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Summary

 Background: Airway inflammation represents the basis of respiratory allergic disease and is generally associated 
with increased oxidative stress. As a consequence of successful treatment leading to hyposenzibil-
ization and remission of symptoms, decrease of reactive oxygen formation is expected.

 Material/Methods: This preliminary study evaluates the production of oxygen free radicals in white blood cells and 
changes in basic immunological parameters in a cohort of 50 patients (27 females and 23 males, 
age 14–48 years) with upper airway allergic inflammation caused by pollens, before and during 
specific immunotherapy.

 Results: We found an unexpected significant increase in the free radical concentration during and after 
treatment in comparison to values before the treatment and to the control group. Statistical anal-
ysis also found significant increase of IgG3 after initial treatment and also 1 year after allergen im-
munotherapy. Although there were similar trends in the elevated ROS and elevated IgG3, these 
were not statistically significant.

 Conclusions: We observed changes in oxidative mechanisms in white blood cells of patients treated with AIT. 
Allergen immunotherapy works at a multilayer level and influences airway inflammation as well 
as the protective antimicrobial defense in treated patients. Further studies for understanding the 
mechanisms involved in oxidative stress as well as for laboratory monitoring of therapeutic ap-
proaches in allergic diseases are needed.
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Background

Oxidative stress is associated with many human diseases, es-
pecially with those including a significant inflammatory com-
ponent. Airway inflammation is a typical example of such 
an association [1–3]. Anti-inflammatory treatment could 
therefore influence the oxidative stress intensity in some 
respiratory diseases (rhinitis, asthma, obstructive sleep ap-
nea, chronic obstructive pulmonary disease) and contrib-
ute to its convalescence.

In allergy accompanied by immunological inflammation 
there are several potential sources of reactive oxygen spe-
cies (ROS), mainly the respiratory burst associated with 
immune cell activation, arachidonic acid metabolism and 
NADPH oxidase [4–6]. ROS are also important second 
messengers generated in response to many types of envi-
ronmental stress [7,8].

Allergen immunotherapy (AIT) is the only treatment that 
may affect the natural course of allergic disease and it may 
prevent the later development of asthma in patients with al-
lergic rhinitis. AIT alleviates the allergic symptoms and also 
suppresses the inflammatory reaction associated with natu-
ral exposure to these allergens.

Efficacy of AIT in patients with respiratory allergy is affect-
ed by the absence of validated measured criteria.

Oxidative stress occurs as a consequence of excessive forma-
tion of ROS, including superoxide, hydrogen peroxide and hy-
droxyl radicals or inadequate antioxidant defense. Decreased 
antioxidative defense in patients with respiratory allergy have 
been published previously by several authors [9–11].

As a result of successful treatment leading to hyposenzibili-
zation and remission of symptoms, a decrease of reactive ox-
ygen formation is expected. In this preliminary study we fol-
lowed the production of oxygen free radicals in white blood 
cells and changes in basic immunological parameters in a 
cohort of patients with upper airway allergic inflammation 
before and during specific immunotherapy.

Material and Methods

Patients

Fifty patients (27 females and 23 males, aged 14–48 years) 
with respiratory allergy caused by pollens (seasonal aller-
gic rhinitis, seasonal allergic rhinoconjunctivitis and sea-
sonal stable bronchial asthma) were enrolled in this study 
(Table 1). The beginning of the study was after the pollen 
season. Patients with clinically manifest symptoms of bron-
chial asthma, atopic dermatitis or combination of these di-
agnoses were excluded. Eight healthy subjects (4 females, 
4 males, aged 23–48 years, without any allergic condition) 
served as controls. All included patients were non-smokers.

All patients had pollen allergy diagnosed according to their 
history, clinical evaluation, positive skin prick tests and the 
diagnosis was confirmed by specific IgE assay positive for at 
least 1 principal allergen. Before specific allergen immuno-
therapy all of them received symptomatic treatment in an 
outpatient unit for at least 1 year.

Treatment protocol

Subcutaneous allergen immunotherapy started at the end 
of the pollen season (middle October) with standard ini-
tial treatment regimen lasting 15–17 weeks. Treatment regi-
men was arranged as a prospective open randomized study. 
After the initial stage, therapy was continued with mainte-
nance doses applied every 4–6 weeks for the entire period of 
the study. Peripheral blood samples were taken outside the 
pollen season (start – middle October (M0), end of initial 
treatment – before the pollen season – January/February 
(M3), end of study – middle October next year – end of pol-
len season (M12). Effectiveness of the therapy was evalu-
ated by the visual analogue scale according to Wewers and 
Lowe [12]. The patients mark their own perception of re-
spiratory symptom severity (nasal allergic symptoms, asthma 
symptoms) in arbitrary units (0 = no complaint, 10 = intol-
erable complaints) on a 10-point horizontal scale.

The study was approved by Institutional Ethics Committee 
of the Medical School, Safarik University in Kosice and all 
patients gave informed consent.

Estimation of ROS in white blood cells

White cell lysates were prepared according to the standard 
dextran sedimentation method as described in Procházková 
and John [13] with slight modifications (60 min sedimen-
tation on dextran instead of 45 and a longer red cell lysis 
time as compared with the original protocol).

Oxygen free radical concentration from white cell lysates 
was assayed before the beginning of the therapy, after the 
standard initial treatment period (3 months) and at the 
end (1 year) of the treatment by an indirect colorimet-
ric method [14], commercially available as Free Radicals 
from Sevapharm (Czech Republic). The method is based 
on the ability of chlorophyllin (sodium-copper salt of chlo-
rophyll) to transfer and accept electrons from the sample, 
resulting in an increase of the absorbance at 450 nm. The 
results are calculated according to a calibration curve with 
known concentrations of Fe2+ (an electron donor) and ex-
pressed as mmol/l Fe2+.

Other assays

Immunoglobulins A, G, M, total IgE, subclasses IgG were an-
alyzed with Roche kits on Cobas Integra 800, IgG subclasses 

Number of patients 50

Average age (years) 23.4

Range (years) 14–48

Sex (m/f) 23/27

Seasonal allergic rhinitis 37

Seasonal allergic rhinitis with chronic cough 8

Seasonal allergic rhinitis whit stable 
bronchial asthma 5

Table 1. Basic characteristics of patients.
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with the Binding Site kits (Great Britain) on a Cobas Mira 
S analyzer and specific IgE with EAST Hycor kits on Hytec 
288 (Hycor Biomedicals, Germany).

Statistical methods

Statistical analysis was performed using the STATsDIRECT 
(version 2.5.2) software package. In addition to basic de-
scriptive statistics, Shapiro-Wilk test, paired T-test, one-way 
ANOVA and methods of linear regression and correlation 
were used.

results

Specific immunotherapy led to an overall and significant 
decrease of symptoms characteristic of upper airway aller-
gic inflammation, measured by the visual analogue scale 
(Figure 1). We found a significant increase in the free rad-
ical concentration during and after treatment in compari-
son to values before the treatment and to the control group 
(Table 2). However, from the broad dispersion of the data 
in the 2nd and 3rd measurement, it is obvious that the in-
crease was not general. In Table 3 there is an evaluation of 
the data according to the increase or decrease of the free 
radical concentration by more than 0.5 units.

Total IgE levels were increased in the third month after be-
ginning the therapy and had a tendency to return to the ini-
tial levels thereafter. Concentrations of IgM, IgA, IgG and 

subclasses of IgG were in the normal range in all patients 
during the whole treatment period and did not show any sig-
nificant changes, except of IgG3 (Table 4). Statistical anal-
ysis found a significant increase of IgG3 after initial treat-
ment and also 1 year after allergen immunotherapy. Linear 
correlation (before and after the treatment) in ROS and 
IgG3 was statistically significant (p<0.01). Although there 
were similar trends in the elevated ROS and elevated IgG3, 
these were not statistically significant.

discussion

Although allergic mechanisms such as the importance of 
Th1 and Th2 cells, cytokine regulation of the immune re-
sponse and specific inhibition or ablation of pathogenic im-
mune responses by means of tolerance induction are well 
studied, relatively little is known about mechanisms of oxi-
dant/antioxidant metabolism that can modify the course of 
allergic diseases. Allergen immunotherapy is the only stan-
dard therapy that influences the basic mechanisms of allergy. 
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Figure 1.  Visual analogue scale in M12 (p<0.01). (U – arbitrary units 
– see text).

Group FR, µmol/l Significance

Controls (n=8) 1.68±0.65

Before treatment (M0) 1.60±0.34

After 3rd month (M3) 2.02±0.80 M0/M3 – p<0.05

After 1 year (M12) 2.92±0.61 M0/M12 – p<0.01
M3/M12 – p<0.05

Table 2. Free radical concentration in white blood cells (n=50).

Change during treatment M3 M12

Increase >0.5 µmol/l  24 (48%)  28 (56%)

No change  19 (38%)  17 (34%)

Decrease >0.5 µmol/l  7 (14%)  5 (10%)

Table 3.  Changes in free radical concentration during and after 
immunotherapy (n=50).

Parameter M0 (g/l) M3 (g/l) M12 (g/l)

IgE  299.6±64.4  326.9±73.2**  250.6±58.5**

IgM  1.34±0.69  1.29±0.63  1.33±0.67

IgA  2.38±0.88  2.36±0.87  2.35±0.89

IgG (total)  11.15±2.42  11.44±2.21  11.54±1.79

IgG1  5.71±1.41  5.62±1.35  5.8±1.12

IgG2  4.21±1.59  4.15±1.49  4.1±1.5

IgG3  0.77±0.32  0.87±0.33**  0.88±0.41*

IgG4  0.46±0.34  0.46±0.33  0.41±0.24

Table 4. Basic immunological parameters (n=50, ** p<0.01, * p<0.05).
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However, the specific mechanisms by which allergic inflam-
mation is attenuated by this type of therapy are still unclear.

Direct assessment of free radical production under com-
mon clinical laboratory conditions is not possible. The col-
orimetric method is based on the ability of chlorophyllin 
to accept electrons, with subsequent change of its absor-
bance. According to Votruba et al. [14] the results of this 
simple and indirect method are in good agreement with 
direct electron paramagnetic resonance (EPR) measure-
ments. The method is designed to carry out measurements 
from blood serum or urine, but according to the manufac-
turer, measurements from other types of biological material 
are also possible. This is the first report on the application 
of the colorimetric free radical assay in white cell lysates in 
general and specially for monitoring therapy effectiveness 
in allergic patients.

We observed changes in oxidative mechanisms under the 
AIT, and in concordance with the previously published re-
port [10] we postulate that AIT works at multilayer levels 
and that it influences allergic inflammation.

In this preliminary study we observed an unexpected in-
crease of the free radical formation in about half of the pa-
tient treated by specific immunotherapy. However, this in-
crease is not necessarily in conflict with the apparent better 
clinical outcome as judged from the results of the visual an-
alogue scale. The notion that disease is always associated 
with increased free radical production and decreased anti-
oxidant system activity, and that successful therapy amelio-
rates these changes, is a mechanistic simplification. Mates 
et al [4] in a similar study observed an increase of 3 antiox-
idant enzyme activity (manganese, zinc-copper superoxide 
dismutase and catalase) in white cells of patients with air-
way allergic disease but a decrease of another key antioxi-
dant enzyme, selenium glutathione peroxidase. Another in-
teresting possibility arises from the observation of Boldogh 
et al. [15] and Dharajiya et al. [16] who found that reactive 
oxygen species could be generated through NADPH oxi-
dase present in pollen. Both treatment regimens used in 
this study were realized by chemically modified pollen par-
ticles, and the possibility of persisting enzyme activity can-
not be excluded.

We have no reasonable explanation for subgroups with “no 
change” and “decreased” in Table 3. Such results need fur-
ther investigation in a larger and more exactly defined pro-
spective study. Hypothetically, oxidative stress is thought to 
be associated with many environmental and physiological 
factors such as genetics, weight, antioxidant micronutrient 
supplementation, age, passive smoking and unknown con-
ditions and comorbidities. From this point of view it is ev-
ident that our patient group is not homogenous. On the 
other hand, as can be seen from the basic features of the 
treated group, our patients were quite young (average age 
of 24 years) and apart from their allergic disease they are in 
good general condition. Even so, the relationship between 
allergen immunotherapy and oxidative stress might be in-
fluenced by these variables.

Total IgE levels rose immediately after the onset of AIT, fol-
lowed by a gradual decrease as the therapy was continued. 
The first mention of such change was already suggested by 

Sherman, Stull, and Cooke in 1940 and was confirmed af-
ter the discovery of IgE [17].

IgG 3 subclass deficiency is closely associated with recurrent 
upper and lower respiratory infections, particularly in pa-
tients with respiratory allergy [18,19]. IgG3 is the predomi-
nant subclass involved in primary immune response to viral 
antigens, to M. Catarrhalis and S. pyogenes [20,21], as well as 
atypical pathogen infections and the exacerbations of asth-
ma symptoms [19]. We did not find IgG3 deficiency, but the 
statistically significant increase after allergen immunother-
apy could support several clinical findings that patients af-
ter such treatment better tolerate respiratory infections, 
not only due to suppression of allergic Th2 inflammation, 
but also due to changes in immune regulation (increased 
ROS in leukocytes, increased IgG3). Increased ROS sup-
port phagocytic activity of leukocytes, and IgG3 binding to 
human alveolar macrophages improves a possible benefit 
of IgG3 antibodies in antibody-mediated phagocytosis of 
pathogens [22]. In addition, while allergen immunother-
apy is thought to normalize the Th1/Th2 balance by de-
pressing Th2, such a Th1 immune response should be asso-
ciated with production of the IgG2a, IgG2b and IgG3 [23].

conclusions

The results of our study show that oxidant/antioxidant me-
tabolism could modify the course of allergic diseases. We 
observed changes in oxidative mechanisms in white blood 
cells of patients treated with AIT. Allergen immunotherapy 
works at multilayer levels and influences airway inflamma-
tion as well as the protective antimicrobial defense in treat-
ed patients. Due to the limited number of patients in the 
study, we are not able to confirm an additive effect of our 
results for creating laboratory monitoring criteria for aller-
gen immunotherapy. Further investigation of the mecha-
nisms involved in oxidative stress for laboratory monitor-
ing of therapeutic approaches in allergic diseases is needed.
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