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To study in vivo monitoring variables for bronchial allergen challenges, we
investigated the time course of the eosinophil granule proteins, eosinophil
cationic protein (ECP) and eosinophil protein X (EPX) after allergen
provocation in serum. Thirty-two asthmatic children sensitive to house-dust
mites and six healthy young adult controls were challenged by bronchial
allergen provocations with Dermatophagoides pteronys.<iinus and D. farinae.
Blood samples were taken at regular intervals up to 24 h. Base-line
concentrations of ECP (P< 0.004), EPX (/"< 0.002), and eosinophils
(/•< 0.001) were found to be increased in asthmatic children, as compared
with healthy controls. ECP and EPX concentrations showed a uniform
pattern with two characteristic features: 1) a rapid inerease for both mediators
up to 30 min after provocation over base-line values (/*< 0.0001 and
/"<0.001), followed by a rapid deerease nearly to base-line values in the
next 30 min; and 2) a steady increase for ECP and EPX up to 10 h (/'<0.02
and P<Q.{)\), and even higher levels at 24 h, after challenge (/'<0.002
and /'<0.003). We conclude that although eosinophils are activated in
asthmatic children after bronchial allergen challenge, ECP and EPX
concentrations are not suitable monitoring variables. Base-line eosinophils
seem to predict the occurrence of a late-phase asthmatic reaction after allergen
provoeation.
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Mucosal inflammation caused by mediator release is
considered to be an important feature of bronchial
asthma. Several studies have provided evidence for
the major role of the eosinophil granulocyte in in-
flammatory processes observed in asthma (3, 18,
28). Clinical findings could be confirmed by histo-
logic investigations, which showed a predominant
eosinophiiia in the lungs of asthmatic patients (16).
The eosinophil granulocyte contains several highly
cytotoxic proteins such as eosinophil cationic pro-
tein (ECP), eosinophil protein X (EPX), eosinophil
peroxidase (EPO), and major basic protein (MBP)
(29). There is evidence that secretion of eosinophil-
derived proteins (e.g., ECP, MBP) leads to damage
of the respiratory epithelium (15, 26), which sustains
and aggravates bronchial hyperreactivity in chronic
asthma.

In bronchoalveolar lavage (BAL) of adult asth-
matic patients during the late asthmatic reaction

(EAR) after allergen provocation, some authors
found an eosinophiiia (10) as well as elevated con-
centrations of eosinophil-derived mediators (12). Pe-
ripheral blood eosinophils correlate with nonspecific
bronchial hyperresponsiveness in asthmatic subjects
(23). Since occurrence of EAR after allergen expo-
sure seems to be one of the determinants for devel-
oping chronic asthma, the aim of our study was to
look for an in vivo variable for monitoring bronchial
allergen challenges. Therefore we investigated the
time course of serum ECP and EPX concentrations
as well as eosinophil blood cell counts up to 24 h
after allergen challenge.

Material and methods
Patients and control subjects

Thirty-two children (26 boys, 6 girls) aged 9-17 years
(mean 12 years) were selected for the study. All the
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chitdren suffered from mild to moderate bronchial
asthma, as defined by the American Thoracic So-
ciety (1). Base-line FEV, ranged from 65 to 120%
predicted (mean 93%). House-dust mite sensitivity
was the predominant sensitivity of these children
and was verified by detection of specific IgE anti-
bodies. CAP classes for Dermatophagoides pteronys-
sinus {Dpt) and D.farinae {Df) ranged from 2 to 6
(mean 4.5). Domestic house-dust mite exposure to
Derp I ranged from 0 to 29 t̂g/g dust (mean 3.0 |.ig/g
dust), and to Derf I from 0 to 42 fxg/g dust (mean
6.9 |.ig/g dust) on the mattresses ofthe children.

Six healthy adults (two tnen, four women) aged
24-43 (mean 28) served as controls. For ethical rea-
sons (allergen provocation, bloodletting, inpatient
treatment), we did not choose healthy childreti, but
fell back on young adult volunteers. All subjects
were nonatopic (total IgE < 100 kU/1) and were non-
smokers. No specific IgE antibodies were found
against Dpt or Df (CAP class 0). Base-line FEV,
ranged from 85 to t t8% predicted (tiiean 95"o).
Data of patients and controls are summarized in
Table 1.

Table 1. Clinical data of patients and controls

Pat.

F.A.
A.A.
O.A,
O.A.
A.B.
A.B.
T.B.
N.B.
J.C.
G.D,
TD.
M.E.
F.F,
D.G.
O.H.
F.H.
B.l.
HJ.
S.K.
TL
J.M.
H.M.
M.N.
R.P.
4.8.
D;S.
D.S.
D.S.
H.T
A.Y,
S.B.
S.K.
TL.
M.C.
F.H.
B.I.
D.S,
G,D,

S.N,
R.H,
I.K,
N.G.
K,R,
A,L

Age
(yrl

10
9

10
10
14
12
17
12
13
14
16
13
10
13
10
12
11
9

11
10
11
11
10
10
9
9

10
17
9

12
9

12
10
11
12
11
10
14

26
43
24
40
21
28

Sex
(M/F)

M
F

M
M

F
M
M

F
M
M

F
M
M
M
M
M
M
M
M
M
M

F
F

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

F
f
F .

M
' F • •

M

Total IgE
(kU/l)

1048
218
431
634
819

1323
806
921
120
352

1871
405
331

-
417
956
816
226
976
185
913

19
349
782
392
601
189

1325
1214
1801
253
976
207

1947
956
816
224
308

19
40
16
22
20
22

Specific IgE
(CAP class)

DptlDf

4/4
4/4
4/3
6/5
5/4
6/5
6/6
5/6
3/2
4/4
5/6
5/4
4/4
-/4
4/4
6/5
5/5
4/4
6/6
4/4
5/4
3/2
6/3
5/5
5/4
5/4
5/4
5/4
6/4
6/5
5/4
5/6
4/4
5/5
6/5
5/5
4/4
4/4

0/0
0/0
0/0
0/0
0/0
0/0

FEV,
(% pred.)
base line

94
99

104
115
104
92
85
67

102
103
120
71
95 -
86

102
68
82
81
92
83
71
96
86
76
75
99
90
65

105
92
77

116
80
95
99
74
90

100

117
117
82
97

118
117

PC,o FEV,
(SQU)

1000
1000

>100000
1000
8000
1000
500

1000
20000

> 100000
10000

> 100000
> 100000

10000
20000

>100000
600

50000
30

> 100000
> 100000

4000
200

2000
30000
40000
60000
60000

> 100000
200

> 100000
100
300
300

2000
500
700

1000

> 100000
> 100000
>100000
>100000
> 100000
> 100000
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Study design

Thirty-two asthmatic children atid six healthy con-
trols were challenged with Dpi allergeti extract, and
six of the patients were also challenged separately
with Df allergen. All challenges started at 0900. Pa-
tients were followed for 24 h. During the procedure,
peak flow was measured at hourly intervals up to
12 h, as well as at 24 h, after provocation. Blood
samples were drawn at regular intervals during the
observation period.

Methods

Lung function tests were perfortned in a body
plethysmograph (E, Jaeger, Wurzburg, Germany).
After base-line lung function (inhalation ofthe dilu-
ent), a titrated provocation was undertaken with a
jet nebulizer (Pari-boy, Medanz, Starnberg, Ger-
many). Each concentration was inhaled for 5 min.
PC20 FEV, detertnined the early asthmatic reaction
(EAR), while a 24-h peak-flow protocol detected a
possible LAR.

Biologically standardized extracts of Dpt or Df
(ALK, Copenhagen, Denmark) in concentrations
ranging from 10 to 100000 SQU were used. Because
most patients showed specific IgE antibodies against
both Dpt and Df in corresponding CAP classes, Dpt
extract was chosen for provocation. Six patients
were also challenged separately with Df according
to their predominant domestic exposure to Df

Blood samples (3 ml) were drawn from an antecu-
bital venous catheter at 14 time points (-^60, 0, 10,
20, 30, 60, 120, 180, 240, 360, 480, 600, 720, and
1440 min). Serum was prepared according to guide-
lines recently published (19), and it was stored at
-20°C until analyzed.

Eosinophil mediators (ECP, EPX) were deter-
mined from serum by radioimmunoassay (Pharma-
cia, Uppsala, Sweden) (19, 30). All assays were run
in duplicate. The coefficient of intraassay variation
was 7.9% for ECP and 4.3% for EPX; the interas-
say coefficient of variation was 4.7%, for ECP and
6.8% for EPX. Eosinophil counts from diflFerential
blood cell count were determined at base line, at
PC20 EEV,, 3 h later, and at 24 h after provocation.

For statistical analysis, Wilcoxon's signed rank
test, the Mann-Whitney U test, the linear rank cor-
relation test, and multiple regression analysis were
performed on a personal computer with the statis-
tical package SPSS.

Results

Base-line serum coticentrations of ECP (/"< 0.004),
EPX (/'< 0.002), and eosinophil blood cell count
(EOS) ( J P < 0 . 0 0 1 ) were found to be significantly

higher in the 38 asthmatic children than in the six
healthy controls (Fig. 1). Base-line FEV, did not
correlate to EOS, ECP, or EPX in asthtnatic chil-
dren. Comparing base-line EOS and ECP/EPX, we
found no significant correlation either.

As a result of bronchial allergen challenge, the
asthmatic children as a group demonstrated a strong
EAR and LAR, whereas lung function in the con-
trols did not vary significantly (Fig. 2). We tiieasured
ECP and EPX concentration at 14 time points up to
24 h. Because of lack of further information and as
a means to make figures easier to read, five repre-
sentative time points are depicted. Serutn ECP
(/'<0.0001) and EPX {P<O.OOl) showed a signifi-
cant early peak within 30 min in 27 patients, while
in two patients the early peak occurred between 60
and 180 min. Nine children did not show an early
peak. This early peak was followed by a rapid de-
crease to base-line values within the next 30 min
(Fig. 2).

Thereafter a continuous increase of both media-
tors was noted (600 min: ECP P<0.02 and EPX
/'<0.01;at24h: ECP/•<0.002 and EPX/'<0.003)
(Eig. 2). ECP and EPX concentrations of control
subjects remained within the normal range and
showed no significant variation over the 24-h obser-
vation period.

For all subjects, we found an extensive parallel
titiie course of ECP and EPX serum concentrations
from base line up to 24 h after provocation, with
EPX being on a higher level.

The eosinophil blood cell count decreased slightly,
but not significantly, in asthmatic children after chal-
lenge, with a tninimum after 3h {P = 0.07) (Fig. 2).
At 24 h, there had been a significant increase of eosi-
nophils over base-line values (/*< 0.0002). In healthy
controls, there were no apparent variations.

ECP/EPX
(ug/l)
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P < 0.002 P < 0.001
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- 1800
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- 1400
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- 1000

800
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Fig. I. Base-line serum concentrations of ECP, EPX, and blood
eosinophil eounts in 38 asthmatie children (A) and six healthy
controls (C) (median, range).
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n= 38

ECP and EPX in bronchial allergen challenge
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Fig. 2. Variation of ECP, EPX, blood eosinophil counls, and PEF in asthmatic children (;; = 38) and healtliy controls {it = 6), as com-
pared with base-line values (median, range).

For study of the relationship between type of re- asthmatic reaction (DAR), while three asthmatic
action and time course ofmediator release, the group children sensitive to house-dust mite did not show
of asthmatic children was subdivided according to any bronchoconstrictor response to allergen provo-
lung function pattern: six children developed an cation.
EAR, six children an LAR, and 23 children a dual In all asthmatic children exhibiting any broncho-
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Fig. 3. Inverse correlation of FEV, to EOS (/; = 34), ECP (/; = 38),
and EPX (;; = 38) at 30 min after challenge (EAR) in asthmatic
children.
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Fig. 4. Correlation of changes in EOS (EAR minus base-line val-
ues) and FEV| (decrease from base line to EAR) in asthmatic
children (« = 34). -^
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Fig. 5. EOS at base line according to clinical type of reaction
(median).

eonstrictor response to allergen challenge (EAR,
LAR, DAR), we could detnonstrate a pattern simi-
lar to that for the group of children as a whole, while
the three children with no asthmatic reaction (NAR)
showed no significant variation in eosinophils and
mediator release, like healthy controls.

Comparing lung function (FEV,) and EOS during
the first 30 min after provocation (EAR), we found
a significant inverse correlation (/'= -0.47 and
P<0.006), but not for ECP and EPX (Eig. 3). Eor
the individual dynamic variation in tertns of differ-
enees between EOS (from base line to EAR) and
EEV, (from base line to EAR), there was also a
significant correlation {r = 0.42 and P < 0.02) (Eig. 4).
This correlation was again absent for ECP and EPX.
Subjects with a strong increase of EOS from base
line to EAR showed a strong fall in EEV,, and pa-
tients with a decrease of EOS showed only a slight
decrease of EEV,.

Base-line EOS was significantly higher in asth-
matic children exhibiting LAR (/'<0.007) or dual
asthmatie reaction (DAR) {P < 0.002) than in healthy
controls (Eig. 5), while asthmatic children without
LAR (EAR, NAR) did not show significantly ele-
vated EOS at base line. LAR and EAR were also
statistically different in base-line EOS {P<0.02)
(Eig. 5). ECP and EPX were not suitable for fore-
easting LAR.

Multiple regression analysis revealed that ECP
and EPX gave no additional information in distin-
guishing asthmatic children who were prone to de-
velop an LAR after allergen challenge, as cotnpared
with EOS alone.

We could not find any correlation between spe-
cific IgE and eosinophil numbers or eosinophil gran-
ule proteins at any time point.

Discussion
The data of this study confirm that base-line eosi-
nophils as well as serum concentrations of ECP atid
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EPX are significantly elevated in asthmatic children,
as compared with healthy controls (Fig. 1). These
results agree with published data from asthtiiatic
adults (8, 17) and asthmatic children (22). To our
knowledge, there are no comparable data in the lit-
erature concerning EPX serum concentration in
asthmatic childreti.

In the search for a potential monitoring variable,
we investigated the time course of ECP, EPX, and
EOS in peripheral blood during and up to 24 h after
bronchial allergen ehallenge. Irrespective of type of
clinical reaction, we found a nearly uniform pattern
of ECP and EPX serum levels, a pattern which is
very similar to data published by Dahl et al. (9).

The rapid increase of both mediators during the
first 30 min after challenge (Eig. 2) is supposed to be
the result of degranulation of EOS in the lung. Carl-
son et al. showed that EOS of asthmatic patients
have an increased propensity to release their gran-
ule proteins, which the authors suggest could be the
consequence of pritiiing of these cells (8). Eurther
support comes from studies of bronchial biopsies in
asthmatic patients, which demonstrated a positive
proof of activated (EG2-positive) eositiophils (5).
The rapid increase of ECP and EPX was followed
by a rapid return to values near the base hne. This
can be related to eliminating processes such as those
known for ECP (20).

While there are some reports about an increase of
EOS and eosinophil-derived tnediators during LAR
(6-12 h) in BAE (10, 11), there are few data regard-
ing serum concentration of eosinophil granule pro-
teins in asthtnatic children, especially not for a time
course of 24 h after bronchial allergen challenge. We
found an absolute increase of ECP and EPX serum
levels at 600 min and an even more pronounced rise
at 24 h after provocation, while in the literature a
relative increase of eosinophil-derived mediators
after an early decrease was demonstrated (13). We
again assume that this steady increase of serum ECP
and EPX concentrations is due to degranulation of
EOS, which are recruited into lung tissue for days
after bronchial allergen challenge, as is known frotn
BAE studies (6, 10, 11, 21).

Unexpectedly, there was a stnall subgroup of three
asthmatie children sensitive to house-dust mites who
did not show a clinical response to bronchial aller-
gen challenge (NAR). In tertns of EOS and
eosinophil-derived mediators, they showed exactly
the same pattern as the healthy controls. Despite the
small number of patients, these data could indicate
a link between the relatively low serum concentra-
tion of ECP and EPX in asthmatic children and the
absence of a significant asthmatic reaction.

Cotnparing both serutii eosinophil-derived medi-
ators (ECP and EPX), we found an approximate
parallel course of serum concentration at all time

points over the 24-h observation period, emphasi-
zing the common cell origin. EPX concentrations
were significantly higher than ECP. These findings
agree with other studies (8, 17, 25).

EOS decreased slightly, but not significantly, in
asthtnatic children after allergen challenge, with a
minimum after 3 h. This cati be interpreted as a
beginning influx into lung tissue, as was proposed
before from BAL studies after allergen challenge (6,
10, 11, 21). At 24 h, we observed a significant in-
crease of peripheral blood EOS in asthmatic chil-
dreti over base-litie values, as has been observed
before for asthmatic adults (12, 13, 14). Whether this
increase was due to an enhanced release from bone
marrow, as was suggested from studies in guinea
pigs (2), is not clear.

To find a suitable tiionitoring variable during al-
lergen challenges, we investigated the relationship
between lung function and EOS as well as ECP/
EPX-serutn concentrations. A significant correlation
was found only for EOS and EEV, during EAR, but
not for ECP/EPX or for EOS at other titne points
(e.g., LAR).

The literature reveals contradictory results regard-
ing the relationship between clinical indicators and
serum or BAL coticentratiotis of eositiophil granule
proteins. A significant correlation was found for ECP
in BAL and EEV, as well as the Aas-asthma score
in a study in asthmatic adults from Erance (4). Two
other studies showed a sigtiificant correlatioti be-
tween decreased serum ECP concentration and re-
ductioti of asthtnatic attacks, and improvemetit in
EEVi after treattnent with inhaled steroids (22, 27).

Our negative results, however, agree with data
from Carlson et al., who could not find a significant
correlation between lung function and secretory ac-
tivity of eosinophils iti asthmatic adults (7, 8). These
contradictory results could be due to problems in
measuring serum ECP or EPX concentrations, which
tnay derive from the well-ktiown, high intraitidivi-
dual coefficient of variatioti and frotn the suspected
presence of unknown binding proteins in plastna.

We were not able to demonstrate differetit pat-
terns of mediator release according to clinical type
of reaction after allergen provocation. Only EOS
were significantly increased in those asthtnatic chil-
dren who developed an LAR after allergen challenge
(Eig. 5). This latter finding was shown before by
Vetige & Dahl (24).

In conclusion, our data indicate that measuring
serum ECP and EPX concentrations during and
after bronchial allergen challetige is not a useful
tnethod in tnonitoring individual bronchial allergen
provocation. Prechallenge peripheral blood EOS
seem to be the more appropriate variable to distin-
guish asthmatic children who are prone to develop
LAR. Eurther detailed kinetic studies of peripheral
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blood eosinophils and their granule proteins up to
48 h after allergen challenge are needed to assess the
value of monitoring time course after bronchial al-
lergen provocation.
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