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Abstract

Background: The most severe thunderstorm asthma (TA) event occurred in Melbourne on the 21st November 2016 and
during this period, daily pollen information was available and accessible on smart devices via an App. An integrated survey
within the App allows users to self-report symptoms.

Objective: To explore patterns of symptom survey results during the period when the TA event occurred.

Methods: Symptom data from the Melbourne Pollen Count and Forecast App related to asthma history, hay fever
symptoms, and medication use was explored. A one-week control period before and after the event was considered.
Chi-square tests and logistic regression were used to assess associations between sex, age, symptoms, and medication use.
Results: Of the 28,655 responses, during the 2016 pollen season, younger (18 to 40 years) males, with no hay fever and no
asthma were the most single and regular responders. During the TA event for new users, sex was only significantly asso-
ciated with hay fever (p =0.008) of which 60.2% of females’ responses reported having hay fever, while 43% of males’
responses did not. Those with mild symptoms peaked during the TA event.

Conclusions: Many individuals completed the survey on the app for the first time during the TA event indicating the
potential of digital technologies to be used as indicators of health risk among populations at risk of TA events.
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Introduction
Thunderstorm Asthma (TA) is defined as an asthma

attack triggered by abrupt changes in environmental
conditions such as sudden changes in temperature and
wind speed, which is usually accompanied by thunder-
storm activity. All TA events in Australia have occurred
during peak grass pollen seasons.! The grass pollen
season in Melbourne is usually between October and
December and the onset of its peak occurs when the
air contains a sufficient amount of pollen (50 grains
per m® of air) to trigger symptoms of hay fever and
allergic asthma in most susceptible individuals.> TA
events in Melbourne have been reported in the 1980s,
2010 and as recently as 2016.>* In Melbourne all TA

events have occurred in November, when airborne
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grass pollen are at a peak. The largest epidemic TA epi-
sode on record occurred in Melbourne on the 21st
November 2016, resulting in around 9,900 patients pre-
senting at hospital emergency departments.” On that
day, around one call every four seconds flooded the
emergency line and 60 supplementary ambulances were
deployed. The event, resulted in nine deaths, and has
been defined as the most catastrophic TA epidemic to
date.® The risk of more epidemic TA events is likely to
grow with changing climatic conditions and longer more
intense pollen seasons.” In response to the Melbourne
TA event that occurred in 2016, the Victorian govern-
ment established a pilot forecasting system for epidemic
thunderstorm asthma in south-eastern Australia.® TA
events are not limited to the pacific region, with similar
unprecedented TA events also observed in England,
Canada, Italy, and Iran,>*!° for which health services
had not been adequately prepared.* The development of
early warning systems to predict TA events and messag-
ing systems or technologies to inform the public are
clearly desirable.

Public health warnings and information have tradi-
tionally been disseminated using print, television or
radio.!” Recently, smartphone-synced devices have
become a cost-effective central component in reaching
wider and diverse audiences.'”> Around 2.5 billion
people around the world own a smartphone and it’s esti-
mated that this will increase dramatically in the coming
years."'* On average a smartphone owner will use
around 25 applications (apps) per month."> Such wide
diffusion of technology should motivate health-care pro-
viders to implement and enhance patients’ interaction
with this technology which can empower users to take
an active role for their own health.'® There is a plethora
of literature and websites focusing on such apps, but the
uptake of these tools is for the most part unknown.'”
In our systematic review,'®> we found a dearth of
evidence-based apps, as opposed to the large number
of smartphone apps available for the general asthmatic
population to monitor self-management and medication
use. In addition, the readiness of such technology to
record symptoms as they occur remains insufficiently
studied."”

The Melbourne Pollen Count and Forecast is a free
service provided by the University of Melbourne. Pollen
forecasts are disseminated to the public via its website
(https://www.melbournepollen.com.au/) and a smart-
phone application which can be downloaded for free
from the Apple App Store (https://itunes.apple.com/
au/app/melbourne-pollen-count/id707461899) or from
Google Play for Android (https://play.google.com/
store/apps/details?id = com.plenum.pollen). The
Melbourne Pollen Count and Forecast App incorporates
a symptom survey which allows users to record their
symptoms as they occur and to share this information

along with basic demographic data with researchers. The
service is utilised by thousands of people of all ages
during the Melbourne pollen season,””?' and was in
operation during the TA event of 21st and 22nd
November 2016. We have used the survey results from
the App during the pollen period of 2016 to describe
changes in user symptom score profiles during the
weeks before, during and after the 2016 TA event.

Methods

Study Design, Subject Recruitment, Demographic
Data and Symptom Score Collection

Here, the study design is cross-sectional where we assess
a period before, during and after the 2016 TA event
(14th-29th November 2016). The Melbourne Pollen
Count and Forecast App operates during the peak
grass pollen season in Melbourne Australia. The digital
service provides daily grass pollen forecasts and allows
users to self-enrol themselves for participation in the cit-
izen science program by interacting with the survey
widget and submitting survey scores related to their
hay fever symptoms and optionally provide demograph-
ic data. Details about the questions asked to participants
and the outcome variables obtained have been previously
described.?®?? In this study we defined ‘regular respond-
ers” as those for whom the number of submissions were
found to be more than four over the course of the current
pollen season (1st October — 30th December 2016).
Whereas ‘single responders’ were defined as those who
submitted a survey only once. To ensure that only rele-
vant survey submissions were assessed in this study,
survey scores from users who did not provide a GPS
location, or which were located more than 50 kms
from the Parkville spore trap were removed from the
analysis as previously described.?® The survey data was
primarily approved for use by the South Western Sydney
Local Health District Human Research Ethics
Committee (HREC) LNR/15/LPOOL/478; Australian
Hay fever Survey and the Human Research Ethics
Committees of the University of Melbourne and
Melbourne Health (1647764.1 and QA2015148).

Statistical Analysis

We used survey results from App users during the 2016
pollen season. We used a one-week control period before
and after the TA period. Chi-square tests were used to
explore the associations between sex, age, symptoms,
and medication variables. Age was dichotomized as 18
to 40 years and 41 to 61 years. All the other variables i.e.,
asthma, hay fever, taking medication were categorical as
yes or no. Symptom scores were ordinal with increasing
in intensity from 1 to 5. Logistic regression was used to
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adjust the analysis of those variables to each other and
between time periods. Two-sided p values less than 0.05
were considered as statistically significant. All analyses
were performed wusing Stata statistical software
(StataCorp. Stata Statistical Software: Release 16.1.
College Station, TX).

Results

Of the 28,655 filtered responses (16,032 responses from
males and 12,623 from females), 58.5% and 59.2% were
18 to 40 years of age respectively (Table 1). Overall,
4,130 male responders (25. 7%) and 4,094 female res-
ponders (32.4%) were asthmatic. Compared to females,
most males were not previously diagnosed with asthma
(74.3%) nor hay fever (62%); tended to have less than
moderate symptoms or no symptoms at all (77.6%).
However, 58.8% of females and 55.5% of males
reported taking their medications during the 2016 grass
pollen season (p<0.001). A significant association
between asthma diagnosis, hay fever diagnosis, taking
medication, and symptoms scores were observed with
sex (p < 0.001).

Characteristics of app users one week prior to the
event are displayed in Table 2. More females reported
severe symptoms (8.4%). Among all responses, 64.7% of
males and 59.2% of females did not have a formal diag-
nosis of having hay fever (p=0.004). During the TA
event (Table 3) differences were observed between
males and females taking medication during the TA
event (p=0.008). About 17.7% of male responders and
18.8% of female responders self-assessed their symptoms
as being severe (i.e., obvious, and intolerable) although
this was not statistically significant. Table 4 shows the
characteristics of regular responders and new users for
the week after the TA event. Of females, 33.4% were
asthmatic and 50.40% had hay fever (p<0.001).
Asthma, hay fever, and symptoms scores were signifi-
cantly associated with sex in this period.

Age group was not statistically associated (p=0.60)
and asthma status was no longer significantly associated
(p=0.76) with responder’s sex during the period and one
week after the TA event when we fitted a logistic regres-
sion. However, differences in hay fever status and symp-
toms scores (other than mild) between males and females
were still significant even after being adjusted to each
other and over time periods (Table 5).

Figure 1 shows the number of participants’ responses
reporting no symptoms, mild symptoms, and sever
symptoms, by asthmatic status and sex. The number of
responses from both non-asthmatic males and females
increased in the number of responses and this was great-
er for those reporting mild symptoms leading up to and
including the day of the TA event. Similar increases were
observed for asthmatic responders, but the magnitudes

were considerably less than non-asthmatics. Figure 2
shows the number of users with no symptoms, mild
symptoms, and severe symptoms by hay fever and sex.
Similar trends were observed among male and female
responders, having no symptoms during the TA event.
Similar increases were observed between females with
and without hay fever but male responders without
hay fever were slightly higher compared to males with
hay fever. Those with mild symptoms peaked during the
TA event. Online supplementary Figure 3 and Figure 4
shows the number of single response use having no
symptoms (A), symptoms (B) and severe symptoms (C)
for the period 14 to 29 November 2016 by asthma and
gender, and by hay fever and gender respectively.

Discussion

This study describes the trends and characteristics of
survey results from a smartphone application used by
individuals to self-monitor symptoms before, during,
and after the world’s most severe TA event in 2016.
We showed that mild symptoms peaked up to and
including the day of the TA event and this was higher
among non-asthmatic males and females. Surprisingly,
younger (18 to 40 years) males, with no hay fever or
history of asthma were completing the surveys during
this period. A significantly higher percentage of new
female users during and after the event reported being
diagnosed with hay fever. Our findings were similar to
previous TA studies®>** where symptoms were common
in males and younger age groups. This could be partly
attributed to their professions and/or lifestyles possibly
with increased exposure to the outdoors. In such circum-
stances it may be argued that these individuals could be
more aware of forthcoming changes to climatic and out-
door conditions. An alternative explanation could be
that younger participants and males, in general, used
digital devices more frequently than middle-age or
older age groups and were able to be pre-warned by
monitoring conditions via online resources.*

Studies assessing the 2016 TA event reported individ-
uals with undiagnosed asthma or stable asthma with
little or no onset of symptoms until the occurrence of
the TA event.”®?” Indeed, during the 2016 event, most
patients that attended emergency departments had not
been diagnosed with asthma by a doctor. These obser-
vations support the view that undiagnosed asthma may
be more prevalent in the community than once thought.
Ongoing monitoring of large-scale crowd-sourced aller-
gic rhinitis symptom data could potentially provide nec-
essary data to be able to predict the penetrance of
individuals with asthma related symptoms, and perhaps
even rare epidemic TA events.

Hay fever is also an associated factor in susceptibility
to TA.>® As reported in a recent review,”’ almost all
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Table 5. Adjusted Analysis of the Associations Between Responses’ Sex, Age, Asthma, Hay Fever, Taking Medication,
Symptoms Score, and Time Periods.

Odds Ratio 95% Confidence Interval p-Value
Age group (years)
18—40 (Ref) |
41-61 1.03 0.93-1.14 0.60
Asthma
Yes 0.98 0.85-1.13 0.76
No (ref) |
Hay fever
Yes 0.73 0.64-0.83 <0.001
No (ref) |
Taking medication
Yes 1.10 0.99-1.22 0.08
No (ref) |
Symptoms score
| =no symptoms |
2 =mild' 0.96 0.84-1.09 0.54
3 =slight? 0.76 0.66—0.88 <0.001
4 =moderate? 0.6l 0.52-0.73 <0.001
5—severe® 0.65 0.53-0.79 <0.001
Time periods
14-20 November 2016 (Ref) |
21-22 November 2016 1.03 0.90-1.17 0.67
23-29 November 2016 0.86 0.76-0.96 0.008
Notes: Adjusted to each other.
Islight and a nuisance.
2obvious but tolerable.
3obvious, inconvenient but still tolerable.
“obvious and intolerable
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Figure |I. Number of all responders having no symptoms, symptoms, severe symptoms for the period 14-29 November 2016 by
reported asthma status and sex.
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Figure 2. Number of all responders having no symptoms, symptoms, severe symptoms for the period 14-29 November 2016 by

reported hay fever status and gender.

individuals affected in TA events had hay fever, often
undiagnosed. Notably, hay fever is a condition that is
under appreciated for which patients self-manage their
condition with support from a pharmacist but usually
not medical doctors during the hay fever season.’® In
this study, a significant number of new female users
before and after the TA event reported having hay
fever. Furthermore, a sharp increase in app survey
responses during the TA event among both males and
females with hay fever and severe symptoms suggests an
underlying environmental mechanism during the event.
Abrupt changes in weather such as a consecutive hot
days and then a drop in temperature coupled with high
humidity,*® high concentrations of air pollution,*' aero-
allergens®® or a combination of all these factors may
have contributed to the phenomena.

This study is unique as it involves data collection
during a catastrophic TA event, using a digital platform
that can be accessed via a smartphone. Individuals were
provided with grass pollen forecast information and a
mechanism to report their symptoms during any time of
the day. The data collection process is cost-effective as it
reduces the costs that would otherwise be spent on
survey design, printing and implementation but it is lim-
ited in collecting additional clinical information or past
history, which is important in understanding factors that
may confound, or mediate associations observed.

Nevertheless, in the future it may be possible to link
individuals health records with the survey responses
received, if individuals provide consent as has been
done by several other Asthma apps for the effective
management.” Another limitation to note is that we
were limited with the amounts and types of demographic
information available: detailed/important patient back-
ground information that can impact the usage of such
apps such as educational level, professionalism, working
hours etc should be captured if possible, and adjusted in
the analysis. Moreover, no objective parameters were
available to interpret the subjectively severe symptoms
among users with no previous diagnosis of asthma. For
instance, it would have been ideal to have lung function
testing results for all users, but at such scale this would
be impractical. An alternative approach could be to inte-
grate data recording from a smart spirometer or develop
software which can identify and quantify wheeze via the
smart devices integrated microphone.

Smart technology use is expanding and it may be pos-
sible to link the survey data provided by individuals to
health care providers allowing the reporting of real time
and local information on key environmental triggers of
asthma to cater for the older population given that it is
used widely by younger populations.®* It is clear that
user driven design approaches in App development
would ensure that all potential users of the app and all
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users submitting data to the citizen science project were
catered for. Such approaches have been shown to
improving the effectiveness, uptake and stickiness of
Apps while simultaneously reducing user bias and
improving the quality of generated data.>> Moreover,
user centred design of eHealth Apps which include
input from all stakeholders during the design process,
whether they are individuals who contribute data or
are involved in data analysis, would without doubt
improve the utility of acquired data sets. Nevertheless,
due to the self-reported nature of the symptom data, and
potential information bias, acquired data must be inter-
preted with caution. Yet despite the limitations present
in this study, the symptom data presented here by age
and sex are comparable to the findings of other studies
in literature.?*

In summary, symptoms surveys via digital mobile
technology provides a new and exciting medium to sup-
port person centred health care and enhance personal
capabilities to better manage symptoms and treatment
control during environmental events such as TA that are
likely to trigger allergic respiratory disease.
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