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Abstract Seasonal pollen allergy is a major public
health concern, with many different pollen aeroaller-
gens being present in the atmosphere at varying lev-
els during the season. In Norway, information about
spatiotemporal variation of pollen aeroallergens is
currently lacking, leading to reduced ability to man-
age and treat seasonal allergies. Seven pollen aeroal-
lergens (alder, hazel, willow, birch, pine, grass and
mugwort) were monitored daily for 16 years from 12
regions and coalesced to create regional pollen cal-
endars. Seasonal statistics, such as seasonal pollen
integral (SPIn), onset, duration and periods of high
and very high concentrations, were calculated for
all pollen types and regions. High days were further
modelled with SPIn in a linear regression framework
to investigate the connection between the strength
of the season and number of days above high pollen
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thresholds. The tree pollen season occurred between
January and mid-July, with the pollen aeroaller-
gens birch and pine being the most prominent in all
regions. The herb pollen season was observed to
occur between June and mid-August, although mug-
wort was almost completely absent. The grass pollen
season was mostly mild on average but more severe
in some regions, primarily Kristiansand. South-
east regions of Oslo, Kristiansand and Lillehammer
had the overall highest pollen load, while northern
regions of Bodg, Tromsg and Kirkenes had the over-
all lowest pollen loads. SPIn and days above high pol-
len thresholds had positive highly significant relation-
ships (R?>0.85) for all pollen types, bar mugwort.
Regional pollen calendars and seasonal statistics
contribute to reliable information that can be used by
medical professionals to effectively and timely man-
age and treat seasonal pollen allergies in Norway.
Further research is needed to determine sensitization
profiles of pine and willow.

Keywords Allergic rhinitis - Birch - Grass - Pollen
calendar - Seasonal allergy - Tree pollen

1 Introduction

Seasonal allergies have long been a substantial con-
tributing factor of decline in global public health

(Licari et al., 2014), which is expected to worsen with
climate change (Pacheco et al., 2021). An estimated
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10—20% of the global population is suffering from
some type of seasonal pollen allergy (Akdis &
Agache, 2014), with the number being considerably
higher in Europe, exceeding 40% in many countries
(Burbach et al., 2009; D’Amato et al., 2007). On an
individual level, physical symptoms range from mild
irritation and discomfort to severe allergic rhinitis and
reduced lung function (Bousquet et al., 2001; Idrose
et al.,, 2021). Unfortunately, symptoms are not only
physical, but mental as well, including headaches,
difficulty sleeping and reduced ability to concentrate
all being frequently reported (Marshall et al., 2000;
Papapostolou et al., 2021). The combined effect is the
reduction in quality of life in general (Meltzer, 2001;
Meltzer et al., 2017; Pitt et al., 2004). Additionally,
the effects on the individual contribute to an impact
on a societal level due to the number of sufferers
affected, causing measurable decline on societal work
performance and economic productivity (Lamb et al.,
2006; Zuberbier et al., 2014).

While the umbrella term seasonal pollen allergy
is frequently used, individuals are likely to be sensi-
tized to multiple specific pollen types (polysensiti-
zation) rather than one or all combined (Ciprandi &
Cirillo, 2011; Ciprandi et al., 2011; Moreno et al.,
2014). Grass (Poaceae), birch (Befula) and ragweed
(Ambrosia) are considered the three main pollen aer-
oallergens globally due to their atmospheric abun-
dance, high allergenicity and large number of suffer-
ers (Akdis & Agache, 2014). The high public health
relevance of these three allergens have contributed
to extensive research into their allergenic effects
and the emitting plants ecological circumstances
(Frisk et al., 2023; Raith & Swoboda, 2023; Smith
et al., 2013). However, many other pollen types are
also present in the atmosphere, such as the tree pol-
len alder (Alnus), ash (Fraxinus), aspen (Populus),
elm (Ulmus), hazel (Corylus), oak (Quercus), olive
(Olea), plane (Platanus), pine (Pinus), spruce (Picea)
and willow (Salix) and also some herbs, such as mug-
wort (Artemisia), nettles (Urticaceae) and plantain
(Plantago), but the list is not exhaustive (Hoebeke
et al., 2018; Pashley et al., 2009; Perez-Badia et al.,
2010; Ruiz-Valenzuela & Aguilera, 2018; Piotrowska-
Weryszko and Weryszko-Chmielewska 2014). The
pollen from these plants are frequent components of
the atmospheric biodiversity and combined represent
a substantial proportion of the natural flora in many
European ecosystems (Heinken et al., 2022; Seregin,
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2010). Furthermore, many of these pollen types can
provoke allergic reactions in sensitive sufferers, com-
monly seen for alder, oak and olive (Bernstein et al.,
2021; Biedermann et al.,, 2019; Feo Brito et al.,
2011). While for other types, there are strong sus-
picions of allergenicity, but the degree has not been
fully explored and research is lacking, as is the case
with e.g. pine and willow (Costache et al., 2021; Gas-
taminza et al., 2009; Mansouritorghabeh et al., 2019).

Pollen aeroallergens do not only vary temporally
through the season, but spatially as well, contributing
to regional phenomena based on a combined ensem-
ble of local weather, species flowering, atmospheric
conditions and climate (Antépara et al., 1995; Grund-
strtom et al., 2019; Kurganskiy et al., 2021; Skjgth
et al., 2007). To account for this variation, medical
practitioners, healthcare providers, local governments
and individual sufferers require reliable and intui-
tive information on which pollen aeroallergens are
likely to be presented in their surroundings and their
respective seasonality. This allows them to timely and
accurately warn patients and the general public for
upcoming and current pollen seasons (e.g. via online
platforms Lee et al., 2015; Schober et al., 2022)), to
facilitate optimal treatment by prescribing required
medication ahead of time (Greiner et al., 2011; Wal-
lace et al., 2008) and to plan public policy, such as
the planning of urban parks (Carifianos et al., 2014;
Suanno et al., 2021). Pollen monitoring networks
and pollen forecasters alike provide this expertise by
creating pollen calendars and disseminating associ-
ated information regarding seasonal onset, strength
and duration (Camacho et al., 2020; Pecero-Casimiro
et al., 2020; Ravindra et al., 2021). They also provide
relevant information of periods of high pollen levels,
during which severe symptoms are more likely to
occur (Adams-Groom et al., 2020; Verstraeten et al.,
2019). While many countries have highly detailed
pollen calendars and seasonal statistics, this is lack-
ing in Norway, leading to reduced ability for the pub-
lic health community to provide accurate information
to sufferers. The lack of research into prevalent pol-
len types and their spatiotemporal seasonality fur-
ther enhances the need for comprehensive investiga-
tion. The aim of our study is to provide detailed and
informative regional pollen calendars of allergenic
pollen types and associated seasonal statistics for the
public health community to assist in the management
and prevention of seasonal pollen allergies.
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2 Material and methods
2.1 Regional locations and pollen sampling methods

The Norwegian pollen monitoring network has devel-
oped continually since 1980, with the current mod-
ern network consisting of 12 stations (Table 1). The
network has been expanded to encompass all major
geographical regions (bar Svalbard in the Arctic
Ocean) and most major population centres in Norway,
being approximate and representative of nine of the
ten largest cities (bar Fredrikstad to the south-east of
Oslo) (Fig. 1). This has allowed for accurate pollen
monitoring and forecasting on a regional and national
level. The pollen monitoring stations representing
Innlandet (Lillehammer) and Rogaland (Stavanger)
counties have been relocated once and twice, respec-
tively, due to local policies but remain representative
as singular and continual datasets due to their proxim-
ity, sharing the same surrounding vegetation and cli-
matological conditions as their previous sites.

Pollen was monitored daily using Hirst volumet-
ric spore traps (Hirst, 1952) of Burkard design, was
processed using standard pollen monitoring meth-
ods (Galan et al., 2014) and was counted using the
latitudinal method at 400xmagnification. The pollen

monitoring network routinely monitors all recog-
nizable airborne pollen types, with special interest
to the main seven types with allergenic potential:
alder (Alnus), hazel (Corylus), willow (Salix), birch
(Betula), pine (Pinus), grass (Poaceae) and mugwort
(Artemisia). All the allergenic types (bar grasses)
were taxonomically identified using pollen morphol-
ogy to genus level, while grasses can only be deter-
mined to family level due to lacking distinguishing
pollen morphology below family level. All pollen
types were monitored from the start of the growth
season to the 30th of September, generally being
considered the end of the growth period in Norway
(Ruosteenoja et al., 2020; Skaugen & Tveito, 2004).

2.2 Seasonal pollen statistics, pollen threshold levels
and statistical analyses

All available pollen data for the seven allergenic types
during the years 2007—2022 (16 years) were used for
the creation of the pollen calendars. Although addi-
tional data were available for many pollen stations,
the analysis of recent and overlapping years between
all stations allowed for representative comparisons of
current data. The year 2017 was missing in the Sta-
vanger dataset. The daily data from all years were

Table 1 Pollen sampling locations belonging to the Norwegian pollen network and associated geographical information

Region Orientation Counties Site ID Site Years Active Latitude Longitude Altitude HAGL (m)
(MASL)

Nord-Norge Northern  Troms og Finnmark 1 Kirkenes 2007—now  69.73 29.92 86
Nord-Norge Northern = Troms og Finnmark 2 Tromsg 1984—now  69.65 18.95 102
Nord-Norge Northern  Nordland 3 Bodg 1984—now  67.28 14.40 20 2
Midt-Norge Central Trgndelag 4 Trondheim  1980—now  63.43 10.43 40 15
Vestlandet ~ Western Mgre og Romsdal 5 Drsta 1995—now  62.18 6.07 90 10
Vestlandet ~ Western Vestland 6 Fgrde 2004—now  61.45 5.83 10
@Ostlandet  Eastern Innlandet 7 Ringebu 2004—2009 61.42 10.22 150 4
Ostlandet Eastern Innlandet 7 Lillehammer 2010—now 61.12 10.47 190 10
@stlandet Eastern Viken 8 Geilo 2007—now  60.53 8.20 780 2
Vestlandet ~ Western Vestland 9 Bergen 1992—now  60.38 5.35 70 15
@Dstlandet Eastern Oslo 10 Oslo 1984—now  59.93 10.60 94 2
Vestlandet ~ Western Rogaland 11 Stavanger 2004—2016 58.92 5.73 25 10
Vestlandet ~ Western Rogaland 11 Klepp 2022—now  58.78 5.68 26 4
Vestlandet ~ Western Rogaland 11 Ha 2018—2021 58.61 5.66 57 10
Sgrlandet Southern  Agder 12 Kristiansand 2001—now  58.20 8.08 12 2

MASL Metres Above Sea Level, HAGL Height Above Ground Level

n.b. Stations 7 and 11 have changed locations
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averaged per county and used to calculate four pol-
len season metrics: first to last occurrence (onset and
duration), the duration of the main season, high con-
centrations and very high concentrations. The dura-
tion of the main season was calculated using the 95%
seasonal pollen integral (SPIn) method, removing
the first and last 2.5% to avoid long tails of low and
spurious pollen concentrations (Gal4n et al., 2017;
Goldberg et al., 1988). High and very high pollen
concentrations are threshold levels at which increas-
ingly adverse and severe clinical health symptoms are
likely to occur in sufferers.

Threshold levels vary between pollen types,
with varied thresholds having been reported in
the literature (de Weger et al., 2013; Galan et al.,
2007; Pfaar et al., 2017; Rapiejko et al., 2007
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Steckling-Muschack et al., 2021; Sukiené et al., 2021,
Toro et al. 2015) and by medical organizations such
as the American Academy of Allergy, Asthma and
Immunology (AAAAI). Tree pollen are normally
reported as requiring higher pollen concentrations to
reach high and very high thresholds, while grass and
other herb pollen tend to require lower pollen concen-
trations for the same thresholds. After reviewing the
literature, we set the high and very high threshold for
the tree pollen (alder, hazel, willow, birch and pine) at
80 and 150 pollen grains/m?, respectively, while we
set the same for herb pollen (grass and mugwort) at
50 and 100 pollen grains/m°, respectively.

To investigate how the strength of each pollen sea-
son (SPIn) influenced the number of days above high
thresholds, we constructed seven linear regression
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models, one of each pollen type in a combined loca-
tion framework. Each linear regression model con-
tained a polynomial function as to identify any
nonlinear relationships between the variables. The
strength of the linear association was assessed using
adjusted R*-values. All statistical analyses were per-
formed in the statistical software R (ver. 4.1.3.) (R
Core Team 2022).

3 Results
3.1 Tree pollen seasons
3.1.1 Tree pollen general seasonality

Nationally, the general order of tree pollen appear-
ance in the air from first to last is alder, hazel, willow,
birch and pine, occurring from the end of January to
the middle of July. On average, the most abundant
tree pollen from highest to lowest are birch, pine, wil-
low, alder and hazel.

3.1.2 Alder pollen statistics

The alder pollen main season onset occurs the 1st
week of February on the west coast (@rsta, Forde
and Bergen), while starting later further east towards
Lillehammer and Oslo around the end of February
to the beginning of March, lasting until mid-April
(Fig. 2). The season varies in strength over the coun-
try, being moderate in Trondheim, Fgrde, Lilleham-
mer and Oslo while mostly absent in the northern
regions (Table 2). The moderate regions tend to
average 1 to 3 days of high pollen thresholds per
year, with up to 7 to 8 days having been observed for
Trondheim, Fgrde and Oslo (Table 3). A strong linear
relationship between SPIn and days above high pol-
len thresholds was observed for the alder pollen type
(p<0.001, R>=0.909) (Fig. 3). Each model term can
be viewed in the supplementary material (Supple-
mentary Table 1).

3.1.3 Hazel pollen statistics

Overlapping with alder is the hazel pollen season,
with onset around mid-February and continuing to
mid-April (Fig. 2). The season is mild on average in
Norway being completely absent in northern regions

and moderate only in Oslo (Table 2). Oslo is also
the only region with observed high days, having on
average 1 per year but reaching up to a maximum of
5 high days (Table 3). A strong linear relationship
between SPIn and days above high pollen thresholds
was observed for the hazel pollen type (p<0.001,
R*=0.903) (Fig. 3).

3.1.4 Willow pollen statistics

The willow pollen main season onset occurs as the
hazel season ends in mid-April, starting about a week
earlier in the far south (Stavanger and Kristiansand)
and around mid-May in the far north (Kirkenes).
The season lasts until the mid to end of June in most
regions, extending further into August in the far north
(Fig. 2). Furthermore, willow pollen can be observed
in the air for a substantial amount of time, being
found on average for 3 to 4 months in many regions.
The season is mild in most regions, becoming mod-
erate in Lillehammer, Oslo and Trondheim (Table 2).
As with alder, the moderate regions tend to average
1 to 3 days of high pollen thresholds per year, with
up to 9 and 13 having been observed in Lillehammer
and Oslo, respectively (Table 3). A strong linear rela-
tionship between SPIn and days above high pollen
thresholds was observed for the willow pollen type
(»p<0.001, R?=0.851) (Fig. 3).

3.1.5 Birch pollen statistics

The birch pollen main season onset occurs during
mid-April in the south, with onset as late as early to
mid-May north of Trondheim and lasting until the
mid- to late-May in the south while continuing to
mid-June in northern regions (Fig. 2). The season
tends to be moderate to severe, with the northern
regions (Kirkenes, Tromsg and Bodg) having mod-
erate seasons, Kristiansand and @rsta having moder-
ate-to-severe seasons and Oslo and Lillehammer on
average severe seasons (Table 2). All regions have on
average high threshold days, ranging from 1 day in
the northern three regions to 11 in Olso and Lilleham-
mer. The maximum number of seasonal high thresh-
old days can exceed 20 days, with 26 and 27 having
been observed in @rsta and Lillehammer, respectively
(Table 3). Days above high and very high pollen
thresholds are observed frequently and continuously
between late-April and mid-May in many regions,
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Norwegian Allergenic Pollen Calendar
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Fig. 2 Allergenic pollen calendars from 12 Norwegian
regions. Not all seven pollen types are represented in all
regions due to very low average seasonal pollen integral (SPIn)
(see Table 2). Regions are arranged by latitude from north to
south, and pollen types on average start in the season. Pollen

especially around @rsta, Bergen, Oslo and Lilleham-
mer. A strong linear relationship between SPIn and
days above high pollen thresholds was observed for
the birch pollen type (p <0.001, R>=0.867) (Fig. 3),
with a plateauing of the relationship in years of
extreme SPIn.
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. Exceeding Very High Thresholds

concentrations for high (H) and very high (VH) thresholds for
alder, hazel, willow, birch and pine are 80/150 (H/VH) and for
grass and mugwort 50/100 (H/VH). For average and maximum
days of high thresholds see Table 3

3.1.6 Pine pollen statistics

The pine pollen main season onset occurs during mid-
to late-May, with slight delays in the northern three
regions. The average end date tends to vary between
regions, ending in mid-June in Oslo while continuing



Aerobiologia

Norwegian Allergenic Pollen Calendar

Alder- | [ [ ][ ]

Hazel -

Willow - I“-
Birch-

Pine-

" B
—mr
Mugwort -

Willow - | [ ]
-2EE2EEEE
ne-
Grass- h-
e RN
Hazel -
Willow - * [ [ [ [ ]
Birch-
| | [ [ ][]

Grass-

Lillehammer

Geilo

Bergen

Alder-
Hazel -

B
|

Oslo

Pine-
Grass-
Mugwort-

Alder-
Hazel -

[ | [ ]|
Willow - * [ [ [ [ ]
Birch-
[ [ | [ ]|

Grass-

Stavanger

Alder- l-
Hazel -
Willow - [ |
Birch-
Pine-
Grass- h-
Mugwort - [ | ]

Kristiansand

[ [ | ]
Jan Feb Mar Apr May Jun Jul Aug Sep

Seasonal First to Last Pollen Occurence - Main Season (95% SPIn)
Exceeding High Thresholds . Exceeding Very High Thresholds

Fig. 2 (continued)

until the beginning of July in the north (Trondheim reflected in the number of high threshold days, with

and above) (Fig. 2). The season is usually mild in on average no high days for the mild regions, around 1
Tromsg, Bodg and Stavanger and severe in Lille- to 5 in the moderate regions and 10 to 11 in the severe
hammer, Oslo, Geilo and Kristiansand, while being regions (Table 3). The seasonal maximum number
moderate elsewhere (Table 2). The same pattern is of days above high thresholds have been observed in
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Table 2 Average pollen SPIn and standard error for seven allergenic pollen types in 12 Norwegian regions for the last 16 years
(2007-2022)

Site Pollen Type
Alder Hazel Willow Birch Pine Grass Mugwort
Alnus Corylus Salix Betula Pinus Poaceae Artemisia
Kirkenes 4+2 0+0 25+4 468 +124 772+214 82+19 +
Tromsg 6+2 + 210+54 373+110 59+12 93+16 1+
Bodg 6+3 128 +£40 505+ 166 198 +£62 578 £455 +
Trondheim 964 + 189 + 488 £ 65 1931435 1187 +147 142 +15 13+2
QDrsta 215+61 45+9 145 +20 2961+1012 1616 +246 442 +74 3+1
Forde 672+192 15+3 140+19 1217 +368 1035+ 191 330+48 2+1
Lillehammer 278 +61 8+3 1333 +201 56971273 3183+299 349+36 31+4
Geilo 5+1 0+0 167 +23 913 +290 4435+ 604 227+32 +1
Bergen 73+24 23+4 71+11 1071 +328 712+142 13325 +
Oslo 559+138 530163 1058 +335 5657+ 1321 3504 +399 355+43 45+5
Stavanger 16+4 8+2 58+11 798 +271 445+381 448 +94 +
Kristiansand 223 +63 23+6 278+75 2668 +648 4355+556 4833 +811 54+9
SPIn Seasonal Pollen Integral
Table 3 .Yearly average Site Pollen Type
and maximum number of
days above high pollen Alder Hazel Willow Birch Pine Grass Mugwort
thresholds for seven
allergenic pollen types in 12 Alnus Corylus Salix Betula Pinus Poaceae Artemisia
E;r Vlvg’ g;:;r sre(gzl(‘))(;‘;_f;ég;’ Kirkenes 00) 0(0) 0 (0) 1(6) 2(7) 002 0 (0)
Tromsg 0 (0) 0(0) 02 1(6) 0(0) 02 0(0)
Bodg 0(0) 0 () 0@3) 19 0(3) 1(12) 0(0)
Trondheim 3(8) 0(0) 1(3) 6 (15) 409 0(0) 0(0)
QDrsta 0(2) 0(0) 0(1) 6 (26) 5(11) 29 0(0)
Forde 2(8) 0 (0) 0(0) 3(12) 4(12) 1(6) 0(0)
Lillehammer 1(3) 0(0) 309 11 (27) 10 (15) 0@3) 0(0)
Geilo 0(0) 0(0) 0(1) 2 (10) 11 (23) 0(1) 0(0)
Bergen 0(0) 0(0) 0(0) 309) 3() 0(1) 0(0)
Oslo 2(7) 1(5) 2 (13) 11 (21) 10 (20) 1(3) 0(0)
Stavanger 0(0) 0(0) 0(0) 2(8) 1(6) 209 0 ()
Kristiansand 14 0(0) 02 6 (15) 11 (17) 13 (26) 0(0)

Oslo and Geilo, of 20 and 23 days, respectively. Days
above high and very high pollen thresholds occur in
Oslo and Kristiansand between late-May and early-
June while occurring during the entire July in Geilo.
A strong linear relationship between SPIn and days
above high pollen thresholds was observed for the
pine pollen type (p <0.001, R*=0.880) (Fig. 3), with
a strong plateauing of the relationship even at lower
SPIn.
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3.2 Herb pollen seasons
3.2.1 Grass pollen statistics

The grass pollen season onset occurs during the
beginning of June, with some delays until the end-
June to early-July in the three northern regions, con-
tinuing until early to mid-August (Fig. 2). While the
season duration averages around 2 months, being
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slightly shorter in the northern regions, it is also mild
in most of Norway (Table 2). The exception is Kris-
tiansand to the far south, where days exceeding very
high thresholds are a common occurrence between
the early-June and early-July. Most regions average
between 0 and 2 days of high pollen thresholds per
year, while Kristiansand averages just below 2 weeks
of high days, with the maximum number of 26 high
days having previously been observed (Table 3).
@rsta, Stavanger and Bodg have also been observed
to have a noticeable number of high threshold days in
some years. A strong linear relationship between SPIn
and days above high pollen thresholds was observed
for the grass pollen type (p<0.001, R*=0.915)
(Fig. 3).

3.2.2 Mugwort pollen statistics

The mugwort pollen season occurs during between
mid-July and mid-August, with only four regions
(Trondheim, Lillehammer, Oslo and Kristiansand)
having levels high enough to establish a reliable cal-
endar (Fig. 2). The season has been observed to be
mostly absent in Norway, with pollen being observed
only infrequently in regions other than the four men-
tioned above. In these four regions, the season is
generally mild, with the highest SPIn identified in
the south (Oslo and Kristiansand) (Table 2). No
days exceeding the high pollen threshold have been
observed during the study period in any regions
(Table 3).

4 Discussion

We found that birch and pine were the pollen aeroal-
lergens in the Norwegian atmosphere with the high-
est abundance, although there was substantial varia-
tion between regions. Grass, willow and alder pollen
were abundant in some regions but moderate nation-
ally, while hazel and mugwort pollen were on average
low, although hazel was a more prominent aeroaller-
gen in Oslo. Previous research on Norwegian pol-
len seasons is sparse (Havnen, 1973a), but two older
studies have identified birch and grass as the primary
pollen aeroallergens, followed by lesser abundances
of alder and mugwort (Havnen, 1973b; Ramfjord,
1991). Havnen (1973b) also found significant abun-
dances of pine pollen. This agrees with our research

findings, as birch and pine were overwhelmingly the
most abundant pollen but there were relevant abun-
dances of grass pollen as well. This also corroborates
the few studies available on local seasonal allergies,
as birch and grass allergies have been shown to be
prevalent among Norwegian children (Oftedal et al.,
2007; Selnes et al., 2005). Studies have also shown a
connection between seasonal allergies and asthma for
the same demographic (Nja et al., 2000), and that the
prevalence has increased since 1980s (Hansen et al.,
2013; Hovland et al., 2014). While statistics on sea-
sonal allergies for adults in Norway are sparse, it is
likely to overlap with the general sensitization pro-
files found in Western Europe (Burbach et al., 2009),
in which grass is the main pollen allergen, followed
by birch, hazel and alder.

The relevance of birch pollen as a prominent aer-
oallergen in Norway is further emphasized by the
allergenic prevalence in the surrounding Nordic
countries (Jager et al., 1996), such as Sweden (Lind
et al., 2016), Finland (Ranta et al., 2008), Iceland
(Przedpelska-Wasowicz et al., 2021) and Denmark
(Drby et al., 2015). Although the levels of birch pol-
len were magnitudes higher than the grass pollen in
most regions, this does not mean that grass pollen
is any less allergenically prevalent. Previous studies
have found grass pollen to elicit strong symptoms
in sensitive sufferers even when present in very low
levels (Feo Brito et al., 2010; Kiotseridis et al., 2013;
de Weger et al., 2011), implying that localized grass
flowering can be just as harmful as regional phenom-
ena of birch pollen. This suggests that even the low
levels of grass pollen observed in most of Norway are
likely still relevant for public health. Our findings fur-
ther showed that Kristiansand, Lillehammer and Oslo,
all regions in the south-east of the country, had the
highest overall load of pollen. This likely makes them
the worst regions for pollen sufferers, but longitudi-
nal studies on allergenic symptoms would be needed
to confirm this (Caruana et al., 2015; Kuehr et al.,
1992; Schreurs et al., 2022). The opposite applies to
Tromsg, Kirkenes and Bodg, being the northern-most
regions with the lowest overall pollen load.

Pine, while not as commonly regarded as an aller-
genic pollen, has been identified as a potential aller-
gen due to previous studies on pine pollen allergies
(Freeman, 1993; Harris & German, 1985; Hosen,
1990) and the regular frequency of substantial pol-
len levels in the atmosphere (De Linares et al., 2017;
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«Fig. 3 Relationship between days above high pollen threshold
and seasonal pollen integral (SPIn) for six allergenic pollen
types for the last 16 years (2007-2022) in Norway. The pollen
type mugwort was not included in the analysis due to the lack
of high days during the study period

Lépez-Orozco et al., 2023; Ranta et al., 2008; Rod-
riguez-Rajo et al., 2003; Ruiz-Valenzuela & Aguilera,
2018; Toth et al., 2011). This is likely a combined
outcome of large plant populations, high pollen pro-
duction and optimal pollen release conditions of tall
trees (Vili et al., 2022). Due to this, some authors
have recommended further detailed investigations
into pine pollen allergy (Gastaminza et al., 2009),
with a possible outcome of reclassifying it as a rel-
evant pollen allergen (Marcos et al., 2001), although
overall allergenicity is likely to be low (Charpin et al.,
2022). In Norway, where Scots pine (Pinus sylves-
tris) represents 30% of total tree volume (Statistics-
Norway, 2022), it potentially contributes an aller-
genic effect to sufferers in the surrounding areas,
even if only locally. While Monterey pine (Pinus
radiata) has previously been linked as an allergenic
species (Gastaminza et al., 2009; Harris & German,
1985), the allergenic status of Scots pine requires fur-
ther research. As with pine, willow is not commonly
regarded as a prevalent pollen aeroallergen (Weber,
2015), our results show that it can occur in relevant
concentrations in certain regions, primarily Lilleham-
mer and Oslo. A recent review has suggested that the
pollen can contribute to moderate sensitization (Cos-
tache et al., 2021), showing its potential as an impor-
tant aeroallergen in Norwegian regions in need of
caution and further investigation.

5 Conclusion

We provide important seasonal statistics of relevant
pollen aeroallergens present in the Norwegian atmos-
phere acquired from reliable long-term observations.
We further show that SPIn is a directly contributing
factor to the number of days above high pollen thresh-
olds and periods of increased frequency of severe
symptoms in sufferers. Birch and grass are likely the
most prevalent pollen aeroallergens in Norway, but
further research is needed to determine the extent of
pine and willow sensitization. Our findings contribute
practical guidelines and reference frames for medical

professionals needed to mitigate and reduce the bur-
den of seasonal pollen allergies.
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