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Abstract. Introduction: Dose-response skin prick tests are an important tool to standardise allergen extracts and
to evaluate changes in skin test response as a consequence of allergen modifications.
Objectives: To evaluate in vivo and in vitro characteristics of 3 different types of extracts of Phleum pratense, Olea
europaea, Parietaria judaica and Dermatophagoides pteronyssinus.
Material and methods: Three types of extracts were used: native unmodified extracts (N), depigmented extracts
(DP) (extracts subjected to a mild acid treatment under controlled conditions and dialysis), and a depigmented
glutaraldehyde polymerised extract (DPP). Adult patients were skin tested in duplicate with the 3 types of extracts.
The dose-response relationship between the geometric mean of the wheal areas and the allergen concentrations
was calculated for each patient using regression line analysis. The amount of freeze-dried allergen preparation
needed to produce the same wheal size as histamine was calculated in each patient (individual 10 HEP) and for
each of the 3 types of extracts. In vitro analysis consisted of major allergen determinations and specific IgE and
IgG inhibitions.
Results: The respective 10 HEP values for N, DP and DPP preparations were 0.20 mg, 0.15 and 2.11 for D.
pteronyssinus. For P. pratense, these values were 0.02 mg, 0.02 and 0.99; for O. europaea 0.15, 0.44 and 4.9; and
for P. judaica 0.01, 0.008 and 1.78 mg.
Conclusions: The polymerised depigmented extracts are significantly less allergenic than the corresponding native
and depigmented extracts. This could provide a greater safety margin for the administration of higher doses of
immunotherapy in a shorter period of time.
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Introduction

Polymerization with glutaraldehyde is a modification
procedure of allergen extracts that has been extensively
studied for the production of high molecular weight
allergoids. With this process, IgE-binding epitopes are
hidden within a complex macromolecular network,
which leaves most of the antigenic determinants
accessible for the induction of IgG antibodies. T cell
epitopes are left untouched for T cell recognition [1-5].
Therefore, glutaraldehyde-modified therapeutic allergic

vaccines are safer than unmodified vaccines, while
retaining clinical efficacy [4, 5].

A depigmentation step before the polymerization
with glutaraldehyde has been developed. This previous
step inactivates the enzymatic activity of mite extracts
[6], removes the pigments [7] and enhances the solubility
of the final allergoid. The resulting depigmented
polymers have been used in several clinical studies [8-
13], and showed clinical efficacy.

The aim of this study was to evaluate the in vivo (skin
prick test) reactions provoked by native, depigmented and
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polymerized extracts of Phleum pratense, Olea
europaea, Parietaria judaica, and Dermatophagoides
pteronyssinus, in order to establish the relative potency
of each allergen preparation.

Material and Methods

Allergen extracts

One hundred grams of a full grown whole D.
pteronyssinus culture and 100 grams of pollen of P.
pratense, O. europaea and P. judaica were extracted 1:20
weight/volume in PBS followed by diafiltration in 3 kDa
Pellicon membranes (Millipore, Madrid, Spain) to
eliminate salts and the bulk of unbound low molecular
weight components. Afterwards, the extracts were
freeze-dried,  thus obtaining the native (N) extracts.

The next depigmentation step followed a patented
procedure [14]. Briefly, the N extract was incubated at
pH 2 and extensively dialysed overnight in 3.5 kDa cut-
off membranes (Spectra/Por, Houston, TX, USA). The
pH gradually increased until the starting pH was reached.
This procedure further removed pigments and originated
the depigmented (DP) extracts. The resultant
depigmented (DP) allergen preparations were treated
with glutaraldehyde to produce a polymer (DPP), using
previously described methods [15, 16]. This step was
followed by dialysis to remove components with a
molecular weight of less than 100 kDa.

The protein contents of each extract was measured
using the method of Bradford [17]. The micro-Kjeldahl
method was used to determine the protein nitrogen units
(PNU) per mg of each freeze-dried extracts.

Major allergen content

Major allergen content was measured in each
preparation. Der p 1, Der p 2 were measured by ELISA
using monoclonal antibodies (Indoor Biotechnologies
Ltd., Charlottesville, VA, USA). Phl p 1, Phl p 5, Par j 1
and Ole e 1 were measured by scanning densitometry
[18]. The results were expressed as the quantity, in
micrograms, of major allergen per mg of freeze-dried
extract.

Patients and skin testing

The patient population consisted of 25 adult
individuals (14 male and 11 female) sensitive patients
to D. pteronyssinus; 30 to P. pratense (18 male and 12
female), 32 to O. europaea (12 male and 20 female),
and 34 to P. judaica (9 male and 25 female). All these
patients were skin prick tested according to the rules of
the Nordic Council on Medicines [19] with slight

modifications. Skin prick tests were conducted in
duplicate in the back using 3 serial 10-fold dilutions of
each extract. Histamine HCl 10 mg/ml and glycerinated
saline solution were used as positive and negative
controls, respectively. Skin tests were done between 9:00
A.M. and 11 A.M. None of the patients was pretreated
with drugs which could affect the performance of the
test. Reactions were recorded after 15 minutes of
application [20]. Wheal areas were outlined with a fine
tip marker and transferred, with transparent tape, to the
corresponding sheet of a case report form. The area of
each wheal was measured by planimetry using a Wacom
pallette (Wacom Tehnology Co., USA) connected to the
MacDraft software (Microspot Inc., USA).

A serum sample from each patient was collected,
and a pool of sera from the sensitive patients tested for
each allergen was prepared and stored in 0.5 ml aliquots
at -70º C until use for specific IgE and IgG binding
inhibition assays.

Specific IgE and IgG Inhibition assays

The inhibition of specific IgE binding was evaluated
by a reverse phase specific IgE-binding competition
ELISA [21] and the IgG binding activity was measured
by means of an ELISA specific IgG inhibition assay
[22]. In both cases, the in-house reference preparation
of each 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.

Statistical analysis

For each patient, the bioassay of dose-response
relationship between the allergen concentration and the
skin reaction was estimated by regression line analysis
log(A) = a + b x log(C), in which A is the geometric
mean of the 2 wheal areas provoked by each allergen
concentration and C is this allergen concentration [23].
Regressions were carried out with the statistics package
SPSS (SPSS, Inc., Chicago, IL, USA). Linearity was
tested by F test (Analysis of Variance). For testing the
regression lines for parallelism (i.e., equality of slopes)
the t test was used [24].

For each patient, the individual bioequivalent dose
of allergen extract to achieve a wheal of the same size
as positive control (individual 10 HEP) was calculated
[19]. General descriptive statistics of these values were
calculated, including the median which is the value of
10 HEP for the population sensitive to each allergen
[19]. The non-parametric test of Friedman was used to
compare the individual 10 HEP of each preparation from
each allergen extract. The Wilcoxon test was used to
compare these results between pairs.

31



Skin tests with native, depigmented and glutaraldehyde polimerized allergen extracts

© 2005 Esmon Publicidad J Invest Allergol Clin Immunol 2005; Vol. 15(1): 30-36

Ta
bl

e 
I.

 V
al

ue
s 

(µ
g 

of
 e

ac
h 

al
le

rg
en

 p
re

pa
ra

ti
on

) o
f t

he
 5

0%
 b

in
di

ng
 in

hi
bi

ti
on

 to
 s

pe
ci

f i
c 

Ig
E

 a
nd

 Ig
G

, m
aj

or
 a

ll
er

ge
n 

co
nt

en
ts

 (µ
g 

pe
r m

g 
of

 fr
ee

ze
-d

ri
ed

 e
xt

ra
ct

),
pr

ot
ei

n 
co

nt
en

ts
 (

µg
 p

er
 m

g 
of

 f
re

ez
e-

dr
ie

d 
ex

tr
ac

t)
 a

nd
 P

N
U

 (
m

g 
of

 f
r e

ez
e-

dr
ie

d 
ex

tr
ac

t)
. (

*N
D

: N
ot

 D
et

ec
ta

bl
e)

.

   
   

   
   

Ig
E

   
   

   
   

   
   

   
   

   
 I

gG
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 M
aj

or
 a

lle
rg

en
s 

   
   

   
   

   
   

   
   

   
   

   
   

 P
ro

te
in

 c
on

te
nt

s 
   

   
   

   
  P

N
U

  N
D

P
D

P
P

  N
  D

P
D

P
P

   
   

   
N

   
   

 D
P

   
   

   
D

P
P

   
N

 D
P

D
P

P
   

 N
D

P
D

P
P

D
. p

te
ro

ny
ss

in
us

0.
43

33
.3

3
27

.7
8

0.
02

 0
.0

1
0.

01
D

er
 p

 1
: 1

5.
6

D
er

 p
 1

: 0
.4

D
er

 p
 1

: 0
.3

47
3

 4
32

55
6

90
13

 9
89

1
69

95
D

er
 p

 2
: 3

.1
D

er
 p

 2
: 3

D
er

 p
 2

: N
D

*

P.
 p

ra
te

ns
e

0.
09

0.
45

16
.1

3
0.

18
0.

02
0.

82
P

hl
 p

 1
: 3

1.
4

P
hl

 p
 1

: 2
7.

7
P

hl
 p

 1
: N

D
*

38
2

52
6

78
6

93
10

10
31

0 
 1

02
90

P
hl

 p
 5

: 4
3.

8
P

hl
 p

 5
: 4

9.
5

P
hl

 p
 5

: N
D

*

O
. e

ur
op

ae
a

0.
12

2.
91

20
.8

3
0.

11
0.

16
0.

31
O

le
 e

 1
: 2

26
.6

O
le

 e
 1

: 2
88

.8
O

le
 e

 1
: N

D
*

20
7

24
7

34
3

96
74

10
52

0 
 1

00
66

P.
 ju

da
ic

a
0.

03
0.

01
2.

29
0.

34
0.

14
0.

15
Pa

r 
j 1

: 5
83

.4
Pa

r 
j 1

: 8
19

.7
Pa

r 
j 1

: N
D

*
14

7
26

0
45

5
96

87
10

63
5 

  8
77

1

Ta
bl

e 
II

. P
ar

am
et

er
s 

of
 th

e 
re

gr
es

si
on

 a
na

ly
si

s 
of

 th
e 

do
se

-r
es

po
ns

e 
bi

oa
ss

ay
 (

sl
op

e,
 in

te
rc

ep
t, 

co
rr

el
at

io
n 

co
ef

fi
ci

en
t, 

F
 te

st
 f

or
 li

ne
ar

it
y 

an
d 

it
s 

P
 v

al
ue

) 
of

 e
ac

h
al

le
rg

en
 e

xt
ra

ct
.

   
   

  D
. p

te
ro

ny
ss

in
us

   
   

   
   

   
   

   
   

   
   

   
   

P.
 p

ra
te

ns
e 

   
   

   
   

   
   

   
   

   
   

   
   

   
O

. e
ur

op
ae

a 
   

   
   

   
   

   
   

   
   

   
   

   
  P

. j
ud

ai
ca

   
  N

   
 D

P
D

P
P

   
 N

   
D

P
  D

P
P

   
N

   
D

P
  D

P
P

   
  N

   
D

P
   

D
P

P

sl
op

e 
(b

)
0.

38
4

0.
39

5
0.

37
3

0.
44

4
0.

42
4

0.
45

1
0.

33
9

0.
39

4
0.

38
9

0.
38

4
0.

39
5

0.
37

3

st
an

da
rd

 e
rr

or
or

 th
e 

sl
op

e
0.

00
1

0.
01

1
0.

02
1

0.
03

9
0.

04
6

0.
03

6
0.

01
9

0.
04

0
0.

05
1

0.
00

1
0.

01
1

0.
02

1

in
te

rc
ep

t (
a)

1.
80

7
1.

81
3

1.
40

3
2.

41
5

2.
41

9
2.

03
6

1.
92

4
1.

81
9

1.
10

9
1.

89
2

1.
90

1
1.

48
6

r2
1.

00
1.

00
1.

00
0.

99
0.

99
0.

99
1.

00
0.

99
0.

98
0.

98
1.

00
1.

00

F
 te

st
10

02
48

13
97

.6
9

32
3.

92
22

4.
56

19
4.

13
26

1.
79

32
5.

15
52

5.
14

57
79

.5
3

10
02

48
13

97
.6

9
32

3.
92

P
0.

00
2

0.
01

7
0.

03
5

0.
04

2
0.

04
6

0.
03

9
0.

03
5

0.
02

8
0.

00
8

0.
00

2
0.

01
7

0.
03

5

32



M. Casanovas, et al.

J Invest Allergol Clin Immunol 2005; Vol. 15(1): 30-36 © 2005 Esmon Publicidad

33

Ta
bl

e 
II

I.
 D

es
cr

ip
tiv

e 
st

at
is

ti
cs

 o
f 

th
e 

va
lu

es
 o

f 
th

e 
sk

in
 p

r i
ck

 te
st

, a
nd

 r
el

at
iv

e 
po

te
nc

y 
of

 e
ac

h 
pr

ep
ar

at
io

n 
(N

, D
P,

 a
nd

 D
P

P
) 

of
 th

e 
e x

tr
ac

ts
.

   
   

   
 D

. p
te

ro
ny

ss
in

us
   

   
   

   
   

   
   

   
   

   
   

 P
. p

ra
te

ns
e 

   
   

   
   

   
   

   
   

   
   

   
   

   
O

. e
ur

op
ae

a 
   

   
   

   
   

   
   

   
   

   
   

   
  P

. j
ud

ai
ca

   
   

  N
   

 D
P

D
P

P
   

 N
   

D
P

  D
P

P
   

N
   

D
P

  D
P

P
   

  N
   

D
P

   
D

P
P The relative potency of each allergen

preparation was calculated comparing the
value of 10 HEP of the DP and DPP with
N.

Results

Extracts

The protein contents, the protein
nitrogen units, the quantity of each
preparation to produce a 50% inhibition
in specific IgE and IgG binding and the
contents of major allergen are shown in
Table I.

Skin tests

All the preparations of each allergen
produced measurable skin response,
except the DPP preparation of O.
europaea, which gave negative skin test
responses in most sensitive patients. Table
II shows the parameters of the regression
analysis of the dose-response bioassay
(slope, intercept, correlation coefficient,
F test for linearity and its P value) for each
allergen extract. The F test of the analysis
of variance had a P value of < 0.05 in all
cases indicating that the dose-response is
linear. The analysis of parallelism (t test)
showed that, in each allergen, the
differences in the value of the slopes are
not significant (p > 0.05), thus the lines
could be considered parallel and the
results used for comparative purposes.

Figure 1 shows the regression lines of
each preparation of the allergen extracts
studied. Table III shows the descriptive
statistics of the individual 10 HEP of each
allergen preparation, the relative potency
and the quantity of extract needed to
obtain 10 HEP in the studied population.

The Friedman test showed that the
differences obtained with the 3
preparations of each extract are significant
in all cases (P < 0.0001). The Wilcoxon
test demonstrated that the significant
differences occur between N and DPP, and
DP and DPP, whereas the comparisons
between N and DP were not significant,
except in the case of O. europaea, in which
the wheal sizes induced by the DP
preparation were smaller than those
obtained with N. Table IV summarises
these statistical comparisons.
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Figure 1. Regression lines (log-log) of the studied extracts. In all cases, the wheals induced by DPP preparations are
significantly lower than those induced by N and DP.
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Discussion

We describe the results of skin testing allergic
individuals with unmodified, depigmented and
depigmented and polymerized extract of D.
pteronyssinus, P. pratense, P. judaica and O. europaea.
The results confirm a significant reduction in skin test

reactivity when the patients were skin tested with the
allergoid.

Dose-response skin testing provides the possibility
to estimate differences in the relative potency of different
extracts. This method is well documented and the
methodological errors have been carefully analysed and
accepted [25, 26]. We have used this bioassay to compare

34
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the strengths of native and modified allergen
extracts.

In order to compare the results and to calculate
the relative potencies of the different extracts, the
regression lines must be linear and parallel [27].
The F test demonstrated that there is no evidence
of lack of linearity, and the t test indicated that
the lines were parallel, suggesting that the
analysed extracts retain their specificity in the
allergic response and that the allergic patients
only recognise quantitative differences in these
extracts. The relative potency was calculated
using the median of the values necessary to
produce a wheal size comparable with 10 HEP,
instead of the mean, because the latter is not
influenced by extreme results [28]. The use of
median values is also recommended by the
Nordic Guidelines for allergen standardisation
[19]. All DPP demonstrated a significant
reduction in skin test reactivity, the relative
potency ranging  from 0.096 for D. pteronyssinus
to 0.004 for P. judaica. The in vivo results are in
agreement with the in vitro results, which suggest
an important reduction in the capacity to produce
an allergic response.

Patients were also skin tested with the
depigmented preparations. With the exception of
O. europaea, the relative potency of the DP
preparation is > 1, meaning that the potency of
the depigmented preparation is greater than that
of the native extract. In D. pteronyssinus there is
a discrepancy between the reduction in specific
IgE binding in vitro and the result obtained in
vivo. It seems that the depigmentation process
affects IgE binding in vitro, whereas in vivo the
allergenic activity remains without modification.

An important finding is that the Der p 1
content in the depigmented extract used in this
trial is lower than in the native extract, whereas
Der p 2 is not affected by the modification. Based
on these results, it seems that the tertiary structure
of Der p 1 may be affected by the modification
process, and the molecule is no longer recognised
by the monoclonal antibody used. These results
are in agreement with those of Van der Zee et al.
[29] in which Der p 1 depletion of body extracts
did not induce a significant reduction in skin test
reactivity.

On the other hand, the same could be applied
to the extract of O. europaea, in which the
quantification of Ole e 1 in DP extract is higher
than in N extract, whereas the size of the wheals
is lower using DP extracts.

The results obtained showed that the
depigmented-glutaraldehyde polymerized
allergen extracts have an important reduction of
the in vivo capacity to induce a specific skin
response without modification of the antibodyTa
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binding affinity, as shown by the test of parallelism of
the slopes. This reduction in allergenicity provides a
safety margin that permits the administration of higher
doses of immunotherapy in a shorter period of time. At
the same time, the test for parallelism demonstrated that
the slopes were parallel, which suggests that all three
preparations retain the specific antibody binding affinity.
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