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Introduction: The efficacy of venom immunotherapy (VIT) in patients with

insect sting allergy is not questioned. However, its safety, especially when

honeybee is used, is a matter of concern.

Areas covered: A systematic review of the literature on VIT was done, with

both aqueous and depot extracts, to compare the frequency of systemic reac-

tions to honeybee and vespid venoms. A Medline search was performed using

the keywords ‘venom immunotherapy’, ‘safety’ and ‘tolerability’. The articles

obtained were analyzed regarding the total number of patients treated with

either honeybee or vespid VIT, the number and severity of systemic reactions

during therapy, the type of extract used (aqueous or depot) and the

administration regimen.

Expert opinion: The incidence of systemic reactions to VIT was 25.1% for hon-

eybee venom and 5.8% for vespid venom (p < 0.0001), while it was similar

with aqueous and depot extracts in the whole population of patients. This

confirms that during VIT systemic reactions are significantly more frequent

with honeybee venom compared with vespid venom, while there are no

significant overall differences in systemic reactions between aqueous and

depot extracts.

Keywords: aqueous, depot, honeybee, hymenoptera venom, systemic reactions, venom

immunotherapy, vespids
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1. Introduction

Hymenoptera venom allergy affects ~ 2 -- 3% of the general population and up to
40% of at-risk populations such as beekeepers [1]. Although fatalities are rare, allergy
to insect stings has a significant impact on patients’ quality of life. Venom immuno-
therapy (VIT) is accepted as a very effective treatment that offers full protection for
83 -- 95% of subjects with a history of systemic allergic reactions to an insect
sting [2,3] and remains effective once the therapy is stopped [4,5]. Since the introduc-
tion of venom extracts in the 1970s, VIT has become increasingly popular, and sev-
eral different administration regimens have been developed to shorten the time
required to reach the maintenance period and to minimize side effects. To achieve
the maintenance dose considered to be protective (100 µg), the slow conventional
regimen requires several weeks or months, the cluster regimen a few weeks, the
rush regimen a few days and the ultrarush regimen a few hours [6]. Adverse reactions
to VIT are relatively common during the build-up phase and systemic reactions
occur in up to one-third of patients [6], but the numbers vary depending on the
VIT regimen used. Most studies have demonstrated that patients treated with honey
bee venom are at higher risk of systemic reactions to VIT than patients treated with
vespid venom [6]. Several different approaches have been developed to reduce the
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incidence of adverse reactions and to improve the safety of
VIT. Premedication with antihistamines significantly reduces
the number and severity of large local reactions and mild sys-
temic reactions such as urticaria [7,8], and one study has also
reported a reduced incidence of severe systemic reactions [8].
To establish a safer therapy, various modifications of the
venom used for VIT have been proposed, including chemical
modification with monomethoxy polyethylene glycol [9], use
of tolerogenic peptides of major allergens [10] and adsorption
of allergens to insoluble substances such as aluminium
hydroxide [11]. However, a number of variables may influence
the safety of VIT and these must also be taken into account
when comparing clinical studies. To obtain reliable data on
the incidence of adverse reactions to VIT, the reactions of a
large population of patients must be considered.
The aim of this study was to review the literature on VIT

with both aqueous and depot extracts and to estimate the
frequency of systemic adverse reactions to such therapy.

2. Data from the literature

A search of the literature in the Medline database for the
period 1980 -- 2011 was done using the following keywords:
‘venom immunotherapy’, ‘safety’ and ‘tolerability’. The
search was augmented by scanning the references cited in
the articles identified. Only full-length articles in English pub-
lished in referenced journals were considered. Full copies of
the articles were retrieved for analysis, and the relevant data

were extracted and entered into a database management pro-
gram. Only articles with the following characteristics were
considered in the systematic review: both build-up phase
and maintenance phase of VIT were evaluated; a maintenance
dose of 100 µg was used; the number of treated patients and
the number of adverse reactions to VIT were reported; and
a distinction was made between the type of venom (honeybee
and vespid venom) and the type of extract used (aqueous
extracts and depot extracts).

The incidence of systemic reactions to VIT was compared
in the different treatment groups with a chi-square test:
i) honeybee venom versus vespid venoms; ii) aqueous extract
versus depot extract; iii) aqueous extract versus depot extract
taking into account the type of venom used. A level of
probability > 5% (p < 0.05) was regarded as significant.

Using the Medline search as well as manual methods,
80 articles were identified, 22 of whichmet the criteria for inclu-
sion in the systematic review. Sixteen studies used an aqueous
extract, two used a depot extract, and four studies compared
aqueous and depot extracts. In these studies, almost all the
patients treated with an aqueous extract underwent rush immu-
notherapy, while those treated with a depot extract underwent a
conventional slow protocol or cluster immunotherapy.

3. Results of the systematic review

Details of the number of patients treated and the frequency of
systemic reactions during immunotherapy with honeybee or
vespid venoms are reported in Table 1 (aqueous extract)
and Table 2 (depot extract). In total, 3511 patients received
an aqueous extract, 1026 with honeybee venom and 2485
with vespid venom; 154 patients received a depot extract,
90 with honeybee venom and 64 with vespid venom. The
global incidence of systemic reactions to VIT was 11.8%.
A significantly higher incidence of systemic reactions was
found in patients treated with honeybee venom (25.1%) than
in those treated with vespid venom (5.8%, p < 0.0001;Table 3).
For all the patients, the incidence of systemic reactions was
comparable to the aqueous (12.2%) and depot extracts
(9.7%). There was also no difference with aqueous and depot
extracts of vespid venom (5.8 vs 7.8%), but the incidence of
SR was significantly lower in patients treated with the depot
extract of honeybee venom (11.1%) than in those treated
with the aqueous extract (26.3%, p = 0.013; Table 3).

4. Conclusion

The present systematic review analyzed the published data on
the safety of VIT from studies reporting both build-up and
maintenance phase, confirming the well-known finding of a
higher safety profile for vespid than for honeybee venom
immunotherapy. In terms of the safety of aqueous and depot
extracts, no significant differences in systemic reactions were
found in the overall population of patients receiving the
different preparations as well as in those treated with vespids

Article highlights.

. Venom immunotherapy (VIT) is on the whole a safe
treatment, and so far no fatal reactions -- in contrast to
immunotherapy with inhalant allergens -- have
been reported.

. The rate of systemic reactions to VIT reported in single
studies is generally higher in patients treated with
honeybee venom than in patients treated with vespid
venom, and some studies have reported better safety
for depot venom compared with aqueous venom.

. This systematic review of the literature, analyzing an
overall number of 3615 patients treated with VIT,
confirms that systemic reactions to VIT are significantly
more frequent using honeybee venom than vespid
venom (25.1 vs 5.8%; p < 0.0001).

. The incidence of systemic reactions was similar with
aqueous and depot extracts in the overall population of
patients and in those treated with vespid venom. It was
lower with the depot compared with the aqueous
extract for honeybee venom; but the data were
obtained from studies using different regimens.

. The analysis is limited by the quality of the studies
evaluated (mostly retrospective), by the various
definitions of systemic reaction used in the different
studies, and by the lack of description of possible
confounders of systemic reactions.

This box summarizes key points contained in the article.
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venom, while a significantly lower frequency of reactions with
the depot extract was detected in patients treated with honey-
bee venom. Given that different administration regimens
were used -- rush with the aqueous extract and cluster with
the depot extracts -- additional studies comparing the two
extracts and using a larger number of patients and the same
administration regimen are needed to confirm our observation.

5. Expert opinion

Specific immunotherapy with aqueous allergen extracts was
introduced at the beginning of the 20th century for the
treatment of respiratory allergies. In the 1920s, this therapy

was applied to patients allergic to Hymenoptera venom using
a whole-body extract. The whole-body extract was replaced in
the late 1970s by venom extracts after these were demon-
strated to have significant efficacy compared with the mere
placebo effect associated with the whole-body extract [2,3]. In
the 1940s, depot extracts were developed using inhalant aller-
gens adsorbed to insoluble substances and slowly released
from the injection site. These preparations were associated
with fewer adverse reactions and, over time, depot extracts
almost completely replaced aqueous extracts (especially in
Europe) in immunotherapy with inhalant allergens, owing to
their superior safety profile. One study in a large population
of patients treated with aeroallergen extracts reported that an

Table 1. Studies with aqueous extracts.

Ref. No. of

patients

No. of

SR (%)

Honeybee venom Vespid venoms

No. of

patients

No.

of SR (%)

No. of

patients

No. of

SR (%)

Lockey et al., 1990 [13] 1410 168 (11.9) 224 90 (40.2) 1236 78 (6.3)
Müller et al., 1992 [14] 205 33 (16.1) 148 31 (20.9) 57 3 (5.3)
Birnbaum et al., 1993 [15] 284 34 (12) 91 24 (26.4) 193 10 (5.2)
Bernstein et al., 1994 [16] 77 4 (5.2) 10 3 (30) 67 1 (1.5)
Youlten et al., 1995 [17] 109 24 (22) 26 12 (46.1) 83 12 (14.4)
Laurent et al., 1997 [18] 97 7 (7.2) 24 4 (16.7) 73 5 (6.8)
Quercia et al., 2001 [19] 40 7 (17.5) 40 7 (17.5) - -
Sturm et al., 2002 [20] 101 8 (7.9) 52 7 (13.5) 49 1 (2)
Birnbaum et al., 2003 [21] 325 36 (11.1) 90 27 (30) 235 9 (3.8)
Wenzel et al., 2003 [22] 178 23 (12.9) 26 8 (30.8%) 152 7 (4.6)
Ruëff et al., 2004 [23] 42 16 (38.1) 42 16 (38.1) - -
Schiavino et al., 2004 [24] 57 4 (7) 9 1 (11.1) 48 3 (6.2)
Steiss et al., 2006 [25] 43 0 16 0 27 0
Pasaoglu et al., 2006 [26] 14 1 (7.1) 7 1 (14.3) 7 0
Roll et al., 2006 [27] 80 10 (12.5) 33 4 (12.1) 47 6 (12.8)
Quercia et al., 2006 [28] 40 8 (20) 40 8 (20) - -
Alessandrini et al., 2006 [29] 73 5 (6.8) - - 73 5 (6.8)
Gorska et al., 2008 [30] 118 14 (11.9) 74 11 (14.9) 44 1 (2.2)
Kalogeromitros et al., 2010 [31] 65 9 (13.8) 29 7 (24) 36 2 (5.5)
Spoerl et al., 2011 [32] 103 10 (10.3) 45 9 (20) 58 1 (1.7)
Total 3511 414 (11.8) 1026 270 (26.3) 2485 144 (5.8)

SR: Systemic reactions.

Table 2. Studies with depot extracts.

Ref. No. of

patients

No. of

SR (%)

Honeybee venom Vespid venoms

No. of

patients

No. of

SR (%)

No. of

patients

No. of

SR (%)

Mosbech et al., 1986 [11] 12 3 (25) - - 12 3 (25)
Wyss et al., 1993 [33] 40 0 22 0 18 0
Quercia et al., 2001 [19] 15 0 15 0 - -
Ruëff et al., 2004 [23] 23 8 (34.8) 23 8 (34.8) - -
Quercia et al., 2006 [28] 30 2 (6.7) 30 2 (6.7) - -
Alessandrini et al., 2006 [29] 34 2 (5.9) - - 34 2 (5.9)
Total 154 15 (9.7) 90 10 (11.1) 64 5 (7.8)

SR: Systemic reactions.
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8-week induction regimen using alum depot extracts showed a
significantly lower frequency and severity of systemic reac-
tions compared with aqueous extracts delivered via the same
regimen [12].
However, so far, VIT has mainly been performed using

aqueous extracts; these have an acceptable risk profile and
allow for the more rapid induction regimens that are often
required in a potentially life-threatening condition such as
Hymenoptera venom hypersensitivity. A number of studies
have been published on the efficacy and safety of aqueous
and depot extracts for VIT [13-33]. In any case, the comparison
of the safety of the different extracts is limited by the scarcity of
data, as the majority of such studies have involved only one or a
few research centers and limited populations of patients, and
very few studies have compared the different types of extracts.
The present systematic review aimed to collect the published

data on the safety of VIT, focusing on studies that i) reported
the number of patients treated and the number of adverse
reactions to VIT, ii) specified the type of venom (honeybee
vs vespid) and the type of extract (aqueous vs depot) and
iii) used the same maintenance dose of 100 µg. A total of
22 studies were analysed, 16 using aqueous extract, 2 using
depot extract and 4 comparing aqueous and depot extracts.
The global incidence of systemic reactions to VIT was
11.8%, with a highly significant greater incidence of systemic
reactions in patients treated with honeybee venom (25.1%)
than in those treated with vespid venom (5.8%). This result
confirms the common observation from a number of studies
(such as those reported in Tables 1 and 2), that honeybee venom
causes many more adverse reactions than vespids venom; the
reasons for this difference remain unclear. By contrast, the
incidence of systemic reactions was similar with aqueous and
depot extracts among the overall patient population as well as

among those treated with vespid venom, but it was significantly
lower (p = 0.013) in patients treated with depot than in those
treated with aqueous extracts of honeybee venom. In 2000, a
multicenter European study compared 656 patients treated
with aqueous and 122 patients treated with depot extracts
and found no difference in the rate of systemic reactions, but
no separate data on the use of honeybee or vespid venom
were reported [34]. Subsequent studies evaluating depot venom
extracts included only small groups of patients and the total
number of patients available for the systematic review was
just 154 patients (90 treated with honeybee and 64 treated
with vespid venoms). Of these studies, those directly compar-
ing aqueous and depot extracts reported a better tolerability
of depot VIT in terms of local reactions [19,23,28,29], but only
one reported a significantly lower frequency of systemic reac-
tions to honeybee venom with the depot extract than with
the aqueous extract [28]. It is important to note that these stud-
ies used a cluster or conventional regimen (‘slow’ schedules) for
depot immunotherapy and a rush or ultrarush regimen (‘rapid’
schedule) for aqueous immunotherapy, making the compari-
son flawed, as it has been reported that rapid regimens are a
risk factor for developing systemic adverse reactions to
VIT [34]. In fact, when both aqueous and depot extracts were
administered using a cluster schedule and honeybee venom,
the rates of systemic reactions reported were 5 and 3.4%,
respectively, compared with a rate of 36.8% for an aqueous
extract administered via a rush regimen [28].

The limits of our analysis are: i) the quality of the evaluated
studies, which were mostly retrospective, only a few prospec-
tive studies being available; ii) the various definitions of sys-
temic reactions used in the different studies; and iii) the lack
of description of possible confounders of systemic reactions
such as comorbidities and use of drugs associated with an
increased risk of systemic reactions to VIT, for example
ACE inhibitors [35]. Moreover, other factors of emerging
importance related to safety were not considered in the studies
included in the systematic review. These are the measurement
of baseline serum tryptase, a high concentration of which was
recently reported as a risk factor for systemic reactions to ves-
pid venom in the build-up phase [36], and the use of purified
venom preparations, which are supposedly better tolerated
than nonpurified venoms [37].

Declaration of interest
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Table 3. Comparison of subgroups based on type of

venom and type of extracts.

Comparison No. of systemic

reactions per

patient (%)

Significance

Honey bee vs
vespids

280/1116 (25.1)
vs. 149/2549 (5.8)

p < 0.0001

Aqueous vs depot 421/3511 (12)
vs. 15/154 (9.7)

NS

Aqueous vs depot
honeybee

270/1026 (26.3)
vs. 10/90 (11.1)

p = 0.013

Aqueous vs depot
vespids

144/2485 (5.8)
vs. 5/64 (7.8)

NS
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