Clinical and immunologic effects of H1 antihistamine
preventive medication during honeybee venom

immunotherapy

Ulrich R. Miiller, MD,? Marek Jutel, MD,"® Andrea Reimers, MD,? Judith Zumkehr, Sci Tec,® Clarissa Huber, MD,?
Carola Kriegel, MD,? Urs Steiner, MD,? Gabrielle Haeberli, MD,? Miibeccel Akdis, MD, PhD,? Arthur Helbling, MD,?
Benno Schnyder, MD,? Kurt Blaser, PhD,® and Cezmi Akdis, MD® Bern and Davos, Switzerland, and Wroclaw, Poland

Background: H1 antihistamines increase safety during allergen-
specific immunotherapy and might influence the outcome
because of immunoregulatory effects.

Objective: We sought to analyze the influence of 5 mg of
levocetirizine (L.C) on the safety, efficacy, and immunologic
effects of ultrarush honeybee venom immunotherapy (BVIT).
Method: In a double-blind, placebo-controlled study 54 patients
with honeybee venom allergy received LC or placebo from 2
days before BVIT to day 21. Side effects during dose increase
and systemic allergic reactions (SARs) to a sting challenge after
120 days were analyzed. Allergen-specific immune response was
investigated in skin, serum, and allergen-stimulated T-cell
cultures.

Results: Side effects were significantly more frequent in patients
receiving placebo. Four patients receiving placebo dropped out
because of side effects. SARs to the sting challenge occurred in 8
patients (6 in the LC group and 2 in the placebo group). Seven
SARs were only cutaneous, and 1 in the placebo group was also
respiratory. Difference of SARs caused by the sting challenge
was insignificant. Specific IgG levels increased significantly in
both groups. Major allergen phospholipase A,-stimulated T
cells from both groups showed a slightly decreased
proliferation. The decrease in IFN-y and IL-13 levels with
placebo was not prominent with LC, whereas IL-10 levels
showed a significant increase in the LC group only. Decreased
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histamine receptor (HR)1/HR2 ratio in allergen-specific T cells
on day 21 in the placebo group was prevented by LC.
Conclusions: LC reduces side effects during dose increase
without influencing the efficacy of BVIT. LC modulates the
natural course of allergen-specific immune response and affects
the expression of HRs and cytokine production by allergen-
specific T cells. (J Allergy Clin Immunol 2008;122:1001-7.)
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Hymenoptera venom allergy is a major cause for severe and
potentially fatal anaphylaxis." Immunotherapy with hymenop-
tera venoms was shown to be highly effective.” However, in
patients with honeybee venom (BV) allergy, it might cause sys-
temic allergic side effects in up to 20% to 40%, mainly during
the dose-increase phase. For this reason, preventive medication
with antihistamines is often used during the initial phase of hon-
eybee venom immunotherapy (BVIT) and was shown to signifi-
cantly reduce large local and generalized cutaneous reactions in
several double-blind, placebo-controlled trials.>> Preventive
medication with antihistamines was also effective in reducing
side effects from immunotherapy with tree and grass pollen.®’
The antihistamines used were terfenadine, loratadine, cetirizine,
and fexofenadine. Thus reduction of side effects seems to be
a histamine receptor (HR) 1-mediated class effect of
antihistamines.

The mechanism by which immunotherapy induces protection
is associated with changes in the fine balance between allergen-
specific regulatory T cells and Ty2 cells, Tyl cells, or both.®
Histamine, originally considered a mediator of acute inflamma-
tory and immediate hypersensitivity responses, has also been
demonstrated to regulate antigen-specific Tyl, Ty2, and regula-
tory T cells, as well as related antibody isotype responses.
Histamine enhances Tyl-type responses by triggering HRI,
whereas both Ty1- and Ty2-type responses are negatively regu-
lated by HR2.

There is some evidence that the expression of HRs is altered
during immunotherapyf)'11 The question of whether preventive
medication with H1 antihistamines during allergen immunother-
apy could influence the immune response to this treatment for
better or worse arose. Previously, the long-term efficacy of
BVIT, as indicated by the reaction to a field sting or a sting chal-
lenge, has only been analyzed retrospectively in the 52 patients
of the first double-blind, placebo-controlled trial on H1 antihista-
mine preventive medication during allergen immunotherapy.'?
The results of this retrospective study suggested an increased ef-
ficacy in patients with antihistamine preventive medication
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Abbreviations used
BV: Honeybee venom
BVIT: Honeybee venom immunotherapy
HR: Histamine receptor
LC: Levocetirizine
PLA: Phospholipase A,, a major allergen of honeybee venom
SAR: Systemic allergic reaction
SE: Side effect
STEPC: Skin test end point concentration
TT: Tetanus toxoid

during early BVIT compared with efficacy in those without. We
therefore performed a prospective, double-blind, placebo-con-
trolled trial, which is presented here. This study includes a sting
challenge after 4 months of BVIT, as well as extensive investi-
gation of allergen-specific skin tests and antibody and T-cell
response, including proliferation, cytokine secretion, and HR
expression.

METHODS

Study protocol

Fifty-four adult patients aged 18 to 65 years with a history of moderate-
to-severe systemic allergic reactions (SARs) to honeybee stings grade II to
IV,'*! positive intracutaneous skin tests to BV of less than or equal to 10~ g/
L, and BV-specific serum IgE (sIgE) levels of 0.7 kU/L or greater in the
Immuno-CAP FEIA were included in the study. Exclusion criteria were preg-
nancy, breast-feeding, severe systemic and psychiatric disease, intake of
B-blockers, angiotensin-converting enzyme inhibitors, and treatment with an-
tihistamines within a week and systemic corticosteroids within a month before
the start of the study.

Twenty-seven patients each were randomly assigned to preventive medi-
cation with 1 tablet daily of either 5 mg of levocetirizine (LC) or placebo from
day —2 to day 21 of an ultrarush BVIT protocol.'>'® During the ultrarush
protocol on day 0, patients received 6 injections of BV starting at 0.1 pg,
with a top dose of 50 pg and a cumulative dose of 111.1 pg. During the
dose-increase (ultrarush) phase of BVIT, patients were monitored for blood
pressure, pulse, electrocardiography, and peak flow in the intensive care
unit, and a venous access with infusion of sodium chloride 0.9% was estab-
lished before the first injection. On day 7, they received 2 injections of 50
g, and on day 21, they received 1 injection of 100 pg. After the dose-increase
phase, further injections of the maintenance dose of 100 pg of BV were
administered on days 50, 80, and 110. Skin tests with BV, BV sIgE, and BV
sIgG were repeated on day 110, and whole blood for PBMC cultures was taken
on days —3 to —7, 21, and 110.

Primary end points were as follows: (1) occurrence of SARs and need for
rescue medication after BVIT injections during the preventive treatment phase
on days 0 to 21 and (2) occurrence of SARs and need for rescue medication
after the sting challenge on day 120.

Secondary end points were as follows: (1) intracutaneous skin tests, (2) BV
sIgE and sIgG serum antibodies, (3) phospholipase A, (PLA)-specific T-cell
proliferation, (4) cytokine secretion in PLA-specific T-cell cultures, and (5)
HR1 and HR2 receptor expression in PLA-specific T cells from before to
day 110 of BVIT.

Written informed consent was obtained from each patient. The study
protocol was approved by the Ethical Committee of the Canton of Bern,
Switzerland.

Assessment of allergic reactions

SARs after BVIT injections or after the challenge were classified as purely
subjective, such as itch, heat sensation, headache, and dizziness (grade 1);
cutaneous, such as flush, urticaria, erythema, and angioedema (grade 2);
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gastrointestinal, such as abdominal cramps, vomiting, and diarrhea (grade 3);
respiratory, such as dyspnea, wheezing, and decrease in peak flow of greater
than 10% (grade 4); and cardiovascular, such as tachycardia, arrhythmia,
decrease in blood pressure of greater than 20 mm Hg, collapse, and
unconsciousness (grade 5).

Rescue medications were 0.3 mg of epinephrine administered subcutane-
ously for grade 2 and grade 3 reactions and 0.3 mg of epinephrine administered
subcutaneously or intramuscularly, 2 mg of clemastine, and 125 mg of
methylprednisolone administered intravenously for grade 4 reactions. Addi-
tional volume substitution and epinephrine administered by means of infusion
were recommended for grade 5 reactions.

Sting challenge

The sting challenge with a live honeybee was performed on day 120 in the
intensive care unit, with constant monitoring of pulse, blood pressure,
electrocardiography, and repeated peak flow measurements before and after
the challenge.'” Intravenous access with an infusion of sodium chloride 0.9%
was established before the challenge and remained for 2 hours. The sting was
applied on the volar side of the forearm, and the stinger was left in the skin for
1 minute. Honeybees were kindly provided by the Swiss Institute for Agricul-
tural Research in Bern.

Skin tests, BV slgE, and BV slgG serum antibodies

Lyophilized BV (Pharmalgen) for skin tests and venom immunotherapy was
obtained from ALK-Abell6 (Hgrsholm, Denmark). Skin test end point concen-
tration (STEPC) was determined by means of intracutaneous injection of 0.02
mL of serial dilutions of BV at 1078, 1076, and 107 g/L, as described earlier.!”
The lowest concentration resulting in a wheal reaction of 5 mm or greater in
diameter with erythema is defined as STEPC. BV slgE, sIgG, and tryptase levels
were determined by means of Immuno CAP FEIA (Phadia, Uppsala Sweden).

Immunologic analyses

Material. Recombinant PLA (Apim 1) of BV (Apis mellifera) was used.
Purified protein derivative of Mycobacterium bovis and tetanus toxoid (TT)
were used as control antigens. None of the allergens contained detectable
amounts of LPS, and all were more than 99% pure.

T-cell proliferation and cytokine detection. Allergen-
specific T-cell proliferative response was determined by means of stimulation
of 2 X 10° PBMCs for 5 days with 0.3 pmol/L PLA, 1 pg/mLTT, and purified
protein derivative of Mycobacterium bovis in 200 pL of medium in 96-well
flat-bottom tissue-culture plates in triplicate in RPMI 1640 medium supple-
mented as previously described.'® Antigen-specific responding T cells were
expanded until day 12 and restimulated with anti-CD2/CD3/CD28 mAbs
for RNA expression. Solid-phase sandwich ELISAs for IFN-vy, IL-10, and
IL-13 were performed in supernatants obtained after 5 days."”

Quantitative real-time PCR. T cells were lysed with RNeasy
lysis buffer, and the RNA was isolated with the RNeasy mini kit (Qiagen,
Hamburg, Germany) and eluted in 30 pL of double-distilled H,O. Reverse
transcription was performed with TagMan reverse transcription reagents
with random hexamers (Applied Biosystems, Rotkreuz, Switzerland). The
PCR primers and probes were designed based on sequences reported in Gen-
Bank. Primers were as follows: EF-1a forward primer 5'CTG AAC CAT CCA
GGC CAA AT 3', EF-1a reverse primer 5'GCC GTG TGG CAATCC AAT
3', HR1 forward primer 5'-TCT CGA ACG GAC TCA GAT ACC A-3',
HRI1 reverse primer 5'-CCT GTG TTA GAC CCA CTC CTC AA-3’, HR1
probe FAM-ACA GAG ACA GCA CCA GGC AAA GGC AA-TAMRA;
HR2 forward primer 5'-GCT GGG CTA TGC CAA CTC A-3’, HR2 reverse
primer 5'-GGT GCG GAA GTC TCT GTT CAG-3’, and HR2 probe FAM-
CCCTGA ACC CCATCC TGT ATG CTG C-TAMRA (all were from Micro-
synth AG, Balgach, Switzerland). cDNAs were amplified with SYBR-PCR
Mastermix (Applied Biosystems) according to the recommendations of the
manufacturer in a total volume of 25 wL in an ABIPRISM 7700 Sequence De-
tection System (Applied Biosystems). Relative quantification was performed
as previously described.?® All amplifications were carried out in duplicates.
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TABLE I. Characterization of the study groups
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Parameter LC Placebo P value
No. 27 27
Male/female sex 20/7 19/8 NS
Age (y), mean = SD 40.6 = 10.8 384 =94 NS
Age (y), range 18-58 17-57
Atopy (positive skin prick test response to common inhalants) 16 12 NS
Severity (Mueller grade'?) at the time of the first admission
Grade 2 5 1
Grade 3 12 10
Grade 4 10 16 NS
STEPC MV (—log g/L), SD 5.78 = 2.00 6.04 = 1.55 NS
sIgE BV (kU/L), geometric MV = SD 0.998 £ 0.076 0.95 = 0.06 NS
sIgG BV (kU/L), geometric MV = SD 0.860 = 0.384 1.22 = 0.30 NS
Baseline tryptase >11.4 ng/mL 1 0
Beekeepers 4 5
SD, Standard deviation; NS, not significant; MV, mean value.
TABLE II. Side effects of BVIT during and after premedication
Side effects of BVIT Premedication with LC Premedication with placebo Odds ratio (95% Cl) P value
No. of patients 27 27
Side effects during premedication (days 0-21)
Total no. of injections 261 252
Patients with subjective side effects 2 9 0.16 (0.03-0.8) .04
Patients with objective side effects 5 9 0.45 (0.13-1.6) NS
Episodes of subjective side effects 2/261 11/252 0.17 (0.04-0.77) .01
Episodes of objective side effects 7/261 19/252 0.34 (0.14-0.82) .01
Episodes with rescue medication 6/261 16/252 0.35 (0.13-0.9) .03
Dropouts 0 4 0.1 (0.005-1.9) NS
Side effects after premedication (days 50-110) 2 2
Total no. of injections 81 72
Objective side effects/injections 2/81 2/72 0.89 (0.12 - 6) NS

NS, Not significant.

Statistical analysis

The proportions of venom immunotherapy injections and sting challenges
with and without subsequent systemic allergic symptoms and the need for
rescue medication were compared between the LC and placebo groups. The
odds ratio and 2-sided P value were analyzed by using the Fisher exact test,
and the corresponding 95% Cls were calculated by using the approximation
of Woolf. The size of the groups was chosen based on previous studies on
the safety of BVIT, which resulted in significant differences between
groups.> Assuming an incidence of 2.5% SARs per injection, the study
had an 80% power to detect a difference in risk of 5.5%. Based on the previous
retrospective study,'> we estimated the risk of SARs to re-exposure during
BVIT with early premedication at 5%. Thus the actual study had an 80%
power to detect a difference in risk of 30%.

Within groups, changes of skin reactivity, sIgE and sIgG levels, prolifer-
ation of PBMCs after PLA stimulation, HR expression, and interleukins in
paired conditions before and after 21 and 110 days of BVIT were analyzed by
using the Wilcoxon matched pairs test. Differences between the whole LC and
placebo groups were analyzed by using the Mann-Whitney U test.

RESULTS
Patient groups

The 2 groups consisting of patients with preventive medication
of either LC or placebo were comparable with regard to age, sex,
atopy, skin sensitivity before treatment, and serum test results for
specific IgE and IgG. The severity of sting reactions was
comparable. Nine patients were beekeepers: 4 in the LC and 5

in the placebo groups. One patient of the LC group had increased
baseline serum tryptase levels (Table I).

Side effects of BVIT

For more information, see Tables E1 and E2 in this article’s
Online Repository at www.jacionline.org. As shown in Table II
during the phase of preventive medication, subjective systemic
side effects, such as heat sensation, uneasiness, itch, and head-
ache, were recorded in 2 patients with 2 episodes in the LC group
and 9 patients with 11 episodes in the placebo group (P = .04).
Objective SARs (>grade 2) were mostly cutaneous (grade 2)
but occasionally also gastrointestinal (grade 3) or respiratory
(grade 4). No cardiovascular side effects occurred. SARs during
the preventive medication phase from days 0 to 21 were observed
significantly more often in patients of the placebo group, with 19
SARs (13 on day 0, 4 on day 7, and 2 on day 21), after 252 injec-
tions than in the LC group, with 7 SARs (3 on day 0, 3 on day 7,
and 1 onday 21) after 261 injections (P =.03). The difference was
mainly found in cutaneous (12 in the placebo group vs 3 in the LC
group) and gastrointestinal reactions (4 in the placebo group vs 0
in the LC group), although not in respiratory reactions (3 in the
placebo group vs 4 in the LC group). Rescue medication had to
be used significantly more often in patients receiving placebo
than in those receiving LC (P <.01). Four patients of the placebo
group dropped out because of side effects (ie, 2 on day 0 the other


http://www.jacionline.org

1004 MULLER ET AL

TABLE lll. SARs to sting challenge

Allergic reactions Odds ratio P
to sting challenge LC Placebo (95% Cl) value
No. with re-exposure 27 23*

Subjective symptoms only 2 3 0.53 (0.08-3.51) NS
Objective symptoms 6 2 3 (0.5-16) NS
Subjective and 8 5 1.5 (0.42-5.51) NS

objective symptoms

Rescue medication used 3 2 0.76 (0.12-5) NS

NS, Not significant.
*Four patients of the placebo group retired from the study because of side effects to
immunotherapy injections.

2 on day 50 and day 80), all of them because of repeated SARs.
There were no dropouts in the LC group. No significant difference
in SARs was observed between groups (2 in the placebo group vs 2
in the LC group) during BVIT injections on days 50, 80, and 110.

Sting challenge response

All patients received a sting challenge on day 120, except the 4
dropouts. No severe SARs to re-exposure were observed. Two
patients in the LC group had only subjective and 6 had objective
allergic symptoms compared with 3 patients with only subjective
and 2 with objective symptoms in the placebo group (Table III).
All patients in the LC group had cutaneous reactions only, 1 pa-
tient in the placebo group had cutaneous symptoms, and another
had both cutaneous and respiratory symptoms. Two patients in the
placebo group and 3 in the LC group needed rescue medication.
There was no significant difference between groups with regard
to either objective symptoms or the use of rescue medication.

Skin tests and immunologic analyses

There was no significant change in STEPC and sIgE values
between before BVIT and day 110 of BVIT in either group. sIgG
levels, however, increased highly significantly in both the LC and
placebo groups (Fig 1, A). Between the 2 groups, there was no sig-
nificant difference in either STEPC, sIgE, or sIgG values before
BVIT and on day 110.

Allergen-specific T-cell tolerance was suggested as an essential
immunoregulatory mechanism during the course of venom- or
aeroallergen-specific immunotherapy. Accordingly, we investi-
gated BV major allergen PLA—stimulated or control antigen
TT—stimulated T-cell proliferation. In patients receiving LC,
significantly reduced allergen-specific PBMC proliferation was
demonstrated after 110 days of BVIT. In patients receiving placebo,
a tendency for suppressed proliferation was observed (Fig 1, B).

A significant decrease in IFN-vy levels was observed after 21
days of BVIT in the placebo group compared with the LC group
(Fig 2, A). A tendency for decreased IFN-v levels was found in
both groups (P =.056 in the LC group and P =.059 in the placebo
group) on day 110. A decrease in IL.-13 secretion was observed in
both groups but was significantly stronger in the placebo group on
day 110 (P = .016). A significant increase in IL-10 production
was demonstrated after 21 days of BVIT in the LC group
(Fig 2, C) but not in the placebo group. No significant difference
in IL-10 secretion was observed between the LC and placebo
groups during the whole course of BVIT. There was no change
in TT-stimulated parallel cultures (data not shown).

Changes in HR1 and HR2 expression in response to BVIT and
the influence of H1 antihistamines was one of the major questions
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of the present study. Accordingly, the effect of BVIT on HR
expression in PLA-stimulated T cells was further investigated
(Fig 3). Although there was no statistically significant change in
HRI1 or HR2 expression during the course of BVIT in both groups,
the ratio of HR1 versus HR2 mRNAs during venom immunother-
apy decreased significantly after 21 days in the placebo group
compared with the LC group (P =.013). This indicates the induc-
tion of HR2 dominance in allergen-specific T cells in the early
course of BVIT. LC prevented this effect.

DISCUSSION

This is the first prospective, double-blind, placebo-controlled
study aiming at the demonstration of H1 antihistamine preventive
medication during the dose-increase phase on the clinical efficacy
and mechanisms of BVIT. As in previous studies with other H1
antihistamines,”” preventive treatment with LC significantly re-
duced systemic allergic side effects of BVIT during the dose-
increase phase, especially cutaneous reactions, such as urticaria,
flush, or angioedema.> It thus justifies its use in BVIT during
dose increase, as recommended in international guidelines.2‘2l
In both groups gastrointestinal and respiratory reactions were
much less often observed, and cardiovascular side effects were
observed not at all. An influence of H1 antihistamine preventive
treatment on these more severe side effects cannot be definitely
excluded because of a possible type II error. The need for rescue
medication was also significantly reduced by H1 antihistamine pre-
ventive medication. In the present study and in our previous stud-
ies,> the preventive medication was only administered during the
dose increase, when most of the allergic side effects of BVIT occur.

As indicated by the tolerance of a sting challenge by a live
honeybee after 4 months of BVIT, efficacy was not significantly
altered by H1 antihistamine preventive medication and was found
in the previously reported range (75% to 90%).%'7% All sting re-
actions were only cutaneous, except for 1 respiratory and cutane-
ous reaction in 1 patient in the placebo group. Although the rate of
systemic reactions was slightly and insignificantly higher in pa-
tients receiving preventive treatment with LC compared with pla-
cebo, it must be noted that there were 4 dropouts because of
repeated systemic allergic side effects in the placebo group,
who were not challenged. It is well known that patients with sys-
temic allergic side effects to venom immunotherapy injections are
at a significantly higher risk to react to a re-sting than those who
tolerate the treatment without side effects.>** Even if it is as-
sumed that all 4 dropouts had SARs to the sting challenge, the dif-
ference between groups would not be significant. Because the
study is powered to detect a risk difference of 30% or greater, it
does not exclude smaller differences. It has to be realized also
that there are quite a few differences between our previous retro-
spective analysis,'? suggesting increased efficacy of BVIT when
used together with H1 antihistamine preventive medication and
the present study.

First, in the previous study a rush protocol was used with a much
higher cumulative dose of 425 g over 5 days compared with the
cumulative dose of 111.1 pg over 1 day in the ultrarush protocol of
the present study. Although no difference in the efficacy of BVIT
between the rush and ultrarush protocols was observed in previous
retrospective comparative studies,'>* the 4-fold higher initial
dose in the earlier study might have been responsible for a different
effect on the immune and clinical response.
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FIG 1. BV sIgE and slgG antibodies and PLA-stimulated proliferation of PBMCs during ultrarush BVIT. A,
slgE levels did not change significantly, although there was a highly significant increase of slgG levels in
both groups. B, PLA-stimulated proliferation decreased in both groups, but the reduction reached signifi-
cance only in the LC group on day 110. P, Placebo.
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FIG 2. Cytokine secretion in PLA-stimulated PBMC cultures during BVIT. A, IFN-vy levels decreased signifi-
cantly more in the placebo group on day 21. B, IL-13 levels decreased in both groups between before
BVIT and day 110 but significantly more in the placebo group. C, IL-10 levels increased significantly on

day 21 compared with those before BVIT in the LC group. P, Placebo.

Second, terfenadine was used in the previous study, and its
daily dose was 240 mg (ie, 2 times higher than the usual daily
dose). In the present study we used 5 mg of LC daily (ie, the usual
daily dose). A number of studies have documented at least an
equivalent or superior activity of LC when compared with other
second-generation antihistamines.?®*® The higher antihistamine
dose together with the much higher cumulative BV dose admin-
istered in the previous study probably resulted in stronger interfer-
ence with HR1 in the presence of the allergen.

Third, in the present study no antihistamines were used as
rescue medication for only cutaneous allergic side effects,
whereas these were allowed in the previous trial. This seems to
be the main reason for the high dropout rate in the current study’s
placebo group and might also have influenced the immune
response because of the lower total H1 antihistamine dose in
the present study compared with previous studies.

Fourth, re-exposure in the earlier retrospective study occurred
either by field stings (in 17 patients) or by sting challenge (in 24
patients) after an average of 30 months. This is our usual
procedure in patients receiving BVIT and helps us to decide
whether this treatment can be stopped. In the present prospective
study, the sting challenge was relatively early, after 4 months, and
the skin sensitivity and sIgE values did not significantly decrease
after this short period. However, a strong reduction both in skin
sensitivity and sIgE levels is most often observed after 30 months
of venom immunotherapy29 and was also documented during the
3-year control period in the previous study. Prolonged venom im-
munotherapy is generally thought to be associated with increased
protection, although this is not documented by prospective studies
with repeated sting challenges during venom immunotherapy.22
Ultrarush protocols have been widely used in Europe since the
late 1980s.%'%16 Early side effects have been reported to be
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FIG 3. Effect of BVIT on HR expression in PLA-stimulated T cells. A, HRT mRNA expression. B, HR2 mRNA
expression. C, HR1/HR2 mRNA expression ratio. Although no significant difference in HR1 and HR2 expres-
sion is observed between groups, the HR1/HR2 ratio is significantly lower in the placebo group on day 21. P,

Placebo.

comparable with conventional protocols; however, they provide
the advantage of early protection from anaphylaxis.?

The present study demonstrates several immunologic effects of
LC preventive medication during early BVIT, some of which can
be considered a positive contribution to enhanced allergen-
specific T-cell tolerance. These effects can be listed as a more
efficient decrease in T-cell proliferation in parallel with more
IL-10 level increases after 21 days of BVIT. The increased IL-10
levels in the LC group are associated with a somewhat more
significant increase in sIgG levels. IL-10 has been previously
demonstrated to play a role in the induction of IgG4.'? In contrast,
the more significant and unexpected decrease in IL-13 levels in
the placebo group could be considered a disadvantage of H1 an-
tihistamine use. Both HR agonists (histamine) and antagonists
(LC in the present study) interfere with the peripheral tolerance
induced during venom immunotherapy in several pathways. His-
tamine enhances Ty1-type responses by triggering HR1, whereas
both Tyl- and Ty2-type responses are negatively regulated by
HR2. Human CD4" Tyl cells predominantly express HR1 and
CD4™ Ty2 cells predominantly express HR2, which results in
their differential regulation by histamine.*° The significantly de-
creased value of the HR1/HR?2 ratio in the placebo group indicates
HR2 dominance during venom immunotherapy. LC pretreatment
prevented the decrease of HR1/HR2 expression ratio. HR2 has
been shown to act as a negative feedback regulator of HR1-medi-
ated effects by suppressing IL-4 and IL-13 production and T-cell
proliferation.’® HR2 contributes to allergen-specific T-cell toler-
ance in several ways. Histamine induces the production of
IL-10 by dendritic cells through HR2.3' In addition, histamine
induces IL-10 production by Ty2 cells*? and enhances the sup-
pressive activity of TGF-B on T cells, again through HR2.% As
observed in the placebo group, the natural response to dose in-
crease in the ultrarush protocol seems to be a deviation toward
HR2 in allergen-specific T cells. Surprisingly, LC inhibits this ef-
fect. These interesting and partly unexpected findings with regard
to the involvement of HRs in the in vivo modulation of allergen-
specific T-cell tolerance during BVIT remain to be further
elucidated.

In a recent study33 an unfavorable effect (ie, increased IgE and
decreased IgG responses) was reported during BVIT under H1 an-
tihistamine preventive treatment with clemastine in mice sensi-
tized to BV. Although both the sensitization procedure and the
immunotherapy protocol chosen were not really comparable
with the situation in human subjects, the dose of antihistamine re-
lated to body weight was more than 100 times higher in these mice
than the dose usually used in human subjects. That the dose of an
antihistamine might have an influence on immune response in
mice is suggested by another article,** in which a much lower pre-
ventive H1 antihistamine dose significantly suppressed the Ty2
response in mice sensitized to ovalbumin.

In conclusion, this study confirms a significant reduction of
systemic allergic side effects and need for rescue medication by
HI1 antihistamine preventive medication during the dose-increase
phase of immunotherapy with BV. On the other hand, an increased
efficacy of BVIT, as suggested by a previous retrospective open
analysis, could not be confirmed in this prospective, double-blind,
placebo-controlled trial. Nevertheless, premedication with anti-
histamines in the early phase of immunotherapy remains very
valuable by increasing safety and preventing dropouts, especially
during BVIT. This study also demonstrates that continuous
administration of an H1 antagonist effectively modulates HR
expression in specific T cells. The clinical and immunologic
effect of LC preventive medication results from regulation of the
immune response through allergen-specific T-cell tolerance and
activation of HR-dependent pathways.

Clinical implications: The use of H1 antihistamines decreases
side effects of BVIT, but its distinct regulatory role on aller-

gen-specific immune response should be considered and further
investigated.

REFERENCES
1. Bilo BM, Ruéff F, Mosbech H, Bonifazi F, Oude-Elberink NG, Birnbaum J, et al.
Diagnosis of Hymenoptera venom allergy. Allergy 2005;60:1339-49.



J ALLERGY CLIN IMMUNOL
VOLUME 122, NUMBER 5

pression by IL-10: CD28-associated IL-10 receptor inhibits CD28 tyrosine phos-
phorylation and phosphatidylinositol 3-kinase binding. FASEB J 2000;14:1666-9.

MULLER 1007

. Bonifazi F, Jutel M, Bilo BM, Birnbaum J, Miiller U, Bucher C. Prevention and 19. Akdis CA, Blesken T, Akdis M, Wiithrich B, Blaser K. Role of Interleukin 10 in
treatment of hymenoptera venom allergy: guidelines for clinical practice. Allergy specific Immunotherapy. J Clin Invest 1998;102:98-106.
2005;60:1459-70. 20. Kunzmann S, Mantel P-Y, Wohlfahrt J, Akdis M, Blaser K, Schmidt-Weber C. His-

. Berchtold E, Maibach R, Miiller U. Reduction of side effects from rush-immunotherapy tamine enhances TGF-betal-mediated suppression of Th2 responses. FASEB J
with honey bee venom by pretreatment with terfenadine. Clin Exp Allergy 1992;22:59-65. 2003;17:1089-95.

. Brockow K, Kiehn M, Riethmiiller C, Vieluf D, Berger J, Ring J. Efficacy of an- 21. Cox L, Li T, Nelson H, Lockey R. Allergen immunotherapy: a practice parameter
tihistamine pretreatment in the prevention of adverse reactions to Hymenoptera im- second update. J Allergy Clin Immunol 2007;120:S25-85.
munotherapy: a prospective, randomized, placebo-controlled trial. J Allergy Clin 22. Ruéft F, Przybilla B, Miiller UR, Mosbech H. The sting challenge test in Hymenop-
Immunol 1997;100:458-63. tera venom allergy. Allergy 1996;51:216-25.

. Reimers AR, Hari Y, Miiller U. Reduction of side-effects from ultrarush immuno- 23. Miiller U, Berchtold E, Helbling A. Honeybee venom allergy: results of a sting
therapy with honeybee venom by pretreatment with fexofenadine: a double-blind, challenge 1 year after stopping successful venom immunotherapy in 86 patients.
placebo-controlled trial. Allergy 2000;55:484-8. J Allergy Clin Immunol 1991;87:702-9.

. Jarisch R, Gotz M, Aberer W, Sidl R, Stabel A, Zajc J. Reduction of side effects of 24. Golden DBK, Kagey-Sobotka A, Lichtenstein L. Survey of patients after discontin-
specific immunotherapy by premedication with antihistaminics and reduction of uing venom immunotherapy. J Allergy Clin Immunol 2000;105:385-90.
maximal dosage to 50,000 SQ-U/ml. In: Kurth R, editor. Stuttgart: Gustav Fischer 25. Birnbaum J, Charpin D, Vervloet D. Rapid hymenoptera venom immunotherapy:
Verlag, Bundesamt fiir Sera und Impfstoffe zu Frankfurt a.M; 1988. p. 163-75. comparative safety of three protocols. Clin Exp Allergy 1993;23:331-3.

. Nielsen L, Johnson CR, Mosbech H, Poulsen LK, Malling HJ. Antihistamine pre- 26. Karppinen A, Kautiainen H, Petman L, Burri P, Reunala T. Comparison of cetiri-
medication in specific cluster immunotherapy: A double-blind, placebo-controlled zine, ebastine and loratadine in the treatment of immediate mosquito-bite allergy.
study. J Allergy Clin Immunol 1996;97:1207-13. Allergy 2002;57:534-7.

. Akdis M, Akdis CA. Mechanisms of allergen immunotherapy. J Allergy Clin Im- 27. Day JH, Briscoe MP, Rafeiro E, Ratz JD. Comparative clinical efficacy, onset and
munol 2007;119:780-91. duration of action of levocetirizine and desloratadine for symptoms of seasonal

. Jutel M, Watanabe T, Akdis M, Blaser K, Akdis CA. Immune regulation by hista- allergic rhinitis in subjects evaluated in the environmental exposure unit (EEU).
mine. Curr Opin Immunol 2002;14:735-40. Int J Clin Pract 2004;58:109-18.

. Simons FE. Advances in Hl-antihistamines. N Engl J Med 2005;351:2203-17. 28. Deruaz C, Leimgruber A, Berney M, Pradervand E, Spertini F. Levocetirizine bet-

. Jutel M, Zak-Nejmark T, Wrzyszcz M, Malolepszy J. Histamine receptor expres- ter protects than desloratadine in a nasal provocation with allergen. J Allergy Clin
sion on peripheral blood CD4+ lymphocytes is influenced by ultrarush bee venom Immunol 2004;113:669-76.
immunotherapy. Allergy 1997;52(suppl 37):88. 29. Thurnheer U, Miiller U, Stoller R, Lanner A, Hoigné R. Venom immunotherapy in

. Miiller U, Hari Y, Berchtold E. Premedication with antihistamines may enhance ef- Hymenoptera sting allergy. Allergy 1983;38:465-75.
ficacy of specific allergen immunotherapy. J Allergy Clin Immunol 2001;107:81-6. 30. Jutel M, Watanabe T, Klunker S, Akdis M, Thomet OAR, Malolepszy J, et al. His-

. Mueller HL. Diagnosis and treatment of insect sensitivity. J Asthma Res 1966;3:331-3. tamine regulates T-cell and antibody responses by differential expression of HI and

. Miiller U. Insect sting allergy: clinical picture, diagnosis and treatment. New York H2 receptors. Nature 2001;413:420-5.

(NY): Gustav Fischer Verlag; 1990. 31. Mazzoni A, Young HA, Spitzer JH, Visintin A, Segal DM. Histamine regulates cy-

. Skrbic D, Fischer H, Pitarch D, Jutel M, Miiller U. Ultra-Rush Hyposensibilisier- tokine production in maturing dendritic cells, resulting in altered T cell polariza-
ung bei Hymenopterengiftallergie. Allergologie 1996;19:123-9. tion. J Clin Invest 2001;108:1865-73.

. Birnbaum J, Charpin D, Vervloet D. Rapid Hymenoptera venom immunotherapy: 32. Osna N, Elliott K, Khan MM. Regulation of interleukin-10 secretion by histamine
comparative safety of three protocols. Clin Exp Allergy 1993;23:226-30. in TH2 cells and splenocytes. Int Immunopharmacol 2001;1:85-96.

. Miiller U, Helbling A, Berchtold E. Immunotherapy with honeybee venom and yel- 33. Johansen P, Senti G, Maria Martinez Gomez J, Kiindig TM. Medication with anti-
low jacket venom is different regarding efficacy and safety. J Allergy Clin Immunol histamines impairs allergen-specific immunotherapy in mice. Clin exp Allergy
1992;89:529-35. 2008;38:512-9.

. Akdis CA, Joss A, Akdis M, Faith A, Blaser K. A molecular basis for T cell sup- 34. Gelfand EW, Cui CH, Katsuyuki T, Kanehiro A, Joetham A. Fexofenadine modu-

lates T-cell function, preventing allergen-induced airway inflammation and hyper-
responsiveness. J Allergy Clin Immunol 2002;110:85-95.

Correction

With regard to the February 2007 article entitled “Macrophage inflammatory protein 3a deficiency in atopic
dermatitis skin and role in innate immune response to vaccinia virus” (J Allergy Clin Immunol 2007;119:457-63),
the authors wish to include Kevin Kisich as a coauthor on the basis of his contribution to the overall study design and
generation of Figure 5. The author list should read as follows: Byung Eui Kim, MD, PhD, Donald Y. M. Leung, MD,
PhD, Joanne E. Streib, BA, Kevin Kisich, PhD, Mark Boguniewicz, MD, Qutayba A. Hamid, MD, PhD, and Michael
D. Howell, PhD.

In addition, the authors would like to correct the information regarding the source of MIP-3« used in the antiviral
assay. In the Methods section, under “Antiviral assays,” the first sentence in the second paragraph should read
“Macrophage inflammatory protein 3o (gift from Dr J. Lubkowski, National Cancer Institute, National Institutes of
Health, Bethesda, Md) was diluted to the proper concentrations in 0.01X tryptic soy broth containing 10 mmol/L
sodium phosphate buffer, pH 7.4.”




TABLE E1. Placebo group

Side effects during BVIT
Side effects of BVIT

Sting challenge placebo

Rescue Symptoms
Patient no. Sex  Year of birth Diagnosis  Day Dose Symptoms Grade medication Comments at re-sting Grade Rescuemedication
1 Female 1969 BG 4 0 30 wg  Flush, erythema 3 Adrenaline(.3 Dropout
head, chest, mg sc
tachycardia 73 — 107
0 30 pg  Urticaria, angioedema, 3 Adrenaline sc,
dysphagia clemastine and
prednisolone iv
3 Female 1968 BG 3 0 Atopy 0
8 Female 1963 BG 4 0 10 wg  Flush, itch, 3 Clemastine iv Dropout
dizziness, abdominal Atopy
pain, nausea
0 10 wg  Itch, dizziness, 3 Clemastine and
orthostatic problems, prednisolone iv
nausea
Volume substitution
9 Male 1962 BG 4 0 Atopy 0
11 Male 1986 BG 3 0 Atopy 0
Beekeeper
12 Male 1968 BG 2 0-21 100 pg Generalized itch 1,1, 1 Dropout
Beekeeper
50 100 pg Generalized itch, 1
dizziness
80 100 wg Flush, generalized 4 Clemastine +
itch, collapse prednisolone iv
13 Male 1966 BG 3 0 Beekeeper  Oral and 1
perioral itch
14 Male 1973 BG 4 0 Atopy Nausea 1
15 Male 1963 BG4 0 10 pg  Hypesthesia left arm 1 Atopy 0
7 100 wg Dizziness, feeling weak 1
17 Female 1946 BG 3 0 50 wg  Headache, itch 1 0
19 Female 1962 BG 4 0 0
20 Male 1966 BG 3 0 30 pwg  Flush, urticaria, 4 Clemastine and 0
chest tightness prednisolone iv
77 30 pg  Erythema trunk 22 Primatene inhalation
21 50 wg erythema, itch 2
100 wg Erythema trunk
21 Male 1966 BG 3 7 100 pg Generalized itch 1 Atopy 0
Beekeeper
22 Male 1964 BG 4 0 0
25 Male 1964 BG 3 0 20 pg  Headache, itch 1 Beekeeper 0
neck chest
26 Male 1957 BG 4 0 50 ug  Abdominal distress, 3 Dropout
diarrhea
7 100 pg dizziness 1
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29
32
33
35
39

43

46

47

48
50

51

Male
Male
Male
Male
Male

Male

Male

Female

Male
Male

Male

1956
1976
1948
1952
1980

1972

1968

1982

1958
1963

1963

BG 4
BG 4
BG 4
BG 3
BG 3

BG 3

BG 4

BG 4

BG 4
BG4

BG 4

50 -80 100 pg
0 50 pg
0 50 pg
7 50 pg
21 100 pg
0 50 pg
0 20 pg
0 30 pg
7 50 pg
0 30 pg
0 50 pg
7 50 pg
0 50 pg

Dizziness, diarrhea,
psychological
problems

Headache
Generalized itch,
erythema trunk

Chest tightness, flush
Urticaria neck,
back arms
Hoarseness, urticaria
neck, trunk

Erythema neck,
generalized itch

Generalized urticaria
Generalized urticaria
Dyspnea, wheezing
Dyspnea, wheezing
Headache

Generalized itch

N - O OO

[\S)

(=R L )

1

Atopy
Atopy

Primatene inhalation

Primatene inhalation

Adrenaline 0.3 mg
sc no effect—
clemastine

Adrenaline 0.3 mg sc

Primatene inhalation
Primatene inhalation ~ Atopy

Salbutamol inhalation
Atopy

Atopy

Laryngeal tightness,
no hoarseness, normal
peak flow

Dyspnea, oral
itch, decrease
in peak flow >20%

In both
arms, single
urticarial wheals

— o O o O

[\

Primatene inhalation

I-cetirizine, 5 mg;
prednisone, 50 mg po

Primatene Mist, Armstrong Pharmaceuticals, Inc, Rancho Cucamonga, Calif. BG, Grade of allergic bee-sting reaction'®; sc, subcutaneous; iv, intravenous; po, by mouth.
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TABLE E2. LC group

Side effects during BVIT

Side effects during BVIT days 0-d21 Reaction to re-sting
Patient no.  Sex  Year of birth Diagnosis Day Dose Symptoms Grade Rescue medication Comments Symptoms at re-sting  Grade Rescuemedication
2 Male 1960 BG 3 0 Atopy 0
4 Male 1965 BG 4 0 Atopy 0
5 Male 1971 BG 3 0 Generalized itch, 2
flush head and neck,
conjunctivitis
6 Female 1983 BG 3 0 10 pg Dyspnea, wheezing 4 Primatene inhalation 0
7 50 wg Cough, hoarseness, 4 Primatene inhalation
erythema head trunk
7 Female 1970 BG 3 0 Atopy 0
10 Female 1957 BG 4 0 0
16 Male 1949 BG 4 0 50 wg  Urticaria, cough 2 Primatene inhalation, Atopy Itch chin 1
iv clemastine, 2 mg, + and neck
prednisolone, 50 mg
18 Male 1970 BG 3 0 0
23 Female 1966 BG 3 0 Atopy 0
Beekeeper
24 Male 1967 BG 3 7 50 pg  Cough, rhinitis, 4 Primatene inhalation Atopy Cough, rhinitis 2 LC, 10 mg po
decrease in peak Beekeeper
flow 560 — 420
21 100 pg Rhinitis, cough 2
27 Female 1953 BG 3 0 Beekeeper Flush face, 2
generalized itch
28 Male 1955 BG 4 0 0
30 Male 1967 BG 4 0 Atopy 0
31 Male 1956 BG 3 0 50 ng  Flush, heat sensation 2 Primatene inhalation Atopy Flush head 2
and neck
34 Male 1952 BG 2 0 Atopy 0
36 Male 1959 BG4 0 Atopy 0
37 Male 1974 BG 2 0 0
38 Male 1965 BG 2 0 Erythema face, 2 LC, 10 mg po
trunkUrticarial wheals
trunk
40 Female 1987 BG 4 21 100 pg Feeling dizzy, 1 Atopy Heat sensation, 1
no decrease in blood itch on back
pressure
41 Male 1967 BG 3 0 20 ng Tightness in throat, 1 Atopy 0
no decrease in peak
flow
42 Male 1967 BG 2 0 0
44 Male 1985 BG 3 0 Atopy Urticaria neck, 2 LC, 10 mg po
chest Headache
45 Male 1958 BG 4 0 0
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49
52

53
54

Male
Male

Male
Male

1955
1959

1947
1949

BG 3
BG 2

BG 4
BG 4

7

50 pg

Dizziness, dyspnea,
decrease in blood
pressure 125 — 95 mm
Hg

+~ o

Adrenaline, 0.3 mg sc;
volume substitution

Atopy
Beekeeper

Atopy
Systemic
mastocytosis

Dizziness, heat sensation

Primatene Mist, Armstrong Pharmaceuticals, Inc, Rancho Cucamonga, Calif. BG, Grade of allergic bee-sting reaction'®; iv, intravenous; sc, subcutaneous.
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