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Summary
Background The physicochemical modification of allergen extracts provides a chance for

administering higher doses of allergen vaccines.

Objective To evaluate the safety of a chemically modified (depigmented-glutaraldehyde

polymerized) therapeutic vaccine of Phleum pratense administered at doses that are 10 times

higher than those used in clinical practice, in comparison with conventional doses of the

corresponding non-modified alum-adsorbed vaccine.

Materials and methods The design of the study was randomized, double-blind, parallel and included

two groups of patients. Twenty-three patients were treated weekly during nine visits for the build-up

phase, followed by two weekly maintenance doses (a total of 11 injections per patient). Twelve

patients received a vaccine containing the standardized unmodified extract, at a maximum

concentration of 308.5mcg of freeze dried material/mL (Group A). Eleven patients received a

standardized modified allergen extract (Group B). The maximum dose used was 2400mcg/mL.

Safety was evaluated recording all adverse events. Skin test results and specific antibody levels were

evaluated at the beginning and at the end of the study.

Results Group A patients experienced three local immediate (two clinically irrelevant and one with

a diameter 4 5 cm) and 18 delayed reactions (15 irrelevant and three with a diameter 4 10 cm),

while Group B experienced six local immediate and 12 delayed reactions (all clinically irrelevant).

Nine Group A patients experienced 12 systemic reactions (one immediate of grade 1, one of grade 2;

and one delayed of grade 1; four of grade 2 and three of grade 3), while Group B patients experienced

one immediate systemic reaction of grades 1, and 1 delayed reaction of grade 1.

Conclusions The modified extract of P. pratense is safe to treat sensitive patients, even at

concentrations that are 10 times higher than those regularly administered in clinical practice. The

majority of the local reactions were clinically irrelevant. No systemic reactions of grade 2, 3 or 4 were

reported using the modified extract.
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Introduction

Allergen immunotherapy is part of a broad-based category of
therapy presently used to treat immunologic diseases, because
it modifies, or downregulates, the immune response to foreign
allergens [1]. Grass pollen immunotherapy improves the
quality of life [2, 3], increases the threshold dose eliciting an
immediate response using specific challenges [1] and reduces
symptoms and/or the need for asthma and rhinoconjunctivitis
medications [1]. A large series of injections is required, which
consists of weekly injections, until the maintenance dose is
reached after 3–4 months. The use of higher doses at the
beginning can considerably shorten this process [4, 5].
However, this approach could be dangerous since a relation-

ship between the dose administered and the appearance of
IgE-mediated adverse events has been established [6, 7].
Regular injection of vaccines leads to an increase in specific
IgG production. However, adverse events because of IgG
overproduction with the use of allergen vaccines have not
been reported.
The efficacy of allergen immunotherapy is dose dependent;

therefore, a careful balance between efficacy and safety is
needed. Thus, the concept of optimal dose is used and defined
as the dose of allergen vaccine inducing a clinically relevant
effect in most patients without causing unacceptable side
effects [8, 9]. To improve the safety of the original aqueous
allergen vaccines, an initial physical modification step was
introduced in the 1930s with the use of aluminium hydroxide
[10]. However, these physically modified vaccines continued
to express their allergenic properties. To overcome this
disadvantage, allergen extracts modified with glutaraldehyde
were developed in the 1960s, proving to be safer than
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unmodified vaccines, while retaining their clinical efficacy
[11, 12]. The introduction of a depigmentation step before the
polymerization process removes adsorbed pigments, enhances
the solubility of the polymer and inactivates the enzymatic
activity of certain allergens [13]. These modified vaccines
maintain, or increase, specific IgG recognition, decrease
specific IgE binding and induce smaller skin test reactions
[14]. The clinical safety and efficacy of these modified allergen
extracts has been proven for Parietaria judaica [15], Olea
europaea [16], a mixture of Dactylis glomerata and Olea
europaea [3] house dust mites (HDMs) [17, 18] and Phleum
pratense [19]. The latter study was a dose-finding, efficacy and
safety trial, which showed efficacy using a maximum
concentration of 18.5mg of freeze-dried material per millilitre.
The objective of this study was to evaluate the tolerability

and safety of a chemically modified therapeutic vaccine of
P. pratense during the build-up phase and at doses higher
than those used regularly. As comparator, we used the
respective non-modified vaccine.

Materials and methods

Study design

The study was randomized, double blind, parallel and
included two groups of patients. The study was authorized
by the Ethics Committee of the Fundación Jiménez Dı́az, and
the Spanish Health Authorities. All patients gave their
witnessed written consent to participate in the study.

Patients

Twenty-three patients (11 men and 12 women; mean age
31 years), recruited from the outpatient clinic of the Allergy
Department of the hospital, were included in the study. All
met the following inclusion criteria: seasonal rhinoconjuncti-
vitis and mild or moderate bronchial asthma, diagnosed
according to Global Initiative for Asthma guidelines [20];
more than 2 years of evolution; detectable specific IgE to
P. pratense; positive skin prick (weal diameter X3mm) to a
standardized P. pratense extract (30 histamine equivalent in
prick-testing units (HEP)/mL; Laboratorios LETI, S.L, Tres
Cantos, Spain) and negative to other common aeroallergens.
The exclusion criteria were those outlined in the World
Health Organization (WHO) position paper on allergen
immunotherapy [1].
Patients were blindly randomized into two groups. Group A

consisted of 12 patients (6 males and six females, mean age
28 years, range 19–39) who received treatment with the un-
modified extract and group B of 11 patients (five males and
six females, mean age 34 years, range 23–51) who received
treatment with the modified extract.

Allergen extracts for immunotherapy

One hundred grams of pollen of P. pratense, previously
deffated, were extracted 1 : 20 weight/volume in phosphate-
buffered saline followed by diafiltration in 3 kDa Pellicon
membranes (Millipore, Madrid, Spain). Afterwards, the
extract was freeze dried (native extract). Part of this native
extract was used to produce the treatments with the non-

modified extract and the skin prick test preparations. The rest
of the native extract was depigmented, following a patented
procedure [21]. It consisted of a mild acid treatment followed
by extensive dialysis in 3.5 kDa cut-off membranes against
bidistilled water. This allergen preparation was treated with
glutaraldehyde to produce the polymer (modified extract)
using previously described methods [22, 23]. This step was
followed by extensive dialysis in order to remove components
with a molecular weight of less than 100kDa. SDS-PAGE
electrophoresis was performed with native, depigmented and
polymerized allergen extracts in order to monitor each step of
the production process.
Phl p 1 and Phl p 5 were measured by scanning densi-

tometry [24]. The results were expressed as the percentage of
major allergen per mg of freeze-dried extract. The protein
contents were measured using the Bradford method [25]. The
protein nitrogen units (PNUs) were determined using the
micro-Kjeldhal method.
The IgG binding activity was measured by specific IgG

inhibition assay [26]; allergenicity was evaluated by a capture-
specific IgE-binding competition ELISA [27]. The results were
expressed as micrograms of freeze-dried material needed to
achieve 50% inhibition.

Allergen vaccines and immunotherapy schedule

Each treatment set consisted of three numbered vials (1, 2 and 3)
of 10-fold increasing doses of standardized native or modified
extract adsorbed onto aluminium hydroxide. The allergen
concentration in each treatment vial administered to group A
was that regularly used in clinical practice, having the
maximum concentration (vial no. 3) of 308.50mcg/mL, with
a biologic potency of 100HEPL/mL. All patients were treated
with the same batch. In Group B, the maximum concentra-
tion of the extract was 2400mcg/mL, which was 10 times
greater than the concentration regularly used in clinical
practice. It was the result of depigmenting and polymerizing
30 850mcg of the native extract. The contents of Phl p 1 and
Phl p 5 were 3.14% and 4.37% of the native extract,
respectively. All patients were treated with the same batch.
Patients were not pretreated before the administration of

any dose. The subcutaneous administration was always done
under medical supervision. After each administration, the
patients remained for at least 30min in the clinic [28] in order
to detect any immediate adverse reaction. The patients were
instructed to immediately inform the physician about all
adverse events, related or not with the immunotherapy.
A personal or telephone contact was established in the case of
delayed adverse events.

Skin tests

Patients were skin-prick tested at baseline and at the end of
the study using the same batch of native unmodified allergen
extract. The SPTs were conducted in duplicate, on the volar
surface of the forearm using four 10-fold dilutions of native
extract of P. pratense (highest concentration 1mg of freeze-
dried extract per millilitre, with a potency of 30HEP/mL).
For each patient, the dose of allergen extract needed to
produce the same weal size as the one induced by histamine
HCl 10mg/mL (10 HEP) was calculated [17].
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Specific antibody response

Serum samples of each patient were collected at the first visit
(baseline), after 2 months and at the end of the study (after 4
months), and stored in 0.5mL aliquots at � 70 1C until use.
Specific IgE was measured by capture ELISA [29], and
specific IgG, IgG1 and IgG4 by ELISA [30, 31]; the results
were expressed in optical densities (O.D.’s). The serum
dilutions used to estimate specific IgE and IgG4 were 1 : 5,
and for specific IgG and IgG1, 1 : 1000.

Safety monitoring

The reactions were categorized as immediate when the onset
was during the first 30min after the administration, and
delayed when the onset was after this time. Local reactions
were quantified measuring the diameter of the reaction. The
immediate reactions with a diameter of less than 5 cm and the
delayed reactions of less than 10 cm were considered as
clinically irrelevant, since a reduction in dose is not
recommended [32]. The systemic reactions were graded
following the European Academy of Allergy and Clinical
Immunology (EAACI) Position Paper [28]. The grades were
as follows grade 0: no symptoms; grade 1: unspecic symptoms
– reactions probably not IgE mediated, i.e. discomfort,
headache or arthralgia; grade 2: mild systemic reactions –
mild rhinitis or asthma responding adequately to antihista-
mines or b2-agonist therapy; grade 3: non-life-threatening
systemic reactions – urticaria, angioedema, or severe asthma,
responding well to treatment; and grade 4: anaphylactic shock
– rapidly evoked reaction of itching, ushing, erythema or
bronchial obstruction, requiring intensive treatment. The
study was designed to evaluate safety in a prospective
manner. Therefore, the possibility of repeating or reducing
the dose because of adverse reaction was not allowed.

Statistics

The sample size was established following the recommenda-
tions of André and Foulkes for tolerance studies in the
development of vaccines [33]. The number of patients needed
(n5 22) was calculated based on the assumption that 80% of
the systemic reactions would occur in group A and 20% in
group B, for an a5 0.05 and a power of 80%. At the end,
12 patients were included in group A and 11 in group B. The
SPSS software (SPSS, Inc., Chicago, IL, USA) was used for
statistical analysis. The value of the median and the
interquartile (IQ) range was used for descriptive statistics.
Contingency table was used to compare the number of
adverse reactions and the non-parametric Mann–Whitney test
was used to compare values between both groups. Wilcoxon
and Friedman tests were used to evaluate the evolution of
intragroup values.

Results

Characteristics of the therapeutic vaccines used

The 50% inhibition point of specific IgE binding was 154ng
for the native extract and 16.12mcg (104.7 times more) for
the resulting polymer. The amount of allergen extract needed

to obtain a 50% inhibition of specific IgG binding was 289ng
for the native and 315ng for the modified extract. Other
characteristics of the vaccines used are shown in Table 1.
Figure 1 shows the SDS-PAGE.

Patients, immunotherapy schedule and safety There were
no significant differences in age, gender, intital SPT size,
specific IgE levels, symptom severity and asthma prevalence.
The total number of injections administered was 114 in group
A, and 121 in group B. Each patient received a maximum of
11 injections. Table 2 shows the schedule used and the total
accumulated dose.

Three patients of group A and five of group B were free of
local or systemic reactions. With the normal recommended
doses used in clinical practice, nine patients of group B (82%)
were free of reactions. The total number of local reactions
was 21 in group A and 18 in group B (P40.05). Three
immediate local reactions occurred in group A patients, and
six in group B (P40.05); only one reaction in group A was
evaluated as relevant (diameter45 cm). The total number of
local delayed reactions was 18 in group A and 12 in group B
(P40.05); three reactions were clinically relevant in group A
(diameter410 cm), the rest were irrelevant.

Four immediate systemic reactions occurred in group A,
two evaluated as grade 1, 1 of grade 2 and 1 of grade 3,
whereas group B recorded 1 reaction of grade 1 (P40.05).

Table 1. Characteristics of the maximum concentration of native and

modified vaccines of Phleum pratense

Unmodified Modified

Freeze-dried extract (mcg/mL) 308 2400

protein (mcg/mL) 100.1 1636.80

PNU/mL 2464.90 24696

Phl p1 (%) 3.14 ND*

Phl p5 (%) 4.37 ND*

Potency (HEPL/mL) 100 33**

*Not detectable because of the modification process.
**Residual potency after the modification process. The initial potency of the

native extract was 10 000 HEPL.

Fig. 1. SDS-PAGE electrophoresis patterns of the native, depigmented
and depigmented–polymerized preparations of Phleum. pratense. (a) Std:
low molecular weight markers; lane 1: native extract; lane 2: depigmented
extract and lane 3: depigmented and polymerised extract. (b) lane 1: high
Molecular weight markers: lane 1: depigmented and polymerized extract.
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Delayed systemic reactions were 8 (1 of grade 1, 3 of grade 2
and 4 of grade 3) in group A and 1 (grade 1) in group B
(P5 0.03). Nine of the 12 systemic reactions which took place
in group A were produced when injecting the vial of
maximum concentration (number 3). Four patients treated
with the native extract were invited to stop their participation
in the study because of a delayed systemic and one because of
an immediate reaction. Table 3 shows the number and
evaluation of clinically relevant adverse reactions per vial of
treatment. Table 4 shows the description of systemic
reactions. All the reactions were categorized as reactions
because of the intrinsic characteristics of the vaccine
preparation and the individual response. Systemic or local
side-effects did not correlate with the severity of allergy.

Skin tests

The results are expressed as the amount of native, unmodified
allergen extract necessary to induce a weal of the same size as
the positive control. At baseline, the 10 HEP value for the

group A was 10.31mcg (IQ 3.4–34.58), and for group treated
with the modified extract 1.48 (IQ 0.58–3.40). After the period
of treatment, the results were 189.52 (IQ 101.05–417.79) and
237.96mcg (IQ 94.22–386.82) respectively. Figure 2 shows the
box plot of these results. The statistical analysis showed no
statistical differences (P40.05) at baseline and at the end
between both groups. The intragroup comparison showed
that both groups needed a significantly (Po0.05) higher
quantity of allergen extract to achieve the 10 HEP value. At
the end of the study, group A needed 18 times more quantity
of native allergen extract to achieve the 10 HEP value,
whereas group B needed 161 times more quantity.

Specific antibody response

Group A experienced a significant increase in specific IgG1,
and group B in specific IgG1 levels after 4 months. Both
groups did not experience any changes in specific IgE and
IgG4 levels. When the results were analysed between groups,
significantly higher levels of total specific IgG, IgG1 and IgG4
were detected in group B. Table 5 shows the descriptive and
comparative statistics.

Discussion

Herein we present the safety profile, the action on skin
sensitivity and specific antibody production of a depigmen-
ted-glutaraldehyde-polymerized vaccine of P. pratense used at
high doses. The highest concentration of the modified allergen
injected (2.4mg/mL) was calculated based on the yield of the
modification process. It was the result of chemically modify-
ing 30.8mg, which is 100 times greater than the maximum
concentration regularly used with the corresponding non-
modified vaccine. In this case, the yield of the process from
native to modified extract was 7.8%. The maximum
concentration of Phl p 5 in the unmodified allergen extract
administered in this study was similar to the one used by

Table 2. Quantity of allergen extract and IgE potency (HEPL) administered in each dose of the vaccine containing the native extract (Group A), and data

corresponding to the modified extract, describing the amount of modified allergen extract administered per dose injected, the original IgE potency (HEPL) before the

process of chemical modification and the residual after this process (Group B)

Vial

Unmodified

Potency

Modified

Units Dose ML mcg/dose HEPL/dose mcg/dose

HEPL/dose

Before

modification

Residual after

modification

Before

modification

Residual after

modification

1 1 HEPL/mL 1 0.1 0.31 0.1 100 HEPL/mL 0.3 HEPL/mL 2.40 1 0.003

2 0.3 0.92 0.3 7.20 3 0.010

3 0.5 1.54 0.5 12.00 5 0.017

2 10 HEPL/mL 4 0.1 3.08 1 1000 HEPL/mL 0.3 HEPL/mL 24.0 10 0.033

5 0.3 9.24 3 72.0 30 0.100

6 0.5 15.40 5 120.0 50 0.167

3 100 HEPL/mL 7 0.1 30.80 10 10 000 HEPL/mL 0.3 HEPL/mL 240 100 0.333

8 0.3 92.40 30 720 300 1.000

9 0.5 154.00 50 1200 500 1.667

10 0.5 154.00 50 1200 500 1.667

11 0.5 154.00 50 1200 500 1.667

Total mg accumulated 615.69 4797.6

Table 3. Number and evaluation of clinically relevant adverse reactions

distributed per vial of treatment

Group A Group B

Vial Vial

1 2 3 1 2 3

Local Immediate + 4 5 cm 0 0 1 0 0 0

Systemic Delayed + 4 10 cm 0 2 1 0 0 0

Immediate Grade 2 0 0 1 0 0 0

Grade 3 0 0 1 0 0 0

Delayed Grade 2 0 1 3 0 0 0

Grade 3 0 0 4 0 0 0

The grey-shadowed area corresponds to the vial of maximum concentration

used in regular clinical practices.
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Walker et al. [2] (20mcg/mL of Phl p 5) and to the doses
described in the WHO Position Paper on Allergen Immu-
notherapy [1], supported by the study of Østerballe et al. [34].
However, the maximum dose of the modified preparation was
12 348 PNU, greater than the 3300 PNU given by Grammer
et al. [35] in an accelerated dosage schedule using glutar-
aldehyde polymerized extracts of grasses.
Placebo was not used following the Note of Clarification

(paragraph 29) added by the World Medical Association
Declaration of Helsinki [36]. It is stated that care must be
taken in using placebo-controlled trials and that this
methodology should only be used in the absence of an
existing proven therapy. Thus, as comparator we used the
respective non-modified vaccine. The study was conducted
following the recommendations of the Committee for
Proprietary Medicinal Products in the clinical evaluation of
new vaccines [37], which indicates that, whenever feasible,
besides an overall safety comparison, an additional compar-
ison with the appropriate control vaccines should be made.
The study was designed to evaluate the safety profile of a
modified allergen therapeutic vaccine under experimental
conditions. Thus, all reactions were recorded, including those
that would not have been recorded under normal clinical
conditions.
In the study, both groups of patients experienced a

significant reduction in skin sensitivity in a short period of

time. Both extracts showed no effect on specific IgE and IgG4
production, which could be because of the short duration of
the study. The effect on specific IgG and IgG1 was significant

Table 4. Systemic reactions: description of the reactions, time of appearance (immediate or late), grade, dose that provoked the reaction, vial and quantity (mL)

injected

Patient ID Reaction Group Visit Vial mL Grade Description

20298 Delayed A 8 3 0.1 1 Unspecific symptoms

20298 Immediate A 9 3 0.3 2 Nasal-ocular symptoms, dyspnoea, dizziness, and cough *

21895 Immediate A 4 2 0.5 1 Perioral itching

22687 Immediate A 9 3 0.3 2 Weals and rhinoconjunctivitis *

25039 Delayed B 7 3 0.5 1 Headache and nasal obstruction

33274 Delayed A 8&9 3 30.3 and 0.5 3 Naso-ocular symptoms, abdominal pain, diarrhoea and headache

53278 Delayed A 9 3 0.5 2 Rhinoconjunctivitis

61156 Immediate A 7 3 0.1 3 Weals, rhinoconjunctivitis and bronchospasm *

65456 Immediate B 10 3 0.5 1 Palatal itching

179508 Delayed A 8 3 0.3 3 Pharyngeal discomfort, headache, and generalized weals *

81767 Delayed A 10 3 0.5 3 Asthma, weals, fatigue, and dry cough *

*The patients were invited to stop the participation in the study after the adverse reaction.
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Fig. 2. Box plot view of the skin-prick tests (SPTs) results. The X-axis
shows SPT results of both groups before and after the study. The Y-axis
shows the micrograms (log transformed) needed to produce a wheal of the
same size as the one produced by histamine HCl at 10 mg/mL (10 HEP).
A and B denote Groups A and B.

Table 5. Median, first and third quartiles of specific IgE, IgG, IgG1 and IgG4

of both groups, and results of the comparative statistics intragroup (Fried-

man’s test) and intergroups (Mann–Whitney’s test)

IgE

Group Baseline 2 months 4 months P (Friedman)

1st quartile 0.34 0.49 0.20

A Median 1.43 1.40 1.46 40.05

3rd quartile 1.73 1.85 1.95

1st quartile 0.48 0.62 0.52

B Median 1.18 1.27 1.25 40.05

3rd quartile 2.49 2.75 1.82

P (Mann–Whitney) 40.05 40.05 40.05

IgG

1st quartile 0.59 0.91 0.83

A Median 1.06 1.20 0.98 40.05

3rd quartile 1.57 1.66 1.76

1st quartile 0.83 0.93 2.05

B Median 1.06 1.30 2.56 0.002

3rd quartile 1.34 2.04 3.12

P (MannFWhitney) 40.05 40.05 0.01

IgG1

1st quartile 0.17 0.20 0.24

A Median 0.20 0.26 0.31 0.007

3rd quartile 0.29 0.41 0.60

1st quartile 0.14 0.22 0.75

B Median 0.20 0.37 1.72 o0.001

3rd quartile 0.30 0.86 2.00

P (Mann–Whitney) 40.05 40.05 0.002

IgG4

1st quartile 0.16 0.20 0.47

A Median 0.69 0.76 1.04 40.05

3rd quartile 2.44 1.67 1.88

1st quartile 0.96 0.77 1.30

B Median 1.67 1.49 2.30 40.05

3rd quartile 2.21 2.37 2.96

P (Mann–Whitney) 40.05 40.05 0.041
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for both groups. In group B, in spite of the high doses injected
and the significant increase in specific IgG levels, these levels
did not reach the threshold value, which could have induced
an inflammatory response because of a type III hypersensi-
tivity reaction, as observed in massive local reactions
occurring 2–8 h after a tetanus toxoid injection [38, 39]. The
absence of these reactions suggests the possible tolerogenic
properties of allergen extracts treated with glutaraldehyde.
This fact has been demonstrated in rats that were exposed
parenterally or pergastrically to glutaraldehyde-polymerized
collagen from bovine nasal septal cartilage and became
resistant to the subsequent induction of disease with
arthritogenic collagen administered intradermally in Freund’s
incomplete adjuvant [40]. We acknowledge that more studies
with allergens are needed to confirm this possibility.
In the study, 12 systemic reactions in nine patients were

reported in group A (8.8% of the injections). Seven occurred
during the up-dosing process with the vial of maximum
concentration. Because of the characteristics of the study,
which was designed to evaluate safety with the imposibility of
stepping back the dose administered in case of moderate-
severe adverse reactions, five patients were invited to stop
their participation, two because of immediate systemic
reactions, and three due to delayed reactions. Two systemic
reactions occurred in group B, 1 delayed (0.75% of the
injections) graded as 1, with the injection of 0.5mL of vial no.
2, and 1 immediate of grade 1 with vial 3. Although group A
patients experienced more local reactions than group B
patients (21 vs. 18), this difference was not significant. The
majority of the local reactions were clinically irrelevant; in
Group B there were no clinically relevant local reactions.
Overall, the rate of systemic reactions using aqueous or

alum-adsorbed pollen extracts is in the range of 0.01%–70%
of the patients [12]. In one prospective study [41] using native
alum-adsorbed grass-pollen extracts, 8.3% of the systemic
reactions were immediate of grade 2, and 20.8% of grade 3,
and 12.5%, 54.2% and 4.2% delayed of grades 2, 3 and 4,
respectively. In our study, in group A, 10% of the systemic
reactions were immediate of grade 1% and 10% of grade 2%
and 10%, 40% and 30% were delayed of grade 1, 2 and 3,
respectively. All these reactions were mild and resolved
spontaneously without the need for rescue medication. No
reactions of grade 4 were recorded. The incidence systemic
delayed reactions of grades 2 and 3 detected in our study were
similar to the ones found in this study [41].
It has been shown that formaldehyde-modified extracts

elicit almost as many systemic reactions as native extracts
when not fractionated by molecular weight size. However,
these reactions were usually less severe [12]. The safety
records of two types of glutaraldehyde–polymerized extracts
have been reviewed [12]. High molecular weight preparations
did not induce systemic reactions, but systemic reactions
using unfractionated allergoids were not uncommon. In our
study, the doses of the modified extract used in commercially
available treatments only produced one systemic reaction of
grade 1 (non-IgE mediated).
An equally modified preparation of D. pteronyssinus

showed a similar safety profile as the one described in this
study [42]. In a prospective multicentre observational cohort
study [43], a total of 2261 injections were administered to 175
patients with rhinoconjunctivitis, with or without asthma,

sensitized to grass pollen (55%), tree pollen (18%), tree and
grass pollen mixture (14%), HDMs (11%) and others (2%).
Local reactions with a diameter410 cm occurred in 0.1% of
the injections. Thirteen patients experienced systemic reac-
tions, all judged to be mild.
This study demonstrates that depigmented-and glutaralde-

hyde-polymerized allergen extracts of P. pratense used at
concentrations which are 10 times higher than those regularly
administered in clinical practice are safe to treat P. pratense-
sensitive patients, confirming the wide therapeutic margin for
this chemically modified allergen vaccine and the safer profile
than regular vaccines based on native unmodified extracts.
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ERRATA

Double-blind study of tolerability and antibody production of unmodified and
chemically modified allergen vaccines of Phleum pratense

M. Casanovas, J. Sastre, M. Fernández-Nieto, M. Lluch, J. Carnés and E. Fernández-Caldas

In [1], on page 1380, column two, paragraph two (Specific
antibody response), the first sentence should read as follows:
‘‘Group A experienced a significant increase in specific IgG1,
and group B in IgG and specific IgG1 levels after 4 months.’’
On page 1381, column two, the last sentence should read as

follows: ‘‘The effect on specific IgG was significant for both
groups.’’
On pages 1380 and 1381, incorrect versions of Tables 2, 3

and 4 were published. The corrected versions of Tables 2, 3
and 4 are shown below.

Reference

1 Casanovas M, Sastre J, Fernández-Nieto M, Lluch M, Carnés J,

Fernández-Caldas E. Double-blind study of tolerability and

antibody production of unmodified and chemically modified

allergen vaccines of Phleum pratense. Clin Exp Allergy 2005;

35:1377–83.

Table 2. Quantity of allergen extract and IgE potency (HEPL) administered in each dose of the vaccine containing the negative extract (Group A), and data

corresponding to the modified extract, describing the amount of modified allergen extract administered per dose injected, the original IgE potency (HEPL) before the

process of chemical modification and the residual after this process (Group B)

Dose ML

Unmodified Modified

Vial

Units

(HEPL/mL) mcg/dose HEPL/dose

Biological Potency (HEPL/mL)

mcg/dose

HEPL/dose

Before

modification

Residual after

modification

Before

modification

Residual after

modification

1 0.1 1 1 0.31 0.1 100 0.3 2.40 1 0.003

2 0.3 0.92 0.3 7.20 3 0.010

3 0.5 1.54 0.5 12.00 5 0.017

4 0.1 2 10 3.08 1 100 3.3 24.0 10 0.033

5 0.3 9.24 3 72.0 30 0.100

6 0.5 15.40 5 120.0 50 0.167

7 0.1 3 100 30.80 10 10 000 33.3 240 100 0.333

8 0.3 92.40 30 720 300 1.000

9 0.5 154.00 50 1200 500 1.667

10 0.5 154.00 50 1200 500 1.667

11 0.5 154.00 50 1200 500 1.667

Total mg accumulated 615.69 4797.6

Table 3. Number and evaluation of clinically relevant adverse reactions distributed per vial of treatment

Group A Group B

Vial Vial

1 2 3 1 2 3

Local Immediate +45 cm 0 0 1 0 0 0

Delayed +410 cm 0 2 1 0 0 0

Systemic Immediate Grade 2 0 0 1 0 0 0

Grade 3 0 0 1 0 0 0

Delayed Grade 2 0 1 3 0 0 0

Grade 3 0 0 4 0 0 0

The grey-shadowed area corresponds to the vial of maximum concentration used in regular clinical practices.
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Table 4. Systemic reactions: description of the reactions, time of appearance (immediate or late), grade, dose that provoked the reaction, vial and quantity (mL)

injected

Patient ID Reaction Group Visit Vial mL Grade Description

20298 Delayed A 8 3 0.1 1 Unspecific symptoms

20298 Immediate A 9 3 0.3 2 Nasal-ocular symptoms, dyspnoea, dizziness and cough*

21895 Immediate A 4 2 0.5 1 Perioral itching

22687 Immediate A 9 3 0.3 2 Wheals and rhinoconjunctivitis*

25039 Delayed B 7 3 0.5 1 Headache and nasal obstruction

33274 Delayed A 8 and 9 3 0.3 and 0.5 3 Naso-ocular symptoms, abdominal pain, diarrhoea and headache

53278 Delayed A 9 3 0.5 2 Rhinoconjunctivitis

61156 Immediate A 7 3 0.1 3 Wheals, rhinoconjunctivitis and bronchospasm*

65456 Immediate B 10 3 0.5 1 Palatal itching

79508 Delayed A 8 3 0.3 3 Pharyngeal discomfort, headache and generalized weals*

81767 Delayed A 10 3 0.5 3 Asthma, wheals, fatigue and dry cough*

*The patients were invited to stop the participation in the study after the adverse reaction.
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