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Highlights:

What are the main findings?

• An IgE reactivity to ragweed pollen calcium-binding proteins (polcalcins) of 25% to rAmb a 9
and 35% to rAmb a 10 was found in a ragweed-allergic population from Romania;

• A strong cross-reactive behavior of rAmb a 9 and rAmb a 10 with rArt v 5 was found, and
patients positive to ragweed polcalcins tended to report rather severe respiratory symptoms.

What are the implications of the main findings?

• The higher IgE sensitization rate to ragweed polcalcins in western Romania may be due to
heavily invaded areas with ragweed as well as due to polcalcin cross-reactivity;

• Recombinant allergens are a useful tool to detect polcalcin sensitization in ragweed-allergic
patients, and ragweed polcalcins may be considered for inclusion in the molecular diagnosis.

Abstract: Ragweed pollen allergy is the most common seasonal allergy in western Romania. Pro-
longed exposure to ragweed pollen may induce sensitization to pan-allergens such as calcium-binding
proteins (polcalcins) and progression to more severe symptoms. We aimed to detect IgE sensitization
to recombinant Amb a 9 and Amb a 10 in a Romanian population, to assess their potential clinical
relevance and cross-reactivity, as well as to investigate the relation with clinical symptoms. rAmb
a 9 and rAmb a 10 produced in Escherichia coli were used to detect specific IgE in sera from 87
clinically characterized ragweed-allergic patients in ELISA, for basophil activation experiments and
rabbit immunization. Rabbit rAmb a 9- and rAmb a 10-specific sera were used to detect possible
cross-reactivity with rArt v 5 and reactivity towards ragweed and mugwort pollen extracts. The
results showed an IgE reactivity of 25% to rAmb a 9 and 35% to rAmb a 10. rAmb a 10 induced
basophil degranulation in three out of four patients tested. Moreover, polcalcin-negative patients
reported significantly more skin symptoms, whereas polcalcin-positive patients tended to report more
respiratory symptoms. Furthermore, both rabbit antisera showed low reactivity towards extracts
and showed high reactivity to rArt v 5, suggesting strong cross-reactivity. Our study indicated that
recombinant ragweed polcalcins might be considered for molecular diagnosis.

Keywords: respiratory allergy; ragweed pollen; calcium-binding proteins; recombinant allergens;
Amb a 9; Amb a 10; cross-reactivity
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1. Introduction

Ragweed (Ambrosia artemisiifolia) pollen is an important respiratory allergen with
a wide impact on public health [1,2]. Environmental factors such as climate change and
urbanization have led to the increased dispersal of ragweed throughout Europe [3,4],
with a constantly increasing prevalence of sensitized individuals in countries like
Romania in recent years [5–7]. Exposure to ragweed pollen in late summer and fall
induces symptoms of allergic rhinitis in sensitized patients and asthma twice as fre-
quently compared to other types of pollen [8,9]. Prolonged exposure to pollen may
cause pan-allergen sensitization, which is often related to disease severity [10,11]. Pan-
allergens (i.e., profilins and calcium-binding proteins) are usually minor allergens with
ubiquitous distribution in all plant families [12]. They are responsible for IgE cross-
reactivity with other allergen molecules within the family, due to the high similarity
of the protein structure [13,14]. Moreover, the IgE sensitization to calcium-binding
proteins from pollen (polcalcins) has been linked with the occurrence of asthma [15].
The molecules Amb a 9 (2-EF hand) and Amb a 10 (4-EF hand) are representative pan-
allergens in ragweed pollen and belong to the polcalcin family [16]. The IgE reactivity
to Amb a 9 and Amb a 10 has been reported to vary in different European countries,
ranging between 10% and almost 30% in some populations [16–18]. In Romania, there
is a lack of information regarding pan-allergen sensitization in the allergic population,
as well as regarding sensitization to polcalcins from ragweed pollen and other common
allergen sources.

Patients’ sensitization to pan-allergens represents a challenge in the diagnosis
of allergies due to potential cross-reactivities to homologous proteins, with potential
misdiagnosis as a consequence [12,19]. Thus, it is important to investigate the cross-
reactivity among polcalcins including Amb a 9 and Amb a 10. In general, cross-reactivity
between polcalcins has been intensely studied using representatives from common
allergen sources such as birch and timothy grass pollen (i.e., Bet v 4 and Phl p 7) [11,20,21].
Regarding the cross-reactivity of Amb a 9 and Amb a 10, limited cross-reactivity of these
two allergens with Phl p 7 and Bet v 4 has been reported [16]. Cross-reactivity of Amb a
9 or Amb a 10 with Art v 5 from mugwort has also been suggested [18], but more data
to confirm this is still missing. Besides ragweed, mugwort (Artemisia vulgaris) is also
an important allergen source in Romania [22] showing similarities with ragweed, and
cross-reactivity has already been proven between major and minor allergens of these
two weeds [23,24].

The lack of information regarding the cross-reactivity profile and clinical relevance
of Amb a 9 and Amb a 10, as well as the IgE sensitization in different populations,
highlight the need for more studies on this matter. This can be achieved by the expression
of recombinant proteins for diagnostic use, which offer the advantage of higher purity
compared to natural allergens [25]. Nowadays, commercial allergen extracts used for
diagnosis are still not standardized, and minor allergens such as polcalcins might be
underrepresented in these extracts due to degradation [18]. On the other hand, their
presence might pose a problem in the extract-based diagnosis for polcalcin-sensitized
patients due to cross-reactivity, which could obscure the genuine sensitizing source and
give false positive results [26]. Therefore, recombinant allergens provide an alternative
for the improvement of allergy diagnosis if clinical relevance is investigated. Also, the
use of recombinant allergens may help to test cross-reactivity such as that between Amb
a 9, Amb a 10, and Art v 5.

Our study aimed to determine the IgE sensitization rate to recombinant Amb
a 9 and Amb a 10 in a population from western Romania, and the potential clini-
cal relevance of these polcalcins, in order to improve the ragweed allergy diagnosis.
Furthermore, we aimed to investigate the association between sensitization to rag-
weed polcalcins and clinical symptoms, as well as potential cross-reactivity between
Amb a 9, Amb a 10, and Art v 5 by using rabbit antiserum. These findings may con-



Adv. Respir. Med. 2024, 92 220

tribute to the current knowledge regarding the importance of ragweed polcalcins in
allergy diagnosis.

2. Materials and Methods
2.1. Patients and Patients’ Sera

Patients (n = 87) with a conclusive history of allergy to ragweed pollen, determined
by reporting allergic symptoms such as rhinitis and conjunctivitis during ragweed pollen
season and by testing positive towards ragweed pollen extract in a skin prick test (SPT)
and/or specific IgE from serum, were included in this study. Other sensitizations to
common allergen sources were also assessed by SPT or IgE testing using allergen extracts.
Informed consent was obtained from all participants in this study before blood collection
and sera were stored at −80 ◦C until use. The study was approved by the local Ethics
Committee of Timis, County Emergency Clinical Hospital.

2.2. Expression of the Recombinant Polcalcins and Extract Preparation

Three constructs encoding for Amb a 9.0101, Amb a 10.0101, and Art v 5.0101
were designed for Escherichia coli expression based on the sequences accessed on the
WHO/IUIS Allergen Nomenclature database, www.allergen.org (accessed on 12 October
2022). Each construct, containing a C-terminal hexahistidine tag for purification pur-
poses, was inserted into the pET-27b vector (ATG biosynthetics, Merzhausen, Germany)
and transformed into the E. coli BL21 Gold (Agilent Technologies, Santa Clara, CA, USA)
competent cells by heat-shock. The protein expression was induced by the addition of
0.5 mM isopropyl-thiogalactopyranoside, IPTG (Carl Roth GmbH, Karlsruhe, Germany),
and the cells were disrupted by freeze–thaw cycles (3×). The proteins were found in the
supernatant and were further dialyzed against Lysis buffer containing 50 mM NaH2PO4,
300 mM NaCl, and 10 mM imidazole, pH 8, overnight at 4 ◦C. The proteins were purified
by nickel affinity chromatography according to the manufacturer’s recommendation
(Qiagen, Hilden, Germany). The purified proteins were further dialyzed in three steps
until reaching the final buffer containing 10 mM NaH2PO4, pH 8.5, and stored at −20 ◦C
until use.

Ragweed (Ambrosia artemisiifolia) and mugwort (Artemisia vulgaris) aqueous pollen
extracts were prepared by mixing 2 g of pollen (Allergon AB, Ängelholm, Sweden) with
20 mL of sterile phosphate-buffered saline (PBS) (Thermo Fischer Scientific, Waltham, MA,
USA) for 4 h at room temperature (RT), and centrifuged at 20.000× g, for 30 min, at 4 ◦C.
The obtained supernatant was dialyzed in PBS at 4 ◦C overnight and the extract was stored
at −20 ◦C until use.

2.3. IgE Reactivity towards Recombinant Amb a 9 and Amb a 10 in Ragweed-Allergic Patients

ELISA 96-well plates (MaxiSorp, Thermo Fischer Scientific, Waltham, MA, USA)
were coated with 5 µg/mL of recombinant (r) Amb a 9 and Amb a 10. The plates
were washed two times with PBS + 0.05% (v/v) Tween 20 and blocked for 2.5 h
with PBS + 0.05% (v/v) Tween 20 + 3% (w/v) Bovine Serum Albumin (BSA) at RT.
Ragweed-allergic patients’ sera (n = 87) were diluted 1:5 in PBS 0.05% + (v/v) Tween
20 + 0.5% (w/v) BSA and incubated at 4 ◦C overnight. After washing the plates, the
detection of bound IgE antibodies was performed using the 1:2500-diluted goat anti-
human IgE horseradish peroxidase (HRP)-labeled antibody (SeraCare, Milford, MA,
USA) for 45 min at 37 ◦C and 45 min at 4 ◦C. The plates were washed five times with
PBST and the color reaction was induced by adding 100 µL/well of staining solution
2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) diammonium salt, ABTS (Sigma
Aldrich, St. Louis, MO, USA), and 3 µL of H2O2 in 30 mL ddH2O. The absorbance
was measured at 405 nm (using 490 nm as a reference) on a microplate reader (Tecan
Infinite M200 Pro, Männerdorf, Switzerland). The threshold value was defined as mean
OD value plus the standard deviation (3 × SD) of five sera from ragweed non-allergic
patients. All measurements were performed in duplicates and the results are expressed
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as mean values. rAmb a 1.01 produced as described [27] was used to assess the IgE
reactivity of patients (n = 82) to the major allergen in the ragweed pollen, and the OD
values were included in Table S1.

2.4. Induction of Allergen-Specific IgG Response in Rabbits

The New Zealand White (NZW) female rabbits (n = 2 per allergen) were immunized
three times with 200 µg of rAmb a 9 or rAmb a 10 using Freund’s complete adjuvant
once, and twice using Freund’s incomplete adjuvant [28]. The second immunization was
administered 4 weeks after the first and the third immunization was administered 3 weeks
after the second immunization. The pre-immune serum (PIS) was collected at day 0, the
immune serum (IS) was collected 10 days after the second immunization, and the last
immune serum (final IS) was collected 10 days after the third immunization. This animal
study was approved by the Ethics Committee of the University of Agricultural Sciences
and Veterinary Medicine “King Michael I of Romania” from Timisoara.

The rAmb a 9- and rAmb a 10-specific IgG titer was determined in ELISA, as
previously described. Rabbit sera (PIS, IS, and final IS) were added to the plate in
6 different dilutions (1 × 103–1 × 108) and incubated overnight at 4 ◦C. Bound IgGs
were detected using 100 µL/well of HRP-labeled donkey anti-rabbit IgG (GE Healthcare,
Chicago, IL, USA) diluted 1:2000. The color reaction was induced as described in
Section 2.3. All measurements were performed in duplicates and displayed as mean
values. rAmb a 9-specific serum and rAmb a 10-specific serum from one rabbit were
used for further experiments. The IgG induction to the second rabbit was included in
Supplementary Figure S1.

2.5. Detection of Potential Cross-Reactivity towards Ragweed and Mugwort Polcalcins and
Extracts in ELISA

Cross-reactivity was investigated in ELISA, as described before, and the differences
are mentioned here in short. The ELISA plates were coated with 50 µg/mL of ragweed
or mugwort pollen extract and 5 µg/mL of either rAmb a 9, rAmb a 10, rArt v 5, or BSA.
Rabbit rAmb a 9- and rAmb a 10-specific final IS and PIS for control purposes were diluted
1:1000 and added to the plates. Detection and measurements were performed as mentioned
above. OD values of the rabbit PIS were subtracted from the IS.

2.6. β-Hexosaminidase Release Assay Using Human Rat Basophil Leukemia Cells

Rat basophil leukemia (huRBL) RS-ATL8 cells, transfected to express the human
high-affinity IgE receptor on their surface [29], were cultivated and plated, as previously
described [30]. The cells were loaded with 1:10-diluted patient serum from five ragweed-
allergic patients, two sensitized to rAmb a 9 (OD ≥ 0.4) and four patients sensitized to
rAmb a 10 (OD ≥ 0.4), and incubated overnight at 37 ◦C, 5% CO2. After washing the plate
with Tyrode’s buffer prepared with Tyrode’s Salts (Sigma-Aldrich, Vienna, Austria) and
NaHCO3 (1.0 g/L), the cells were stimulated with 6 different concentrations of rAmb a 9
and rAmb a 10 (starting at 0.01 up to 1000 ng/mL). The detection of the β-hexosaminidase
release was evaluated by the addition of 4-Muc (Sigma Aldrich, Vienna, Austria). The
measurements were performed in triplicates at 360 nm excitation and 465 nm emission
using a microplate reader (Varioskan LUX, Thermo Fisher Scientific, Waltham, MA, USA).
The results are shown as the percentage of the total β-hexosaminidase release (induced
by the addition of 10% Triton to disrupt the cells). All measurements were performed in
triplicates and are displayed as the mean ± SD.
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2.7. Statistical Analysis

The statistical analysis in this study was performed with SPSS (Version 20.0, SPSS Inc.,
Chicago, IL, USA). The Shapiro–Wilk test was used to test the OD values obtained in ELISA
on each allergen for normal distribution. The Wilcoxon test was used to compare the OD
values of paired samples for rAmb a 9 and rAmb a 10. The chi-square test was used to
assess symptom associations in the patients positive and negative to polcalcins. p < 0.05
levels were considered statistically significant.

3. Results
3.1. Patients’ Clinical Characterization

This study investigated 87 ragweed-allergic patients, 48 males and 39 females aged
between 18 and 64 years, regarding the symptoms reported during the ragweed pollen
season, and the sensitization profiles to other allergen sources confirmed by SPT/IgE tests
(Tables 1 and S1). All patients reported symptoms of rhinitis, 99% reported symptoms
of conjunctivitis, 67% reported asthma-like symptoms, and 22% reported skin symptoms.
Rhinitis included nasal symptoms such as rhinorrhea, obstruction, pruritus, and sneezing;
conjunctivitis included symptoms such as ocular pruritus, irritation, and tearing; asthma-
like symptoms were referred to as chest constriction, dyspnea, wheezing, and dry cough;
skin symptoms comprised rash, pruritus, and irritation of the skin. Based on the clinical
characterization of the patients, 34% were considered sensitized only to ragweed pollen,
whereas two thirds (66%) were sensitized to other common allergen sources. The allergen
sources most prevalent in our study are grass pollen (39%), followed by house dust mites
(30%), mugwort pollen (21%), tree pollen (17%), animal dander (11%), and fungi (6%)
(Tables 1 and S1).

Table 1. The prevalence of allergic symptoms and other sensitizations of ragweed-allergic patients.

Patients, no. 87
Sex male/female, no. 48/39
Age range (median) 18–64 (34)
Prevalence of symptoms (%)
Symptoms of rhinitis 100
Symptoms of conjunctivitis 99
Asthma-like symptoms 67
Skin symptoms 22
Sensitized only to ragweed pollen (%) 34
Other sensitizations (%)
Grass pollen 39
House dust mites 30
Mugwort pollen 21
Tree pollen 17
Animal dander (cat and dog) 11
Fungi 6

3.2. Detection of Specific IgE to rAmb a 9 and rAmb a 10

The IgE reactivity to ragweed polcalcins, rAmb a 9, and rAmb a 10 was evaluated
by ELISA (Table S1) and displayed in Figure 1. The results show that 25.3% of the study
population were reactive to rAmb a 9 and 35.6% were reactive to rAmb a 10. The data
were not normally distributed in our study population to either rAmb a 9 or rAmb a 10.
Statistically significant differences were found between the OD values for rAmb a 9 and
rAmb a 10 with higher IgE values for rAmb a 10 (Z = −6.759, p < 0.001). Furthermore, all
tested patients showed IgE reactivity to rAmb a 1.01 (Table S1).
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lease between 24–35% at the highest allergen concentration (1000 ng/mL) (Figure 2). rAmb 
a 9 induced a low β-hexosaminidase release in patient #82, with a maximum β-hex-
osaminidase release of 16% when cells were stimulated with 10 ng/mL of rAmb a 9, 
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Figure 1. IgE reactivity to ragweed polcalcins (a) rAmb a 9 and (b) rAmb a 10, as determined in
ELISA with sera from patients allergic to ragweed pollen (n = 87). The optical density values (OD
405 nm) reflect the levels of IgE antibodies (y-axes). The cut-off for rAmb a 9 (0.091) and rAmb a 10
(0.132) is indicated by a dashed line.

3.3. Allergenic Activity of rAmb a 9 and rAmb a 10 in Basophil Activation Test

The evaluation of the allergenic activity in a mediator release assay showed that rAmb a
10 induced a dose-dependent β-hexosaminidase release in three out of four rAmb a 10-positive
patients (patients #42, #60, and #86) with a maximum β-hexosaminidase release between
24–35% at the highest allergen concentration (1000 ng/mL) (Figure 2). rAmb a 9 induced a low
β-hexosaminidase release in patient #82, with a maximum β-hexosaminidase release of 16%
when cells were stimulated with 10 ng/mL of rAmb a 9, whereas patient #75, sensitized to
both allergens, showed almost no degranulation to either rAmb a 9 or rAmb a 10 (Figure 2).
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Figure 2. Evaluation of the allergenic activity of ragweed polcalcins in the mediator release assay.
Sera from five ragweed-allergic patients were loaded to the huRBL cells and stimulated with different
concentrations of rAmb a 9 and rAmb a 10 (x-axes). The release of the β-hexosaminidase is expressed
as a percentage of the total mediator release +/− SD (y-axes.).
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3.4. Association of the Clinical Symptoms with the IgE Response to Ragweed Polcalcins

We investigated whether there is a difference among the ragweed polcalcin-positive
patients (positive to one or both polcalcins, n = 40) and polcalcin-negative patients (n = 47)
regarding the symptom profile. In the polcalcin-positive group, 97.5% of the patients
reported symptoms of conjunctivitis, 75% reported asthma-like symptoms, and 10% re-
ported skin symptoms, whereas in the polcalcin-negative group, 100% of patients reported
symptoms of conjunctivitis, 59.6% reported asthma-like symptoms, and 31.9% reported
skin symptoms (Figure 3a). All patients reported symptoms of rhinitis. Further, the patients
were grouped based on the number of the aforementioned allergy symptoms reported
during ragweed pollen season (one, two, three, or four). In the polcalcin-positive group,
27.5% of the patients reported two symptoms, 62.5% reported three symptoms, and 10%
reported four symptoms, whereas in the polcalcin-negative group, 34% reported two symp-
toms, 40.4% reported three symptoms, and 25.5% reported four symptoms (Figure 3b).
Significant differences were found in the two groups regarding patients reporting skin
symptoms (χ2 = 4.587, p < 0.05) (Figure 3a). No significant differences were found re-
garding asthma-like symptoms between the two groups, but polcalcin-positive patients
reported more asthma-like symptoms (Figure 3a). Also, no statistically significant differ-
ences were found in either group regarding the reported number of symptoms. However,
more polcalcin-positive patients reported three symptoms.
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Figure 3. Association of ragweed polcalcin sensitization with clinical symptoms. The relation between
(a) the prevalence of different allergy symptoms and (b) the number of symptoms (x-axes), and the
reactivity towards either rAmb a 9 or rAmb a 10 is displayed as percentages of patients (y-axes).
* p < 0.05.

3.5. Detection of rAmb a 9- and rAmb a 10-Specific IgG Antibodies in Rabbit Serum and Reactivity
to Weed Pollen Extracts and Polcalcins

The immunization of rabbits with rAmb a 9 and rAmb a 10 induced a high allergen-
specific IgG response (Figure 4). rAmb a 9-specific IgG antibodies were detected in rabbit
IS and final IS with the highest IgG response at 1:1000 dilution (OD = 2.01), with the signal
detected down to 1:1,000,000 dilution (OD = 0.33), contrary to rabbit PIS (Figure 4a). rAmb
a 10-specific IgG antibodies were detected in rabbit IS and final IS with similar IgG levels.
The highest IgG response was found at 1:1000 dilution (OD = 2.35), with the signal detected
down to 1:1,000,000 in rabbit IS and final IS (OD = 0.22), but not in PIS (Figure 4b). A similar
IgG induction was found in the second rabbit immunized with rAmb a 9 and in the rabbit
immunized with rAmb a 10 (Figure S1).
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Figure 4. The immune response of rabbits immunized with rAmb a 9 or rAmb a 10. Rabbit pre-
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respectively. The levels of rAmb a 9- and rAmb a 10-specific IgG antibodies correspond to the optical 
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The rAmb a 9-specific serum reacted with rAmb a 9 and rArt v 5 to the same extent 
(OD = 2.69) and with rAmb a 10 to a lower extent (OD = 2.02) (Figure 5a). The reactivity of 
the rAmb a 9-specific serum was low towards ragweed pollen extract (OD = 0.22) and 

Figure 4. The immune response of rabbits immunized with rAmb a 9 or rAmb a 10. Rabbit pre-
immune serum (PIS), immune serum (IS), and final immune serum (final IS) from rabbits immunized
with (a) rAmb a 9 and (b) rAmb a 10 were tested in ELISA against rAmb a 9 and rAmb a 10,
respectively. The levels of rAmb a 9- and rAmb a 10-specific IgG antibodies correspond to the optical
density values (OD 405 nm, y-axes).

The rAmb a 9-specific serum reacted with rAmb a 9 and rArt v 5 to the same extent
(OD = 2.69) and with rAmb a 10 to a lower extent (OD = 2.02) (Figure 5a). The reactivity
of the rAmb a 9-specific serum was low towards ragweed pollen extract (OD = 0.22) and
mugwort pollen extract (OD = 0.14), respectively (Figure 5a). The rAmb a 10-specific rabbit
serum showed the highest reactivity towards rAmb a 10 (OD = 2.84), followed by rArt v
5 (OD = 2.57) and rAmb a 9 (OD = 2.42). The reactivity of the rAmb a 10-specific serum
to ragweed pollen extract was slightly higher (OD = 0.31) than in the case of the rAmb a
9-specific serum, but lower to mugwort pollen extract (OD = 0.05) (Figure 5b). No reactivity
was found towards BSA.
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to the levels of specific IgG antibodies (y-axes).
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4. Discussion

Ragweed pollen is a major health problem in Romania, considered the main cause of
allergic rhinitis in patients with seasonal allergies, with a highly variable prevalence rate of
ragweed sensitization reported in different regions of Romania in the last five years, i.e., 4% in
the central region, 18% in the north-western region [31], 24% in the south-eastern region [32],
and 48% in southern Romania [33]. Among all the identified ragweed pollen allergens, two
belong to the family of polcalcins: Amb a 9 and Amb a 10. The polcalcins are known pan-
allergens with ubiquitous distribution in different plants which cross-react with homologous
allergens from other sources [12]. However, information regarding the cross-reactivity of
Amb a 9 and 10 is still missing, and IgE reactivity to these polcalcins has been reported to
vary in different populations [16]. Our study aimed to identify the IgE reactivity to rAmb a 9
and rAmb a 10 in a population of ragweed-allergic patients from western Romania, an area
heavily affected by ragweed, to evaluate the potential clinical relevance of these polcalcins
and cross-reactivity in order to improve the molecular diagnosis of ragweed allergy.

The evaluation of IgE sensitization towards rAmb a 9 and rAmb a 10 in a ragweed-allergic
population from western Romania showed an IgE reactivity of 25% to rAmb a 9 and 35% to
rAmb a 10, respectively (Figure 1, Table S1). The high IgE reactivity to rAmb a 1.01 in the tested
patients (n = 82, Table S1) indicates genuine ragweed sensitization, and none of these patients
were monosensitized to ragweed polcalcins. Although our study found a high IgE reactivity
to polcalcins rAmb a 9 and rAmb a 10 in the ragweed-allergic population, the patients positive
to rAmb a 9 showed a low signal (mean OD value in positive patients = 0.166), whereas in
rAmb a 10-positive patients the signal was significantly higher (mean value = 0.322). A similar
report investigating the IgE sensitization to rAmb a 9, rAmb a 10, and rArt v 5 found a higher
IgE reactivity in an Italian population to these polcalcins (21–28%) compared to an Austrian
population (around 10%), but the ELISA signal was weaker in the Italian group [16]. However,
differences in the IgE sensitization to polcalcins have been reported before due to geographical
locations and different populations [13,34]. The higher IgE reactivity in countries such as
Romania and Italy may be due to the heavily infested areas with ragweed. Previous studies
found that the areas most affected by ragweed invasion in Europe are the Pannonian Plain,
especially Hungary and Romania, the Rhône Valley, and northern Italy [1]. This information
may explain the higher IgE reactivity in countries like Romania and Italy compared to Austria.
Interestingly, similar findings were observed in the case of the polcalcin Bet v 4, with varying
IgE prevalence ranging between 5 and 11% in patients from Northern and Central Europe
compared to 27% in Italy [35], suggesting that polcalcin cross-reactivity may also play a role
in higher IgE reactivity.

When testing the allergenic activity, we found that rAmb a 10 induced β-hexosaminidase
release in most of the patients tested, with a peak of 35% at the highest concentration of rAmb a
10 (Figure 2), indicating the potency of rAmb a 10 is not that strong and that only high concen-
trations of rAmb a 10 may induce basophil activation. rAmb a 9 induced low degranulation in
two patients tested, indicating the weaker allergenic activity of this allergen. However, these
patients were selected based on their higher IgE values to rAmb a 9 and rAmb a 10; thus, when
testing patients with lower OD values, we may not obtain similar results, and to prove their
clinical relevance, more patients with different reactivities and from different populations need
to be tested. Therefore, we further investigated the symptom profiles of patients to see if any
differences were to be found in the polcalcin-sensitized patients (Figure 3). Interestingly, we
found that patients that tested negative to ragweed polcalcins reported significantly more skin
symptoms compared to patients that tested positive to polcalcins, indicating these symptoms
were not associated with IgE recognition to ragweed polcalcins and therefore might be associ-
ated with other ragweed allergens. Although no statistically significant differences were found
regarding asthma-like symptoms, patients sensitized to ragweed polcalcins tended to report
more asthma-like symptoms compared to the negative group (75% vs. 59%). Also, more than
half (62%) of the polcalcin-sensitized patients tended to report three types of symptoms, i.e.,
rhinitis, conjunctivitis, and asthma-like symptoms, indicating that polcalcin-positive patients
suffer from respiratory symptoms rather than skin symptoms.
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Immunization of NZW rabbits with rAmb a 9 and rAmb a 10 induced a high IgG
titer against these allergens. Using the rabbit rAmb a 9- and rAmb a 10-specific serum, we
evaluated the potential cross-reactivity between rAmb a 9, rAmb a 10, and rArt v 5. The results
demonstrated that the rAmb a 10-specific serum was able to detect rAmb a 9 and rArt v 5,
while the rAmb a 9-specific serum was able to react to the same extent towards rAmb a 10 and
rArt v 5, indicating strong cross-reactive behavior between these allergens, especially between
rAmb a 9 and rArt v 5, which are known to share 80% homology of the sequence [1]. These
findings may also explain the higher IgE reactivity to ragweed polcalcins in our area. Exposure
to pollen in western Romania is not limited to ragweed but also includes other allergen sources
common in this area, such as mugwort, birch, and grasses [22] (Tables 1 and S1), which are
known to contain polcalcins. Hence, patients in our study cohort may be co-sensitized to
other polcalcins besides ragweed polcalcins or may cross-react with the latter. Interestingly,
an important number of patients in our study were monosensitized to ragweed pollen (34%,
Table 1), similar to previous findings in the western region (29–37%) [7,36], while populations
from other regions reported less ragweed monosensitization in north-western (27%) and
central Romania (20%) [31]. However, more studies in these regions, including a larger
number of patients, are needed to confirm these differences.

Furthermore, testing the rabbit rAmb a 9-specific serum and rAmb a 10-specific
serum with ragweed and mugwort pollen extracts revealed low reactivity, indicating a
low concentration of these polcalcins in the extract (Figure 5). Our findings confirm the
drawbacks of using commercial allergen extracts in the diagnosis and treatment of allergies,
due to the low concentration or even lack of some allergens in these extracts [26,37].

Although the clinical relevance of rAmb a 9 and rAmb a 10 has not been proven
and more studies are needed in this direction, we found a strong cross-reactive behavior
between ragweed polcalcins and rArt v 5, especially between rAmb a 9 and rArt v 5.
These findings are important for our region, where mugwort is also an important allergen
source. Moreover, both ragweed and mugwort have the same flowering season (August–
September), which makes it difficult to distinguish between genuine ragweed or mugwort
allergy when using allergen extracts. Therefore, to improve the accuracy of the allergy
diagnosis, we suggest including ragweed pollen calcium-binding proteins in the molecular
diagnosis to prevent incorrect diagnosis and treatment recommendations.

5. Conclusions

Our study found a high IgE sensitization rate to rAmb a 9 and rAmb a 10 in a
population from western Romania, possibly due to the abundance of ragweed in this region
and to polcalcin-related cross-reactivity with other pollens. We observed that patients who
tested negative to polcalcins reported more skin symptoms, whereas patients who tested
positive to polcalcins tended to report more respiratory symptoms.

A strong cross-reactive behavior of rAmb a 9 and rAmb a 10 was found towards rArt
v 5, and pollen extracts seem to contain low amounts of Amb a 9 and Amb a 10. Therefore,
recombinant ragweed polcalcins may be considered for the detection of specific IgE and
cross-reactivity in ragweed allergy diagnosis.
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IgE reactivity towards ragweed polcalcins.

Author Contributions: Conceptualization, L.-E.Z.; methodology, L.-E.Z., M.-R.B. and C.B.V.; formal
analysis, M.G.; investigation, L.-E.Z., M.G., T.-P.T., M.-R.B. and C.B.V.; resources, V.P., I.H. and C.P.;
writing—original draft preparation, L.-E.Z.; writing—review and editing, M.-R.B., M.G., T.-P.T.,
C.B.V., I.H., V.P., C.P. and K.-W.C.; data curation, L.-E.Z.; visualization, L.-E.Z.; supervision, K.-W.C.
and C.P.; project administration, C.P. and K.-W.C. All authors have read and agreed to the published
version of the manuscript.

https://www.mdpi.com/article/10.3390/arm92030022/s1
https://www.mdpi.com/article/10.3390/arm92030022/s1


Adv. Respir. Med. 2024, 92 228

Funding: This study was supported through the project Innovative Strategies for Prevention, Diagnosis,
and Therapy of Ragweed Pollen Induced Respiratory Diseases (INSPIRED, My SMIS 103663, COP
2014-2020 92/09.09.2016, P_37_747). We would like to acknowledge Victor Babes University of Medicine
and Pharmacy Timisoara for their support in covering the costs of publication for this research paper.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Local Ethics Committee of the County Emergency Clinical Hospital
“Pius Brînzeu”, Timis, oara, Romania (ethical approval number 102, 10.01.2017). The animal study and
polyclonal antibody production were obtained in the Experimental Unit of the University of Life
Science “King Michael I” from Timisoara (currently University of Life Sciences “King Michael I”),
under ethical statement number 40/2/28.07.2017 and project authorization no. 001/25.09.2017 issued
by the Romanian Veterinary Authority.

Informed Consent Statement: Written informed consent was obtained from all subjects before
enrolment in the study.

Data Availability Statement: All data are contained in the present article or in the Supplementary
Materials.

Acknowledgments: The authors thank Ryosuke Nakamura for the kind donation of the huRBL
ATL-8 cell line used in this study.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of data; neither in the writing of the
manuscript; nor in the decision to publish these results.

References
1. Chen, K.-W.; Marusciac, L.; Tamas, P.T.; Valenta, R.; Panaitescu, C. Ragweed Pollen Allergy: Burden, Characteristics, and

Management of an Imported Allergen Source in Europe. Int. Arch. Allergy Immunol. 2018, 176, 163–180. [CrossRef] [PubMed]
2. Montagnani, C.; Gentili, R.; Smith, M.; Guarino, M.F.; Citterio, S. The Worldwide Spread, Success, and Impact of Ragweed

(Ambrosia spp.). CRC Crit. Rev. Plant Sci. 2017, 36, 139–178. [CrossRef]
3. Rasmussen, K.; Thyrring, J.; Muscarella, R.; Borchsenius, F. Climate-Change-Induced Range Shifts of Three Allergenic Ragweeds

(Ambrosia L.) in Europe and Their Potential Impact on Human Health. PeerJ 2017, 5, e3104. [CrossRef] [PubMed]
4. Lu, S.; Luo, X.; Han, L.; Yang, J.; Jin, J.; Yang, J. Genetic Patterns Reveal Differences between the Invasion Processes of Common

Ragweed in Urban and Non-Urban Ecosystems. Glob. Ecol. Conserv. 2022, 38, e02214. [CrossRef]
5. Tamas, , T.-P.; Buzan, M.-R.; Zbîrcea, L.-E.; Cotarcă, M.-D.; Grijincu, M.; Păunescu, V.; Panaitescu, C.; Chen, K.-W. Ragweed Major

Allergen Amb a 11 Recombinant Production and Clinical Implications. Biomolecules 2023, 13, 182. [CrossRef]
6. Grijincu, M.; Hut,u, I.; Weber, M.; Babaev, E.; Stolz, F.; Valenta, R.; Păunescu, V.; Panaitescu, C.; Chen, K.-W. Physicochemical and

Immunological Characterization of Amb a 12, a Novel Ragweed (Ambrosia artemisiifolia) Pollen Allergen. Mol. Immunol. 2023, 157,
18–29. [CrossRef]

7. Haidar, L.; Tamas, T.-P.; Stolz, F.; Petrisor Patrascu, R.F.; Chen, K.-W.; Panaitescu, C. Symptom Patterns and Comparison of
Diagnostic Methods in Ragweed Pollen Allergy. Exp. Ther. Med. 2021, 21, 525. [CrossRef] [PubMed]

8. D’Amato, G.; Cecchi, L.; Bonini, S.; Nunes, C.; Annesi-Maesano, I.; Behrendt, H.; Liccardi, G.; Popov, T.; Van Cauwenberge, P.
Allergenic Pollen and Pollen Allergy in Europe. Allergy 2007, 62, 976–990. [CrossRef] [PubMed]

9. Dahl, Å.; Strandhede, S.-O.; Wihl, J.-Å. Ragweed—An Allergy Risk in Sweden? Aerobiologia 1999, 15, 293–297. [CrossRef]
10. McKenna, O.E.; Asam, C.; Araujo, G.R.; Roulias, A.; Goulart, L.R.; Ferreira, F. How Relevant Is Panallergen Sensitization in the

Development of Allergies? Pediatr. Allergy Immunol. 2016, 27, 560–568. [CrossRef]
11. Matricardi, P.M.; Kleine-Tebbe, J.; Hoffmann, H.J.; Valenta, R.; Hilger, C.; Hofmaier, S.; Aalberse, R.C.; Agache, I.; Asero, R.;

Ballmer-Weber, B. EAACI Molecular Allergology User’s Guide. Pediatr. Allergy Immunol. 2016, 27, 1–250. [CrossRef] [PubMed]
12. Hauser, M.; Roulias, A.; Ferreira, F.; Egger, M. Panallergens and Their Impact on the Allergic Patient. Allergy Asthma Clin. Immunol.

2010, 6, 1. [CrossRef] [PubMed]
13. Wallner, M.; Ferreira, F.; Hofer, H.; Hauser, M.; Mahler, V.; Kleine-Tebbe, J. The Concept of Pollen Panallergens: Profilins and Polcalcins

BT—Molecular Allergy Diagnostics: Innovation for a Better Patient Management; Kleine-Tebbe, J., Jakob, T., Eds.; Springer International
Publishing: Cham, Switzerland, 2017; pp. 43–56. ISBN 978-3-319-42499-6.

14. Valenta, R.; Hayek, B.; Seiberler, S.; Bugajska-Schretter, A.; Niederberger, V.; Twardosz, A.; Natter, S.; Vangelista, L.; Pastore,
A.; Spitzauer, S. Calcium–Binding Allergens: From Plants to Man. Int. Arch. Allergy Immunol. 1998, 117, 160–166. [CrossRef]
[PubMed]

15. Scala, E.; Abeni, D.; Asero, R. Disease-Specific Molecular Profiles Highlighted by Radar Graphic Display. Int. Arch. Allergy
Immunol. 2020, 181, 536–539. [CrossRef] [PubMed]

16. Wopfner, N.; Gruber, P.; Wallner, M.; Briza, P.; Ebner, C.; Mari, A.; Richter, K.; Vogel, L.; Ferreira, F. Molecular and Immunological
Characterization of Novel Weed Pollen Pan-allergens. Allergy 2008, 63, 872–881. [CrossRef] [PubMed]

https://doi.org/10.1159/000487997
https://www.ncbi.nlm.nih.gov/pubmed/29788026
https://doi.org/10.1080/07352689.2017.1360112
https://doi.org/10.7717/peerj.3104
https://www.ncbi.nlm.nih.gov/pubmed/28321366
https://doi.org/10.1016/j.gecco.2022.e02214
https://doi.org/10.3390/biom13010182
https://doi.org/10.1016/j.molimm.2023.03.012
https://doi.org/10.3892/etm.2021.9957
https://www.ncbi.nlm.nih.gov/pubmed/33815598
https://doi.org/10.1111/j.1398-9995.2007.01393.x
https://www.ncbi.nlm.nih.gov/pubmed/17521313
https://doi.org/10.1023/A:1007678107552
https://doi.org/10.1111/pai.12589
https://doi.org/10.1111/pai.12563
https://www.ncbi.nlm.nih.gov/pubmed/27288833
https://doi.org/10.1186/1710-1492-6-1
https://www.ncbi.nlm.nih.gov/pubmed/20298513
https://doi.org/10.1159/000024005
https://www.ncbi.nlm.nih.gov/pubmed/9935306
https://doi.org/10.1159/000507217
https://www.ncbi.nlm.nih.gov/pubmed/32434187
https://doi.org/10.1111/j.1398-9995.2008.01635.x
https://www.ncbi.nlm.nih.gov/pubmed/18588553


Adv. Respir. Med. 2024, 92 229

17. Gadermaier, G.; Wopfner, N.; Wallner, M.; Egger, M.; Didierlaurent, A.; Regl, G.; Aberger, F.; Lang, R.; Ferreira, F.; Hawranek, T.
Array-based Profiling of Ragweed and Mugwort Pollen Allergens. Allergy 2008, 63, 1543–1549. [CrossRef] [PubMed]

18. Asero, R.; Wopfner, N.; Gruber, P.; Gadermaier, G.; Ferreira, F. Artemisia and Ambrosia Hypersensitivity: Co-sensitization or
Co-recognition? Clin. Exp. Allergy 2006, 36, 658–665. [CrossRef] [PubMed]

19. Kazemi-Shirazi, L.; Niederberger, V.; Linhart, B.; Lidholm, J.; Kraft, D.; Valenta, R. Recombinant Marker Allergens: Diagnostic
Gatekeepers for the Treatment of Allergy. Int. Arch. Allergy Immunol. 2002, 127, 259–268. [CrossRef]

20. Villalta, D.; Asero, R. Analysis of the Allergenic Profile of Patients Hypersensitive to Pollen Pan-Allergens Living in Two Distinct
Areas of Northern Italy. Eur. Ann. Allergy Clin. Immunol. 2011, 43, 54.

21. Gadermaier, E.; James, L.K.; Shamji, M.H.; Blatt, K.; Garmatiuk, T.; Beavil, R.; Flicker, S.; Valent, P.; Durham, S.R.; Gould, H.J.;
et al. A Phl p 7-Specific IgG4 Antibody Inhibits Allergic Patients IgE Cross-Reactivity to Allergens from the EF-Hand Family:
Importance of Affinity and Degree of Cross-Reactivity. Clin. Transl. Allergy 2014, 4, O8. [CrossRef]

22. Ianovici, N.; Panaitescu, C.B.; Brudiu, I. Analysis of Airborne Allergenic Pollen Spectrum for 2009 in Timişoara, Romania.
Aerobiologia 2013, 29, 95–111. [CrossRef]

23. Wopfner, N.; Gadermaier, G.; Egger, M.; Asero, R.; Ebner, C.; Jahn-Schmid, B.; Ferreira, F. The Spectrum of Allergens in Ragweed
and Mugwort Pollen. Int. Arch. Allergy Immunol. 2005, 138, 337–346. [CrossRef] [PubMed]

24. Gadermaier, G.; Hauser, M.; Ferreira, F. Allergens of Weed Pollen: An Overview on Recombinant and Natural Molecules. Methods
2014, 66, 55–66. [CrossRef] [PubMed]

25. Egger, M.; Hauser, M.; Himly, M.; Wopfner, N.; Wallner, M.; Ferreira, F. Development of Recombinant Allergens for Diagnosis
and Therapy. Front. Biosci. Elite 2009, 1, 77–90.

26. Valenta, R.; Karaulov, A.; Niederberger, V.; Zhernov, Y.; Elisyutina, O.; Campana, R.; Focke-Tejkl, M.; Curin, M.; Namazova-
Baranova, L.; Wang, J.Y.; et al. Allergen Extracts for In Vivo Diagnosis and Treatment of Allergy: Is There a Future? J. Allergy Clin.
Immunol. Pract. 2018, 6, 1845–1855. [CrossRef] [PubMed]

27. Buzan, M.-R.; Grijincu, M.; Zbîrcea, L.-E.; Haidar, L.; Tamas, , T.-P.; Cotarcă, M.-D.; Tănasie, G.; Weber, M.; Babaev, E.; Stolz, F.
Insect Cell-Expressed Major Ragweed Allergen Amb a 1.01 Exhibits Similar Allergenic Properties to Its Natural Counterpart from
Common Ragweed Pollen. Int. J. Mol. Sci. 2024, 25, 5175. [CrossRef] [PubMed]

28. Lungu, B.; Georgescu, O.; Tudor, B.; Buzan, R.; Grijincu, M.; Cotarca, M.; Panaitescu, C.; Chen, K.-W.; Torda, I.; Mircu, C. Study of
Some Factors Associated with Polyclonal Antibody Production in Rabbit. Eximia 2022, 4, 14–18.

29. Nakamura, R.; Uchida, Y.; Higuchi, M.; Nakamura, R.; Tsuge, I.; Urisu, A.; Teshima, R. A Convenient and Sensitive Allergy Test:
IgE Crosslinking-Induced Luciferase Expression in Cultured Mast Cells. Allergy Eur. J. Allergy Clin. Immunol. 2010, 65, 1266–1273.
[CrossRef]

30. Zbîrcea, L.-E.; Buzan, M.-R.; Grijincu, M.; Babaev, E.; Stolz, F.; Valenta, R.; Păunescu, V.; Panaitescu, C.; Chen, K.-W. Relationship
between IgE Levels Specific for Ragweed Pollen Extract, Amb a 1 and Cross-Reactive Allergen Molecules. Int. J. Mol. Sci. 2023, 24,
4040. [CrossRef]

31. Bocsan, I.C.; Muntean, I.A.; Ureche, C.; Pop, R.M.; Neag, M.A.; Sabin, O.; Deleanu, D.; Buzoianu, A.D. Characterization of Patients
with Allergic Rhinitis to Ragweed Pollen in Two Distinct Regions of Romania. Medicina 2019, 55, 712. [CrossRef]

32. Leru, P.M.; Anton, V.F. Clinical Pattern and Risk Factors of Respiratory Allergies Due to Ambrosia (Ragweed) Pollen: Experience
of One Allergy Center from Bucharest. Arch. Balk. Med. Union. 2019, 54, 705–711. [CrossRef]

33. Florincescu-Gheorghe, N.-A.; Popescu, F.; Alexandru, D.O.; Popescu, F.D. The Prevalence of Allergic Rhinitis to Ambrosia Elatior
in Oltenia Area and the Association with Allergic Conjunctivitis or Asthma. Curr. Health Sci. J. 2019, 45, 66. [PubMed]

34. Cheng, Y.-L.; Xu, Z.-Q.; Wang, H.; Zhu, D.-X.; Zhu, Y.; Sun, J.-L.; Wei, J.-F. Molecular and Immunological Characterization of Two
Polcalcins as Novel Allergens of Artemisia Sieversiana Pollen. Allergol. Int. 2023, 72, 347–350. [CrossRef]

35. Movérare, R.; Westritschnig, K.; Svensson, M.; Hayek, B.; Bende, M.; Pauli, G.; Sorva, R.; Haahtela, T.; Valenta, R.; Elfman, L.
Different IgE Reactivity Profiles in Birch Pollen-Sensitive Patients from Six European Populations Revealed by Recombinant
Allergens: An Imprint of Local Sensitization. Int. Arch. Allergy Immunol. 2002, 128, 325–335. [CrossRef] [PubMed]

36. Buzan, M.; Zbîrcea, L.; Gattinger, P.; Babaev, E.; Stolz, F.; Valenta, R.; Păunescu, V.; Panaitescu, C.; Chen, K. Complex IgE
Sensitization Patterns in Ragweed Allergic Patients: Implications for Diagnosis and Specific Immunotherapy. Clin. Transl. Allergy
2022, 12, e12179. [CrossRef]

37. Asero, R.; Mistrello, G.; Amato, S. Detection of Pan-Allergens in Commercial Pollen Extracts for Allergen Immunotherapy. Ann.
Allergy Asthma Immunol. 2016, 117, 180–185. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1398-9995.2008.01780.x
https://www.ncbi.nlm.nih.gov/pubmed/18925891
https://doi.org/10.1111/j.1365-2222.2006.02477.x
https://www.ncbi.nlm.nih.gov/pubmed/16650052
https://doi.org/10.1159/000057742
https://doi.org/10.1186/2045-7022-4-s2-o8
https://doi.org/10.1007/s10453-012-9266-y
https://doi.org/10.1159/000089188
https://www.ncbi.nlm.nih.gov/pubmed/16254437
https://doi.org/10.1016/j.ymeth.2013.06.014
https://www.ncbi.nlm.nih.gov/pubmed/23806644
https://doi.org/10.1016/j.jaip.2018.08.032
https://www.ncbi.nlm.nih.gov/pubmed/30297269
https://doi.org/10.3390/ijms25105175
https://www.ncbi.nlm.nih.gov/pubmed/38791214
https://doi.org/10.1111/j.1398-9995.2010.02363.x
https://doi.org/10.3390/ijms24044040
https://doi.org/10.3390/medicina55110712
https://doi.org/10.31688/ABMU.2019.54.4.13
https://www.ncbi.nlm.nih.gov/pubmed/31297265
https://doi.org/10.1016/j.alit.2022.10.006
https://doi.org/10.1159/000063855
https://www.ncbi.nlm.nih.gov/pubmed/12218371
https://doi.org/10.1002/clt2.12179
https://doi.org/10.1016/j.anai.2016.05.010

	Introduction 
	Materials and Methods 
	Patients and Patients’ Sera 
	Expression of the Recombinant Polcalcins and Extract Preparation 
	IgE Reactivity towards Recombinant Amb a 9 and Amb a 10 in Ragweed-Allergic Patients 
	Induction of Allergen-Specific IgG Response in Rabbits 
	Detection of Potential Cross-Reactivity towards Ragweed and Mugwort Polcalcins and Extracts in ELISA 
	-Hexosaminidase Release Assay Using Human Rat Basophil Leukemia Cells 
	Statistical Analysis 

	Results 
	Patients’ Clinical Characterization 
	Detection of Specific IgE to rAmb a 9 and rAmb a 10 
	Allergenic Activity of rAmb a 9 and rAmb a 10 in Basophil Activation Test 
	Association of the Clinical Symptoms with the IgE Response to Ragweed Polcalcins 
	Detection of rAmb a 9- and rAmb a 10-Specific IgG Antibodies in Rabbit Serum and Reactivity to Weed Pollen Extracts and Polcalcins 

	Discussion 
	Conclusions 
	References

