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dardized, unmodifi ed allergenic extract. The maximum 
concentration used was 70 �g of freeze-dried material/
ml, with a potency of 10 HEPL/ml. The tolerance was eval-
uated recording all the side reactions related to immu-
notherapy and graded following the recommendations 
of the European Academy of Allergology and Clinical Im-
munology. Results: In both groups, all immediate local 
reactions were clinically not relevant. Patients treated 
with the native extract experienced 42 local immediate 
and 24 delayed reactions (1 of them had a diameter 
110 cm), whereas patients treated with the modifi ed ex-
tract experienced 30 local immediate and 21 delayed re-
actions (2 of them had a diameter 110 cm). Four system-
ic reactions in 2 patients, 1 immediate of grade 1 and 3 
delayed of grade 2 were reported in the group treated 
with native extract and 1 delayed of grade 2 in the group 
treated with the modifi ed preparation. Conclusions: The 
modifi ed extract of D. pteronyssinus, used at concentra-
tions which are 10 times higher than those regularly ad-
ministered in clinical practice, demonstrated to be safe 
to treat D. pteronyssinus-sensitive patients. The major-
ity of the local reactions (immediate and delayed) were 
clinically not relevant (diameter !5 cm). No systemic re-
actions of grade 3 or 4 were noted.
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Abstract
Background: The physiochemical modifi cation of aller-
gens to reduce allergenicity, while retaining immunoge-
nicity, provides a chance for the administration of higher 
doses of immunotherapy, with a decreased risk of sys-
temic reactions. Objective: To evaluate the safety of dos-
es of depigmented glutaraldehyde-polymerized vaccine 
of Dermatophagoides pteronyssinus increasing those 
used in normal clinical conditions in comparison with 
regular doses of a non-modifi ed vaccine. Materials and 

Methods: The study was double-blind, parallel and in-
cluded two patient groups. Twenty-three patients were 
treated weekly during 9 visits for the build-up phase, fol-
lowed by 2-weekly maintenance doses (a total of 11 in-
jections per patient). Eleven patients (mean age 22 years) 
received immunotherapy with the standardized modi-
fi ed vaccine. The maximum dose used was the result of 
depigmenting and polymerizing 100 times the maximum 
dose used with the native extract. The maximum con-
centration used was 990 �g/ml of freeze-dried material. 
Twelve patients (mean age 24 years) received a stan-
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Introduction

Allergen immunotherapy is the practice of administer-
ing gradually increasing quantities of an allergen extract 
to an allergic subject to ameliorate the symptoms associ-
ated with the subsequent exposure to the causative aller-
gen [1] and is the only recognized treatment that can alter 
the natural course of allergic diseases [2]. Vaccines are 
used in medicine as well as in allergen immunotherapy 
as immune modifi ers, because they modify or downregu-
late the immune response for allergic diseases, being part 
of a broad-based category of therapy presently used to 
treat immunologic and infectious diseases [1]. Treatment 
with allergen vaccines of house dust mites has been shown 
to produce clinical benefi t in double-blind, placebo-con-
trolled clinical trials [1, 3, 4] and in open randomized 
studies. In most studies using specifi c bronchial challeng-
es as an objective measure of effi cacy with mite vaccines, 
the threshold dose eliciting an immediate bronchial ob-
struction following immunotherapy was signifi cantly in-
creased [1]. Furthermore, mite immunotherapy has 
shown to reduce symptoms and/or the need for asthma 
medications [1]. To achieve this goal, a series of injections 
over a long period of time is required. This long-lasting 
treatment can be considerably shortened using higher 
doses [5, 6], although this approach is more dangerous 
since a relationship between the dose administered and 
the appearance of adverse effects has been established [7, 
8]. However, it has been shown that effi cacy is dose de-
pendent, thus, the optimal dose has to be assessed, which 
is defi ned as the dose of allergen vaccine inducing a clin-
ically relevant effect in most patients without causing un-
acceptable side effects [9, 10].

In an attempt to overcome this disadvantage, glutar-
aldehyde-modifi ed allergenic extracts were developed, 
proving to be safer than unmodifi ed vaccines while re-
taining their clinical effi cacy [11, 12]. The introduction 
of a depigmentation step before the polymerization pro-
cess removes adsorbed pigments, enhances the solubility 
of the allergoid and inactivates the enzymatic activity 
[13]. This recently developed methodology has been ap-
plied to extracts used in several clinical and in vitro stud-
ies [14–16]. These vaccines maintain or increase the im-
munogenicity and decrease specifi c IgE binding, facilitat-
ing the administration of higher doses compared to those 
used with non-modifi ed allergens and shortening the 
build-up phase. 

The safety and effi cacy of these modifi ed allergen ex-
tracts have been proven for house dust mites [17], Pari-
etaria judaica [14], Olea europaea [18] and Phleum 

pratense [16], using chemically modifi ed doses exceeding 
10 times the regular doses of non-modifi ed vaccines.

The objective of this study was to evaluate the effect 
of treatment with a depigmented glutaraldehyde-poly-
merized vaccine of Dermatophagoides pteronyssinus with 
a dose that is 10 times higher than the dose used in nor-
mal clinical practice and has demonstrated effi cacy in the 
studies mentioned in the previous paragraph. These dos-
es were obtained by 100-fold chemical treatment of the 
doses that are used regularly with non-modifi ed vaccines. 
Following the recommendations of the Committee for 
Proprietary Medicinal Products for the clinical evalua-
tion of new vaccines [19], we compared the modifi ed dos-
es with the normal clinical doses of the respective non-
modifi ed vaccine.

Patients and Methods

Study Design
The study was double-blind, parallel and included two patient 

groups. Patients in group A were treated with standardized un-
modifi ed allergen extract, and those in group B received standard-
ized modifi ed extract at doses that were 10 times higher than those 
used regularly in clinical practice, thus the safety profi le of these 
clinically regular doses could also be evaluated. The study was ap-
proved by the Ethics Committee of the Hospital ‘La Fe’ (Valencia, 
Spain) and the Spanish Health Authorities (Agencia Española del 
Medicamento). All patients gave their written informed consent to 
participate in the study. The aim of the study was to evaluate ad-
verse events due to immunotherapy during the buildup phase to 
reach the maximum-tolerated dose.

Patients
Patients were recruited from the outpatient clinic of the Allergy 

Department of the ‘Hospital la Fe’. Twenty-three patients (8 men 
and 15 women; mean age 23 years) were included in the study. All 
of them met the following inclusion criteria: rhinoconjunctivitis 
and mild or moderate bronchial asthma (diagnosed according to 
the guidelines of the Global Initiative for Asthma [20]) lasting more 
than 2 years, positive skin prick test (wheal size diameter 63 mm 
in the absence of a reaction with glycerinated saline solution) to a 
standardized D. pteronyssinus extract (100 HEP/ml; Laboratorios 
LETI) and negative to other common aeroallergens, and detectable 
specifi c IgE to D. pteronyssinus. The exclusion criteria were those 
outlined in the WHO position paper on allergen immunotherapy 
[1].

Patients were blindly randomized to one of the two groups. 
Group A consisted of 12 patients (2 males and 10 females, mean 
age: 24 years, range 19–36 years) who received treatment with the 
unmodifi ed extract, and group B comprised 11 patients (6 males 
and 5 females, mean age 22 years: range 18–29 years) who received 
treatment with the modifi ed extract. 

Skin Prick Tests
Skin prick tests were performed at baseline and at the end of 

the study using the same batch of native unmodifi ed allergen ex-
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tract. The skin prick tests were conducted in duplicate, on the volar 
surface of the forearm using four 10-fold dilutions of native extract 
of D. pteronyssinus (highest concentration 2 mg of freeze-dried ex-
tract/ml, with a potency of 100 HEP/ml, containing 81.40 �g of 
Der p 1/ml and 59.2 �g/ml of Der p 2, Laboratorios LETI). The 
same batch of native, unmodifi ed allergen extract was used through-
out the trial. The extract was supplied freeze-dried and vacuum-
packed to be reconstituted just before use. Histamine HCl 10 mg/ml 
and glycerinated saline solution were used as positive and negative 
controls, respectively. To avoid possible circadian differences in 
skin reactivity, skin tests were done between 9 and 11 a.m. by the 
same experienced technician. None of the patients had pretreat-
ment with drugs that could affect the results of the test. All the re-
actions were recorded 15 min after application [21]. Wheal areas 
were outlined with a fi ne-tip marker and transferred, using trans-
parent tape, to the corresponding sheet of the case report form. The 
area of each wheal was measured by planimetry using a Wacom 
pallette (Wacom Technology, Vancouver, Wash., USA) and the 
computer program MacDraft (Microspot, Boca Raton, Fla., USA). 
For each patient, the individual bioequivalent dose of allergen ex-
tract to achieve a wheal of the same size as a positive control 
(10 HEP) was calculated [22].

Allergen Extracts for Immunotherapy
One hundred grams of a full-grown whole D. pteronyssinus cul-

ture were extracted 1: 20 (w/v) in PBS followed by diafi ltration in 
3-kDa Pellicon membranes (Millipore, Madrid, Spain). After-
wards, the extract was freeze-dried, obtaining the native extract. 
The next step of depigmentation was conducted following a pat-
ented procedure [23]. Briefl y, the native extract was reconstituted 
and incubated for a short period of time at pH 2. Afterwards, the 
extract was extensively dialyzed overnight in 3.5-kDa cutoff mem-
branes. The pH gradually increased until the starting pH was 
reached. This procedure further removed pigments and originated 
in the depigmented extract. This depigmented allergen preparation 
was treated with glutaraldehyde to produce a polymer (modifi ed 
extract), using previously described methods [24, 25]. This step was 
followed by dialysis to remove components with a molecular weight 
of less than 100 kDa. 

SDS-PAGE electrophoresis was performed with native, depig-
mented and polymerized allergen extracts in order to monitor each 
step of the production process.

Major allergens, Der p 1 and Der p 2, were measured by ELISA 
using monoclonal antibodies (Indoor Biotechnologies, Charlottes-
ville, Va., USA) according to the instructions of the manufacturer. 
The results were expressed as the quantity of major allergen (in �g) 
per mg of freeze-dried extract. The protein content was measured 
using the method of Bradford [26]. The protein nitrogen units were 
determined using the micro-Kjeldhal method. 

The inhibition of specifi c IgE binding was evaluated by a cap-
ture-specifi c IgE-binding competition ELISA [27], and the IgG 
binding activity was measured by means of an ELISA-specifi c IgG 
inhibition assay [28]. In both cases, and following the recommen-
dations of the European Pharmacopoeia [29], the in-house refer-
ence preparation of the native allergen extract was used as standard, 
and the results were expressed as the quantity (micrograms) of 
freeze-dried material added to the well of the microplate to achieve 
the 50% inhibition.

Allergen Vaccines and Immunotherapy Schedule
Each treatment set consisted of 3 numbered vials (1, 2 and 3) 

of 10-fold increasing doses of standardized native or modifi ed ex-
tract adsorbed onto aluminum hydroxide. The allergen concentra-
tion in each treatment vial administered to group A was that regu-
larly used in clinical practice, with the maximum concentration 
(vial No. 3) having a potency of 10 HEPL/ml. In group B, patients 
received an allergen concentration which was 10 times higher than 
the one regularly used in clinical practice for this type of treatment. 
The maximum concentration (vial No. 3) was the result of depig-
menting and polymerizing 1,000 HEPL/ml (8,520 �g), having a 
residual potency of 3.51 HEPL/ml due to the chemical modifi ca-
tion, and vial No. 2 was the one of maximum concentration in 
normal clinical conditions. The residual potency was measured by 
ELISA competition [27], comparing the unmodifi ed with the mod-
ifi ed allergen extract. The native extract of D. pteronyssinus con-
tained 20.35 �g of Der p 1 and 12.30 �g of Der p 2 per milligram 
of freeze-dried extract. Due to the polymerization process, Der p 1 
and Der p 2 were not detectable in the modifi ed extract. Figure 1 
shows SDS-PAGE electrophoresis. 

None of the patients received premedication with anti-allergic 
drugs before the administration of any dose. The subcutaneous ad-
ministration was always under medical supervision. After each ad-
ministration, the patient remained for at least 30 min in the center 
were the administration took place, in order to detect any local or 
systemic immediate adverse reactions. The patient was contacted 
by telephone or personal contact was established with respect to 
delayed adverse events.

The patients were instructed to immediately inform the physi-
cian about all adverse events, whether or not associated with im-
munotherapy.

Safety Monitoring
The study was explanatory and since all side effects were re-

corded, reactions that were considered as not relevant in normal 
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  Fig. 1.  SDS-PAGE electrophoresis pattern of the native (lane 2), 
depigmented (lane 3) and depigmented-polymerized (lane 4) prep-
arations of  D. pteronyssinus . 
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clinical conditions were recorded, too. Side effects due to immuno-
therapy were quantifi ed according to the Position Paper of the Eu-
ropean Academy of Allergology and Clinical Immunology  [30]. 
The reactions were categorized as immediate when the onset was 
during the fi rst 30 min following the administration, and delayed 
when the onset was after this time. Local reactions were quantifi ed 
measuring the diameter of the reaction. Immediate reactions with 
a diameter of less than 5 cm and delayed reactions of less than 
10 cm were considered as clinically ‘not relevant’. The systemic 
reactions were graded as: grade 0: no symptoms; grade 1: unspe-
cifi c symptoms – reactions probably not IgE mediated, i.e. discom-
fort, headache or arthralgia, for example; grade 2: mild systemic 
reactions – mild rhinitis or asthma responding adequately to anti-
histamines or �2-agonist therapy; grade 3: non-life-threatening sys-
temic reactions – urticaria, angioedema, or severe asthma, respond-
ing well to treatment, and grade 4: anaphylactic shock – rapidly 
evoked reaction of itching, fl ushing, erythema or  bronchial obstruc-
tion, for example, requiring intensive treatment. 

Statistics
The study was designed as a pilot study. The sample size was 

chosen following the recommendations of André and Foulkes [31] 
for tolerance studies on the development of vaccines. Sample size 
was calculated on the basis that 80% of the total systemic reactions 
would occur in group A and 20% in group B. For an � of 0.05 and 
a power of 80%, the number of patients per group was 11. We de-
cided to increase this number by 10% in order to cover possible 
dropouts. Thus, the fi nal number of patients per group was 12. The 
software SPSS (SPSS, Chicago, Ill., USA) was used for statistical 
analysis. log-log regression analysis of the skin test dose-response 
bioassay was conducted [32]. The amount of allergen needed to pro-
duce a wheal of the same size as the histamine-positive control (10 
HEP) was calculated for each patient [22]. The value of the median 
and the interquartile (IQ) range was used for descriptive statistics. 
The non-parametric Mann-Whitney test was used for intergroup 
comparisons, comparing the values of the individual 10 HEP at 
baseline and at the end. The Wilcoxon signed rank test was used for 
intragroup comparisons, comparing the values obtained at baseline 
with those obtained at the end. A contingency table was used to 
compare the number of adverse reactions between both groups.

Results

Characteristics of the Therapeutic Vaccines Used
The maximum concentration of both vaccines was 

85.2 �g/ml for the unmodifi ed extract and 990 �g/ml for 
the modifi ed extract. These 990 �g/ml were the result of 
depigmenting and polymerizing 8,520 �g of unmodifi ed 
extract. The 50% inhibition of the specifi c IgE binding for 
D. pteronyssinus was 295 ng for the native unmodifi ed 
extract, being 18.52 �g (63 times more) for the resulting 
polymer. The amount of allergen extract needed to pro-
duce a 50% inhibition of specifi c human IgG binding was 
13 ng for the native extract and 15 ng for the modifi ed 
extract. The characteristics of the maximum concentra-
tions of the vaccines containing the native and the mod-
ifi ed extracts are shown in table 1.

Patients, Immunotherapy Schedule and Safety
Each patient received 11 injections. The total number 

of injections was 132 in group A, and 121 in group B. All 
patients reached the maximum dose previously estab-
lished. Table 2 shows the up-dosing schedule used and 
the total accumulated dose.

Two patients in each group were free of local or sys-
temic reactions. With the doses used in normal clinical 
conditions, 7 patients of group B were free of reactions. 
There were 66 local reactions in group A and 51 in group 
B (p 1 0.05). Forty-two local immediate reactions oc-
curred in group A patients, and 30 in group B (p 1 0.05), 
with all being regarded as clinically irrelevant (diameter 
!5 cm). There were 24 local delayed reactions in group A 
and 21 in group B (p 1 0.05), showing 1 clinically relevant 
reaction in group A and 2 in group B (diameter = 10 cm; 
p 1 0.05), the remainder of these reactions were clini-
cally not relevant.

One immediate systemic reaction (grade 1) occurred 
in group A. Three delayed systemic reactions (all of grade 
2) occurred in group A and 1 (grade 2) in group B. Local 
reactions are described and evaluated in table 3, and sys-
temic reactions in table 4. Table 5 lists systemic (immedi-
ate and delayed) reactions and clinically relevant local 
reactions (diameter 110 cm) per treatment vial.

Skin Prick Tests
The results are expressed as the amount of native, un-

modifi ed allergen extract necessary to induce a wheal 
equal in size to the positive control. At baseline, the group 
treated with native extract needed a median of 0.20 mg 
(IQ range 0.05–0.30) and the group treated with the mod-
ifi ed extract 0.08 mg (IQ range 0.02–0.34). After the treat-

Table 1. Characteristics of the maximum concentration of native 
and modifi ed vaccines

Unmodifi ed Modifi ed

Freeze-dried extract, �g/ml 85.2 990
Protein, �g/ml 70.0 900
PNU/ml 626 8,790
Der p 1, �g/ml 1.73 ND
Der p 2, �g/ml 1.05 ND
Potency, HEPL/ml 10 3.511

ND = Not detectable due to the modifi cation process. The initial 
native preparation contained originally 173 �g of Der p 1 and 
105 �g of Der p 2.

1 Residual potency after the modifi cation process. The initial 
potency of the native extract was 1,000 HEPL.
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ment period, the results were 0.25 mg (IQ range 0.05–
1.33) and 0.73 mg (IQ range 0.31–1.65), respectively. Fig-
ure 2 shows the box plot of these results. The statistical 
analysis (Mann-Whitney) showed that there were no sta-
tistically signifi cant differences between the two groups 
(p 1 0.05) at baseline and at the end. The intragroup com-
parison (Wilcoxon test) showed that the group treated 
with the modifi ed extract needed a signifi cantly (p = 
0.016) higher quantity of allergen extract to achieve a 
wheal of the same size as the wheal of the positive control 
at the end of the study, whereas the group treated with 
the native extract remained without modifi cation.

Discussion

In this paper, we present the tolerability of doses of
a depigmented-glutaraldehyde polymerized vaccine of 
D. pteronyssinus that are 10 times higher than those used 
in normal clinical conditions. These doses are the result 
of chemically modifying 100 times the doses that are used 
regularly with non-modifi ed vaccine. The regular clinical 
doses of the respective non-modifi ed vaccine were used 
as comparator.

The study was conducted following  the recommenda-
tions of the Committee for Proprietary Medicinal Prod-

ucts in the clinical evaluation of new vaccines [19] which 
indicates that, whenever feasible, besides an overall safe-
ty comparison, an additional very thorough comparison 
with the appropriate control vaccines should be made. 
Placebo was not used following the Note of Clarifi cation 
on Paragraph 29 added by the World Medical Association 
General Assembly [33], which reaffi rmed its position that 
extreme care must be taken in making use of a placebo-
controlled trial and that in general this methodology 
should only be used in the absence of existing proven 

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 modifi ed extract, describing the amount of modifi ed allergen extract administered per dose
injected, the original IgE potency (HEPL) before the process of chemical modifi cation and the residual potency after this process
(group B)

Unmodifi ed Modifi ed

vial units 
HEPL/ml

dose ml �g/dose HEPL/dose vial potency,  HEPL/ml dose ml �g/dose HEPL/dose

before
modifi cation

after
modifi cation

before
modifi cation

after
modifi cation

1  0.1 1 0.1 0.09 0.01 1 10 0.03 1 0.1 0.99 1 0.00
2 0.3 0.26 0.03 2 0.3 2.97 3 0.01
3 0.5 0.43 0.05 3 0.5 4.95 5 0.02

2  1 4 0.1 0.85 0.1 2 100 0.35 4 0.1 9.9 10 0.04
5 0.3 2.56 0.3 5 0.3 29.7 30 0.11
6 0.5 4.26 0.5 6 0.5 49.5 50 0.18

3 10 7 0.1 8.52 1 3 1,000 3.51 7 0.1 99 100 0.35
8 0.3 25.56 3 8 0.3 297 300 1.05
9 0.5 42.60 3 9 0.5 495 500 1.75

10 0.5 42.60 5 10 0.5 495 500 1.75
11 0.5 42.60 5 11 0.5 495 500 1.75

Total �g accumulated 170.31 1,979.01

Table 3. Local reactions classifi ed according to the time of appear-
ance: immediate (during the fi rst 30 min) or delayed (30 min after 
treatment) and the size of the reaction

Wheal size Immediate Delayed

group A group B group A group B

    <5 cm 26 17 4 9
5–10 cm 0 0 7 7
  >10 cm 0 0 1 2
NE 16 13 12 3

Total 42 30 24 21

NE = Not evaluated (<1 cm).
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therapy. The study was double-blind and designed to 
evaluate the safety profi le of a modifi ed allergen given as 
a therapeutic vaccine under experimental conditions only 
(explanatory clinical trial). Thus, all reactions were re-
corded, even those that are not documented in normal 
clinical practice.

In this study, 4 systemic reactions occurred in 2 pa-
tients following the vaccination with the unmodifi ed 
preparation (3% of the injections). One, graded as 1, oc-
curred with the maximum dose, the other 3 (graded as 2) 
occurred during the up-dosing process with the vial con-
taining the maximum concentration. The patients treated 
with the vaccine containing the modifi ed preparation ex-
perienced only 1 delayed systemic reaction (0.75% of the 
injections), graded as 2, with the injection of the planned 
maximum dose, which is 10 times higher than the maxi-

mum dose usually administered in normal clinical condi-
tions. 

Although the group of patients treated with the un-
modifi ed extract experienced more local reactions than 
group B (66 vs. 51), the differences were not signifi cant 
(p = 0.2560). The majority of the local reactions (imme-
diate and delayed) were clinically not relevant. Group B 
patients experienced 2 delayed local reactions with a di-
ameter 110 cm following injection of the maximum 
planned dose. 

Group B patients were also evaluated following treat-
ment with the doses used in normal clinical practice. Nei-
ther systemic reactions nor relevant local reactions were 
recorded with these doses.

The maximum concentration of the unmodifi ed ther-
apeutic vaccine contained 1.73 �g/ml of Der p 1 (in 

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

Patient
ID

Group Reaction Grade Dose
No.

Vial
No.

ml Reaction/description

13198 B delayed 2  9 3 0.5 bronchospasm; mild asthma 1 h after administration; 
the reaction disappeared spontaneously without treatment

72136 A delayed 2  7 3 0.1 chest tightness for 2 days
72136 A immediate 1  9 3 0.5 cough, chest tightness and rhinoconjunctivitis; the patient suggested air 

conditioning as a possible cause; clinical improvement after 30 min
92227 A delayed 2  9 3 0.4 rhinitis
92227 A delayed 2 10 3 0.4 rhinitis

Table 5. Systemic (immediate and delayed) reactions and clini-
cally relevant local reactions (diameter >10 cm) per vial

Reaction Vial

unmodifi ed modifi ed

1 2 3 1 2 3

Local
Immediate 0 0 0 0 0 0
Delayed 0 0 1 0 0 2

Systemic
Immediate Grade 2 0 0 0 0 0 0

Grade 3 0 0 0 0 0 0
Delayed Grade 2 0 0 3 0 0 1

Grade 3 0 0 0 0 0 0

Vials in bold show the maximum concentrations used regularly 
in the treatment of patients.  Fig. 2.  Box plot view of the skin prick test results at baseline (before 

treatment) and at the end of the study. 
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85.2 �g of freeze-dried extract), being within the limits 
reported in the studies included in the Position Paper of 
the WHO [1, 5, 10, 34]. The changes induced by the 
chemical modifi cation of the native extract did not allow 
measuring the contents of major allergen in the fi nal prod-
uct. Following the indications of the European Pharma-
copoeia [29], the major allergens were measured in previ-
ous steps. In this case, the contents of major allergens in 
the native allergen extract, which was the precursor of the 
maximum concentration of the modifi ed extract, were 
173 of Der p 1 and 105 �g/ml of Der p 2.

Using native allergen extracts of mites in a dose-titra-
tion study, Olaguíbel et al. [35] reported that the maxi-
mum-tolerated dose was between 0.8 and 16 �g of Der 
p 1, having a biological potency of 40 BU, with a frequen-
cy of systemic reactions per dose administered of 4.10%, 
with 82% of these reactions being of grade 1 or 2, and the 
remaining 18% of grade 3. The origin of the maximum 
dose of the modifi ed extract was 4,260 �g of native ex-
tract, which contained 86.5 �g of Der p 1. This dose of 
the modifi ed extract induced 1 systemic late reaction 
graded as 2 (0.83% per dose administered). It should be 
taken into consideration that the yield of the depigment-
ed and polymerized allergen extract, in terms of freeze-
dried material, is around 10% of the starting unmodifi ed 
extract.

Other studies, including different non-modifi ed aller-
gen extracts, showed that immunotherapy was safe. Ta-
bar et al. [36] performed a prospective safety study in 419 
patients, mainly asthmatics sensitized to D. pteronyssinus 
(71%), treated in the immunotherapy unit according to a 
conventional schedule. They reported local reactions in 
10.5% of the patients, and systemic reactions occurred in 
0.37% of the doses administered, which corresponded to 
4.8% of the patients, being mostly mild and delayed sys-
temic reactions during the up-dosing period. In a follow-
up study of 339 patients (75% mite-allergic patients, and 
70.2% with rhinoconjunctivitis and asthma) treated in an 
immunotherapy unit, Sánchez et al. [37] reported 42 ep-
isodes of adverse reactions (0.8% of all the administered 
doses). Of these reactions, 36 (85.7%) occurred within 
30 min after the injection was administered, consisting 
of 15 large local reactions (0.3% of the total amount of 
injection given) and 21 systemic reactions (0.4%) that oc-
curred only in asthmatic patients. All the systemic reac-
tions were mild and rapidly reversible with appropriate 
treatment. Only in 2 cases was an immediate systemic 
reaction associated with a large local reaction. Six reac-
tions (14.3%) occurred after 30 min and consisted only 
of large local reactions. A total of 15 systemic episodes 

(71.4% of all the systemic reactions) were registered at 
initial build-up doses. Using biologically standardized al-
lergen vaccines which are commercially available, More-
no et al. [38] treated 433 patients (17,526 injections) ac-
cording to a conventional schedule and reported 105 local 
reactions (0.6% per injection) in 48 patients and 53 sys-
temic reactions (0.3% per injection) in 18 patients (3.7%; 
30 of grade 2 and 21 of grade 3). 

In our study, the doses of the modifi ed extract used in 
the range of commercially available treatment sets pro-
duced no systemic reaction. Safety aspects of this modi-
fi ed preparation were investigated in a prospective mul-
ticenter observational cohort study [39] on 175 patients 
with rhinoconjunctivitis with or without asthma sensi-
tized to grass pollen (55%), tree pollen (18%), a mixture 
of tree and grass pollen (14%), house dust mites (11%) 
and others (2%). A total of 2,261 injections were admin-
istered. Local reactions with a diameter 110 cm occurred 
in 0.1% of the injections. Thirteen patients experienced 
systemic reactions, all judged to be mild. Other studies 
have also demonstrated the effi cacy of treatment with 
depigmented polymerized extracts of mites [17], P. ju-
daica [14], O. europaea [18] and P. pratense [16] and the 
absence of moderate or severe systemic reactions.

 The cutaneous reactivity was improved in group B, in 
which the patients, after reaching and repeating 2 times 
the maintenance dose, needed more quantity of allergen 
extract to achieve a wheal of the same size as the wheal 
induced by the positive control using 10 mg/ml hista-
mine, whereas group A remained without modifi cation. 
This fact indicates the quick establishment of an objec-
tive clinical benefi t, probably due to the high doses of the 
modifi ed therapeutic vaccine.

The study demonstrates that the depigmented and glu-
taraldehyde-polymerized allergen extract of D. pteronys-
sinus, used at concentrations which are 10 times higher 
than those regularly administered in clinical practice, is 
safe to treat D.-pteronyssinus-sensitive patients, confi rm-
ing the wide therapeutic margin for this chemically mod-
ifi ed allergen vaccine and increased safety compared to 
regular vaccines based on native unmodifi ed extracts.
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