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Abstract Historically in the East Midlands, UK,

airborne pollen has been monitored in two cities,

Derby and Leicester, situated 41 km (25 miles) apart.

The aim of the present study was to compare

aerobiological data from both sites to determine if a

forecast based on data from one site would be

sufficient for both, and to address the wider issue of

reproducibility between geographically separated

sites. Pollen types recorded could be split into two

groups according to annual abundance, maximum

daily concentration and the number of high count

days. Six taxa made up the abundant group; ash,

birch, grass, oak, nettle-type and yew-type, repre-

senting 90 and 88% of the total air spora for Derby

and Leicester, respectively. Three consecutive years

of grass and nettle pollen data are presented,

supported by one year of abundant tree pollen data.

There were highly significant positive correlations

between the counts obtained. Line charts showing the

average number of pollen grains m-3 air day-1 show

similar trends, and Bland–Altman plots show little

discrepancy between the amounts of pollen counted

on any given day. Each day was classified according

to the UK accepted threshold levels for grass.

Weighted kappa statistics showed substantial or

almost perfect agreement between the forecast clas-

sifications. With the caveat that this would not apply

in a region with restrictions to air flow such as a

mountain range or with extreme fluctuations such as a

coastline site, this study suggests that data from a

single site is suitable for forecasting a distance of up

to 41 km.

Keywords Pollen forecast � Hayfever �
Aerobiology � Allergy

1 Introduction

Research on atmospheric pollen began in the UK in

1941, with continuous trapping for extended periods

at different sites having been carried out since 1942

(Hyde and Adams 1958). Trapping and recording

airborne pollen has been useful in many different
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disciplines, including: monitoring climate change;

estimating, detection or forecasting the dispersal of

allergens; risk assessment of GM pollen spread; and

the cross-pollination of plant varieties (Lacey and

West 2006).

Airborne pollen grains are an established cause

of allergy-related respiratory symptoms in predis-

posed subjects (Epton et al. 1997), being the

primary cause of seasonal allergic rhinitis, and an

important cause of asthma (Peternel et al. 2004,

Taylor et al. 2007). In recent decades, allergies due

to pollen have greatly increased throughout the

world, especially in large cities and industrialised

areas (Caiola et al. 2002; D’Amato et al. 2007;

Peternel et al. 2004). The three main types of

allergenic pollen are grass, weed and tree pollen;

however, not all species elicit strong allergenic

effects (D’Amato et al. 2007).

From a clinical perspective, pollen data can be a

useful aid in diagnosing the cause of an individual’s

allergies. For an individual who is allergic to

particular pollen, the prediction of the start of that

pollen’s season can allow them to adjust their daily

activities so as to avoid contact with the allergen

(Peternel et al. 2004) or to begin taking medication.

Pollen count data is also important for research into

allergic rhinitis, in particular for clinical trials into

immunotherapy, vaccines and antihistamines, which

rely on pollen counts to assess the efficacy of the

drugs in relation to the severity of the allergenic

stimulus (Keskin et al. 2006; Mirone et al. 2004;

Pajno et al. 2003).

Historically in the East Midlands region of the UK,

airborne pollen has been monitored at two cities,

Derby and Leicester, situated 41 km (25 miles) apart.

In April 2006, a new aerobiology unit was created to

be responsible for counting and producing a forecast

for both cities. Forecasts are produced daily or

weekly based on the previous day or week’s data,

weather forecasts and an understanding of pollen

season trends. It takes time and effort to produce the

counts and forecasts, so the aim of the present study

was to compare aerobiological data from both cities

obtained over a 12-month period, followed by two

further years of summer grass and nettle pollen data,

to determine if a forecast based on data from one site

would be sufficient for both cities and to address the

wider issue of reproducibility between two geograph-

ically separated locations.

2 Materials and methods

2.1 Pollen counting

Atmospheric pollen was sampled over a 12-month

period (April 2006 to April 2007) using 7-day

recording volumetric spore traps (Burkard Manufac-

turing Co. Ltd.) situated at the Universities of

Leicester and Derby. After this period, pollen was

recorded for most of the year (apart from the winter

months) for 2007 and 2008 at the Leicester site, and

for the summer months at Derby. Derby (52�550 N

1�290 W) is an industrial city with a population of

about 230,000, more than 100 km from any coast.

The trap was sited on the roof of Derby University

Mickleover site, 10 m above ground level in a suburb

110 m above sea level and approximately 4 km SW

of the city centre. Leicester (52�380 N 1�50 W) is an

industrial city with a population of about 280,000,

about 90 km from the coast. The trap was sited on the

roof of a building on the University of Leicester

campus, 12 m above ground level in an urban area

60 m above sea level and approximately 1 km S of

the city centre. The two sites are 41 km (about

25 miles) apart.

Twenty-six pollen types were identified by pollen

morphology microscopically according to British

Aerobiology Federation standardised techniques

(BAF 1995). Daily slide or 7-day drum traps were

used with mounting and staining techniques following

methods described by Morrow Brown and Jackson

(1978a). Pollen concentrations were expressed as the

average number of pollen grains per cubic metre of air

per day (grains m-3 air day-1).

Minimum and maximum temperature and rainfall

data were provided by meteorologist David Vince for

Derby and the Leicester city council air quality group

for Leicester, from meteorological stations located

0.5 km and 5 km, respectively, from the trap sites.

2.2 Analysis

Annual cumulative counts were calculated from the

summation of daily average pollen concentrations.

The six most abundant pollen taxa were then

subjected to further analyses. Where appropriate,

the 95% method was used to define the pollen season

retrospectively, with the start of the season being the

date on which 2.5% of the total count for the
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12 months was recorded and 97.5% being the end

(Andersen 1991). When the 95% method was not

appropriate, the start and end dates were defined as

per Fehér and Járai-Komlódi (1997).

A Wilcoxon signed-rank test on the paired abun-

dance data between the two cities was performed.

Correlation between the Derby and Leicester pollen

counts for each taxa and between the temperature and

rainfall variables were calculated using Spearman’s

rank correlation coefficient.

To compare the count obtained from both sites for

any given day, pollen counts were normalised by log

transformation using ln(Y ? 1), where Y is the pollen

count, then, Bland–Altman plots were performed. The

Bland–Altman plot examines the difference between

two measures of a specific pollen type on a single day.

The mean value is plotted on the x-axis, and the

difference between the actual values and the mean on

the y-axis. If there was no difference between the

counts on any given day, all of the data would be on the

line y = 0. Positive y-values represent days when

Derby counts are higher than Leicester and negative y-

values when Derby counts are lower. To check if the

bias and variability are uniform throughout the range

of measurement, the data are plotted graphically. The

standard deviation of the differences is calculated to

take into consideration variation about the mean and

the upper and lower confidence levels plotted. A

Pearson product moment correlation of the difference

versus average data are calculated to see if there is a

consistent tendency for one site of measurement to

exceed the other (the bias).

Pollen levels on any given day were classified as

low, moderate, high or very high based on accepted

UK grass pollen threshold values (Smith and Ember-

lin 2005) and inter-site agreement was assessed using

weighted kappa statistics using quadratic weighting.

All analyses were performed using GraphPad Prism

version 4.02 for Windows (GraphPad Software, San

Diego, Ca), with the exception of weighted kappa

statistics, for which MedCalc for Windows version

9.6.4.0 (MedCalc Software, Mariakerke, Belgium)

was used.

3 Results

Pollen counts were recorded at both sites from 4th

April 2006 to 4th April 2007, inclusive. In Derby,

17 days were lost, resulting in 349 days for compar-

ison. In 2007, pollen counts continued to be recorded

in Leicester until 11th October, and in 2008 from 5th

February to 30th September. Derby pollen counts

were recorded in 2007 from 17th May to 7th

September, and in 2008 from 4th June 07 to 8th

September. Unless otherwise stated, the results and

discussion refer solely to the 4th April 2006 to 4th

April 2007 study period.

A Wilcoxon signed-rank test was performed on the

paired annual abundance data (Table 1) for each pollen

type and no significant difference (P = 0.7215)

between the two cities was found. The Spearman’s

rank correlation coefficient was calculated to

ensure that the pairing was effective (rs = 0.8229,

P \0.0001). The pollen types recorded could be split

into two clear groups according to annual abundance,

maximum daily concentration and the number of days

in which levels exceeded 50 grains m-3 air (Table 1).

Six taxa; ash, birch, grass, oak, nettle-type and yew-

type, had peak daily concentrations reaching

300 grains m-3 air or higher. In contrast, the remain-

ing taxa never reached daily peaks of 200 grains m-3

air. In terms of annual abundance, the high group

cumulated between 1,850 and 6,472 grains m-3 air,

dependant on the city and taxa analysed, compared to

values of 0 to 796 grains m-3 air for the less abundant

group. The abundant groups were recorded at high

levels ([50 grains m-3 air) on multiple days at both

cities, unlike the remaining taxa. Of the six abundant

pollen types, five were moderate to highly allergenic,

the exception being nettle-type, which is not generally

thought to be allergenic. It should be noted, how-

ever, that nettle-type includes pollen from the plant

pellitory-of-the-wall (Parietaria judaica), which

grows in the UK and is highly allergenic (Jäger

2004). The six taxa combined represent 90 and 88% of

the total pollen count for Derby and Leicester,

respectively. Only the six taxa in the more abundant

pollen group were subjected to further analyses.

The total annual abundance for birch, nettle-type,

oak and ash were comparable between Derby and

Leicester (Table 1). Grass was more abundant in

Derby than Leicester, whilst yew-type was higher in

Leicester than Derby. The maximum daily concen-

tration for all six abundant taxa was very high

([150 grains m-3 air) at both cities. Absolute values

were comparable for grass, birch and nettle, whilst

the maximum daily concentration for yew-type was
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higher in Leicester than in Derby, and conversely for

oak and ash, it was higher in Derby than in Leicester.

The number of days with high counts was comparable

for grass, birch, oak and ash; however, there were

more high days in Leicester than in Derby for nettle-

type and yew-type, with ‘high’ being defined as

greater than 50 grains m-3 air.

Over 99.5% of the total birch, grass, nettle and oak

pollen recorded during the 12 months was from the

2006 calendar year (Table 2), enabling the start and

finish dates to be calculated using the 95% criterion

(Andersen 1991). In Leicester, 3.53% of the total ash

recorded was from 2007, so the end of the season was

defined by the Derby dates alone. Yew-type pollen

was recorded in high quantities in both years, so no

start and finish dates were calculated. To enable other

comparisons, the end of the 2006 season and the start

of the 2007 season were defined as per Fehér and

Járai-Komlódi (1997) and the two partial seasons

used together, as they covered a full 12-month period.

Birch and grass pollen season start and finish dates

were very similar at both sites, whilst nettle exhibited

a slightly longer season end tail in Derby. The oak

season in Derby was prolonged in both directions.

There were highly significant positive correlations

between the counts obtained for each taxa from the

two sites (Table 3) and also between the temperature

and rainfall measurements at the two cities for the

Table 1 Pollen types identified by morphological characteris-

tics from Derby (DBY) and Leicester (LTR) and their

respective allergenicity (A), where 0 is none or very low, 1

is low, 2 is low to moderate, 3 is moderate, 4 is moderate to

high and 5 is high. Included are the total annual abundance (N)

and maximum daily concentration (M) in grains m-3 air, and

number of days with more than 50 grains m-3 air (T)

Common name Latin name A* N M T

DBY LTR DBY LTR DBY LTR

Grass Poaceae 5 6,472 4,982 435 442 29 28

Birch Betula 5 5,724 5,281 953 943 18 15

Nettle-type Urtica, Parietaria judaica 0, 5 5,692 5,507 448 467 28 33

Yew-type Taxaceae, Cupressaceae 4 4,693 6,377 474 681 24 29

Oak Quercus 3 2,643 2,748 775 674 8 10

Ash Fraxinus 4 2,108 1,850 379 303 10 12

Pine-type Pinaceae 1b 796 499 81 38 1 0

Alder Alnus 4 507 485 37 32 0 0

Willow Salix 1 318 360 19 30 0 0

Elder Sambucus 2 225 160 26 16 0 0

Dock Rumex 4 160 33 21 3 0 0

Hazel Corylus 4 158 194 19 38 0 0

Elm Ulmus 1a 152 83 11 4 0 0

Sweet chestnut Castanea 2 144 89 23 36 0 0

Rape-type Brassica 2 93 113 11 20 0 0

Plantain Plantago 1 89 472 4 139 0 3

Plane Platanus 4 81 401 11 159 0 2

Goosefoot Chenopodiaceae 2 77 103 6 8 0 0

Beech Fagus 2 72 22 15 5 0 0

Mugwort Artemisia 5 61 58 3 6 0 0

Poplar Populus 1a 37 91 6 18 0 0

Horse chestnut Aesculus 2 32 51 4 8 0 0

Hornbeam Carpinus 2 25 259 3 40 0 0

Lime Tilia 0 24 72 2 12 0 0

Ragweed Ambrosia 5 0 0 0 0 0 0

* Allergenicity information from Jäger (2004), except: a Eriksson (1978) and b Fountain and Cornford (1991)
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same time period. The correlations between temper-

ature variables were much stronger than that for

rainfall.

Line charts showing the average number of pollen

grains m-3 air day-1 show highly similar trends,

although the absolute peak values vary with some

taxa (Fig. 1). Bland–Altman plots (Fig. 2) show little

discrepancy between the amounts of pollen counted

by the two sites on any given day, although birch,

grass and nettle-type show tighter agreements than

ash, oak and yew-type, as indicated by the smaller

distance between the upper and lower confidence

levels (represented by the dotted lines). Pearson

product moment correlation of the difference versus

average data generated in the Bland–Altman analyses

showed no significant trend in the differences

between the counts from the two sites as the average

count increased for grass, nettle-type, oak and yew-

type pollen (Table 4). The two pollen types with the

shortest seasons (ash and birch, with 21 and 20 days,

respectively) showed weak trends, with ash exhibit-

ing a significant but weak positive trend and birch

exhibiting a significant but weak negative trend

(P = 0.019 and 0.0204, respectively).

For both cities, each day during the grass pollen

season was classified as having low, moderate, high

or very high levels of grass pollen according to the

UK accepted threshold levels (Smith and Emberlin

2005). In addition, a further 7 days at the beginning

and end of the season were analysed to capture the

tails. As seen in Table 5, the majority (71%) of

the days were classified identically in both cities. The

remaining days, with one single exception, varied by

only a single category, e.g. low or moderate, mod-

erate or high, high or very high. Weighted kappa

statistics comparing the grass pollen levels from both

cities (Table 6) showed almost perfect agreement

(k = 0.871) between the values for each city.

As there are no accepted threshold guidelines for

the other pollen taxa analysed, the grass forecasting

Table 2 Season characteristics for the most abundant pollen types recorded in both cities. When dates are given, those for Leicester

(LTR) are presented as the number of days before (-) or after (?) the respective Derby (DBY) date

Ash Birch Grass Nettle Oak Yew-type

DBY LTR DBY LTR DBY LTR DBY LTR DBY LTR DBY LTR

Total pollen grains

m-3 air (all data)

2,108 1,850 5,724 5,281 6,472 4,982 5,692 5,507 2,643 2,748 4,693 6,377

Total pollen count

(2006 only)

2,097 1,785 5,718 5,274 6,470 4,979 5,692 5,507 2,639 2,742 2,673 1,788

Contribution of 2007

data to the total (%)

0.54 3.53 0.10 0.13 0.03 0.05 0.00 0.00 0.16 0.22 43.05 71.96

Date season starts 15/4/06 0 22/4/06 ?1 6/6/06 -2 7/6/06 -1 6/5/06 ?3 n/a n/a

Date season ends 5/5/06 n/a 11/5/06 0 29/7/06 0 10/9/06 -5 11/6/06 -13 n/a n/a

Table 3 Correlation

between the pollen counts

from Derby and Leicester

for the abundant pollen

taxa. In addition,

correlations between the

temperature and rainfall for

the two cities are given

Taxa Spearman r 95% Confidence interval P-value (two-tailed)

Ash 0.6710 0.3246–0.8587 0.0009

Birch 0.9504 0.8731–0.9811 \0.0001

Grass 0.8778 0.7964–0.9279 \0.0001

Nettle 0.8407 0.7660–0.8929 \0.0001

Oak 0.7724 0.5915–0.8792 \0.0001

Yew-type 0.8292 0.7515–0.8843 \0.0001

Rainfall (mm) 0.5364 0.4537–0.6100 \0.0001

Min. temp. 0.9554 0.9448–0.9641 \0.0001

Max. temp. 0.9792 0.9741–0.9832 \0.0001
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levels were used to classify each day during the

respective seasons (extended by 7 days each way) for

the remaining five taxa. As with the grass levels,

weighted kappa analysis showed substantial or almost

perfect agreement between the two data sets for all of

the pollen types analysed (Table 6).

In 2007 and 2008, for the grass and nettle pollen

seasons, there was a highly significant positive

correlation between the counts recorded from both

cities (Table 7). Line charts showing the average

number of pollen grains m-3 air day-1 show near

identical trends, and the Bland–Altman plots show

Fig. 1a–f Line graphs

showing daily average

pollen count during their

respective pollen seasons

for both cities: a ash, b oak,

c birch, d grass, e nettle-

type and f yew-type
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little discrepancy between the amounts of pollen

counted by the two sites on any given day (Fig. 3).

The Pearson product moment correlation of the

difference versus average data generated in the

Bland–Altman analyses (Table 7) showed no signif-

icant trend in the differences between the counts from

the two sites for grass and nettle in 2007 and nettle in

2008. Grass counts during 2008 showed a weak but

statistically significant negative trend. Weighted

kappa analysis showed substantial or almost perfect

inter-site agreement between the two cities’ grass and

nettle seasons (extended by 7 days in one direction)

when the days were classified as low, moderate, high

or very high (Table 7).

Fig. 2a–f Bland–Altman

plots showing difference

against average pollen

count each day for Derby

and Leicester: a ash, b
birch, c grass, d nettle-type,

e oak and f yew-type. The

dotted lines represent the

95% Confidence interval.

Pollen counts were log

transformed using

ln(Y ? 1) to normalise. The

x-axis is the mean pollen

count on any given day, the

y-axis the difference

between the mean and the

actual value, with positive

y-values representing days

when Derby counts are

higher than Leicester and

negative y-values when

Derby counts are lower

Table 4 Pearson product moment correlation (r) of the difference versus average data generated in the Bland–Altman analysis for

each of the pollen data sets. Included is the length of season (n) in days

Taxa n r 95% Confidence interval P-value (two-tailed) Significant correlation

(alpha = 0.05)

Ash 21 0.5068 0.0960 to 0.7701 0.0190 yes

Birch 20 -0.5141 -0.7794 to -0.0926 0.0204 yes

Grass 56 -0.1029 -0.3562 to 0.1645 0.4506 no

Nettle-type 93 -0.0543 -0.2552 to 0.1511 0.6052 no

Oak 37 -0.1413 -0.4450 to 0.1915 0.4041 no

Yew-type 96 0.0914 -0.1112 to 0.2867 0.3760 no
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4 Discussion

4.1 Defining the pollen season

At least ten different criteria for calculating the length

of pollen seasons have been published (Jato et al.

2006). The two most popular methods involve either

defining the start of the season as the date on which

the cumulative count reaches a pre-defined quantity,

e.g. Sum75 (Driessen et al. 1990; Emberlin et al.

1999), a technique often used for forecasting pur-

poses during the season with no defined end point, or

defining the season retrospectively as the period

during which a defined percentage of the annual total

was counted, with the remaining percentage equally

divided either side of the season, e.g. 90% (Andersen

1991; Piotrowska 2004), 95% (Andersen 1991;

Méndez et al. 2005; Rodriguez-Rajo et al. 2004)

and 98% (Galán et al. 1995). The retrospective

percentage technique eliminates the long tails of

low values at the start and end of the seasons which

could otherwise introduce bias to the results during

statistical analysis (Galán et al. 1995). The 98%

criterion was shown to yield the longest grass season

in a multi-year, multi-city study and resulted in a long

tail at the end of the season (Jato et al. 2006). When

applied to the data in this study, the 90% criterion

shortened the season to an extent that excluded the

first high ([50 grains m-3 air day-1) grass day of the

year (data not shown). For these reasons, the 95%

criterion was used to define the season for both cities,

and where discrepancies in the start and finish date

occurred, the longest period that encompassed 95%

for both cities was used for further analyses.

It was not possible to use the 95% criterion to

define the ash and yew-type pollen seasons. As

detailed in the results section, only Derby dates were

used to calculate the ash season using the 95%

criterion. No season dates were attributed to yew-type

pollen, but for the purposes of comparing data, the

method of Fehér and Járai-Komlódi (1997) was used

Table 5 The number of days from each site with corre-

sponding grass pollen counts according to classification levels.

The data shown includes the full grass pollen season plus an

additional 7 days at the start and end of the season to capture

the tails

Derby

Low

(0–29)

Moderate

(30–49)

High

(50–150)

Very

high

([150)

Leicester

Low 31 6 1

Moderate 2 1 1

High 1 8 8

Very high 1 10

Table 6 Weighted kappa statistics to demonstrate inter-site

agreement after the days have been classified as having low,

moderate, high or very high pollen counts, for all six pollen

types. Analyses based on season data extended in each direc-

tion by an additional 7 days

Taxa Quadratic weights SE

Ash 0.755 0.167

Birch 0.916 0.167

Grass 0.871 0.118

Nettle-type 0.979 0.097

Oak 0.911 0.140

Yew-type 0.758 0.094

Table 7 Correlation between the pollen counts from Derby

and Leicester during the 2007 and 2008 grass and nettle

seasons; Pearson product moment correlation (r) of the

difference versus average data generated in the Bland–Altman

analysis, including length of season (n) in days and weighted

kappa statistics to demonstrate inter-site agreement for season

data extended in one direction by an additional 7 days

Taxa and year Spearman’s rank correlation coefficient Pearson’s product moment correlation Kappa statistics

Spearman r P-value

(two-tailed)

n Pearson r P-value

(two-tailed)

Significance

(alpha = 0.05)

Quadratic

weights

SE

(Kw0 = 0)

Grass 2007 0.8638 \0.0001 91 0.0341 0.7486 No 0.858 0.099

Nettle 2007 0.7161 \0.0001 93 0.2031 0.0509 No 0.610 0.094

Grass 2008 0.9467 \0.0001 64 -0.3470 0.0050 Yes 0.915 0.119

Nettle 2008 0.8352 \ 0.0001 90 0.1651 0.1198 No 0.708 0.098
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to define the end of the 2006 and start of the 2007 yew-

type pollen seasons. The 2007 start date was defined as

the day when a concentration of 3 grains m-3 air was

consistently exceeded, i.e. the pollen concentration

was above 3 grains m-3 air on at least 5 days during

the following week. The 2006 end date was defined

inversely as the last day on which the concentration

was consistently still over 3 grains m-3 air.

The 2007 and 2008 grass and nettle seasons were

defined using the 95% criterion based on the Leicester

data only. Leicester winter months 2007/08 and

2008/09 were not counted; however, the 2006 data

showed that less than 0.3% of the annual grass and

nettle counts are produced within this period, and,

therefore, these missing data would have minimal, if

any, impact on the season dates. In addition, historical

data from Derby provides further support that the

winter months contribute very little towards the grass

and nettle seasons. Derby pollen was recorded consis-

tently between 1991 and 2005. During the periods 1st

January to 4th February and 1st October to 31st

December, the total grass count contributed to between

0.3 and 0.7% of the annual total (mean = 0.45) and for

nettle 0.2 to 1.7% (mean = 0.62) (data unpublished).

Fig. 3 Left panels Bland–

Altman plots showing

difference against average

pollen count each day for

Derby and Leicester. The

dotted lines represent the

95% confidence interval.

Right panels Line graphs

showing daily average

pollen count during the

respective pollen seasons:

a grass 2007, b nettle 2007,

c grass 2008 and d nettle

2008
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4.2 Pollen abundance

One of the key aims of this study was to determine

whether a forecast based on data from one site would

be sufficient for both cities. Pollen forecasts have

many functions, many of which are related to

hayfever. These include being used to diagnose the

causative agent of an individual’s hayfever, to warn

sufferers on the start and severity of a particular

season (Peternel et al. 2004) and also to assist with

the timing for hayfever-related clinical trials (Davies

and Smith 1973). For specific pollen to be a serious

risk of causing hayfever, it needs to be both

allergenic and present in quantities that can elicit a

response, therefore, only the more abundant pollen

types were subjected to further analysis in the study.

Days with high counts were defined as those when

the maximum daily concentration was higher than

50 grains m-3 air. This is the threshold used in the

UK to define high grass pollen days, based on the

observation by W. Frankland and R. Davies that,

when the mean daily concentration of grass pollen

grains in the air of central London exceeded

50 grains m-3, all of their patients in the area who

were clinically sensitive to grass pollen experienced

symptoms (Davies and Smith 1973). Whilst it is

acknowledged that not all pollen types will cause

symptoms at the same threshold values, there are no

other threshold values for the other pollen types

based on UK clinical data. The group of pollen types

defined as abundant were present at high levels for

between 8 and 33 days over the study period and,

therefore, represent the key taxa used for the pollen

forecasting service. In contrast, the remaining pollen

types that made up the less abundant group never

reached high levels in both cities. In fact, only three

pollen types reached high levels at either site; pine-

type on one day in Derby and plantain and plane for

three days and two days, respectively, in Leicester.

Plantain and pine-type are considered to have low

allergenicity and plane moderate to high. The six

taxa in the abundant group in this study are

consistent with the most abundant pollen types in a

21-year study in Switzerland, and four of them are in

the list of the most important aeroallergens in Europe

(Clot 2003). The Swiss study also listed pine-type as

being highly abundant, which, in this study, was the

seventh most abundant at both sites, but clearly less

abundant than the other six.

4.3 Pollen season characteristics

There are a number of different characteristics that

can be used to describe the pollen season. Those used

in this study include annual abundance, maximum

daily concentration, number of days with high counts,

season start date and season end date. There was no

consistent difference noted between the two cities,

and the differences that were observed were both

pollen- and method of observation-specific. For

example, oak showed consistency between the two

cities in terms of annual abundance, maximum daily

count and number of high days and, yet, clearly

exhibited a prolonged season in both directions in

Derby compared to Leicester. Grass was consistent

between both cities in terms of maximum daily count,

number of high days and start and end of season;

however, the annual abundance was clearly higher in

Derby. Yew-type was more abundant and reached a

higher maximum daily count in Derby than in

Leicester, but was at high levels for two days longer

in Leicester than Derby. This highlights the fact that

caution must be exercised when comparing two sites

based on these types of characteristics, and warns

against the use of a single measurement, such as start

date, for comparing seasons.

4.4 Comparison between the Leicester and Derby

pollen seasons

Regardless of how the counts from the two cities

were compared, there was clearly a very strong

relationship between the data. For all six taxa

analysed, the counts from the two cities were

correlated in a strong, highly significant and positive

manner, as were the minimum and maximum

temperature. Rainfall was also highly significantly

correlated between the two sites; however, the

relationship was not as strongly positive. The impli-

cation from this is that rainfall can vary between the

two sites, and this may have an effect on the pollen

levels recorded, whereas temperature is fairly stable

and, therefore, less likely to be a factor in any

differences in the pollen counts.

Pollen concentration trends between the two sites

were similar for all six taxa; however, the absolute

peak values did vary. To see if differences in the peak

values had an effect on the corresponding forecast,

each day was categorised for each taxa as having low,
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moderate, high or very high pollen levels. The

numbers of days with agreeing classifications com-

pared to non-agreement was compared using

weighted kappa statistics. Kappa statistics is a means

of comparing inter-observer variation, or in the case

of this study, inter-site variation. Weighting the

kappa statistic takes into consideration how far apart

any discrepancies are. A difference of a single

category, such as high to very high, would be

considered in higher agreement than one of two

categories, such as moderate to very high. A kappa

statistic of 0.81 to 0.99 is considered to be almost

perfect agreement, and that of 0.61 to 0.80 substantial

agreement (Viera and Garrett 2005). Birch, grass,

nettle-type and oak showed almost perfect agreement,

and ash and yew-type substantial agreement.

A difference of a single pollen grain can lead to a

day being classified into a different category, e.g. 29

grains is classified as low, 30 grains as moderate.

These discrepancies will affect any comparisons

based on classifications, such as the kappa statistic.

An alternative means of assessing inter-observer

variation is the Bland–Altman plot (Bland and

Altman 1999), which compares the actual counts

and plots the data graphically. In addition, a Pearson

product moment correlation is calculated to assess

bias in the dataset. In general, the Bland–Altman

plots showed little discrepancy between the amounts

of pollen counted by the two sites on any given day,

with four of the six taxa exhibiting no bias, and two

taxa exhibiting weak trends.

4.4.1 Comparing the abundant tree pollen taxa

The ash tree (Fraxinus) belongs to the olive family,

and, for many years, was considered as being impor-

tant only as secondarily allergenic pollen due to cross-

reactions with pollen from the olive tree (Olea), which

is considered to be the most allergenic pollen in the

Mediterranean. Since 1991, however, ash has been

included in the list of the major allergenic pollen in

Europe (Peeters 2000). A recent review of allergenic

pollen has suggested that ash rarely induces allergic

respiratory symptoms (D’Amato et al. 2007). At both

Derby and Leicester sites, ash pollen was the sixth

most abundant pollen type, reaching high levels on ten

or more days during the 12-month main study period.

The trends were comparable and the season start dates

identical. There was good correlation between the two

sites, although this was the weakest of the six taxa

analysed, possibly reflecting the smaller dataset due to

it being the least abundant of the six and having one of

the shortest seasons. The Bland–Altman showed good

agreement, although there was a statistically signifi-

cant weak positive trend in the dataset. This weak

positive trend occurs when Derby has higher counts on

high days, with Leicester typically having higher

counts on lower count days, which is also seen when

the data are displayed graphically. After classifying

the days as low, moderate, high or very high, the

agreement between the sites was substantial, implying

that it is possible to use one dataset to forecast for both

sites for ash pollen.

Birch pollen (Betula) is considered to be one of the

most allergenic aeroallergens, especially in Northern

European countries (Adams-Groom et al. 2002; Cor-

den et al. 2000; D’Amato et al. 2007). In terms of

abundance during the main study period (April 2006

to 2007), birch pollen ranked second in Derby, third

in Leicester in terms of total abundance and first for

both cities in terms of the maximum counts in any

given day. The season start and finish dates were

within one day of each other at both sites and the data

were very highly correlated. The peaks and troughs in

pollen counts were mirrored almost perfectly between

the two sites. The Bland–Altman plot showed a very

tight relationship between the counts from both sites,

although there was a weak but significant negative

trend in the dataset. This trend suggests that Derby

counts were higher than Leicester when the counts

were lower, and lower than Leicester when the counts

were higher; however, closer inspection of the data

suggests that this may be an artefact rather than a true

statement. Kappa analysis after classifying the days

as having low, moderate, high or very high birch

pollen counts shows the two sites to be in almost

perfect agreement. These results indicate that data

from either site can be used to forecast for both sites.

There are two main oak tree species found

throughout the East Midlands, UK: Quercus robur

(English oak) and Quercus petraea (Sessile oak).

Whilst oak is considered to be only a moderate

allergen (Egger et al. 2008; Jäger 2004), there is

evidence that it is has had clinical significance in the

study area (Ross et al. 1996). Oak was the fifth most

abundant pollen type for both cities during the main

study period (April 2006 to 2007). With a total

abundance of over 2,000 grains at both sites, this was
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a relatively high year for oak pollen. A study in

Derby from 1970 to 1997 recorded only one year with

levels that was higher than this (Corden and Milling-

ton 1999). Oak appeared to exhibit a prolonged

season in Derby compared to Leicester, starting three

days earlier and ending 13 days later; however, the

actual trends are very similar, with the main peaks

coinciding perfectly. The counts for the two sites

were highly correlated; the Bland–Altman plot

showed good agreement with no bias within the

dataset, and the kappa analysis after each day had

been described as having low, moderate, high or very

high counts showed almost perfect agreement. This

would suggest that forecasting for both sites can be

based on data from a single site, and cautions against

the use of the season start and finish dates as sole

indicators for agreement between multiple sites.

Due to an inability to distinguish between them

morphologically, pollen from Taxaceae (yew family)

and Cupressaceae (cypress, a conifer family) are

grouped together as yew-type. The cypress family is

known for moderate to high allergenicity (Jäger

2004), whereas yew pollen is considered to be low.

The grouping of Taxaceae and Cupressaceae into one

type has artificially augmented the importance of this

group (Clot 2003). The diversity of trees and shrubs

that make up this group could potentially also explain

the high number of pollen peaks found over three

consecutive months (February to April). Even with

the diversity of plants that make up this group and the

fact that many trees from this group are planted as

ornamentals, all of the peaks and troughs are in

alignment between the two sites, albeit with the

Derby peaks being higher than Leicester in April, and

Leicester being higher than Derby in February and

March. There is a very strong correlation between the

data from both sites; the Bland–Altman plot shows

good correlation, with no significant trend in the data

and the kappa analysis after allocating the days to

low, moderate, high and very high showing sub-

stantial agreement. For yew-type pollen, it can be

concluded that data from one site would be sufficient

to forecast pollen levels from both sites.

4.4.2 Comparing nettle and grass pollen over three

consecutive seasons

The Urticaceae family consists of more than 50

genera, of which the two most important are Urtica

(nettle) and Parietaria (pellitory-of-the-wall). Both

Urtica and Parietaria are common weed plants, with

Urtica being more ruderal than Parietaria (Vega-

Maray et al. 2003). Parietaria pollen grains elicit

severe pollinosis; however, it is not possible to

readily distinguish Parietaria grains from Urtica by

pollen morphology, so, in this study, the two pollens

are grouped together under the term ‘nettle-type.’

Both are found in the area around the two study sites

analysed in this study, although the exact distribution

of them is not known. Nettle-type is clearly a key

component of the aero flora for both cities, being the

second highest pollen type in terms of abundance in

Leicester and third in Derby during the main study

period (April 2006 to 2007). In the two subsequent

years, even with the reduced counting period, the

total abundance of nettle-type in both cities was even

higher than in 2006 to 2007 (data not shown). In

general, a single species will exhibit a typical pollen

distribution, with a lag at the start and end and a clear

peak nearer to the start of the season than the end.

Nettle-type pollen does not follow this pattern, in part

due to the different flowering times of the different

species that make up the group. For example, Urtica

dioica flowers from June to August, Urtica urens

from June to September and Parietaria judaica from

June until October (Corden and Millington 1991). All

three species named can be found in the study area.

Whilst there may be differences in the exact species

composition between Leicester and Derby, which

may explain the few discrepancies noted in the peaks

and troughs towards the end of the 2007 season, in all

three years, there was a high correlation between the

counts for both cities and substantial agreement

between the counts, as indicated by both kappa

statistics and the Bland–Altman plot. In addition, no

bias was found in the dataset after Bland–Altman

analyses had been implemented in any year. Taken

together, it can be argued that counts from either site

would be sufficient to forecast the nettle-pollen levels

for both cities.

The grass family Poaceae (Gramineae) is very

large and consists of over 600 genera, including

grasses of lowlands and meadows, as well as cereal

crops such as oats, barley and wheat. Grass pollen is

the primary cause of pollinosis in many parts of the

world, including the UK (D’Amato et al. 2007;

Emberlin 1997). In the East Midlands, UK, during

the study period April 2006 to April 2007, grass
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ranked first in terms of total abundance in Derby and

fourth in Leicester. Maximum daily counts for both

cities were almost identical and both cities had nearly

30 days with greater than 50 grains m-3 air day-1.

This is the threshold at which all of the patients in the

area clinically sensitive to grass pollen are likely to

experience symptoms (Davies and Smith 1973).

Season start dates were within two days of each

other and the end dates were identical. There was a

very high correlation between the counts and, whilst

absolute pollen counts varied, the peaks and troughs

mirrored each other almost perfectly. The Bland–

Altman plot showed a tight relationship between the

counts from both sites, with no bias in the dataset.

Most of the days during the pollen season were at

comparable levels according to classification groups,

with only one day out of the 70 days analysed being

more than one classification out. Kappa analysis of

this data showed almost perfect agreement between

the classifications at both sites. The 2006 data clearly

shows that grass pollen from one site can generate a

forecast applicable for both sites. In addition, as with

nettle pollen, grass pollen was recorded for a further

two years; 2007 and 2008. As with 2006, the Bland–

Altman plot shows a very tight agreement between

counts from both cities, and the peaks and troughs

mirror each other almost perfectly. Whilst no bias

was found in 2006 or 2007, a weak but significant

negative trend was found in the 2008 dataset,

suggesting that the Derby counts were higher than

Leicester when the counts were lower; and lower than

Leicester when the counts were higher, but a closer

inspection of the peaks and troughs showed that this

was not the case. There was a very high correlation

between counts and kappa analysis of the data after

classifying each day as having low, moderate, high or

very high counts showed almost perfect agreement.

The data from 2007 and 2008, therefore, support the

assertion that a forecast based on grass data from one

of the sites will be accurate enough to represent both

sites.

4.5 General discussion

Most comparative between-site pollen studies from

Europe have assessed regions that are geographically

divergent. For example, between different European

countries (Alcázar et al. 2009; Corden et al. 2002;

Jäger et al. 1996; Piotrowska 2004; Spieksma et al.

2003) or between cities in different regions of the UK

(Adams-Groom et al. 2002; Morrow Brown and

Jackson 1978b). This study was unique in that it

analysed two sites that represent two different cities

from a specific geographical region (East Midlands,

UK) that were relatively close together, separated by

a distance of 41 km (about 25 miles). Over three

consecutive seasons, both grass and nettle-type pollen

levels were shown to be consistent between the two

cities. The methods of analysis comparing the

absolute data (Bland–Altman) and those that com-

pared classifications of the data (kappa statistics after

classifying the days as low, moderate, high and very

high) showed tight agreement and substantial or

almost perfect agreement, respectively. This study

has shown that, for the purpose of pollen forecasting,

the count from one site in the region is suitable for

forecasting the whole region. This finding was

supported by the abundant tree pollen data collected

during the first year of the study. Together, the

abundant tree taxa, grass and nettle-type pollen

represented over 88% of the air spora in the East

Midlands, UK.

A similar study in Sydney, Australia, counted

pollen from three sites in a 30-km region, and

concluded that, whilst for clinical trial purposes data

collection must be local and applicable to the study

population, for informing the public about pollen

counts, the count from one trap is a reasonable

estimation in a 30-km region (Katelaris et al. 2004).

5 Conclusion

Pollen counts were clearly highly correlated between

the two sites analysed. Grass is the most allergenic

pollen in the region, and for three consecutive years,

this study has shown that both grass and nettle-type

pollen data from one site is suitable for forecasting

the whole region. This was supported in the first year

of the study by the abundant tree pollen taxa; ash,

birch, oak and yew-type, which is not sampled in the

subsequent years. With the caveat that this would not

apply in a region with restrictions to air flow such as a

mountain range or with extreme fluctuations in

conditions as one would get from a coastline site,

this study suggests that a forecast based on data

from a single site may be suitable for forecasting in a

40-km region.
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