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ABSTRACT

Background: Pollen is an important aeroallergen that triggers asthma exacerbations in
children, but we know little about the impact different pollen types in cities with varying
climatic conditions and pollen seasons.

Objectives=Weraimed toassess the role ambient level of different types of pollem a large

time series 0of child and adolescent asthma hospitalizatideggdney, Australia.

Methods: Childhood asthma hospitalization and the daily ambient pollen concentrations of
different species were collected in So\Wttest Sydney. With a kdirectional cas&rossover
design, we fitted conditional logistic regression models to measure the associations between
instantaneous_and up to 3 days lagged effects of pollen concentrations on asthma
hospitalizations after controlling for potential confounders and testing for itieradresults:

A total of 2098 childrenmoreboys (59.7%) and 2 to 5 ges old (62.6%), were hospitalized
due to asthma. The geometric mean concentrati@ujafessus, 7.88 [5.02] grains/fh was the
highest during the study period. The increase frofht8®0" percentile ofgrass(OR=1.037,
95%CI 1.0081.070), weed other thaPlantago species (OR=1.053, 95%CI 1.60998) and
unclassified ;pellens (OR=1.034, 95%CI 1.a1L058) were significantly associated with the
odds of asthma hospitalizations. Boys were at greater risk of astkawarbations associated
with grass(OR=1.046, 95%CI 1.003.090) and unclassified pollens (OR=1.041, 95%ClI
1.0104.073). There was evidence of effect modification by age groupgsufmessus, conifer,

total tree and total pollen€onclusions. Although boys are more vulnerable to grass pollen,
weed, and other pollens are also important triggers of asthma exacerbaadrehildren and
adolescentsThese findings are important for urban grepace planning and the development

of pollen manitoring systas for families with children at risk of asthma exacerbations during

peak pollen seasons.

Key words: Asthma, hospitalization, pollen, children, case-crossover

Abbreviations:

Cl Confidence Interval

ED Emergency Department

HRV Human rhinovirus

NO, Nitrogen dioxide

O3 Ozone

OR Odds ratios

PMs 5 Particulate matter up to 2.5um median diameter
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PM1io Particulate matter up to 10um median diameter

ppb parts per billion (by volume)
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1. INTRODUCTION

Asthma remains a significant global chronic public health probéerd the burden of disease

is greatest in childrefh ® Although childhood asthma prevalence varies significantly ranging
from 1 to 18% across different countrfest is highest among high income countries
including=Australid’ Asthma admissions are a huge burden on children, families and the
health care system with short term triggers occurring during peak seasondspRIch as
winter associated"With respiratory viral infections and spring as a marker of polleh9oad
Understanding the role of these environmental triggers would allow better management of

those at risk enabling them to take additional precautions for limiting exposures.

Pollen is an important aeroallergen, especially grass due to its significant allergy producing
capabilities™High pollen grain allergen release during peak pollen seasons trigger asthma
exacerbation§ The effects can be fatal in combination with changing extreme weather
patterns as was observed in Melbourne, Australia in November 2016 during the outbreak of
thunderstorm asthma where ten people died and nearly 10,000 presented to emergency
department(ERJ Studies evaluating associations in large cities with urban demographics
and different magnitude and timing of thelpalseasons are still lacking. As pollen seasons
vary both spatially and temporally, the effect of pollen on respiratory healtt also differ

in various geegraphical and climatic conditions. With climate change, includingiolga
extreme weather patterns, the allergenic effect of pollen is projected to inCresgecially

in urban area&:

Although studies including our own have strengthened our understanding of the link between
ambient pollen _levels andhildhood asthma hospitalizatigts* no study has examined
different pellen types and their impacts over a long period only focusing on children and
adolescentsvho have been admitted to hospital for asthnm@ur earlier studies found
significantrassaogciations between grass pollen in Melbourne and asthma adnbssionsr

short periogd*3/Im et alassessed effects of only weed and ragweed pollen during the fall
season ongasthma admissions in children 0 to 14 years of agefolinéyincreasein 13
counts of weed, pollen (per loic metre) 3 days prior increased daily hospital admissions in
this age group* Chenet al conducted a comprehensive analysis of environmental variables
including total pollen and admissions for all age groups in Adelaide, Austfatiang
children, total pollen was a significant predictor afthmaadmissions in multipollutant
distributed lag models (IRR=1.01 95% ClI 1.010, 1.034).
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A Dbetter understanding of the role of different types of pollen as triggers fomast
exacerbationsequiring hospitalizatiom cities with complex po#in seasons is critical for the
management of asthma. Such knowledge may be used to better inform plant choices for
greening-cities:“Therefore, the aim of this study was to assess the role of ambient levels of
different types of pollen on asthma hospitalization over a 5 year period in childden a

adolescents in Sydney, Australia.

2.METHODS

2.1 Study design

We used a’cas&rossover design over aygar period, between May 1, 2008 and May 31,
2013. The caserossover study is suitable for measuritrgnsient and acute health
outcomes? suchias asthma hospitalization and exposure to daily environmental factors such
as ambient pollen concentrations. Case status was defined as the date of admission, while the
control status was defined as periods on the same dagedf in the same month as the case
date. In this.design, each case serves as his/her own control and eliminates the potential
confounding effects that result from individual differences due to selection of attieols.

Also, the bidirectional approacfor selection of control dates from the same day of the week
and month _also prevents any time trend biases resulting from the time series nature of the
datal® We exclided cases readmitted within the period of one mor28 (tays) to avoid

confusion related to the dafiion of the case (index) and control dates.

2.2 Study population and asthma hospitalization data

The study sample included a total of 2,098 children and adolescents, aged betifieen 2
years, admitted to hospital for asthma in three hospitals: Campbelltown, Camden a
Liverpool fin_Sydney. Due to variations in coding between different hospitals, three
classification=systems for the diagnosis coding were included: 1. I@M: Asthma

(J45), Statussasthmaticus (J46); 2. SNOMEDALT*®: Asthma (195967001), gthma NOS
(266365004); 3. ICED'™: Extrinsic asthma (493.0); Intrinsic asthma (493.1); Asthma
unspecified (493.9); Chronic obstructive asthma (493.2); Other forms of asthma (4@3.8) an
Cough variant asthma (493.82). Data on the age, sex, admission dateadmbsegon cases

within 28 days were also available. Children below the age of 2 years were excluded because

diagnosis of asthma in this group is diffictlt.
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69 2.3 Pollen data
70  Daily ambient concentrations of pollen, expressed as total pollen grains per culi¢metr
71  of air, were collected using aday Burkard volumetric spore trap. The trap was located on
72  the rooftop of Campbelltown hospital free from obstruction. The pollen was tedlletthe
73  trap by air drawn into the chamber, at a rate of 10L/min, througB then by 14 mm slit.
74  The constantly moving adhesive tape/slide captured the pollen-Gvdayl period. A trained
75 technician"counted the pollen by family, since it is difficult to identifytara level by
76  microscopy. The pollen was classified into eightfedent categoriesgrass (Poaceag
77  Plantago (weed, Other weedgEchium plantagineum andParietaria pollen) and pollen from
78 the treeCupressus, Casuarina, Eucalyptus, conifer and Platanus. In addition, “Total tree”
79 and “Total'pollen” categories were also created that included the sum of the tree and all
80 pollen counts respectively. The “unclassified” group included pollens that weidentfied
81 into any of the categories specified abotarlier studies in @lneyhave shownwo distinct
82 grasspollen peaks: the first smaller peak occurs between January to April and the second
83 major pollen peak between July to Octdbe?” but we do acknowledge that other species
84  maybepreseninthe atmosphere throughout the year.
85
86 2.4 Air quality and meteorological data
87  Dalily air quality data were obtained from the Environnfertection Authority in NSW with
88 fixed monitoring stations located in Liverpool and Campbelltown. Air pollutant data we
89 available including 24our average daily concentrations of particulate matter 1M, 5
90 and PMp (<2.5 and <10um diameter respectively). Daily maximum one hour average of
91 nitrogen dioxide (NQ) in parts per billion (ppb) and daily maximum four hour average of
92 ozone (Q) in ppbwere also availableThe data from Liverpool were used in the study as
93 they contained the most complete adébr the time period. Daily maximum temperature
94  daily totalrainfall (mm)and average daily relative humidity (%) were also available from the
95 Bureau of'Meteorology station in Liverpool.
96
97 2.5 Statistieal methods
98 Conditionallagistic regression models wesed to assess the association between different
99 pollentaxaand the asthma hospitalizations outcome using daily pollen concentration as a
100 continuous exposure variabla.most studies of environmental exposures and hospital
101 related outcomes where the unit of analysis is per day, Poisson regression of Genera

102  Additive Models that assume a Poisson distribution for the outcome have been commonly
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103 used. The conditional logistic model we used was based on a bi-directional approach to a
104 case crossover design Wwiteduced bias. Although our choice of method has potentially

105  reduced efficiency” our result may be somewhat conservative (less precise Cl) but the

106  estimates are accurateurthermore, the assumption of a Poisson process was not justified by
107 our datarbasedon a deviance goodness of fit and a Pearson goodness of fit test (p < 0.001).
108 Thereforefour choice of the use of a conditional logistic regression is appropiais

109 instanceWe modelled instantaneous (LO) and up to 3 days lagged (L1, L2 and L3) effects of
110 various pollen types. Results are presented as the odds ratio of asthma haspitédizéne

111 75" to 90" percentile increase in pollen concentrations (graif)shith 95% confidence

112  intervals (Cl). Possible confounding variables such as rainfall, relative humidity, temperature
113  and pollutants such ass(NO,, PM, swere included in the models if they changed the

114  associations bétween pollen and asthma hospitalizhti 10% or morer were statistically

115 significant at the 5% level of significance.

116

117 We conducted stratified analyses for sex and age group (categorised into three gboups: 2
118 years, 612 years and 138 year} for assessing the effect modification by these variables on
119 pollen and,asthma association. The stratum specific odds ratio of pollen effect on asthma
120 hospitalization and the -palue of the interaction terms were calculated. For the age
121  categories, the"138 yearsage group was taken as the refieegroup for calculating p-value

122  of interaction for other two categories. We constructed smooth time series plots of daily
123  asthma hospitalization count smoothed using the LOWBE&Sly Scatterplot Smoothing

124  over the daily pollen counts. All analyses weomducted using statistical analysis package
125  Stata SE 14.1 (StataCorp, College Station, Texas).

126 2.6 Ethics

127  Ethics approvals for the study were obtained from South West Sydney Local Hisalitt D

128 Human Reésearch Ethics Committee (HREC Number: LNR/13/UFCEY) and La Trobe

129  University:!

130

131  3.RESULTS

132 Atotal of 2,098.children were admitted for asthma betwe&r\egy 2008 and "8 May 2013.

133  Among them,44.3% (n=929 children were admitted during ttiest pollen peak, 21.5%

134  (n=450) in the second peak and 34. (n=719 during other monthaViore loys than girls

135 were admitted during the study period, but no significant association was observeehbetwe

136 age group and asthma hospitalization during pollen andpatben peaks (Table 1).
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Smoothed graphs of daily asthma hospitalization cases and pollen counts were ptotted f
grass(Figure 1), Cupressus (Fig 2), conifer (Fig 3) and total tree pollen (Fid). The plots
suggest variations in asthma and distribution patterns for diffpodien taxa across different

time points. Table 2 shows the summary statistics of the daily pollen grain concestration
from 1° May=2008 to 31 May 2013. Most pollen counts remained relatively low for the most
part of the year (80 percentile=0), while verpigh pollen counts o€upressus (over 500
grains/nmi) wefe récorded for a total of 8 days in the entire period. The high pollen counts
occurred mainly during the second pollen period that peaked during September to November
reaching over,1000 grainsimThe distribution of thegrass speciewas distributed more
consistentlyover the yeas, reaching the peak concentration (142 graifisttaring October

to JanuaryConifer and total tree pollen peaked during the second peak season between July
and OctoberEucalyptus pollen reached peak concentration during the October to January,

while other weeds were predominant during October to December.

Due to the\large positive skewness of the pollen data, we present the geometric means (GM)
and geometric./standardewdation of daily pollen concentration€upressus, 7.9 [5.0]
grains/ni, had.the highest geometric mean, followedytss 4.8 [3.2] grains/f(Table 2).

The adjusted.odds ratios for asthma hospitalization, per unit increase in thelaaend 4

day (Lag0, Lagl, Lag2 and Lag3) cumulative lagged pollen concentrations along with 95%
confidence intervals are presented in table 3. The samgrdss(OR=1.037, 95%CI: 1.005,
1.070, other weeds (OR=1.053, 95% CI: 1.009, 1.088) unclassified polle(OR=1.(4,

95% CI: 1.010, 1.058yvere significantly associated with increased likelihood of asthma
hospitalization. The cumulative lagged concentrations of unclassified pollen (OR=1.008,
95%CI: 1.001, 1.015and Platanus (OR=0.996 95%CI: 0.99, 0.999 were also associated
with asthma_hospitalizations (Table 3). Few associations were observedyfioahd Lag3
pollen coneentrationslantago (OR=0.918, 95%CI: 0.97, 0.99) and unclassified pollen
(OR=1.016595%CI: 1.000, 1.0B®%ere significant at Lag&ndPlatanus (OR=0.981 95%ClI.
0.965, 0.99pwas significant at Lagl (result not shown).

Sex stratified analysis was also conducted andlpes of the interaction terms between the

sex and pollen estimated. There was a trengrfass (OR=1.046 95%CI: 1.0@, 1.09) and
other unidentified pollengOR=1.041 95%CI: 1.00, 1.0733) to increase odds of asthma
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hospitalizations in boys when stratified, but thegtue for the interaction term in the main

effects model was not statistically significant (Onlgupplementary table).1

Age stratification showed thagrass (OR=1.017 95%CI: 1.@5-1.09), other weeds
(OR=1.075,"95% CIl. 1.02-1.129), Platanus (OR=1.4L7, 95% CI. 1.08-1.033 and
unclassified pollens (OR=150, 95% CI: 1.@7-1.09) were associated with asthma hospital
admissions among 2 to 5 year old children. However, thaye for the interaction term was
only significant forconifer (p=0.008), total tree (p=0.004) and total pollen (p=0.0CGéhifer
was significant.among 6 to 12 year olds (OR=1,03% CI: 1.01-1.092 p=0.003 for the
interactioniterm) (Online supplementary taBje

4. DISCUSSION

Our study suggests that grass, wedgthilm plantaginium & Parietaria) and unclassified
pollens were_significantly associated with childhood asthma hospitalizatiddsuti\West
Sydney, a'city with two peak pollen seasons. Boys and children aggek&s were more
vulnerable_ thangirls or older children to grass and ssiflad pollens. This is the first study

to assess the role of different types of pollen concurrently on a large time series of asthma

admissions in children and adolescents.

our group. that showed an increase in grass pollen concentration of 50 gtairesm
significantly associated with the risk of asthma hospital admissions {QR, 95%CI 1.00
1.22) in childrert? A largestudy in Adelaide reported significant associations betvietzh
pollen counts and childhood asthma hospitalizatom a multipollutant moving average
model (OR=1.013 95% CI 1.001, 1.025) but not in a Apdtiutant distributed lag modeél

They also'reported stronger effedtsthe cooler seasons. It is uncertavhy the effects were
observed in“cooler seasons, but the effect may be modified by respira@rinigctions
during winters=which were not accounted for. It was also unclearaéses werdhe
prominenttrigger o€hild admissions as they only used total pollen counts as their exposure.
In addition to grass, we found other species were important too in this region inclesidg w
pollens, such a&chium plantaginium andParietaria species. This finding confirms a noch
earlier study by Bass et?althat indicated a possible association between weed species,
Parietaria Judaica and IgEmediated rhinitis and asthma in Sydney. Weed pollens seems to

be important in the USA too especially on severity of asthma symptoms in asthmatic
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children** 2°Im et als study of asthma hospital admissions in children age 0 to 14 years
focused only on weenhcludingragweed as these were the prominent pollens during the fall
season. In regression models, they fourtth® lag ofelevatedveed pollen wasignificantly
associated with admissiaffsWe camot directly compare our findings with theirs aseth

only presented beta coefficients from a linear regression médebverall weed taxa
constitute fa significant proportion of total pollen counts in Sydhayban vegetation
planning needs to be carefullpnonitored and these factors need to be taken into
consideration. In contrast to studies that have focused on tree pollens and childhood asthma

exacerbation ®,?’we found no associations.

Our studyssuggests that pollen is a contributing trigger for asthma exacerbatidlysimos
young childrenGrass certain weed and other unclassified pollen were significant risk factors
for asthma hospitalization in 2 to 5 year old children. However other studies haveedbser
the pollen_sensitisation peaks in the second decade dfi¥ave observed an effect
modification by age group faCupressus, conifer, total tree and total pollen. Similar to other
studies, we.alse’observed a trend towagteater pollen effect in baysbut it did not reach

statistical significance when we included an interaction term in the main effects analysis.

This study has'several strengths. It was based on a robust design extended over a%period of
years with a large sample size. This study is unique in that it has also assessed the association
of a wide range of pollen species with asthma. This has not been examined in the Australia
context before and has been addressed in few studies only elsewhere. Ttrossmseer

design increased the pewof this study and controlled for confounding factors that result

from individual differences.

However, this study also had some limitations. The potential for exposure niigztes

cannot berexeluded, since it was not possible to confirm thaojndation were exposed to

the same levels of pollen as recorded in our study. Although pollen counts might vasy acros
larger distance® the three hospitals included in the study were located within 30 km
distance of pollen trap station to minimize the exposure differences across distances. We did
not have information on respiratory viruses or pollen sensitisation, which may beantport

on the pollen trigger pathways to asthma admissions. However, our Melbourne study showed
consistent effects ofjrassas significant predictors of asthma exacerbation, even after

adjusting for human rhinovirus and taking pollen sensitisation into actoliherefore, at
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least forgrass we are reasonably confident that our result is close to a true estimate of
asthma hospitalization risk in childrelVe also acknowledge the differences in coding

between hospitals as a potential limitation.

In summarygrassand weed pollens were associated with asthma hospitalizations in children.
Boys and/2 to 5 year old children were more vulnerable than girls or older children to the
adverse effects of pollen. These findings further contribute to theneediat different
species ofgpollen are important triggers of asthma exacerbations. These factors are important
for urban planning and greening cities. In countries with varying climatic conditions and
different pellen/species, standardized national pohleonitoring with advanced warning
systems could assist patients at risk of pollen induced asthma exacerbations.
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Table 1. Descriptive statistics of asthma hospitalization segregated by pollen peaks periods in

Sydney.
All First pollen peak  Second pollen Other p-value
January-April peak July- months
October
N (% of All) 2098 929 (44.3) 450 (21.5) 719 (34.3)
Sex
Boys 1253 564 (45.0) 263 (21.0) 426 (34.0) 0.69
Girl 845 365 (43.2) 187 (22.1) 293 (34.7)
Age group
2-5 years«="1314 597 (45.4) 276 (21.0) 441 (33.6) 0.63
6-12 years 644 272 (42.3) 140 (21.7) 232 (36.0)
13-18years 140 60 (42.9) 34 (24.3) 46 (32.9)

a“test for association between sex and pollen seasons

X2 test for association between age groups and pollen seasons
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Table 2. Descriptive statistics and percentile distribution of pollens ffbiay
2008 to 31 May 2013.

Pollen Types Geometric Min Percentiles M ax
Mean (SD) 25th 50th 75th 90"

Grass 4.8 (3.2) 0 0 1 5 14 142
Plantago 3.6 (2.9) 0 0 0 3 8 83
Other weeds 2.9 (2.6) 0 0 0 1 5 51
Cupressus 7.9 (5.0) 0 0 0 5 29 1266
Casuarina 3.3(2.9) 0 0 0 3 7 358
Eucalyptus 3.8 (2.9) 0 0 1 5 10 146
Conifer 4.7 (3.5) 0 0 0 0 7 135
Platanus 4 (3.6) 0 0 0 1 5 203
Unclassified pollen 4.4 (2.8) 0 0 3 7 12 264
Total Tree 15.1 (4.0) 0 2 11 29 75 1401
Total Pollen 20.8 (3.9) 0 4 15 42 106 1426

Sporadic and lower number wee@shium plantagineum & Parietaria pollen)

Table 3."Adjusted odds ratios and 95% confidentervals (CI) of childhood asthma

hospitalizations associated with"78® 90" percentile increase in same day (lag0) and

cumulative lagged pollen concentrations.

Pollen Types LagO0OR (95% CI) Cumulative Lag OR (95% CI)
Grass 1.037 (1.005- 1.070)* 1.005 (0.995-1.015)
Plantago 1.003 (0.962-1.045) 0.994 (0.983-1.005)
Other weeds 1.053 (1.009-1.098) 1.002 (0.990-1.015)
Cupressus 1.007 (0.986-1.027) 1.001 (0.994-1.008)

This article is protected by copyright. All rights reserved


https://en.wikipedia.org/wiki/Echium_plantagineum�

375
376
377

378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401

Casuarina
Eucalyptus

Conifer

Platanus
Unclassified pollen
Total Tree

Total Pollen

1.004 (0.992-1.015)
0.991 (0.962-1.022)
1.015 (0.987-1.045)
1.002 (0.987-1.017)
1.034 (1.010-1.058)*
1.015 (0.988-1.042)
1.026 (0.992-1.060)

1.003 (0.997-1.009)
0.995 (0.986-1.005)
1.004 (0.995-1.012)
0.996 (0.991-0.999)*
1.008 (1.001-1.015)*
1.002 (0.993-1.010)
1.002 (0.992-1.013)

(Adjusted for maximum temperature, mean humidity and averagge)PM

ISporadic and lower number wee@slifium plantagineum & Parietaria pollen)

*p<0.05

Figurelegends

Figure 1: Daily smoothed asthma admissions counts and daily grass pollen count during the

study period
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Figure 2: Daily smoothed asthma admissions counts and@gihess pollen count during

the study period

Figure 3: Daily smoothed asthma admissions counts and daily conifer pollen count during the
study period.

Figure 4:==Daily'smothed asthma admissions counts and daily total tree pollen count during

the study period.
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Figure 1: Daily smoothed asthma admissions counts andgtadgoollen counturing the study period
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Figure 2 Daily smoothed asthma admissions counts and @gjyess pollen counduring the study
period
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Figure 3 Daily smoothed asthma admissions counts and daily copifiéen count during the study

period.

3 150

27 100

Smoothed daily asthma admissions
Daily conifer pollen counts

i i J i wll o P
0 0
T T T T T T
May 2008 Jan 2009 Jan 2010 Jan 2011 Jan 2012 Jan 2013

Date

e Smoothed daily asthma admissions — Daily conifer pollen counts

This article is protected by copyright. All rights reserved



Figure 4 Daily smoothed asthma admissions counts and daily total tree poliabdioing the study

period.
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