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ABSTRACT

Background: The world's most catastrophic epidemic thunderstorm asthma event (ETSA)
affected Melbourne in 2016. Little is known about the natural history of individuals affected
by such extreme events.

Objective: In this single center prospective 3-year longitudinal study, symptomatology and
behaviors of individuals affected by ETSA were assessed.

Methods: Standardized telephone questionnaire was used to evaluate frequency of asthma
symptoms, inhaled corticosteroid preventer use, asthma action plan ownership, and
healthcare utilization. Questionnaires were administered at 12, 24, and 36 months after 2016
ETSA. Subgroup analyses of the ‘current’, ‘past’, ‘possible,” and ‘no asthma’ subgroups were
also conducted.

Results: Two hundred and eight, 164, and 112 completed questionnaires were analyzed in
2017, 2018, and 2019, respectively. Seventy to eighty five percent of respondents reported
ongoing asthma symptoms in any given year, of which 20%-28% experienced weekly
symptoms. Nearly 50% of respondents were prescribed preventers, with approximately

45% adherent at least 5 days a week. Less than 40% had an asthma action plan and 15%-—
20% sought urgent medical attention for asthma over the follow-up period. Among 106
individuals with 3 consecutive years of completed questionnaires, those with no prior doctor
diagnosis of asthma were significantly more likely to be asymptomatic on follow-up than
those with a prior doctor diagnosis of asthma (p = 0.02). Subgroup analyses suggest that large
proportions of respondents with ‘past’ and ‘no asthma’ continue to remain symptomatic
throughout the 36-month period.

Conclusion: In individuals affected by ETSA, we found evidence of ongoing loss of asthma
control in those with previously well controlled asthma, and the persistence of symptoms
suggestive of asthma in those with no history or symptoms suggestive of prior asthma, even
after 36 months from initial ETSA. Low rates of inhaler adherence and asthma action plan
ownership may contribute to increased morbidity and mortality from future ETSA events.
Further research is required to confirm these findings.

Keywords: Asthma; Environment; Epidemics; Natural history; Pathophysiology;
Public health
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INTRODUCTION

Epidemic thunderstorm asthma (ETSA) is defined as an observed increase in cases of acute
bronchospasm following thunderstorms in the local vicinity [1]. First described in the United
Kingdom in 1983 [2], ETSA events have now been reported across the world including in
Australia, Europe, the Middle East, and the United States of America [3].

On 21st November 2016, the world's largest and most catastrophic ETSA event struck
Melbourne, resulting in over 3,500 Emergency Department (ED) presentations, 35 intensive
care unit admissions and 10 deaths [4]. The natural history of asthma symptoms in
individuals affected by such catastrophic events remains unclear due to the paucity of data
available. One study suggested a pivotal change in asthma trajectory with both loss of asthma
control and persistence of de novo asthma in certain individuals 12 months after an ETSA
event [5]. Whether these phenomena persist over time remains uncertain.

We therefore conducted a single center prospective longitudinal study assessing the
symptomatology, behaviors, and healthcare utilization of individuals 12, 24, and 36 months
after the 2016 thunderstorm asthma event.

MATERIALS AND METHODS

In December 2016, individuals who presented to the ED at our health service with a clinical
diagnosis of ETSA were contacted and administered a standardized telephone questionnaire
using methodology previously described and summarized here [4]. Individuals who indicated
their willingness to participate in future research were contacted again in December 2017.

A structured telephone questionnaire (Supplementary material 1) was utilized. Specific
questions regarding frequency of asthma symptoms, use of inhaled preventer, asthma action
plan ownership, and need for urgent healthcare utilization in the preceding 12 months were
included. At the end of the questionnaire, individuals were given the option to participate in
ongoing research. Those who agreed were contacted again in December 2018 and December
2019 and administered the same telephone questionnaire. Individuals whom had declined
participation were not contacted subsequently, whereas those who were uncontactable were
still eligible for inclusion and contacted the following year. Questionnaires with reply-paid
envelops were mailed to individuals who were uncontactable by phone. Questionnaires were
directed at the parents for individuals who were less than 18 years old. Patients who declined
to consent, were uncontactable, or did not respond to the mailed questionnaire were
excluded from the analysis.

Asthma symptoms (wheezing, coughing, shortness of breath, and chest tightness) were
categorized into ‘persistent,” ‘frequent episodic,’ ‘infrequent episodic,” or ‘asymptomatic’
depending on their average frequency over the last 12 months. ‘Persistent’ was defined

as having symptoms > once a week; ‘frequent episodic’ as having symptoms > once a
month but < once a week; ‘infrequent episodic’ as having symptoms < once a month, with
‘asymptomatic’ reporting no symptoms.

The asthma status of an individual was determined from questionnaire responses obtained

in the first survey round in December 2016 [4]. ‘Prior asthma’ was defined as any previous
doctor-diagnosis of asthma, and within this category, ‘current asthma’ was defined as those
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with symptoms in the 12 months leading up to November 2016, and ‘past asthma’ as those
without. Individuals who did not have a prior doctor diagnosis of asthma were further classified
into those with ‘possible undiagnosed asthma’ or ‘no asthma’ based on whether they reported
having experiences symptoms suggestive of asthma (wheeze, chest tightness, or shortness of
breath) that either disrupted their sleep, or occurred with colds, hay-fever or exercise.

Data were summarized using mean * standard deviation, or number (%) as appropriate,
and compared using x> test or Student ¢ test where applicable. The distribution of time-to-
event end point for individuals remaining symptomatic was estimated by the Kaplan-Meier
method, with log rank test utilized for comparison between groups. A p value of <0.05 was
considered statistically significant.

The study was approved by the Institutional Review Board of Eastern Health Office of
Research and Ethics (reference number: LR76-2017).

RESULTS

Response rate and demographics

Two hundred and forty-three of the 262 individuals whom responded to the 2016
questionnaire agreed to future research and were contacted again in 2017. Of these, 11
declined to participate and 24 did not respond to either phone attempts or mail-out
questionnaire, leaving 208 individuals (86%) with completed follow-up questionnaires. In
2018, 164 of the 232 individuals approached completed follow-up questionnaires (71%).
Reasons for nonresponse include: 11 who declined and 57 uncontactable despite multiple
attempts. Of the 221 individuals contacted in 2019, 112 completed follow-up questionnaires
(51%), 11 declined participation and 98 could not be reached (Fig. 1).

262
Contacted
in 2016
19 Declined
243
Contacted 24 Uncontactable 208
in 2017
° Completed
1 e questionnaires
232
Contacted 57 Uncontactable
: 164
in 2018
Completed
[E— questionnaires
291
Contacted 98 Uncontactable
. 12
in 2019
Completed
11 Declined questionnaires

Fig. 1. Consort diagram.
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Table 1. Patient characteristics
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Characteristic 2016 Cohort (n =262) 2017 Respondents (n =208) 2018 Respondents (n =164) 2019 Respondents (n=112) p value
Age (yr) 32.2+19.3 32.1+18.4 32.2+18.4 331+19.4 NS
Male sex 152 (58) 126 (61) 96 (59) 67 (60) NS
Ever been diagnosed with asthma
Current asthma 75 (68) 63 (71) 47 (71) 30 (68) NS
Past asthma 36 (32) 26 (29) 19 (29) 14 (32) NS
Total 111 (42) 89 (43) 66 (40) 44 (39) NS
Never been diagnosed with asthma
Probable asthma 80 (53) 69 (58) 51 (52) 37 (54) NS
No asthma 71 (47) 50 (42) 47 (48) 31 (46) NS
Total 151 (58) 19 (57) 98 (60) 68 (61) NS

Values are presented as mean = standard deviation or number (%).

NS, not significant.

https://apallergy.org

The mean age of respondents was 32 + 19 years and 60% were males. The baseline
characteristics of respondents were similar across the years, and were not statistically
different from the 2016 cohort (Table 1).

Symptomatology

Frequency of symptoms in respondents at 12, 24, and 36 months following the ETSA event
are presented in Fig. 2. At 12-month follow-up, 85% (n=176) of respondents reported at least
one episode of asthma symptoms following the ETSA event. Of these, 60% (n=104) reported
‘infrequent episodic’ symptoms and 13% (n=23) ‘frequent episodic’ symptoms. Importantly,
28% (n=49) described ‘persistent’ symptoms. These were a subset of a collaborative
multicenter cohort described in our previous publication [5].

At 24- and 36-month follow-up, 70% and 80% of respondents respectively continued to report
at least one episode of asthma symptoms in the preceding 12-month period. While the majority
described ‘infrequent episodic’ symptoms, a concerning 20%-25% reported weekly symptoms.

Preventer prescription and adherence, asthma action plan ownership, and
healthcare utilization

In general, inhaled corticosteroid (ICS) preventer prescription rate was approximately 50%.
Of those prescribed a preventer, between 40%-50% of them reported adherence (usage > 5
days a week) in any given year.

100 ~
80
60 -
B
40 -
20
29%
0 T T 1
12 Months 24 Months 36 Months
(n=208) (n=164) (n=112)
B Asymptomatic Infrequent episodic Frequent epidosic Persistent

Fig. 2. Frequency of symptoms in respondents at 12, 24, and 36 months after epidemic thunderstorm asthma event.
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Less than 40% of respondents had an asthma action plan at any time point. Healthcare
utilization, which was defined as any urgent visit to a general practitioner's clinic, ED or
hospital admission for asthma, was stable across the 36-month period at 15%-20%.

Subgroup analysis

Amongst the 262 individuals initially contacted in 2016, 106 (40%) had 3 consecutive years
of completed questionnaire data. The mean age of this group was 32 + 19 years and 60% were
males. This group was similar to the nonrespondents and those missing at least 1 year of
follow-up data.

Within this group, 40% (n=42) had pre-existing doctor diagnosed asthma, and 60% (n = 64)

did not. After the 2016 ETSA event, individuals without pre-existing doctor diagnosis of asthma
were significantly more likely to report being asymptomatic at any time point during the study
compared to those with a prior doctor-diagnosis of asthma (p = 0.02) (Fig. 3). While a proportion
of respondents in either group became symptomatic again at a later time point, majority of them
report symptoms less than once a month.

Of'the 40% (n = 42) who had pre-existing ‘doctor diagnosed asthma’, 69% (n = 29) had
‘current asthma’ and 31% (n = 13) ‘past asthma.” Notably, 92% (n = 12) of those who had
reported ‘past asthma,’ that is no asthma symptoms in the 12 months preceding the 2016
ETSA event, reported asthma symptoms on 12-month follow-up. Although the majority
of this cohort experienced ‘infrequent episodic’ symptoms, 17% (n = 2) had ‘persistent
symptoms.’ Over the subsequent 24 months, 31% (n = 4) of respondents with ‘past asthma’
described an overall reduction of, or no change in their frequency of asthma symptoms.
In contrast, 69% (n = 9) reported increasing frequency, or fluctuation in their asthma
symptoms. At 36 months follow-up, 85% (n = 11) of respondents remained symptomatic,
with 45% (n = 5) of them now reporting ‘persistent symptoms’ (Fig. 4). Among those with
‘current asthma,’ >93% reported ongoing asthma symptoms in any given year.

Out of the remaining 60% (n = 64) with no doctor-diagnosis of asthma prior to November
2016, 55% (n = 35) had ‘possible undiagnosed asthma’ and 45% (n = 29) ‘no asthma,’ based
on whether there was a history of ever having had wheeze, chest tightness or shortness of
breath with colds, hay-fever, or exercise, or been woken up from sleep by them. Interestingly,
66% (n =19) of those with ‘no asthma’ reported asthma symptoms at 12-month follow-up —
68% (n =13) ‘infrequent episodic,’ 5% (n =1) ‘frequent episodic,” and 27% (n = 5) ‘persistent.’
Over the next 24 months, only 32% (n = 6) reported an overall reduction in their frequency

1.0 -

9 0—]—1
©
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b
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0 6 12 18 24 30 36 42
Time (mo)
—e— With prior asthma diagnosis Without prior asthma diagnosis

Fig. 3. Symptomatic analysis of those with and without prior asthma diagnosis.
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Fig. 4. Change in symptom frequency over time in those with ‘past asthma’ (n =13).

of asthma symptoms. The remaining 68% (n = 13) described increasing, fluctuating or no
change in the frequency of asthma symptoms. Of the 34% (n = 10) with ‘no asthma’ who were
asymptomatic, 60% (n = 6) continued to remain symptom free over the following 24-month
period, with the remaining 40% (n = 4) describing increased asthma symptoms over the
same duration. At 36-month follow-up, 69% of respondents with ‘no asthma’ remained
symptomatic with 14% experiencing persistent symptoms (Fig. 5). In contrast, approximately
80% of those with ‘probable asthma’ reported asthma symptoms in any given year.

DISCUSSION

This is the first longitudinal study assessing symptomatology and behaviors of individuals
affected by ETSA. Our study shows that the overwhelming majority of individuals continue to
experience asthma symptoms up to 36 months after the initial 2016 ETSA event. Worryingly,
almost a quarter of them reported symptoms at least once a week. Low rates of inhaled
preventer use and asthma action plan ownership were also observed throughout the study.
Notably, our data suggests ongoing loss of asthma control in those with previously well
controlled asthma, and the persistence of symptoms suggestive of de novo asthma in those
with no history or symptoms suggestive of prior asthma, even after 36 months from the
initial ETSA event. These findings have wide ranging implications for clinical management,
preventative health policy, and public health messaging.

100 -
80
60 |
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Fig. 5. Change in symptom frequency over time in those with ‘no asthma’ (n = 29).
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The high burden of symptoms on follow-up suggest suboptimal control of asthma in this
cohort. The low rates of ICS usage in those affected by the initial ETSA event has already
been recognized as a risk factor in ambulance calls [6], ED presentations and admissions

to respiratory wards [7]. This may be due to a number of factors: (1) most ETSA affected
individuals had predominantly airway reactivity with no prior diagnosis of asthma or were not
aware of asthma symptoms; (2) they had less severe or intermittent asthma for which regular
ICS may not have been indicated, or (3) they were nonadherent to regular ICS use despite
having persistent asthma. However, the low rates of ICS prescription and high rates of
nonadherence even in those reporting ‘persistent symptoms’ post ETSA is of great concern.
ICS remains the mainstay of asthma treatment, but are only effective if taken consistently.
Poor adherence is a known issue in asthma management, with our findings consistent

with the 30%-70% published rates [8, 9]. Poor control of asthma increases individual
susceptibility to acute triggers including future ETSA events [10], with the potential to
increase morbidity and mortality [11]. Ongoing education campaigns with the emphasis on
good asthma control and adherence to preventer medications is crucial to improve the health
and wellbeing of this cohort.

Subgroup analysis of the respondents with 3 consecutive years of questionnaire data showed
that 92% of respondents with a known doctor diagnosis of asthma who were asymptomatic
in the 12 months leading up to 2016 ETSA reported asthma symptoms on 12-month follow-
up. Additionally, 66% of respondents who neither had a prior doctor diagnosis of asthma
nor any prior symptoms suggestive of undiagnosed asthma described asthma symptoms
over the same period. While these findings are similar to those reported in a previous study
[5], our data also suggest that majority of individuals in these subgroups continue to remain
symptomatic over the 36-month follow-up period, with less than a third of them reporting a
reduction in frequency of their asthma symptoms.

Current literature suggests that ETSA results from a complex interaction of environmental
and individual susceptibility factors [4]. During the thunderstorm event, larger
aeroallergens are broken down into smaller respirable particles (usually <5 pm in size) that
are concentrated at ground level by the thunderstorm outflow tract. Upon inhalation into
the lower respiratory tract, these allergens are able to induce asthma by provoking acute
bronchospasm in sensitized individuals (allergen-induced early asthmatic response) [12,
13]. Following this acute process, many individuals subsequently develop a late asthmatic
response that is characterized by allergen-induced increase in airway hyperresponsiveness
and airway inflammation, a phenomenon that can persist for several days [12]. Furthermore,
it is known that the likelihood of developing a late asthmatic response is increased with
higher doses of inhaled allergen [14]. Subsequently, ETSA has been postulated to constitute
a massive small airway allergen challenge inducing persistent airway inflammation with
nonspecific bronchial hyperresponsiveness, with resultant loss of asthma control or
development of de novo asthma in susceptible individuals [5]. Observations from this

study provide further support for this theory with >85% of individuals with previously

well controlled asthma, and >60% with no prior diagnosis or symptoms suggestive of
undiagnosed asthma, reporting asthma symptoms at 12, 24, and 36 months after the initial
ETSA event.

Interpretation of the results of this study is limited by the small sample size, restriction

to a single center, and lack of a comparative control group — individuals with a similar
demographic profile and asthma status whom were unaffected by the 2016 ETSA event.
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The recruitment of such a control group who remained asymptomatic has been a challenge
that is compounded by the unpredictable nature of ETSA events. Nevertheless, this study is
unique as it examines the largest cohort and longest follow-up of ETSA individuals, with the
findings of ongoing destabilization of asthma in those with ‘past asthma’ and ‘no asthma’ an
interesting observation that requires confirmation in future studies.

A large number of potential respondents were also loss to follow-up, with the majority of
them being uncontactable rather than declining to participate. While it is possible that the
more symptomatic individuals are more likely to respond to follow-up contact, the baseline
characteristics of the respondents were not dissimilar to the nonrespondents.

Additionally, there are inherent biases associated with the use of questionnaire surveys
including recall bias. It is plausible that individuals affected by the 2016 ETSA have an
increased sense of awareness and better recall of asthma symptoms in the following years.
However, the use of structurally identical questionnaires at 12, 24, and 36 months should
minimize the effect of recall bias.

In conclusion, in this first and largest longitudinal study of individuals affected by ETSA,

we provide new perspectives on the natural history of their airway disease, highlighting

the ongoing difficulties in identification, diagnosis, and management of asthma. As
thunderstorm asthma events are predicted to increase in frequency, the findings of ongoing
loss of asthma control and persistence of de novo asthma underscore the importance of
further research in this unique group of individuals to better understand the pathophysiology
of such changes and ways to mitigate them.

SUPPLEMENTARY MATERIAL

Supplementary material 1 can be found via https://apallergy.org/src/sm/apallergy-10-e30-s001.pdf

Click here to view
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