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Abstract: A
 mbrosia artemisiifolia L. is a leading cause of allergies in many countries. In the last decade it has appeared and spread in Bulgaria
as well. The aims of this study was to collect pollen from ragweed plants in Bulgaria, prepare the first Bulgarian ragweed allergen, and
characterize it. The new allergen was studied in parallel with two other ragweed pollen extracts from the USA and Russia. The protein
profile was studied through isoelectric focusing, and the total allergen activity was studied by a skin prick test and a basophil activation test. The proteins of the studied extracts were concentrated in the pI region 3.5 – 5.5 with an identical band number and location.
The allergens showed similar total allergen activity in vivo:14/81 tested patients (17.3 %) were SPT positive either to a single ragweed
extract or to all three. The allergens had identical histogram profiles and caused basophil degranulation above the test cut-off. The
analysis of the flow cytometry results by parallel line bioassay shows linear dose-response relation between the extracts. The observed
immunological properties of the Bulgarian allergen from Ambrosia artemisiifolia provide a possibility to use this product for a reliable
diagnosis and effective specific immunotherapy of ragweed allergy in our country.
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1. Introduction
Common Ragweed (Ambrosia artemisiifolia L.) is
the most widespread weed in North America, where
it is a leading cause of allergies. Its pollen is highly
allergenic and very low concentrations, such as 5-10
pollen grains per cubic meter of air, are sufficient to
trigger allergic reactions in sensitive patients. Moreover,
every ragweed plant produces enormous quantities of
pollen compared to other grasses [1]. Ragweed was
accidentally introduced to Europe in the nineteenth
century and particularly during World War I. Having
encountered ideal conditions, it spread across the
continent, and thus caused a rapid increase in ragweed
allergy across Europe [2-4]. Before 1990, there was no
data about ragweed occurrence and ragweed allergy
in Bulgaria. In 1996, Yankova et al. [5] published the
results of a study on Ambrosia pollen concentration in
the air of Sofia. In the past decade, there were sufficient
data that low-grade ragweed colonization had started

in some areas of Bulgaria [7]. Moreover, the incidence
of ragweed sensitization in the Bulgarian population as
well as the clinical significance of ragweed pollinosis
slowly increased through the years [5,6].
The aims of this study were to collect pollen from
ragweed plants in Bulgaria, prepare the first Bulgarian
allergen extract from Ambrosia artemisiifolia L. and
assess its biochemical and immunological properties
using different in vivo and in vitro methods. The new
allergen was studied in parallel with two other extracts
prepared from ragweed pollen collected in different
geographic locations (USA and Russia).

2. Material and Methods
2.1. Allergen extracts

Ambrosia artemisiifolia L. pollen grains from three
different locations were used:
1.) Pollen obtained from Allergon AB, Sweden; batch N
020504802, collection area – Illinois, USA.
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2.) Pollen kindly provided by company “Allergen”,
Stavropol, Russia.
3.) Pollen collected in Bulgaria from ragweed plants
near Sofia. The classification of the plant was
confirmed at the Institute of Botany, Bulgarian
Academy of Sciences.
After a quality assessment of the raw materials according
the requirements of the European Pharmacopoeia [8],
three ragweed extracts were prepared: Amb a/US, Amb
a/RU, and Amb a/BG. The technological procedures for
pollen allergen preparation of the Laboratory of Allergy,
National Center of Infectious and Parasitic Diseases,
Sofia, were used.

2.5. Flow cytometry in vitro basophil activation
test (BAT)

2.2. Patients studied

2.6. Determination of in vitro total allergen
activity of extracts by Parallel line
bioassay

To assess total allergen activity with in vivo and in vitro
methods, 81 patients, consisting of 31 female and 50
male, ages 13 – 71 (mean age 32.5), were included in
this study. All patients showed sensitizations to grass
and/or weed pollen, and were enrolled after informed
consent.

2.3. Isoelectric focusing (IEF)

IEF was performed on an Ampholine PAG plate
(pH 3.5-9.5) (GE Healthcare) using a Multiphor
II electrophoresis system (LKB). Samples with a
concentration of 100 µg/ml allergen extract were
pre-focused at 200 V, 20 A, and 10 W. After that,
electrofocusing was performed at 1000 V, 50 A, and
30 W for 1 hr. The Isoelectric focusing calibration kit,
pH 3-10 (Pharmacia LKB), was included for isoelectric
point (pI) determination. After staining with Coomassie
Brilliant Blue, the distribution of proteins by pI and the
whole protein profile of the extracts were read.

2.4. Determination of total allergen activity
of extracts by an in vivo method of skin
allergometry

Over two consecutive years (2007 and 2008), the
extracts studied were applied simultaneously by skin
prick test (SPT) in concentrations of 1000 PNU/ml.
81 patients (42 in 2007 and 39 in 2008), sensitized
to grass and/or weed pollen, were tested. Histamine
hydrochloride (1 mg/ml) and saline solution were used
as positive and negative controls, respectively. The size
of the wheal and flare were measured 15-20 minutes
after pricking. The tests were considered positive if the
wheal diameter was greater than 3 mm [9] and the ratio
of allergen wheal size to histamine wheal size was equal
or exceeded 0.5 [10].
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The Flow cytometry method for quantitative determination
of allergen-specific basophil degranulation was used.
Sample preparations were performed according to
the kit instructions - BD Fast Immune test (BD). The
samples were analyzed by BD Canto II flow cytometer.
At least 1000 basophiles were acquired for each sample.
The degranulated basophils belong to the phenotype
CD63+CD123+HLA-DR- and the percentage of these
cells was measured by an FL1 histogram. Data over
the cut-off of 10% CD63+ basophils were accepted as
positive [11].

The relative in vitro total allergen activity of extracts
was determined using the Parallel line bioassay method
[12,13] and PLA 2.0 software. The percentage of the
basophil degranulation after activation with specified
working concentrations of the allergen – 30000, 3000
and 300 PNU/ml – was analyzed with this program.
Amb a/US was used as a yardstick. Tests of regression,
linearity, and parallelism were carried out.

3. Results
The results from IEF, presented in Figure 1, show
that each Ambrosia artemisiifolia L. extract, prepared
from pollen collected in different geographical regions,
contains at least 10 different proteins. The proteins
in every single ragweed extract are concentrated
predominately in the pI range of 3.5 – 5.5. In this pI
range, there is clear resemblance between the studied
allergen extracts, which demonstrate a similar protein
profile with identical protein band number and location.
However, Amb a/BG and Amb a/RU contain some
additional proteins in the pI region 5.20 – 6.55 which are
not present in Amb a/US extract.
Fourteen out of the 81 patients tested (17,3 %) were
SPT positive to the Ambrosia artemisiifolia allergen.
Thirteen patients were positive to Amb a /US, 12 to Amb
a /BG and 11 to Amb a/RU (Table 1). All ragweed extracts
under study showed similar total allergen activity in vivo
as they triggered the development of uniform (5 / 7 mm)
median wheal and flare after SPT.
Using a flow cytometry basophil activation test
we studied the ability of the Ambrosia artemisiifolia L.
allergens to induce basophil degranulation. Thus, we
determined the working dilutions for routine use of each
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Figure 1.

Isoelectric focusing of the studied allergen extracts from
Ambrosia artemisiifolia L.

Table
Year

1.
N tested

Positive SPT to different extracts from Ambrosia
artemisiifolia L.
Positive SPTN

positive
SPT
n /%

patients

Amb a

Amb a/US

Amb a/RU

Amb a/BG

2007

42

8 / 19,0

7

7

8

2008

39

6 / 15,3

6

4

4

Total

81

14 / 17,3

13

11

12

the cut-off of 10% CD63+ cells, while the data of
patients with positive SPT to ragweed were in the same
range above fixed threshold. The histogram profiles of
the allergens are very similar and there is considerable
overlap (Figure 2).
In order to determine the relative in vitro total
allergen activity of the studied extracts, the data
obtained were analyzed by Parallel line bioassay using
PLA 2.0 software. Amb a/US was used for reference.
The parallel line bioassay shows that the dose-response
relation is linear to the reference extract (Amb a / US) as
well as to the test extracts (Amb a/BG and Amb a/RU),
and the lines are parallel and have a common slope.
Therefore, the extracts compared (Amb a /RU and Amb
a /BG) pass all three bioassay tests: linearity, regression
and parallelism.
1. Isoelectric focusing calibration kit: amyloglucosidase – pI 3.50;
b-lactoglobulin A – pI 5.20; human carbonic anhydrase B – pI 6.55;
amyloglucosidase – pI 3.50; horse myoglobin-basic band – pI 7.35;
trypsinogen – pI 9.30 2. Amb a/US; 3. Amb a/BG; 4. Amb a/RU.

allergen under study. After titration of the extracts, the
specified working concentrations for all three allergens
were 30000, 3000 and 300 PNU/ml. The percentage
of degranulated basophils of all tested patients with
negative SPT to Ambrosia artemisiifolia L. was under
Figure 2.

4. Discusion
Since 1991, aeropalinological monitoring of ragweed
pollen grains in the air of Bulgaria has been set up.
Initially, it was assumed that the presence of Ambrosia
pollen in the air was probably the result of long-distance
transport [5]. In the years since, there has been an

Histogram profiles of Ambrosia artemisiifolia L. allergens in working dilutions 30000, 3000 and 300 PNU/ml.
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increase in the number of publications on the spread of
Ambrosia artemisiifolia L. in our country [6,7]. Therefore,
we located common ragweed plants near Sofia, collected
pollen from them, and prepared the first Bulgarian
allergen from Ambrosia artemisiifolia L. The allergen
was characterized by in vivo and in vitro methods and
was studied in parallel with two other common ragweed
extracts.
IEF shows that all three extracts, prepared from
pollen collected in different geographical regions, have
similar protein profiles with an identical protein band
number. However, Amb a/Bg and Amb a/Rus contain
some additional proteins in the pI region of 5.20 – 6.55,
which are not present in the Amb a/US extract. The
allergen potential of these proteins is unknown, but they
indicate some geographic variation in the protein profile
of each extract and confirm our preliminary results
that the pollen allergen extracts in Bulgaria should be
prepared from pollen collected in our geographic region
[14].
The observed sensitization to common ragweed in
Bulgaria (17.3 %) is similar to that in other European
countries [3,4]. All ragweed extracts under study showed
similar total allergen activity in vivo and most patients
showed moderate positive (3+) SPT reactions.

The percentage of basophil degranulation after
activation with the respective ragweed allergen was
comparable in all patients studied and the histogram
profiles of the allergens overlap. The data from the
parallel line bioassay showed that there was a linear
dose-response relationship between the studied
extracts. Since both extracts under comparison (Amb a /
RU and Amb a /BG) pass all three bioassay tests, i.e. for
linearity, for regression and parallelism, we can conclude
that they obtain similar relative potency in vitro.

5. Conclusion
The studied ragweed allergens, prepared from
Ambrosia artemisiifolia L. pollen collected from different
geographical areas, have similar protein profiles and
similar total allergenic activity. Considering, however,
the local climatic factors in Bulgaria and the fact that the
Bulgarian population is under the influence of the pollen
of Ambrosia artemisiifolia growing in Bulgaria, we opine
that the preparation of Ambrosia artemisiifolia allergen
from pollen collected in our country fully meets the
needs of Bulgarian allergy practice for reliable diagnosis
and effective specific treatment of ragweed allergy.
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