.01% in the general population).35,38,40

SM is an established risk factor for SARs.35,41,42 We found
significantlymore SARs in the subgroup of patients with a diagnosis
of SM (6 of 8 [75%]) compared with the subgroup of patients with
no evidence of SM (103 of 436 [24%]; P ¼ .004), which is propor-
tionally in accordance with another recent study (69.9% vs 22%).43

Our data provide indirect evidence that elevated BST levels and
the absence of skin symptoms do not directly influence the severity
of anaphylaxis. Instead, an undiagnosed SM may be the underlying
cause of SARs. Elevated BST levels are associated with SM,44 and
recent studies have found that the absence of skin symptoms is a
risk factor for the presence of mast cell disease.34

The diagnosis of SM is challenging.45 Currently, the most widely
used laboratory test for suspected SM is the determination of
BST.46,47 Values above 20.0 mg/L are considered by theWorld Health
Organization as a minor criterion.44 However, hypertryptasemia is
not specific for the presence of SM,48,49 and clonal mast cell disease
cannot be excluded in patients with severe anaphylaxis (SA) after
field sting and normal BST levels.50 In the case of severe Hyme-
noptera field sting anaphylaxis with elevated BST level, bone
marrow biopsy is recommended to rule out the presence of SM.38

The case is more complex when, despite the severity and number
of reactions, BST levels are normal (<11.4 mg/L) and there are no
signs of cutaneousmastocytosis. A recent study found that systemic
anaphylaxis with hypotension and absence of skin symptoms may
be a significant factor in the identification of clonal mast cell dis-
ease regardless of BST levels.35

In our cohort, bonemarrow biopsy was routinely recommended
in patients with BST levels above 20 mg/L (n ¼ 25) according to the
SM guideline.47 According to the studies mentioned above,35,50 it is
possible that among some patients with BST levels up to 20 mg/L,
the diagnosis of clonal mast cell disease is missed. To reduce the
number of undiagnosed SM cases, future studies should improve
the sensitivity and specificity of the diagnostic methods and
expand the indication for SM diagnostics. Recently, sensitive KIT
D816V mutation analysis of blood was proposed as a better tool to
guide bone marrow investigation in suspected SM.51

Because of the low number of confirmed SM cases, we were
unable to test directly whether SM is the underlying factor that
mediates the associations of elevated BST levels or absence of skin
symptomswith SARs. However, the following observations endorse
this hypothesis. First, an elevated BST level was significantly asso-
ciated with the absence of skin symptoms. Second, an elevated BST
level (>11.4 mg/L) was significantly associated with SARs in the
bivariate analysis but not in the multivariate regression model. The
additional regression analyses suggested that skin symptoms, but
not the other predictors, were a mediator for the association be-
tween BSTand SARs. This finding indicates that elevated BST level is
not a cause of SARs. Third, skin symptoms were also an effect
modifier. Elevated BST level was associated with SARs in the sub-
group of patients without skin symptoms but not in other patients.

Such observations can be expected if it is true that (1) a com-
bination of elevated BST level and absence of skin symptoms after
field sting is indicative of SM, as stated by the Red Española de
Mastocitosis (REMA) score,52 and (2) that SM is a strong risk factor
for SARs.35,41,42 Our findings therefore provide indirect support for
the validity of the REMA score, which is used in several centers for
risk assessment of SM.53 The molecular context of the complex
associations between these variables should be further clarified in
future studies.
Relative Risk of Severe Reactions During VIT Initiation

In accordance with other studies,54 our study found no
increased risk of anaphylaxis during VIT initiation in patients with
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SARs after Hymenoptera field sting compared with patients with
mild reactions (relative risk, 1.146; 95% CI, 0.488-2.671). As a result,
additional preventive measures and a higher degree of surveillance
during VIT initiation are not required for patients who had a SAR
after field sting.
Conclusions

Although this study has the known disadvantages of a retro-
spective analysis, including recall bias and variability of the field
stings, our work confirms established risk factors for SA after field
sting (male sex and older age and elevated BST level and SM in
bivariate analysis) and provides strong evidence that previously
suggested predictors are also significant risk factors (short interval
from sting to onset of anaphylaxis and absence of skin symptoms).
Cardiovascular concomitant diseases in general were not associated
with the severity of anaphylaxis, suggesting that only severe car-
diovascular diseases (eg, coronary heart diseases and congestive
cardiac failure) might be predictors of SARs. In addition, our study
data did not provide evidence of an aggravation of sting-induced
anaphylaxis by concurrent b-blockade or ACE inhibition. Our find-
ings indirectly confirm that the absence of skin symptoms in
anaphylaxis after Hymenoptera field sting and an elevated BST level
indicate the presence of SM, as stated by the REMA score. Finally,
patients with SA after field sting in our cohort did not have an
elevated risk of systemic reactions during VIT initiation.
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