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Materials and methods

One hundred and twenty-two non-smoking patients with seasonal
IgE-mediated allergic rhinoconjunctivitis due to tree- (birch, hazel,
alder) or grass/cereal-pollen were recruited from outpatients of the
Department of Internal Diseases, Allergology and Pneumonology
of Military School of Medicine, Warsaw, Poland (7). All subjects
had at least a 2-year positive history of rhinoconjunctivitis (42 of
them had mild seasonal bronchial asthma additionally), confirmed
by positive skin prick tests (class + + or more, Allergopharma,
Germany) and significant level of specific IgE (class II or higher,
FAST Pharmacia CAP) (Table 1). None of the patients had symp-
toms beyond the pollen season and none had received immuno-
therapy or immunosuppressive treatment previously. None of them
had suffered from immunodeficiencies, malignancies, psychiatric or
infectious diseases. The recruitment was conducted before the pol-
len season.

The patients received a standardized preseasonal SIT (Allergo-
vit®, Allergopharma, Germany), depending on clinical data. Aller-
govit® has been granted the certificate of GMP (Good Manufacture
Practice). Allergovit® contains allergoids of plant pollen, which are
repeatedly dialyzed, adsorbed to aluminum hydroxide, suspended in
physiological saline, reserved with 0.4% phenol and standardized in
therapeutic units (TU). Allergoids are prepared in two 3-ml vials.
Vini A contains 1000 TU/ml and vini B contains 10 000 TU/ml.
The standardized extracts contain appropriate allergoid (birch
100%, grass/cereals 100% or hazel 50% and alder 50%).

The administration schedule involved increasing doses of aller-
goid suspension (0.1, 0.2, 0.4, 0.8 ml from vini A and 0.15, 0.30,
0.60 ml from vini B) to be injected every 7-14 days. The total
amount of the extract administered was 12 000 TU. Immuno-
therapy was terminated at least 2 weeks before the pollen season.

During the study, the patients could use, if needed, loratadine
(one tablet of 10 mg per day), intranasal (200 pg per day) and/or
inhaled (400 pg per day) budesonide and fenoterol (400 pg per day).

Serum eotaxin levels were measured shortly before immuno-
therapy (Evaluation 0), after the treatment immediately (Evaluation
1), in the height of the pollen season (Evaluation 2) and at least
2 weeks after the pollen period (Evaluation 3) — according to the
pollen season for birch, hazel/alder or grass/cereals in Warsaw,
Poland, in 2000. The serum eotaxin levels were simultaneously
measured in 59 healthy people from the control group. All subjects
from both groups were non-smoking and did not have any infection
during 3 months preceding the study. The subjects from the control
group had a negative family history of allergic diseases and
had negative results of allergic skin prick tests (Allergopharma,
Germany).

Table 1. Clinical data of subjects

All Female Male
Study group
Number of subjects (n) 122 44 78
Mean age (years) + SD 30.0 + 10.6 308 £10.8 296 + 10.6
Sensitization
Trees (n) 56 18 (40.9%) 38 (48.7%)
Birch 42 12 (28.6%) 30 (71.4%)
Hazel, alder 14 6 (42.9%) 8 (57.1%)
Grass/cereals (n) 66 26 (59.1%) 40 (51.3%)
Control group
Number of subjects 59 41 18
Mean age (years) + SD 297 +76 297 +6.7 295+94
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The quantitative ELISA method (R & D kits, USA) was used to
determine the serum eotaxin levels (the detection threshold of the
method is 5.0 pg/ml) (8).

During the third visit (Evaluation 2), all patients were asked to
assess themselves if the symptoms of the disease: had improved,
had not changed or had deteriorated in comparison to the previous
pollen season. Moreover, each patient was asked to record in a
card the intensity of allergic symptoms such as: sneezing, nasal
obstruction, rhinorrhea, nasal/conjunctival itching, lacrimation,
cough and wheezing. Each symptom was graded on a subjective
scale as follows: 0 — no symptom, 1 — mild, 2 — moderate, 3 — severe.
Moreover, each dose of each symptomatic drug taken was recorded
as score 1. A mean cumulative clinical symptoms and drug intake
score was calculated for every patient by addition of all scores of
symptoms and taken medicines (9, 10).

After the assessment of normality of distribution, quantitative
data were analyzed by the ANOvA test and ¢-test for paired and
nonpaired parameters. For post hoc comparison the Tuckey test
was used. Kruskal-Wallis and Mann—Whitney tests were used in
the assessment of nonpaired, nonnormally distributed variables.
The relationship between the numerical parameters was studied
by the Pearson correlation coefficient (r) test. P of less than 0.05 was
considered significant.

The study protocol was approved by the ethics committee of the
Military University School of Medicine in Warsaw (Poland) and
each patient signed an informed consent form before entering the
trial.

Results

No one dropped out from the study groups. No subject
receiving SIT experienced systemic adverse events. The
mean values of eotaxin concentrations in serum during
Evaluations 0-3 did not significantly differ in the healthy
subjects and the patients with IgE-mediated rhinocon-
junctivitis. Moreover, no statistically significant differ-
ences in the serum eotaxin levels between the visits were
observed in the patients treated with immunotherapy
(P = 0.24); however, immediately after immunotherapy
(Evaluation 1) the mean serum level of eotaxin was lowest
and most nearing the serum eotaxin concentration in the
control group at the same visit. The mean values of
eotaxin are presented in Table 2.

After immunotherapy, an evident decrease of the serum
eotaxin level was observed in the patients sensitized to birch
only (Evaluation 1 vs Evaluation 0), while desensitization
had no statistically significant influence on decrease of the
serum concentration of eotaxin in the patients sensitized
to grass/cereals or hazel/alder. During the pollen season
(Evaluation 2), the decline tendency was still present in case
of the patients sensitized to birch. The patients sensitized to
hazel/alder had a perceptibly increased mean serum level of
eotaxin; however, a low numerical force of this group
probably resulted in an insignificant value of P-coefficient.
In the patients sensitized to grass/cereals changes in the
serum eotaxin level were slight.

The differences between the mean serum eotaxin levels
in the subjects sensitized to trees and grass/cereals at the
consecutive visits are presented in Table 2.
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Table 2. Mean values of serum eotaxin levels in study and control groups during each evaluation

Mean serum eotaxin Evaluation 0, Evaluation 1, Evaluation 2, Evaluation 3,

level (pg/ml) mean (SD) mean (SD) mean (SD) mean (SD) P value

Study group (n = 122) 116.3 (48.8) 105.7 (42.7) 110.2 (44.6) 106.8 (41.7) P=102
Birch (n = 42) 119.1 (SD 45.5) 95.2* (SD 45.7) 92.2** (SD 42.2) 110.5 (SD 36.1) *P=0.04, **P=0.02
Hazel/alder (n = 14) 113.5 (SD 48.2) 106.4 (SD 43.9) 144.2 (SD 63.5) 121.1 (SD 47.6) P=1025
Grass/cereals (n = 66) 115.1 (SD 51.6) 111.6 (SD 40.0) 1145 (SD 36.1) 101.4 (SD 43.3) P=1024

Control group (n = 59) 103.1 (53.2) 104.0 (52.1) 109.3 (52.0) 100.7 (50.2) P=108

P value study vs control group P=101 P=108 FP=109 P=104

Table 3. Differences in mean variation (A) of eotaxin value between Evaluations 1 and 0 (E1 — EQ), Evaluations 2 and 1 (E2 — E1), Evaluations 3 and 2 (E3 — E2), and Evaluations
3 and 0 (E3 — EO) in patients sensitized to aeroallergens and healthy people (n = number of sensitized patients)

Mean A (pg/ml) of eotaxin

level between evaluations (E) A (E1 - EO) A (E2 - E1) A (E3 - E2) A (E3 - EO)
Study group 0 (n = 122) —9.1 (SD 40.5) 3.7 (SD 38.7) —2.9(SD 45.7) —6.5 (SD 50.4)
Birch 1 (n = 42) —23.0 (SD 34.3) -39(SD 33.2) 18.1 (SD 45.4) —46 (SD 51.9)
Hazel/alder 2 (n = 14) —7.1 (SD 53.9) 37.7 (SD 44.0) —16.3 (SD 47.5) 7.8 (SD 64.4)
Grass/cereals 3 (n = 66) —-0.7 (SD 39.2) 1.4 (SD 37.6) —13.4 (SD 41.2) -10.7 (SD 46.2)
Control group 4 (n = 59) 0.9 (SD 10.8) 52 (SD 11.4) —8.6 (SD 16.7) —2.4(SD 12.7)
P value 1 vs 4 (P = 0.000002); 2 vs 4 (P = 0.00003); 1vs2(P=0.03); P=ns.
1vs3(P=0.01 2 vs1(P=0.01); 1 vs3 (P=0.001);
2 vs 3 (P=10.03) 1 vs 4 (P = 0.00007)

Our previous findings had revealed that the serum
eotaxin level significantly and positively correlates with
age in healthy people and additionally correlates with
gender in patients with allergic diseases (11). Thus, in
order to eliminate statistical errors resulting from differ-
ences between the groups concerning mean age and the
number of male and female subjects, mean variations (A)
of eotaxin value between Evaluations 1 and 0, Evalua-
tions 2 and 1, Evaluations 3 and 2, and Evaluations 3 and
0 were used in comparative analysis of the influence of
SIT on the serum eotaxin level in patients sensitized to
different aeroallergens.

After immunotherapy, a mean decrease in the serum
concentration of eotaxin in the patients with allergy to
birch was significantly greater than that in the patients
sensitized to grass and/or cereals (P = 0.01) and also
strongly different in comparison to the values in the
control group (AE1 — E0 = 0.9 pg/ml) (P = 0.00002). In
the subjects sensitized to hazel/alder, a significant increase
of the mean value of eotaxin concentration between
Evaluations 2 and 1 (AE1 - EO = 37.7 pg/ml) was
observed in comparison to the control group (AE1 —
EO0 = 5.2 pg/ml) (P = 0.000003). Surprisingly, after the
pollen season there was a noticeable statistically signifi-
cant increase of the mean value of the serum eotaxin
concentration in birch-sensitized patients only (AE3 —
E2 = 18.1 pg/ml) in comparison to the rest of the
subjects (P < 0.05). Finally, no significant difference in
the mean change of the eotaxin level between the last and
initial visits (AE3 — EO) was observed between the groups.

For the assessment of the relationship between the
serum eotaxin levels and the scores of clinical symptoms

plus drugs, the mean cumulative scores from the whole
day of Evaluation 2 were used.

The mean cumulative score of clinical symptoms
and drugs intake in the immunotherapy group was
7.4 points (SD = 5.0; median = 6.0). In spite of differ-
ences in individual variations of the serum eotaxin level,
no significant differences in the values of symptoms and
drugs score between the patients sensitized to birch
[median = 7.0, mean (SD) = 7.9 (5.4)], hazel/alder [med-
ian = 8.0, mean (SD)= 8.9 (6.0)] and grass/cereals
[median = 6.0, mean (SD) = 6.8 (4.5)] (P > 0.05) were
found. The mean variations (A) of eotaxin values between
the visits in the healthy and allergic groups are presented
in Table 3.

After immunotherapy, during the pollen season 85
(70%) patients declared improvement of clinical symp-
toms, 30 (24.5%) did not feel any change in the intensity
of clinical symptoms and 7 (5.5%) recorded deterioration
in comparison to the previous pollen season. The
symptom plus drug intake scores of the subgroup with
clinical improvement [median =5, mean (SD) = 5.6
(3.7)] were significantly lower (P < 0.05) in comparison
to the subgroups with no change of symptoms
[median = 10.0, mean (SD) = 11.0 (5.5)] or clinical
deterioration [median = 12.0, mean (SD) = 13.4 (4.0)].
Distribution of the scores and individual changes in the
serum eotaxin levels between the peak of the pollen
season and immediately after immunotherapy (AE2 — E1)
are presented in Fig. 1.

Unfortunately no significant correlation between the
mean value of the serum eotaxin level during the third
visit [E2: mean (SD) = 110.2 pg/ml (44.6)] or mean
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Figure 1. Cumulative scores of clinical symptoms and drugs, and changes in serum eotaxin concentrations in patients who declared

clinical improvement, deterioration or no change of symptoms.

individual changes of the eotaxin value between Evalu-
ations 2 and 1 [AE2 — E1: mean (SD) = 4.6 pg/ml (38.7)]
on the one hand, and the cumulative score of symptoms
and drug, on the other, were found [r = -0.11 and
r = -0.01, respectively (P > 0.05)].

During the pollen season in the subgroup of patients
declaring clinical improvement, 51 subjects did not
require any symptomatic drugs, three subjects required
intranasal or inhaled drugs only and 31 subjects had to
use systemic Hj-antihistamines (loratadine) additionally.
It was found that the mean serum eotaxin levels
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significantly decreased between Evaluations 2 and 1 in
the 31-patient group taking both systemic and inhaled/
intranasal medicines [AE2 — E1: mean (SD) = -9.5 pg/ml
(39.0), n = 31] in comparison to the S1-subject group
without any systemic or topical treatment [AE2 — El:
mean (SD) = 8.6 pg/ml (29.7)] (P = 0.02). No similar
relationship between the patients taking inhaled or
intranasal drugs only [AE2 — E1: mean (SD) = 17.9 pg/
ml (39.0)] and those without any treatment [AE2 — El:
mean (SD) = 8.6 pg/ml (29.7)] (P = 0.6) was observed
(Fig. 2). However, because of a very low numerical force



Cc-chemokine eotaxin as efficacy marker

60 60

50 50

40 40

30 30

20 20

change of serum eotaxin level (Evaluation 2 vs 1) [pg/ml]
o

change of serum eotaxin level (Evaluation 2 vs 1) [pg/ml]
o

P=0.02

60
50
40

30

—T— SD
1 SE
o Mean

20

change of serum eotaxin level (Evaluation 2 vs 1) [pg/ml]
o

2 0 3

0 - without any drugs (n = 51), 1 - with antihistamines or inhaled/intranasal drugs (n = 34),
2 - with antihistamines and inhaled/intranasal drugs (n = 31), 3 - with inhaled or intranasal drugs only (n = 3)

Figure 2. Mean change of serum eotaxin levels in patients with clinical improvement.

of the subgroup treated with inhaled or intranasal
medicines only (three persons), the above-mentioned
result is not reliable.

Discussion

In a sensitized individual, exposure to allergen will lead
to cross-linking of IgE receptors on mast cells and the
release of multiple inflammatory mediators including
histamine, prostaglandins and leucotriens, which play an
important role in an early-phase allergic reaction. A late
inflammatory response, the second important pheno-
menon that contributes to the allergic process, is charac-
terized by an influx of inflammatory cells such as
eosinophils and lymphocytes. As an eosinophil-selective
chemoattractant, eotaxin is an important contributor of
a late-phase allergic response. Several studies of allergic
inflammation in animal models have demonstrated that
allergen challenge enhances eotaxin gene and protein
expression (12-15). Increased mucosal output of eotaxin
was demonstrated after allergen exposure in patients with
allergic seasonal rhinitis (16). Allergen challenge also
increases eotaxin expression in epithelial and endothelial
cells of the wall of segmental bronchus in subjects with
allergic asthma (17). An increased expression of eotaxin
within the peripheral airways of lungs of asthmatic
subjects has been shown, suggesting that this chemokine
contributes to the small airways and peripheral lung
inflammation in asthma (18). Apart from selective chemo-
tactic activity, eotaxin has a very potent priming effect on
reactive oxygen species from eosinophils, which may
damage cells or tissue, such as the mucosal or bronchial
epithelium (2).

There exist scarce published data concerning variations
of eotaxin levels in serum of subjects with allergic
diseases. It was documented that circulating levels of
eotaxin increase in active atopic dermatitis and acute
urticaria, and decrease significantly in case of urticaria
after remission of the attack (19). Other findings indicate
that the plasma eotaxin concentration is significantly
higher in asthmatics seeking emergency treatment for
exacerbations of symptoms than in control subjects with
stable disease matched for age, ethnicity and sex and led
to suppose that plasma eotaxin levels are directly related
to asthma severity (20).

In this study, first measurements of serum eotaxin
levels (Evaluation 0) in people with allergic seasonal
rhinoconjunctivitis were done beyond the pollen season,
when all patients were free of clinical symptoms. Pre-
sumably for that reason no significant elevation of serum
eotaxin was found in this group in comparison to the
healthy subjects. The results of consecutive measurements
(Evaluations 1-3) of the serum eotaxin levels in the
allergic group did not differ significantly in comparison
to the analogous results from the control group. In our
opinion, it was due to influence of allergen-specific
immunotherapy. Well-marked decrease of the serum
eotaxin levels immediately after immunotherapy (Evalu-
ation 1, AE1 — E0Q) was observed in the patients sensitized
to birch. The birch subgroup was also the only allergic
subgroup that noted decline tendency of the serum
eotaxin levels in the height of the pollen season (Evalu-
ation 2, AE2 — El). It seems that SIT may influence
the serum eotaxin levels, especially in patients sensitized
to potent aeroallergens with short and intensive pollen
period, such as birch. On the other hand, finding
elucidation for the evident rising tendency of the plasma
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eotaxin levels in the birch subgroup shortly after the
end of the pollen season (Evaluation 3, AE3 — E2) is
problematic. A potential explanation that it could be
caused by a compensatory mechanism due to diminished
protective activity of immunotherapy is contradictory to
the observed decreasing serum eotaxin levels during
Evaluation 3 in the patients sensitized to the rest of
aeroallergens. Lack of effect of specific immunotherapy
on plasma eotaxin levels in the patients sensitized to alder
or hazel in the height of the pollen season remains
unclear.

In spite of differences in variations of the serum eotaxin
levels in the patients sensitized to birch, hazel/alder or
grass/cereals during the study, no statistically significant
differences in the mean cumulative clinical symptoms and
drugs intake scores between these groups were observed.
Moreover, no significant linear correlation between the
intensity of symptoms and the serum eotaxin level in the
height of pollen season (E2) or dynamic changes of
the eotaxin concentrations between Evaluations 2 and 1
(AE2 — El) was found. In our opinion, these findings
seem to disqualify serum eotaxin as a marker of efficacy
of SIT. However, it should be underlined that lack of
significant differences in the mean serum eotaxin levels
during the pollen period (E2) between all patients with
rhinoconjunctivitis, receiving SIT and the healthy control
group proves that eotaxin contributes to the mechanism
of SIT.

Another finding worth attention is the significant
decrease of the mean plasma eotaxin level during the
pollen season (AE2 — El) in 34 patients declaring clinical
improvement after SIT and taking additional sympto-
matic medicines during the pollen season in comparison
to 51 patients who declared clinical improvement and did
not receive any symptomatic treatment. After exclusion
of three patients, who did not take antihistamines, from
the group of 34 additionally treated patients, the differ-
ence in mean change of the serum eotaxin levels between
the additionally treated and nontreated groups became
more perceptible in statistical analysis. We suppose that it
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