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Abstract: The increasing problem of sensitization to Ambrosia pollen in Europe has
stimulated studies on Ambrosia pollen occurrence and pollinosis in Croatia. The aim of
this study was to analyze the ragweed pollen pattern in Zagreb and to determine the in-
cidence of sensitization to this pollen types in patients with seasonal respiratory allergy.
The study was performed in the city of Zagreb during the 2002-2005 seasons. Skin prick
test were performed on a total of 750 patients aged 18—80 in Zagreb between 2 January
— 31 December 2004. The mean 4-year rate of ragweed pollen in the Zagreb atmosphere
was 14.8% of all plant pollen. The highest rate of airborne ragweed pollen was recorded
in August and September. 365 patients were allergic to ragweed pollen; 20.3% of them
monosensitized; 10.9% allergic to Ambrosia and Artemisia pollen. Almost all study pa-
tients suffered the most severe symptoms in August and September. The highest propor-
tion of allergic patients were recorded in the 31-50 age group and the lowest proportion in
the >50 age group. Forecasting of allergenic pollen season in an area is a crucial pursuit
for all developed countries, in order to minimize clinical symptoms in patients suffering
from respiratory allergy. This can be achieved through public announcements by mass
media (radio, television, internet, etc.) aiming to protect allergic individuals.
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INTRODUCTION

Pollen allergy (pollinosis) is a common disease caused
by hypersensitivity reaction of the respiratory tract and eye
conjunctivae to pollen grains. It refers to seasonal allergic
manifestations affecting patients during the plant pollen
season. The characteristic of seasonal allergy is the recur-
rence of symptoms. It is well established that inhalation
of pollen grains induces respiratory allergy symptoms in
sensitized individuals. These are clinically manifested as
rhinitis, rhinoconjunctivitis and bronchial asthma [12].
Aerobiological and clinical studies from various cities
in the USA have documented the importance of ragweed
pollen as an acroallergen [10]. In Europe, the severity of
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ragweed pollinosis varies according to geographical re-
gion. Positive results of skin prick test or positive RAST
reactions to ragweed allergens in pollen allergic patients
reached the following values: Hungary, more than 80%
[25], northern Italy, nearly 70% [7, 33] France, 30% [5],
Czech Republic, about 35% [35], Austria, about 30% [18],
and southern Switzerland, 17% [11]. The high frequency of
sensitization might be caused by the apparent high degree
of cross-reactivity with various other members of the fam-
ily Asteraceae, and the families Poaceae and Betulaceae
[13, 21, 31, 32]. Dose response relationships between pol-
len concentrations and clinical symptoms are scarce. There
is no unique criterion for establishing the minimum level
capable of triggering allergic symptomatology since the
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response is highly individual. However, it has been pointed
out that ragweed pollen concentrations greater than 20-30
grains in m® per 24 h trigger severe symptoms [17, 24, 40].
The increasing problem of sensitization to Ambrosia pol-
len in Europe has stimulated studies on Ambrosia pollen
occurrence and pollinosis in Croatia.

The aim of this study was to analyze the ragweed pollen
pattern in Zagreb (2002-2005) and to determine the inci-
dence of sensitization to this pollen type in patients with
seasonal respiratory allergy.

MATERIAL AND METHODS

The study was performed in the city of Zagreb during
the 2002-2005 seasons. A 7-day VPPS 2000 Hirst volu-
metric spore trap (Lanzoni, Bologna, Italy) was used for
pollen sampling. The sampler was placed at 19.7 m on the
roof of the Gri¢ Observatory in the centre of the city of Za-
greb (45°49° N and 15°59’ E, 157 m above the sea level).
The tape was removed twice weekly, cut to a length cor-
responding to 24-h pollen sampling, applied onto a glass
slide and embedded [27]. Samples were examined under a
light microscope, magnification 400, to determine pollen
type and count per 1 m? air. Five horizontal sweeps on each
slide were analyzed. The minimum number of horizontal
sweeps is the one that assures a total observed area which
is at least 20% of the sampled area. The accuracy of the
measurement is proportional to the number of sweeps and
the concentration of particles [8]. Pollen concentration was
expressed as pollen grain count/m? air.

For this study, a total of 750 patients aged 18—-50< were
examined (history and skin-prick test) who presented for
the first time to Jordanovac University Hospital for Lung
Diseases and Zagreb Polyclinic for Lung Diseases between
2 January and 31 December 2004. Skin prick tests were
performed by the usual method. Allergen preparations of
grass pollen — Alopecurus pratensis, Agrostis alba, Antho-
xantum odoratum, Cynodon dactylon, Dactylis glomerata,
Festuca elatior, Lolium perenne, Phleum pratense, Poa
pratensis, Secale cereale, Triticum sativa, Zea mays; weed
pollen — Ambrosia elatior, Artemisia vulgaris, Artemisia
absinthium, Solidago canadensis, Rumex acetosella, Plan-
tago lanceolata, Parietaria judaica, Parietaria officinalis,
Taraxacum officinale, Urtica dioica, Humulus lupulus,
Cannabis sativa; and tree pollen — Corylus avellana, Betu-
la verrucosa, Sambucus nigra, Tilia cordata, Pinus nigra,
Robinia pseudoacacia, Salix alba, Populus alba, Platanus
acerifolia, Alnus incana, Quercus robur, Aesculus hip-
pocastanum (Institute of Immunology, Zagreb) were dia-
lyzed, and the extracts dissolved in a solvent, a mixture of
50% glycerol solution in buffered saline with the addition
of a stabilizer. A solution of histamine HCI at a concentra-
tion of 1 mg/mL (5.43 mmol/l) was used as positive control,
and 50% glycerol solution in phosphate buffer as negative
control. The mean values of positive reaction had urtica di-
ameter of 5-10 mm, and erythema diameter of 10-30 mm.
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Figure 1. Annual sums of Ambrosia airborne pollen in Zagreb 2002-2005.
RESULTS

Analysis of the annual pattern of ragweed pollen con-
centration revealed it to decrease in 2004 (4,015 p.g./m?)
and 2005 (5,711 p.g./m3) relative to 2002 (9,243 p.g./m?)
and 2003 (9,601 p.g./m?) (Fig. 1). The first occurrence
of ragweed pollen in the air was recorded from 28 June
— 1 August, depending on the year with peak concentra-
tion in the second half of August through the first week of
September. Throughout the study period, the pollen season
terminated in October. The number of days with airborne
pollen concentration exceeding the level triggering allergic
symptoms (>30 p.g./m?) was 31-46, also depending on the
year (Tab. 1). The mean 4-year rate of ragweed pollen in
the Zagreb atmosphere was 14.8% of all plant pollen types.
The highest rate of airborne ragweed pollen was recorded
in August and September, accounting for 53.1% (August
2002) to 95.5% (September 2003) of all plant pollen types
(Tab. 2). Of 750 study patients, 365 were allergic to ragweed

Table 1. Presence of Ambrosia pollen in Zagreb atmosphere 2002-2005.

Year Period of Peak day Conc. on peak No. of days

occurrence day (p/m®) with >30 p/m?
2002 1/8-5/10 03 September 652 34
2003 28/6-29/10 06 September 883 46
2004 27/7-20/10 19 August 298 31
2005 25/7-30/10 31 August 494 31

Table 2. Monthly pattern of Ambrosia airborne pollen in Zagreb, 2002—-2005.

Year Ragweed pollen count/% of ragweed pollen
in monthly total pollen count
Pollen season

Jun Jul Aug Sep Oct
2002 0.0 0.0  5917/53.1 3,318/79.9 8/85.4
2003 5/0.1 80/2.9  5,352/70.7 4,131/95.5 33/82.1
2004 0.0 6/0.3  2,190/58.6 1,793/85.1 26/65.7
2005 0.0 50/2.3  2,688/62.0 2,866/89.3 107/69.0
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Figure 2. Annual pattern of allergic symptomatology in monosensitized and polysensitized patients.

pollen, 20.3% of them monosensitized, 10.9% allergic
to Ambrosia and Artemisia pollen, whereas the rest were
polysensitized to ragweed and mugwort pollen, grass
pollen, and pollen of the family Betulaceae. The highest
proportion of polysensitized patients (16.9%) were aller-
gic to the Ambrosia and Poaceae pollen combination, and
the lowest proportion (4.9%) to the Ambrosia, Artemisia
and Betulaceae pollen combination (Tab. 3). Following
the airborne pollen distribution depicted above, almost all
study patients suffered most severe symptoms in August
and September, then in April. In patients monosensitized
to ragweed pollen the symptoms were most pronounced in

August and September. In patients polysensitized to Am-
brosia and Betulaceae pollen who developed cross-reac-
tion, the rather pronounced symptoms occurred as early as
March, with a minor peak in April and abrupt exacerba-
tion in August and September. Patients allergic to pollen
of Ambrosia, Artemisia, Betulaceae and Poaceae showed
the poorest condition, suffering allergy symptoms through-
out the year, with exacerbations in spring and late summer
(Fig. 2). Sex analysis showed a slight female predominance
of allergic individuals (50.69% vs 49.31%), whereas anal-
ysis according to age groups yielded a different pattern.
Male predominance was recorded in the 18-30 age group

Table 3. Age and sex distribution of respiratory allergy patients according to different pollen type

Sensitized to pollen Patients (Skin Prick Test Positive) age Total %
18-30 (mean age 24) 31-50 (mean age 38) 51< (mean age 58) Total

3 ? 3 ? 3 ? ) ?
Ambrosia 11 6 13 29 4 11 28 46 20.3
Ambrosia, Artemisia 2 6 12 8 8 4 22 18 10.9
Ambrosia, Betulaceae 6 5 12 11 6 7 24 23 12.9
Ambrosia, Poaceae 22 13 8 11 5 3 35 27 16.9
Ambrosia, Artemisia, Betulaceae 0 1 5 8 2 2 7 11 4.9
Ambrosia, Artemisia, Poaceae 7 7 5 10 3 5 15 22 10.2
Ambrosia, Betulaceae, Poaceae 18 10 8 9 2 1 28 20 13.2
Ambrosia, Artemisia, Betulaceae, Poaceae 10 6 8 8 3 4 21 18 10.7
Total 76 54 71 94 33 37 180 185
% (age) 35.62 452 19.18 49.31 50.69
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Figure 3. Sex distribution of patients with positive skin-prick test within
age groups.

(58.5%), whereas female allergic individuals prevailed in
other age groups (57% and 52.9% in the 31-50 and >50
age group, respectively). The highest proportion of aller-
gic patients were recorded in the 31-50 age group (even
45.2%) and the lowest proportion in the >50 age group
(19.8%) (Tab. 3, Fig. 3). Analysis of the allergy symptom
manifestations according to airway and mucosal localiza-
tion in smokers and nonsmokers, allergic mucositis (nasal,
bronchial) and conjunctivitis predominated in both groups
(smokers 64.4% and nonsmokers 56.8%). Nasal mucosa
was more frequently involved in nonsmokers (30%), and
bronchial mucosa in smokers (Fig. 4).

DISCUSSION

Pollen allergy is related to local vegetation and depends
on the way and duration of exposure to acroallergens, pro-
vided that there is a genetic predisposition to respiratory
allergy [14, 26]. Many researchers relate the occurrence
of respiratory allergy symptoms to the presence of pollen
grains in ambient air; in addition, it is well documented
that inhalation of specific types of pollen grains causes
clinical symptoms of respiratory allergy. Concentrations
of ragweed airborne pollen in the atmosphere of Zagreb
vary annually [28, 29]. The mean annual index of ragweed
pollen in 2002 and 2003 was 9,422, accounting for 18%
of total annual index of all plant pollen, whereas in 2004
and 2005 it fell to 14%. However, these values greatly
exceed the values recorded in Geneva (Switzerland) [39]
and Szczecin (Poland) [34] for the same period. However,
our proportions are still lower than the proportion of rag-
weed pollen in Montreal (about 30% of total annual pollen
count) [3]. A wide range of factors affect the production,
dispersion and transportation of airborne pollen (wind di-
rection and speed, rainfall and relative humidity during the
flowering season) [37]. Annual variation in the ragweed
pollen concentration in the Zagreb atmosphere could be
explained by different weather conditions, especially pro-
nounced in 2003 and 2004 [30]. Many studies suggest that
it is necessary to record and correlate the airborne pol-
len concentrations with the most important meteorologi-
cal parameter values [2, 23]. Maximum ragweed pollen
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Figure 4. Allergy symptoms according to localization in smokers and
nonsmokers.

emissions are restricted to the summer months of August
and September, the warmest and driest months of the year
[20] which is consistent with the data reported for Austria
and Switzerland, as well as for countries in the central part
of eastern Europe [4, 19, 22]. Exact information on daily
pollen concentrations exceeding 30 pollen grains per m?
air is of great importance to persons with ragweed pollen
allergy, because the accumulation of high pollen amounts
in the atmosphere produces the effects of pollinosis in the
respiratory tract. Our results show that 31-46 days in the
years 2002-2005 were the critical period with daily pollen
counts over the allergologic threshold, and considerably
exceeded the periods reported for Hungary (25-30 days)
and Poland (1-5 days) [16, 38].

In our sample of patients with pollen allergy (Zagreb
residents), 49% were allergic to ragweed pollen, which is
by some 20% higher than the rate reported in France [5],
Austria [18] and the Czech Republic [35] but lower than
the rate recorded in Milan [7] and Hungary [25]. While
in France the majority of patients were found to be mono-
sensitized to ragweed pollen [6], our results yielded only
20.3% of monosensitized patients, whereas the rest of the
patients exhibited polysensitization. Polysensitization was
recorded for the pollen types characterized by cross-reac-
tion, primarily Artemisia vulgaris pollen [21]. Mugwort
and ragweed pollen contain a number of cross-reactive al-
lergens, among them the major mugwort allergen Art v 1.
These cross-reactive IgE antibodies can result in clinically
significant allergic reactions [13]. Strong cross-reactions
have also been observed with grass pollen allergens [9],
as confirmed by our results (16.9% of patients allergic to
ragweed and grass pollen). Ragweed pollen also appears to
be cross-reactive with pollen of the family Betulaceae. In
the present study, 12.9% of patients showed allergy to rag-
weed pollen and pollen shed by representatives of the fam-
ily Betulaceae. Sex distribution of patients (a slight female
predominance of allergy in the 31-50 and >50 age groups)
is consistent with the respective data for Spain and Portu-
gal [36] but differs from those for Greece (57% of allergic
men); however, our data are in agreement with those for
Greece in the 18-30 age group, where there were 58% of
allergic men [12]. Age is also an important variable. Most
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studies have focused on students or military recruits. We
included patients belonging to 3 age groups (18-30; 31-50
and >51 years). In our population sample the highest fre-
quency of pollinosis was found in the 31-50 age group, as
in the Province of Malaga [41]. A study from the Basque
Country reports the highest rate of allergy in the 20-30 age

group [1].

According to each individual patient’s medical history,
they displayed increased respiratory symptoms during the
peak of pollen circulation season, that is between August
and September.

Forecasting of allergenic pollen season in an area is
a crucial pursuit for all developed countries, in order to
minimize clinical symptoms in patients suffering from re-
spiratory allergy. This can be achieved through public an-
nouncements by mass media (radio, television, internet,
etc.) aiming to protect allergic individuals. Thus, the total
cost of disease treatment is finally reduced; in fact, it is
estimated that this mode of massive protective treatment
can decrease the number and frequency of visits to medical
doctors by 50% [15].

All data are presented in our area for the first time and
could provide the basis for practical application in various
medical, biologic and other scientific fields.

REFERENCES

1. Azpiri A, Gamboa PM, Fernandez E, Fernandez de Corres L, Alon-
so E, Escobar A, Jauregui I, Audicana M, Munoz D, Antepara I: Preva-
lence of pollinosis in the Basque Country. Allergy 1999, 54, 1100-1104.

2. Clot B, Gehring R, Peeters AG, Schneiter D, Tercier P, Thibaudon
M: Pollen d’ambroisie en Suisse: production locale ou transport? Eur Ann
Allerg Clin Immunol 2002, 34, 26-128.

3. Comtois P: Ragweed (Ambrosia sp.): the Phoenix of allergophytes.
In: 6th International Congress on Aerobiology, Satellite Symposium Pro-
ceedings: Ragweed in Europe. ALK Abello 1998.

4. D’Amato G, Spieksma FTM: Allergenic pollen in Europe. Grana
1990, 30, 67-70.

5. Dechamp C, Dechamp J: Comptes polliniques d’ambroisies (cap-
teur de P. Cour) de Lyon-Bron de 1982 a 1989: resultats, information au
public. Allerg Immunol (Paris) 1992, 24(1), 17-21.

6. Dechamp C, Meon H: Ambrosia, Ambroisie, Pollutants Biologiques.
Arppam, Lyon 2003.

7. Della Torre F, Sala S, Sciancalepore L, Cassani L, Piazza G: Rag-
weed and allergy: epidemiology. Allergy 1996, 51, 123.

8. Dominguez E, Galan C, Villamandos F, Infante F: Handling and
evaluation of the data from the aerobiological sampling. Monogr REA/
EAN 1991, 1, 1-18.

9. Fuchs T, Spitzauer S, Vente C, Hevler J, Kapiotis S, Rumpold H,
Kraft D, Valenta R: Natural latex, grass pollen, and weed pollen share IgE
epitopes. J Allergy Clin Immunol 1997, 100(3), 356-364.

10. Gergen PJ, Turkeltaub PC, Kovar MG: The prevalence of allergic
skin test reactivity to eight common aeroallergens in the U.S. population:
results from the second National Health and Nutrition Examination Sur-
vey. J Allergy Clin Immunol 1987, 80(5), 669-679.

11. Gilardi S, Torricelli R, Peeters AG, Wutrich B: Pollinosis in Can-
ton Ticino. A prospective study in Locarno. Schweiz Med Wochenschr
1994, 124(42), 1841-1847.

12. Gioulekas D, Papakosta D, Damialis A, Spieksma FTM, Giouleka
P, Patakas D: Allergenic pollen records (15 years) and sensitization in
patients with respiratory allergy in Thessaloniki, Greece. Allergy 2004,
59, 174-84.

13. Hirschwehr R, Heppner C, Spitzauer S, Sperr WR, Valent P, Ho-
rak F, Jager S, Kraft D, Valenta R: Identification of common allergenic
structures in mugwort and ragweed pollen. J Allergy Clin Immunol 1998,
101(2 Pt 1), 196-206.

14. Horak F, Jdger S: Basic facts of the allergen avoidance in pollino-
sis. Different kinds of pollen and flowering times in Europe. Allergologie
1983, 57, 113-118.

15. International Rhinitis Management Working Group. International
consensus report on the diagnosis and management of rhinitis. Allergy
1994, 49(Suppl. 19), 1-34.

16. Jarai-Komlodi M: Ragweed in Hungary. In: 6th International
Congress on Aerobiology, Satellite Symposium Proceedings: Ragweed in
Europe. ALK Abello 1998.

17. Jager S: Allergenic significance of Ambrosia (ragweed). In:
D’Amato G, Spieksma FthM, Bonini S (Eds): Allergenic Pollens and Polli-
nosis in Europe, 125-127. Blackwell Scientific Publications, Oxford 1991.

18. Jager S: Ragweed (Ambrosia) sensitisation rates correlate with the
amount of inhaled airborne pollen. A 14-year study in Vienna, Austria.
Aerobiologia 2000, 16(1), 149-153.

19. Jager S, Spieksma FTM, Nolard N: Fluctuations and trends in air-
borne concentrations of some abundant pollen types, monitored at Vi-
enna, Leiden and Brussels. Grana 1991, 30, 309-312.

20. Juras V, Juras J: Metode kategorizacije izvanrednih meteorolodkih
pojava. Zbornik radova s Ill. Jugoslavenskog savjetovanja o elementa-
rnim atmosferskim nepogodama. Opasne pojave na moru, RHMZ, Split
1987, 1-9.

21. Leiferman KM, Gleich GJ, Jones RT: The cross-reactivity of IgE
antibodies with pollen allergens. II Analyses of various species of rag-
weed and other fall weed pollens. J Allergy Clin Immunol 1976, 58 (1 Pt
2), 140-148.

22. Leyoly-Gabriel M, Leuschner RM: Comparison of airborne pollen
at Louvain-la-Neuve (Belgium) and Basel (Switzerland) during 1979 and
1980. Grana 1983, 22, 59-64.

23. Mandrioli P: Aerobiology-pollen sampling, influence of climate,
pollen sources and pollen calendar. In: Falagiani P (Ed): Pollinosis, 39-
53. CRC Press Inc., 1990.

24. Mandrioli P, Cecco M, Andina G: Ragweed pollen: the aeroaller-
gen is spreading in Italy. Aerobiologia 1998, 14, 13-20.

25. Mezei G, Jarai-Komoldi M, Medzihradsky Z, Cserhati E: Seasonal
allergenic rhinitis and pollen count (a 5-year survey in Budapest). Orv
Hetil 1995, 136(32), 1721-1724.

26. Nelson H: The importance of allergens in the development of asthma
and the persistence of symptoms. J Allergy Clin Immunol 2000, 105, 628-632.

27. Ogden EC, Raynor GS, Haynes JV, Lewis DM, Haines JH: Manu-
al for sampling airborne pollen. Hafner, New York 1974.

28. Peternel R, Culig J, Miti¢ B, Vukusié I, Sostar Z: Analysis of air-
borne pollen concentrations in Zagreb, Croatia, 2002. Ann Agric Environ
Med 2003, 10, 107-112.

29. Peternel R, Culig J, Srnec L, Miti¢ B, Vukusi¢ I, Hrga I: Variation
in ragweed (Ambrosia artemisiifolia L.) pollen concentration in central
Croatia, 2002-2003. Ann Agric Environ Med 2005, 1, 11-16.

30. Peternel R, Hrga I, Hercog P, Culig J: Poaceae pollen concentra-
tions in the atmosphere of three inland Croatian sites (2003-2004). Coll
Antropol 2005, 29, 315-319.

31. Peternel R, Musi¢ Milanovi¢ S, Hrga I, Mileta T, Culig J: Inci-
dence of Betulaceae pollen and pollinosis in Zagreb, Croatia, 2002—2005.
Ann Agric Environ Med 2007, 14, 87-91.

32. Pham NH, Baldo BA: Allergenic relationship between taxonomi-
cally diverse pollens. Clin Exp Allergy 1995, 25(7), 599-606.

33. Pizzulin SM, Larese FF, Longo LL: Ragweed presence in Trieste:
clinical and aerobiological data. Aerobiologia 1992, 8(1), 16-20.

34. Puc M: Ragweed pollen in the air of Szczecin. Ann Agric Environ
Med 2004, 11, 53-57.

35. Rybni¢ek O, Novotna B, Rybnic¢kova E, Rybni¢ek K, Petru V:
Ragweed pollen and ragweed allergy in the Czech Republic. Allergy Clin
Immunol Int 2000, (Suppl. 2), 77-78.

36. Sanchez Mesa JA, Brandao R, Lopes L, Galan C: Correlation be-
tween pollen counts and symptoms in two different areas of the Iberian
Peninsula: Cordoba (Spain) and Evora (Portugal). J Invest Allergol Clin
Immunol 2005, 15(2), 112-116.



130 Peternel R, Musi¢ Milanovié¢ S, Srnec L

37. Solomon W: Aerobiology of pollinosis. J Allergy Clin Immunol
1984, 74, 449-461.

38. Stepalska D, Szczepanek K, Myszkowska D: Variation in Ambro-
sia pollen concentration in southern and central Poland in 1982-1999.
Aerobiologia 2002, 18, 13-22.

39. Taramarcaz P, Lambelet C, Clot B, Keimer C, Hauser C: Ragweed
(Ambrosia) progression and its health risks: will Switzerland resist this
invasion? Swiss Med Wkly 2005, 135, 538-548.

40. Thibaudon M: Ragweed in France. In: Ragweed in Europe. 6th
International Congress on Aerobiology, Perugia, August 31 — September
1998, 5, 15.

41. Torrecillas M, Garcia Gonzalez JJ, Palomeque MT, Munoz C, Bar-
celo JM, de la Fuente JL, Vega Chicote JM, Miranda A: Prevalence of
sensitization in patients with pollinosis in the province of Malaga. Rev
Esp Alergol Immunol Clin 1998, 13(2), 122-125.



