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Thunderstorm asthma: a review,
risks for Aotearoa New Zealand,
and health emergency management
considerations

Carol Stewart, Nicole L Young, Nicholas D Kim, David M Johnston, Richard Turner

ABSTRACT

AIM: To provide an up-to-date review of thunderstorm asthma (TA), identifying causative factors, and to discuss implications for
management of TAin New Zealand.

METHODS: A literature search was carried out to identify articles that investigate the characteristics and causative factors of TA. Nine
electronic databases were searched, yielding 372 articles, reduced to 30 articles after screening for duplication and relevance.
RESULTS: TA is globally rare, with 29 reported events since 1983, but is expected to increase in frequency as Earth warms. Triggers
include both pollen (particularly ryegrass pollen) and fungal spores. Individual risk factors include outdoor exposure, sensitivity
to triggering allergens and history of seasonal allergic rhinitis. History of asthma is not a strong risk factor but is associated with
severity of outcome. Limited data on demographic characteristics suggests that individuals aged between 20 and 60 and (in
Australasia) of Asian/Indian ethnicity are at higher risk. A single TA event has been reported in New Zealand to date, but much of
New Zealand may be at risk of future events given that ryegrass pastures are widely distributed, and summer thunderstorms can
occur anywhere.

coNncLusions: We recommend developing rapidly deployable public messaging to support the health emergency management

response to future TA events, together with the instigation of routine aeroallergen monitoring.

ntil recently, thunderstorm asthma (TA) was
thought to be a relatively rare phenomenon,
but recent events have resulted in it being
labelled as a growing threat to public health.! TA
refers to an observed increase in asthma (acute bron-
chospasm) cases within hours of thunderstorms,
brought about by a combination of specific meteo-
rological conditions, the presence of high concen-
trations of aeroallergens, the formation of respirable
allergen particles <10 pm diameter and the exposure
(usually outdoors) of populations who are sensitised
to the allergens.>®
Aeroallergens are airborne allergen particles, pri-
marily pollen and fungal spores. While whole pollen
grains are strongly correlated with symptoms of aller-
gic rhinitis, they are too large to penetrate deep into
the airways, with a typical size range of 12-60 um.**
Ryegrass pollen, for example, which has very strong
allergenic properties and is known to be a primary
cause of allergic rhinitis in humans, has a diameter
of 30-40 um.¢
The aetiological role of thunderstorms in reported
TA epidemics is thought to be the fragmentation of
whole pollen, and other aeroallergen, grains, into large
numbers of fine, respirable particles (SPPs, or sub-
pollen particles) of size <2.5 pm that can pass into

the lower respiratory tract where they can induce
bronchoconstriction.*”*? The proposed mechanism
involves pollen, and other aeroallergen grains, being
lifted into thunderstorm systems by warm updrafts,
followed by rupturing into fragments, transport
downwards in cold downdrafts and then dispersion
by strong lateral outflows at ground level, exposing
populations (Figure 1). Proposed rupturing mecha-
nisms include mechanical friction from wind gusts,
water-induced swelling in high humidity conditions,
and lightning-induced hydrostatic shock. Although
rupturing mechanisms are still poorly understood,
Emmerson et al.® note that humidity remained very
low throughout a severe, and comprehensively docu-
mented, TA event in Melbourne, Australia in Novem-
ber 2016, and that of the range of mechanisms they
investigated using atmospheric modelling, only
lightning counts generated a pattern consistent with
observations of SPP concentrations.

The purpose of this article is to provide a concise,
up-to-date review of reported TA episodes worldwide,
including New Zealand’s first reported cases of TA in
Hamilton in December 2017.° Contributing factors,
where reported, are discussed and analysed, together
with implications for New Zealand for emergency
preparedness for health services and a discussion of
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expected future trends in frequency of TA events in a
warming world.

Methods

We carried out a literature search to identify pri-
mary research articles that document specific TA
events and report on environmental conditions, sus-
pected triggers and/or individual risk factors. Here we
refer to an epidemic as a greater-than-twofold increase
in asthma-related hospital or other healthcare presen-
tations following a thunderstorm.®!* Key search terms
were drafted and then refined after a trial search to
ensure relevant synonyms were included. The final
search strategy was as follows:

+ Asthma OR hayfever OR hay fever OR pollen OR
allergen OR allergic OR allergy OR acute rhinitis
OR allergic rhinitis;
AND

+  Outbreak OR event OR epidemic OR crisis;
AND

+  Thunderstorm OR storm OR meteorological OR
weather OR airborne;
AND

+  Public health OR health.

Nine electronic databases were searched (Aca-
demic Search Premier, Medline, Ovid, Google
Scholar, Australia/New Zealand Reference Cen-
tre, Science Direct, Health Source Nursing/Aca-

50

demic Edition, Scopus and CINAHL Complete). A
total of 372 articles were retrieved and were fur-
ther screened for duplication and relevance, after
which 30 articles remained. Articles not published
in English were excluded as no translation services
were available.

Results

From the available literature, 29 TA events were
identified, with the first recorded event reported in Bir-
mingham, England, in July 1983, and the most recent
in Yulin, China, in September 2018.!” These events are
presented in chronological order in Table 1.

Suspected triggers

The most commonly reported aeroallergen was
pollen, in 19 of the 23 events (83%) where suspected
triggers were reported (Table 1). Grass pollen was the
most common (in 12 events, or 52%). Fungal spores
were described in 9 of the 23 events (39%). The most
common fungal spore types reported were Didymella
exitialis for four events and Alternaria alternata for
three events. Triggers varied geographically: for Aus-
tralia, which has experienced the highest number
(11) of TA episodes of any country, grass pollen is the
primary triggering allergen, but in the UK, where
seven TA episodes have been reported, allergens
are more varied and more commonly include fungal
spores. In Yulin, China, mugwort pollen is an import-
ant seasonal aeroallergen.'’

Figure 1: Indicative processes associated with uptake and discharge of aeroallergens in a mature

cumulonimbus cloud.

Storm direction

A

Pollen, spores
and other particles
are drawn in to the
cloud with warm-air
updrafts

Cloud top ca. 12 km

B

A range of in-cloud
processes cause pollen
fragmentation, both reducing
particle size and increasing
total allergenic surface area

+—— Cloud base ca. 1 km
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The level of detail in reporting suspected trig-
gers varied widely across the studies. Some had
access to data from aerobiological monitoring sta-
tions, which enabled positive identification of pol-
len and fungal spore species and quantification of
their airborne concentrations.!®® Others provide
only a flowering calendar for various allergenic
plants at the study locality,” and some do not report
suspected triggers at all.®

Seasonality of TA episodes

The timing of reported TA episodes is summarised
in Figure 2. Strong seasonality is apparent for TA events
in Australasia, with all events occurring between Octo-
ber and December (mid-spring to early summer) with a
peakin November (late spring). The event in Hamilton,
New Zealand, occurred in early December;® all other
events in Australia occurred in October or November.
In the Northern Hemisphere, similar seasonality is
observed for TA events in the UK, Canada, Spain and
Italy, with events occurring between May and July (late
spring to midsummer), building to a peak in July. How-
ever, TA events in Saudi Arabia, Iran, Kuwait, China
and Israel were more distributed over the months of
September through December, with too few events at
any of these locations to ascribe seasonality.

Observed seasonal trends, with TA events confined
to mid-spring to early summer for Australasia, and to
late spring to mid-summer for England, Spain, Italy

56

and Canada, are expected on the basis that this time
of year is the peak of the pollen and outdoor mould
seasons and the summer storm season.”” Peak pol-
len concentrations typically occur earlier in the sea-
son than peak fungal spore concentrations. Within
England, Spain, Italy and Canada, TA events in May
(late spring) are dominated by pollen triggers, mov-
ing to fungal spore dominance for events in July
(mid-summer). This knowledge is useful as a basis for
location-specific predictions of future events.

Patient characteristics
Allergen sensitivity, histories of seasonal
allergic rhinitis and asthma

Sensitivity to the triggering allergen is considered
essential for developing TA symptoms.*!52%:2! How-
ever, patient allergen sensitivity has been reported
for just three of the 29 TA events to date (Table 1),
using skin-prick tests and/or IgE serology. While
there is no clear common allergen globally,'* patient
sensitivity to ryegrass pollen has been a near-uni-
versal feature of TA events in Australia.!®®? Of 85
patients tested for allergen sensitivity from the
November 2016 Melbourne TA epidemic, 100%
were sensitised to ryegrass pollen, as were 96% of
138 patients in a TA event in Wagga Wagga, inland
New South Wales, in October 1997.1%2 However, in
the UK, allergen tests carried out on patients from
a TA event in Cambridge in July 2002 showed that 23

Figure 2: Reported thunderstorm asthma events by month (from Table 1).
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(88%) of the 26 cases were sensitive to Alternaria spe-
cies, 22 (85%) sensitive to grass pollen, and 16 (62%)
sensitive to Cladosporium species.?® Grass pollen was
considered unlikely to be the primary trigger as air-
borne concentrations were relatively low at the time
of the event. Based on a timeline of meteorological
conditions, asthma admissions and aerobiological
monitoring, the authors propose that the following
sequence of events may have led to the TA event: 1)
a prolonged, earlier grass pollen season may have
caused bronchial hyperresponsiveness in people
sensitised to both grass pollen and Alternaria; 2) fore-
casted thunderstorms caused farmers to increase
harvesting activity of barley crops, which host Alter-
naria; 3) combine harvesting liberated large numbers
of fragmented Alternaria spores; 4) asthma symptoms
triggered in sensitised individuals. The authors also
noted that high ground-level ozone concentrations
and a sudden reduction in temperature, both asso-
ciated with thunderstorm conditions, may have also
contributed to bronchial hyperresponsiveness.

Patient histories of seasonal allergic rhinitis (SAR)
are reported for 16 TA events (Table 1): proportions
of cases with a history of SAR ranged from 29-100%,
with a weighted mean of 74%. Interestingly, propor-
tions of cases with previous histories of SAR were
much higher in Australian TA events (84-100%),
but were lower in the Hamilton, New Zealand event
(48%). Clinical SAR was one of three key “trifecta”
risk factors for TA in Melbourne, and for other areas
globally where ryegrass is cultivated.” It is less clear
that SAR is an important risk factor for TA triggered
by other aeroallergens.

Patient histories of asthma were recorded for
18 TA events (Table 1). Proportions of cases with
a history of asthma ranged from 39-100%, with a
weighted mean of 49%. A substantial proportion
of people affected by TA have no prior history of
asthma and may be at higher risk because they do
not have prior education to recognise asthma symp-
toms and seek medical attention, and also because
they do not have ready access to reliever bronchodi-
lator inhalers.® However, while pre-existing asthma
is not a strong risk factor for TA susceptibility, it is
associated with severity of outcome and increases
the risk of hospital admission (odds ratio 1.9).° All
35 critically ill patients admitted to ICU during the
2016 Melbourne TA epidemic had a previous diagno-
sis of asthma.'* Of these, 66% were not on preventer
(inhaled corticosteroid) therapy, suggesting subopti-
mal control of asthma and treatment adherence.

57

Age, gender and ethnicity

The ages of those affected by TA was reported
in 16 of the 29 events (Table 1). For the largest and
most thoroughly documented TA epidemic to date in
Melbourne in November 2016, 1,435 TA cases were
followed up; the mean age was 32.0 years.!” These
authors noted a dominance of patients aged 20-59
and noted the departure from a typical U-shaped age
distribution. Similarly, of 2,000 ED presentations in
Ahvas, Iran, 61% were aged between 20-40, and 85%
between 20-60. Other reports of mean or median age
of TA cases are generally consistent with this observa-
tion and range from a median age of 24! to a mean
age of 44.% There is limited evidence that outcomes of
TA cases may worsen with increasing age: while the
mean age of TA cases was 32.0 years, the median age
of adult patients admitted to ICU was 42 years, and
the mean age of the 10 deaths was 38.5 years.’* TA
has also been documented in pediatric patients (age
range 3-14 years, median age 7) in Yulin City, China.”

Reporting of gender of TA sufferers is inconsis-
tent across studies. The percentage of males varies
from 37-74% (Table 1). For the studies involving the
largest numbers of people, there is no clear gender
dominance, with 56% male of 1,435 TA cases followed
up in Melbourne,'® but 46% male of 2,000 ED presen-
tations in Ahvas, Iran.* There is limited evidence
that males may have more severe outcomes; in Mel-
bourne, 63% of the 35 patients admitted to ICU were
male and seven of the 10 deaths were male.!* Simi-
larly, in Kuwait, 10 of 17 (59%) patients admitted to
hospital were male, but all 11 people diagnosed with
fatal asthma (prior to arrival at hospital) were male.?

Few studies report ethnicity of TA sufferers (Table
1), but of those that do a striking finding is that indi-
viduals of Asian or Indian ethnicity were over-rep-
resented in ED admissions.>® For the Melbourne
event, 39% of 1,435 cases followed up were of Asian
or Indian descent, compared to 25% in the general
population.’® Patients with Asian/Indian ethnicity
were also over-represented in ICU admissions and
deaths.’*'* For the December 2017 TA event in Ham-
ilton, New Zealand, 39% of ED presentations were of
Asian or Indian ethnicity, compared to 18.5% of the
Hamilton population from 2018 census data.® Atopy
and asthma are more prevalent amongst migrants in
high-income countries, with possible mechanisms
including exposure to novel allergens and vitamin
D deficiency (who died prior to arrival at hospital)
impairment to immunoregulation, and of further
note is a significantly higher prevalence of allergic
rhinitis in Asians living in Australia.' Cultural factors
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such as poor knowledge of asthma in migrant popula-
tions may also contribute. As TA events are rare glob-
ally, these mechanisms remain poorly understood.

Limitations of analysis

While 29 TA events have been documented world-
wide from 1983 onwards, we acknowledge that this
is likely to be an incomplete record as we did not
attempt to search any non-English language data-
bases. Thus, TA may have a much longer history
and widespread distribution than described here. It
would be surprising if the true global footprint of TA
was restricted to the 11 countries with documented
TA events (Table 1). Consequently, we emphasise
that our findings may not be fully representative. For
example, a greater range of aeroallergen triggers may
exist, and other ethnicities than described here may
be at higher risk of TA.

Further, increases in milder asthma cases follow-
ing thunderstorms may not result in hospital or other
healthcare presentations; and small rises in presen-
tations may not exceed the twofold increase that
defines an epidemic TA event.!®!

Projected impacts of global warming on
frequency and severity of TA events

TA has recently been described as a global health
problem that is likely to be exacerbated by climate
change, with future events likely to become more
common, more catastrophic and more unpredict-
able.* The frequency and severity of thunderstorms
is projected to increase in response to rising global
temperatures.”’ Furthermore, climate change may
exacerbate pollen allergies, including TA, with rising
temperatures and atmospheric CO, concentrations
collectively causing higher pollen production in cer-
tain plants due to a “CO, fertilisation effect”, earlier
and longer pollen seasons, and shifts in ranges.?

Implications for Aotearoa New Zealand
Potential aeroallergen triggers

For the single recorded TA event in New Zealand
to date, in Hamilton in December 2017, suspected
aeroallergens were not reported.® Newnham? has
pointed out that New Zealand does not have an air-
borne pollen monitoring programme and lags well
behind other regions in not instigating routine
aeroallergen monitoring in major population cen-
tres. While the primary purpose of such monitor-
ing would be to inform management of seasonal
allergic rhinitis, which has a high prevalence in
New Zealand, it would also be critical for identify-
ing triggering aeroallergens in any future TA events.
We therefore support Newnham’s call for routine
aeroallergen monitoring in New Zealand.
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Of note is that perennial ryegrass is widely dis-
tributed across New Zealand in high-producing
grasslands that support dairying, and is also used
widely in sports grounds, golf courses, school play-
ing fields and residential lawns. Ryegrass pollen
is strongly implicated as the triggering aeroaller-
gen in TA events in Australia,*'*'> and more gener-
ally, grass pollen is considered the major outdoor
aeroallergen source in Australasia.” High-producing
grasslands are concentrated in the Waikato, Taranaki,
the Manawatu, Wairarapa/southern Hawke’s Bay,
Canterbury and Southland.*® In some regions there is
high potential for priming for grass pollen allergens
by prior exposure to tree pollen allergens.?

Fungal spores should also be considered as poten-
tial TA triggers. While there is very limited informa-
tion available for New Zealand, high airborne fungal
spore levels were recorded for some locations, nota-
bly Kaikohe, Hamilton and Christchurch, in a survey
of seven population centres.®

Risk of TA events across New Zealand

The New Zealand grass pollen season runs from
November to the end of February, peaking strongly
in December in most regions, while fungal spore
concentrations peak in January/February.?#
Although they can occur anywhere, summer thun-
derstorms most commonly originate in inland areas
and the ranges of the North Island, and the South
Island high country and West Coast (Figure 3, which
shows expected days per month with lightning by
season as a proxy for thunderstorm activity).>*
The Waikato therefore emerges as an area at partic-
ular risk of TA events due to its extensive pastoral
farming, substantial population and inland loca-
tion associated with a greater probability of sum-
mer thunderstorms. However, we emphasise that
thunderstorms can, and do, occur anywhere in New
Zealand. An investigation of statistical relationships
between acute asthma presentations and thunder-
storm occurrence may inform a more quantitative
assessment of TA risk for New Zealand.*

Healthcare services preparedness for future
TA events

During TA events, many patients presenting simul-
taneously may overwhelm local healthcare services
thus it is important to consider the capacity of these
services, particularly as TA events are expected to
become more frequent and severe in future. Treat-
ments provided in intensive care units (ICUs), such
as intubation and mechanical ventilation, can be
lifesaving for acute asthma cases, thus New Zea-
land’s ICU capacity is an important determinant of
preparedness.’? A recent assessment found that as of

New Zealand Medical Journal
Te ara tika o te hauora hapori

2022 Jul 1; 135(1557). ISSN 1175-8716
www.nzma.org.nz/journal ©ONZMA



ARTICLE 59

Figure 3: Geographical distribution of predicted number of days per month with lightning for summer (DJF),
autumn (MAM), winter (JJA) and spring (SON).

DJF JIA

MAM SON

| I .
).0 0.5 1.0 1.5 2.0 25 3.0
Number of Days with Lightning (Per Month)

New Zealand Medical Journal 2022 Jul 1; 135(1557). ISSN 1175-8716
Te ara tika o te hauora hapori www.nzma.org.nz/journal ©NZMA



ARTICLE

October 2021, there were just 176 staffed ICU beds in
public hospitals, with surge capacity (based on the
ICU nursing workforce availability) for a further 67
beds.®> While the current total ICU capacity of 243
ICU beds (4.8 per 100,000 population) is substan-
tially lower than Australia’s, which varies by state
from six to 10.8 per 100,000, it seems unlikely that
this will be a limiting factor in New Zealand’s pre-
paredness for a TA event, unless ICU capacity were
to become overwhelmed by, for example, current or
future pandemics or a mass casualty event.

Health emergency management
considerations

A key role for the emergency management sec-
tor is preparing for and responding to “rare” events.
In rapidly evolving adverse events, there is typically
a high level of uncertainty about the nature of the
event and likely outcomes, especially in the initial
stages.®>* Health and emergency management per-
sonnel will be called upon to act quickly and provide
advice during these periods of major uncertainty.

We suggest that an effective preparedness strat-
egy for “rare” events such as thunderstorm asthma
would be to develop evidence-based public mes-
saging in a form ready to be disseminated when
required, to help proactively manage a surge in
demand for information rather than attempting to
develop messaging during an unfolding event. As
an example, outdoor exposure to aeroallergens is a
critical trigger for TA.>* Therefore, public messag-
ing advising people to remain indoors with doors/
windows closed and air conditioners turned off
during and after thunderstorms could be a simple,
effective risk reduction measure. Messaging could
also emphasise the importance of diagnosed asth-
matics adhering to regular preventer use and keep-
ing reliever medications at hand.** Such messaging
should be developed in partnership with the health
emergency management sector. Care would need to
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be taken to deploy messaging only during the high-
risk period of ryegrass pollen season to avoid poten-
tial warning fatigue.

In conclusion, here we have reviewed reported
thunderstorm asthma events worldwide and iden-
tified causative factors. TA is globally rare, with 29
recorded events since 1983, butis expected to increase
in frequency as Earth warms. Where reported, pollen
was the most common suspected trigger in 83% (and
fungal spores in 39%) of events. Strong seasonality of
TA events is observed in some countries but not oth-
ers. In Australia, which has experienced the highest
number of TA events (11) of any country, all events
occurred during October and November, peaking
in November. In terms of individual susceptibility,
major risk factors are outdoor exposure, sensitivity
to the triggering allergen and a history of seasonal
allergic rhinitis. Pre-existing asthma does not appear
to be a strong risk factor for TA but is associated with
severity of outcome. People with no prior history of
asthma may be at higher risk as they are unlikely to
have access to reliever bronchodilator inhalers and
may not recognise symptoms and seek medical atten-
tion. Available data on age, gender and ethnicity is
limited, but points towards a dominance of patients
aged between 20 and 60. In Australasia, people of
Asian/Indian ethnicity appear to be at higher risk.

Thetriggering aeroallergen forthe single recorded
TA event in Hamilton in Dec 2017 is unknown, but
likely to be ryegrass pollen. Much of New Zealand
may be at risk of future TA events given that ryegrass
pastures are widely distributed across New Zealand
and summer thunderstorms (coinciding with rye-
grass pollen season) can occur anywhere. We sug-
gest that an effective preparedness strategy for this
rare but consequential phenomenon would include
the development of rapidly deployable public mes-
saging to support the health and emergency man-
agement response, supported by the instigation of
routine aeroallergen monitoring.
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