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Summary

Thunderstorm asthma is a term used to describe an
observed increase in acute bronchospasm cases fol-
lowing the occurrence of thunderstorms in the local
vicinity. The roles of accompanying meteorological
features and aeroallergens, such as pollen grains
and fungal spores, have been studied in an effort
to explain why thunderstorm asthma does not
accompany all thunderstorms. Despite published
evidence being limited and highly variable in qual-
ity due to thunderstorm asthma being a rare event,

this article reviews this evidence in relation to the
role of aeroallergens, meteorological features and
the impact of thunderstorm asthma on health
services. This review has found that several thunder-
storm asthma events have had significant impacts
on individuals’ health and health services with a
range of different aeroallergens identified. This
review also makes recommendations for future
public health advice relating to thunderstorm
asthma on the basis of this identified evidence.

Introduction

Thunderstorm asthma is a term used to describe

any observed increase in acute bronchospasm

cases following the occurrence of thunderstorms in

the local vicinity; it does not assume that a formal

asthma diagnosis has been made in the cases dis-

cussed here. Several previous episodes have been

studied by scientists from a range of disciplines;

there is no standard definition of a thunderstorm
asthma episode.

Thunderstorm asthma is important as sudden
surges in acute respiratory illness have the poten-
tial to increase pressures on acute health services,
and deplete available resources. The interest in
studying this phenomenon in detail is to identify
its impact, verifying the relationship between
asthma and thunderstorms and identifying
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contributing factors, which might aid early detec-
tion and warning.

Aim of the review

This review summarizes current knowledge of
thunderstorm asthma and relates patient character-
istics, impacts on health services and evidence for
associations with excess acute asthma, aeroaller-
gens and other meteorological features to inform
public health advice. It does not seek to address
molecular or cellular mechanisms for thunderstorm
asthma.

Search strategy (shown in Figure 1)

The bibliographic databases MEDLINE, EMBASE
and CINAHL were searched for publications with
the key terms ‘thunderstorms AND asthma’.
Filtering for English-language only publications

and those relevant to the topic (on the basis of
abstract), left 35 publications. Of these, 28 were
accessible. Inspection of reference lists for these
articles yielded a further seven publications. This
resulted in a total of 35 publications for consider-
ation for this review. Of note, all these publications
studied episodes occurring in high-income coun-
tries. These publications are listed in Table 1.

These publications were reviewed and graded
on the basis of methodological quality, using the
SIGN methodology (which is widely accepted as
an approach to assessing the quality of evidence at
different levels of the research hierarchy).

Results

As thunderstorm asthma is a rarely recognized
event, the literature search only identified 35 publi-
cations. The rare nature of this phenomenon may
also help to explain why all the identified publica-
tions were retrospective in nature, and why they
were highly variable in terms of study design and
quality. They ranged from simple qualitative obser-
vations to mixed-method studies, such as meteoro-
logical, aerobiological and patient-level measures.
The findings of these studies are described further,
in terms of the relationship between thunderstorms
and asthma, the role of aeroallergens, patient char-
acteristics and impact on health services.

An outline of thunderstorms and their
geography in England

Thunderstorm clouds include upward air currents
(updrafts) and downward air currents (downdrafts),
which contribute to the development of negatively
charged particles at the bottom of clouds. Lightning
occurs when these negatively charged particles
are attracted to positively charged objects on the
ground.

Thunderstorms mainly affect the South Eastern
and East Midlands regions of England during the
summer, for �20 days per year; Scotland and the
Western Coast have less frequent thunderstorm
patterns and do not demonstrate such a seasonal
pattern.1

Evidence for a relationship between
thunderstorms and asthma

Basic observational studies have described increases
in asthma cases presenting to acute services such
as emergency departments (EDs) following thunder-
storms, through a variety of measures. One of the
earliest such observational reports was by Packe and
Ayres in 1983.2 Several other reports by Alderman

INITIAL SEARCH = 40 

FILTERED FOR RELEVANT 

PUBLICATIONS IN ENGLISH  

                     = 35 

OBTAINED PUBLICATIONS       

         =28 

PUBLICATIONS OBTAINED 

FROM REFERENCE LISTS     

         =7 

TOTAL PUBLICATIONS 

INCLUDED  

         = 35 

Figure 1. Flow of publications identified through litera-

ture search.
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et al.3 and Campbell-Hewson et al.4 have also
observed increases in asthma cases following
thunderstorms.

A report from Canada identified that acute asthma
accounted for 5 and 17% of ED visits on thunder-
storm asthma days, compared with just 2% on a
non-thunderstorm asthma day.5 Significant associ-
ations were identified between thunderstorms and
increases in asthma presentations to ED [relative
risk (RR) 1.3, 95% confidence interval (CI): 1.0–
1.7] and asthma admissions (RR 1.7, 95% CI: 1.1–
2.5) in a study of one English city.6

In England, a study considered the relationship
between asthma calls to general practice deputising
services and lightning strikes within 20 km in
England.7 Pooled Mantel-Haenszel odds ratios for
the odds of asthma calls in thunderstorm-affected
areas were significant (6.36, 95% CI: 4.97–8.32)
but non-significant in non-thunderstorm affected
areas (1.01, 95% CI: 0.80–1.27).

From Australia, Bellomo et al. also identified a
significant increase in patients attending EDs for
bronchospasm related symptoms, in relation to two
thunderstorms in two different years in Melbourne8

(154 and 277 for thunderstorms compared with a
daily average of 26.2, 95% CI: 18.8–33.6). There
were also increased ambulance calls for asthma
compared with the expected daily averages on
both occasions (22 and 44 compared with daily
average of 2, 95% CI: 1.6–2.4).

A challenge to studying this phenomenon is that
localized storms can lead to small or unnoticed
excesses of asthma cases, and it is therefore easier
to identify larger scale events. In addition, a limita-
tion of the previously described studies is that they
did not account for other relevant confounding fac-
tors, such as age, cigarette smoking and atopy.
Further studies have considered thunderstorm
asthma in the context of a range of environmental
and meteorological factors, such as temperature and
changes in aeroallergens.

The relationship between recorded acute asthma
attendances to a London ED, meteorological
features and aeroallergens, was investigated by
Celenza et al. They identified significant associ-
ations between increased asthma presentations
(P < 0.05) and preceding decreased air temperatures,
falls in grass pollen counts, rises in sulphur dioxide
concentrations, 1–9 lightning strikes and reduced
rainfall in the same day.9

Hospital admissions for regions of England were
assessed in relation to regional density of sferics
(atmospheric signals accompanying lightning,
related to the strength of thunderstorm updrafts
and charges on hydrometeors). This identified an
increased RR of asthma admissions for high sferic

density, for patients aged less than 15 years (RR
1.13, 95% CI: 1.02–1.26) and those aged 15 years
or more (RR 1.28, 95% CI: 1.15–1.43). These
increased RRs remained significant at minimum
pollen counts of 50 grains/m3/day.10 This study
examined large areas covered by these 14 regions
in England. This highlights the challenge of studying
thunderstorm asthma, where smaller units of popu-
lations may lack adequate numbers of asthma cases
for statistical analysis.

Grundstein et al. compared thunderstorms and
other meteorological features in Atlanta, Georgia,
USA with ED visit data for local hospitals, and iden-
tified a significant association between daily counts
of asthma visits to the ED and thunderstorm occur-
rence (P < 0.001).11 When stratified by rainfall and
wind speed, associations with asthma visits were
only significant for thunderstorms with rainfall
(P < 0.05) and thunderstorms with moderate wind
speed (9.5–14.3 m/s, RR = 1.049, P < 0.001) com-
pared with lower and higher wind speeds.

A study of thunderstorm asthma in New South
Wales, Australia used a case-control design to inves-
tigate if the odds of thunderstorms were higher on
days with excess asthma (cases) compared with
non-excess days (controls). Applying this approach
identified significantly increased odds of thunder-
storms within 80 km and thunderstorm outflows.12

The effect on primary care was also clearly
demonstrated by an analysis of sentinel general
practice attendance data which identified a signifi-
cant positive association between the 25 June 1994
thunderstorm (the day after the storm, when affected
persons may have attended general practices),
and asthma consultation rates for adults, children
and the elderly, after controlling for other relevant
confounders.13

Who is affected by thunderstorm asthma
and how are health services affected?

Newson et al. identified 38 excess asthma episodes
in England between 1990 and 1994 using a
log-linear autoregression model based on regional
counts of asthma admissions.14 Of these, 12 (32%)
were associated with thunderstorms.

Several descriptive studies of affected patients
have identified that affected patients may not have
been previously known to suffer asthma, but may
suffer hayfever (such as those allergic to grass
pollen or fungi) or other allergic conditions instead.
In one study, 9 of 19 affected patients had a history
of hayfever but not asthma3 while another reported
that 22 of 38 affected patients were hayfever suf-
ferers.4 The majority of patients (78.7%) in one
study were able to be discharged from EDs,
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following initial treatment.15 Research has identified

an increased risk of symptoms in people who have

been outdoors during thunderstorms rather than

indoors.16

Health services have been seriously affected by

thunderstorm asthma. Venables et al. identified

that during the 24 and 25 June 1994 episode, EDs

experienced exhaustion of asthma-related supplies

including nebulizer face masks (5 of 11 depart-

ments), steroid tablets (8 of 11), B2 agonist inhalers

(6 of 11) and B2 agonist nebules (4 of 11).17 During

the same event, half of all the regional health autho-

rities in England observed a 6-fold increase in

asthma attendances in EDs. Within the same study,

11 District Health Authorities reported difficulty in

ED service provision.

The role of aeroallergens in thunderstorm
asthma

There has been much interest in the possible role of

aeroallergens such as pollen, in the development of

thunderstorm asthma. Ecological level research has

investigated the potential associations between

aeroallergens and thunderstorm asthma episodes.

For example, grass pollen counts of 50 grains/m3/

day or more in combination with high sferic (light-

ning) density significantly increased RRs for asthma

admission, over a 4-year period.10

Research in Australia also identified that there was

a 4-fold increase in closed pollen grains and a 7-fold

increase in ruptured pollen grains during thunder-

storms compared with the previous hour, for

excess asthma days.12 These findings support the

potential role of either grass pollen grains or pauci-

micronic starch particles in thunderstorm asthma.

These latter particles are released from grass pollen

grains when they rupture, and are small enough to

be inhaled into the lungs. Therefore, it may be the

ruptured pollen grains that are the most useful

measurement.
There has also been research into the role of air-

borne fungi in thunderstorm asthma. A detailed

environmental study during the June 1994 thunder-

storm also detected Cladosporium, Ustilago segetum

and ascospores in an environmental study of air-

borne fungal spores.18 A British study has

identified increased odds of asthma admissions

with elevated levels of airborne fungi such as

Didymella (OR 1.65, P < 0.0001), Cladosporium

(OR 1.47, P = 0.0002) and broken (not total)

Alternaria species (OR 2.21, P < 0.0001).19 The

levels of some spores, such as Didymella and

Sporobolomyces, can increase as they are released

during rainfall.

There have also been relevant observations in
other countries. A Canadian study also reported in-
creases in air levels of different aeroallergens on the
day before, and day of the thunderstorm, including
algae (increased 25-fold), Amaranthaceae (12-fold),
Chenopodiacae (12-fold), Myxomycetes (7-fold),
Stemphillium (6-fold), Helicomyces (3-fold) and a
background increase of Particulate Matter of max-
imum diameter 10mm (PM10). Another Canadian
study showed that increases equivalent to the sea-
sonal mean total spore levels of deuteromycetes, ba-
sidiomycetes and ascomycetes were associated with
increased ED visits for asthma of 2.15, 1.81, 3.41 and
2.96 respectively.20

However, the previously described studies are
generally ecological studies with a limited range of
relevant variables included. Mixed-method designs
might be more preferable as suggested by the
Medical Research Council,21 including measure-
ment of confounders and multiple measures of
asthma frequency before and after thunderstorms.

Better study designs could also combine study of
individual aeroallergen sensitivities, in addition to
ecological analyses. For instance, Venables et al 17

identified that the 1994 episode had an increase
in grass pollen to a 6 year high prior to the thunder-
storm and increases in Cladosporium, Phaeosphaeria
nigrans and Diatrypaceae occurred in thunderstorm-
affected areas, with Sporobolomyces increasing
the next day. These raised aeroallergen levels were
accompanied by a decrease in temperature and
increase in humidity immediately beforehand.
However, pollution levels including ozone, nitrogen
dioxide, sulphur dioxide and PM10 during the same
period were close to normal levels.

In addition, 16 patients affected by this thunder-
storm underwent allergy testing, of which 12 had
high IgE levels for grass pollen. However, sensitivity
to other fungal spores of interest, was not assessed.

An Italian case series of seven thunderstorm
asthma patients identified that all were sensitive to
Parietaria species pollen but not other taxa.
However, these two case series lack any useful com-
parator group such as non-thunderstorm patients.22

Higher quality evidence for thunderstorm asthma
cases also includes studies of environmental levels
of aeroallergens and aeroallergen sensitivity in thun-
derstorm asthma patients compared with controls.

One study of patients in England demonstrated sig-
nificantly increased odds of Cladosporium or
Alternaria species sensitivity in thunderstorm asthma
patients compared with seasonal asthma controls.
A strength of this study is that selected controls
had also experienced exacerbations of asthma.19

A second case-control study in Australia identified
increased odds of sensitization to rye grass and
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Cladosporium among cases compared with con-
trols.16 Sensitization to Cladosporium and Alternaria
is known to significantly increase the odds of suffer-
ing severe asthma, outside of thunderstorms.23

Separately, skin-prick testing of patients affected
by two thunderstorm asthma episodes in Melbourne,

Australia8 identified increased sensitivity to rye grass
pollen among 12 cases compared with 16 controls
(P < 0.05).

In contrast, one study of aeroallergen sensitivity
testing of patients affected by the July 1983 thunder-
storm asthma episode in Birmingham, England
failed to detect any significant difference between
cases and asthma controls.24 However, numbers of

patients tested may have been too small to detect
significant differences between the two groups.

Discussion

This review has summarized published evidence for
a relationship between thunderstorms and excess

asthma episodes. There have been several docu-
mented episodes with significant impacts on indi-
viduals and health services. However, further
research has retrospectively identified smaller
thunderstorm asthma episodes. Significant interest

has focused on changes in aeroallergens and
meteorological factors. The levels of aeroallergens,
such as pollen grains and fungal spores (such as
Cladosporium) have been observed to fluctuate
prior to, or during thunderstorm asthma episodes.
The potential mechanisms of aeroallergen involve-

ment in thunderstorm asthma and possible
approaches to predicting such episodes, are
explored further below.

How might aeroallergens be involved in
thunderstorm asthma?

It is unclear how pollen is exactly involved in the
development of thunderstorm asthma. Taylor and

Jonsson hypothesize that the updrafts which drag
air into thunderstorm clouds, collect pollen grains
which rupture to release pollen fragments including
paucimicronic starch grains which contain allergen,
and are then distributed outwards by downdrafts.
The authors also speculate that pollen may be

spread by pollen entering rain droplets and then
being released when the rain droplets evaporate.25

O’Leary et al. have identified on the basis of model-
ling, that changes in the electrical charge on aero-
allergen particles, which might occur during

thunderstorms, would promote deposition of par-
ticles within the alveoli.26 This would increase the
probability of an allergic response.

Following on the observation that being close to
thunderstorm outflows increased the odds of excess
asthma occurring, the role of the thunderstorm out-
flow itself should be investigated. These outflows,

which represent the air forced out from the storm
system itself, can be observed with Doppler
radar,27 and may help explain the interactions
between thunderstorms and aeroallergens.

Would an early warning system be
effective and feasible?

The scale of thunderstorm asthma and the burden it

places on health services supports the need for a
strategy to mitigate these effects of such phenom-
enon. An early warning system might be considered
in this situation to warn the public and help health
services prepare. Such a system would only be
effective if thresholds for meteorological and aero-

biological parameters are sufficiently sensitive and
specific for excess acute asthma.

In 1998, Newson et al studied excess acute
asthma episodes with and without thunderstorms
to identify characteristics that could accurately pre-
dict thunderstorm asthma episodes.14 Using a model
including lightning and grass pollen, they were

unable to predict thunderstorm asthma episodes
with sufficient specificity, leading to more episodes
being predicted than actually occurred. The lack of
specificity of this model may be explained by the
exclusive use of grass pollen and the exclusion of
the other aeroallergens identified in this review. The

potential inclusion of a wider range of aeroallergens
to early warning for thunderstorm asthma deserves
further assessment but is limited by the range of re-
corded data. For instance, in England fungal spore
counts occur at only a few sites (Y Clewlow, per-
sonal communication). Therefore, early warning sys-

tems for thunderstorm asthma currently have limited
practical applications.

An additional limitation of an early warning
system is that a proportion of affected patients will
have not been previously diagnosed as asthma suf-
ferers. Therefore, any early warning system would
have only benefited a proportion of those potentially

affected but might be used to warn hayfever sufferers
or others vulnerable to an acute asthma attack.

Limitations of this review

Our review included only English language publica-
tions. It is possible that there may be publications in

other languages relating to thunderstorm asthma
which have not been identified, as this phenomenon
could also occur on non-English speaking countries.
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In addition, some identified English language publi-
cations could not be accessed. As thunderstorm
asthma is recognized rarely, this has led to a limited
number of high-quality studies being published
on this subject. As a consequence, most of the
public health recommendations made in the follow-
ing section are based on low quality (Grade D)
evidence.

Implications for public health advice

The following recommendations have been made,
and graded according to the SIGN methodology28

on the basis of available evidence. The SIGN meth-
odology is a widely accepted method for assessing
the quality of evidence from different levels of the
research hierarchy:

� Asthma patients sensitive to known thunderstorm-

related aeroallergens may be advised to shelter

indoors and close windows (Grade C).

� Asthma patients should have easy access to their

prescribed asthma medications such as inhalers

(Grade D).

� Health professionals’ advice to these patients about

how to deal with acute asthma following thunder-

storms, should follow national guidelines for

Asthma29 (Grades A–C).

� A proportion of thunderstorm asthma patients will

never have suffered acute asthma before; health

services must therefore be prepared for increased

asthma-related presentations (Grade D).

� Acute health services should be made aware of

the possibility of thunderstorm asthma and consider

including excess acute asthma episodes within their

business continuity plans (Grade D).

Areas for further research

Important areas of future thunderstorm-related
research, for public health in the UK, are:

� The impact of thunderstorm asthma on wider health

services (e.g. ambulances) should be evaluated. Small

but significant increases in acute asthma may be

detected but the impact of these may not be consist-

ently documented.

� Investigation of the contribution of psychological

factors in observed thunderstorm asthma cases, in

relation to other factors such as aeroallergen levels.

� The potential application of syndromic surveillance

systems to aid study of thunderstorm asthma episodes.
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