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Abstract Climate change has many impacts on environmen-
tal allergens and allergic diseases such as asthma and hay
fever. Our knowledge of these impacts has grown consider-
ably over the last 2 decades or so, and the last two and a half
years in particular have seen a surge in research published on
this topic. This report reviews the work published on climate
change, allergens and allergic diseases since 1 January 2013.
The review focusses on literature published in the peer-review
journal literature, although a number of other prominent
sources are also examined. Research of particular significance
over the past two and a half years or so includes experimental
studies that have quantified changes in allergenicity of pollen
under combinations of elevated carbon dioxide and drought
stress (for ragweed) and ozone (for Timothy grass). Other
extensions of the research on this topic include a number of
studies that are considering the impacts of climate change on
allergic diseases with increasing sophistication and power.
The review also considers recent research related to climate
change adaptation in the context of impacts on allergens and
allergic diseases. In conclusion, the latest research overall
reaffirms this impact as one of the most important impacts of
climate change on human health.
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Introduction

Climate change has many impacts on environmental allergens
and allergic diseases such as asthma and hay fever. There is
now considerable evidence of these impacts occurring in the
recent past, the present and into the future. While a number of
climatic variables are involved, particularly temperature, with
plants being an important source of allergens, the greenhouse
gas carbon dioxide (CO2) also plays a major role in the ob-
served and projected changes in such allergens.

Perhaps the earliest in-depth review and synthesis of the
impacts of climate change on allergens was published a little
over a decade ago [1], and the latest just last year [2]. As
described in this latest review, there is now evidence for im-
pacts of climate change on respiratory allergens such as those
from pollen and mould spores, contact allergens, plant food
allergens and insect allergens [2]. With respect to the impacts
of climate change on respiratory allergens, resulting primarily
from increasing atmospheric carbon dioxide concentration
and/or temperature, evidence available up to around the year
2012 indicated impacts on pollen and mould/fungal spore
production and atmospheric concentration, seasonality, aller-
genicity and spatial distribution (Table 1).

Several other recent reviews are also worthy of mention.
The Intergovernmental Panel on Climate Change’s latest as-
sessment, the Fifth Assessment Report, has explicitly assessed
the impacts of climate change on aeroallergens as one of a
number of ecosystem-mediated impacts of climate change
on health outcomes [3]. However, the short section devoted
to this area does not cite or discuss a number of very signifi-
cant studies that were published between the IPCC’s Fourth
and Fifth Assessment Reports, such as that by Wolf et al. [4]
and Ziska et al. [5].

Takaro et al. [6] have conducted a general review of climate
change and respiratory health, including allergic respiratory
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diseases. Their review focused on papers published in peer-
reviewed academic journals in the 5 years prior to the publi-
cation of their paper in 2013 (their review only included two
2013 references, neither of which being relevant to climate
change, allergens and allergic diseases). Of several interesting
observations was that BGiven the evidence, that the environ-
mental health effects of climate change are underway and
projected to increase in future, one can expect the body of
scientific literature on climate change and respiratory health
to grow rapidly^ [6].

Beyond the above, Todea et al. [7] have provided a rela-
tively brief general review of the topic, including consider-
ation of the interactions between allergens and air pollution
under climate change. Bajin et al. [8] provide a review focused
on the impacts of climate change on pollen and related allergy
in Asia Minor. Finally, Smith et al. [9] have conducted an
extensive review of ragweed as an environmental health threat
in Europe, including a section on climate change in which the
research on climate change and plant distribution, ragweed
pollen production and other aspects were discussed. However,
an unfortunate omission from this review is the landmark
paper by Singer et al. [10] demonstrating increasing Amb a
1 (ragweed’s major allergen) content in common ragweed
pollen as a function of rising atmospheric CO2 concentration.

The Latest Research

Research on the impacts of climate change on allergens and
allergic diseases has accelerated in recent years. As one indi-
cator of this, a research database search for literature on this
topic1 results in 271 documents being identified, with the first
two of these being published in 1998, and no less than 90
being published in just the last two and a half years or so (1
January 2013 to 21 May 2015) (Fig. 1). In other words, one
third of the literature on this topic has been published in just
the last two and a half years. Indeed, 2014 saw more docu-
ments published on this topic (47 in total) than in any previous
year, and documents on this topic were cited more in 2014

(746 citations in total) than in any previous year. Most of the
research published in the last two and a half years or so has
been in the broad research area of environmental sciences and
ecology (Fig. 2), with the immunology, allergy and public
environmental occupational health research areas also in com-
bination making up a large portion of this research. These
research foci have been reflected in the leading journals in
which this research is published (Fig. 3). The following sec-
tions review research on this topic over the last two and a half
years, since 1 January 2013.

Pollen (and Fungal Spore) Amount

Further studies have been added to the literature on the im-
pacts of climate change on pollen production and atmospheric
pollen (and fungal spore) concentrations. All studies have
come from the Northern Hemisphere, including four from
Europe, one from Japan and one from the USA.

The most recent and most important study in this area in the
last two and a half years is that by Hamaoui-Laguel et al. [11].
This team projected the impacts of future climate and land-use
changes on airborne ragweed pollen concentrations in Europe
using two comprehensive modelling frameworks accounting
for pollen production, release and atmospheric dispersion
changes [11]. Their results showed that by 2050, airborne
ragweed pollen concentrations will be approximately four
times higher than they currently are (with an uncertainty range
from 2 to 12) [11].

Cariñanos et al. [12] analysed 21 years (1991–2011) of
airborne Amaranthaceae pollen records for an area located in
the southern part of the Iberian Peninsula. A trend was noted
towards increasingly early pollen peak dates and gradual de-
cline in the annual Pollen Index over later years [12], with the
latter attributed to increasing urbanisation of the area and a
change in the rainfall distribution. Over a similar period and in
a similar location, García-Mozo et al. [13] studied a 30-year
(1982–2011) olive pollen record from Spain and found a trend
towards increasing pollen production [13].

Zhang et al. [14] have developed a regional-scale pollen
emission and transport modelling framework for investigating
the impact of climate change on allergic airway disease and
evaluated it for southern California. They noted that for this

1 Thomson Reuters’ Web of Knowledge, Web of Science search with
topic terms Bclimate change^ and Ballerg*^.

Table 1 Likely impacts of
climate change on environmental
allergens, by allergen
characteristic and allergen
Bgroup^

Allergen Bgroup^

Respiratory Contact Plant food Insect

Allergen characteristic Amount ↑

Season Δ Δ
Spatial distribution Δ Δ
Allergenicity ↑ ↑ (poison ivy) ?

↑ increase, Δ change, ? uncertain or theoretical
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region, pollen seasons are projected to occur earlier but with
0.1–10 % less pollen production by around 2050 compared to
current as a result of higher temperatures and less precipitation
[14].

Yamada et al. [15] have provided a current and in-depth
review of Japanese cedar pollinosis in Japan. Amongst the
causes of the dramatic rise in both airborne Japanese cedar
pollen and Japanese cedar pollinosis over recent decades, they
suggested climate change, and in particular temperature in-
creases over this period in Japan.

Damialis et al. [16] examined atmospheric fungal spore
concentrations in Thessaloniki, Greece, over the 19-year peri-
od 1987–2005, during which temperatures generally in-
creased, and generally found decreasing concentrations over
this period.

The above studies suggest that recent and future trends in
pollen and fungal spore amounts associated with climate

change vary from species to species and region to region. This
is consistent with previous research in this area (e.g., Ziello
et al. [17]). This emphasises the need for future research in this
area to focus on species and regions that are yet to be studied,
with perhaps the greatest need being in the Southern
Hemisphere.

Pollen Season

Several studies in the last two and a half years have added to
the already significant body of literature regarding the impacts
of climate change on pollen season. Several of these have
focused on the European region and in particular the Mediter-
ranean (two studies from Italy and one from Spain; and one
from the island of Guernsey in the English Channel). The
other studies over this period had a US focus.
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Fig. 1 Types of documents
published on the topic of climate
change and allerg* during the
period 1 January 2013 to 21
May 2015. From Thomson
Reuters’ Web of Knowledge,
Web of Science
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Fig. 2 The top eight broad research areas of documents published on the
topic of climate change and allerg* during the period 1 January 2013 to
21 May 2015. Documents can have more than one research area.
Abbreviated research areas on the x-axis are the following:
Environmental… = Environmental Sciences Ecology; Public

Environmental… = Public Environmental Occupational Health; Science
Technology… = Science Technology Other Topics; Meteorology… =
Meteorology Atmospheric Sciences. From Thomson Reuters’ Web of
Knowledge, Web of Science
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García-Mozo et al. [13] studied a 30-year (1982–2011)
olive pollen record from Spain and found a trend towards
earlier pollen season start and peak date and delayed pollen
season end [13]. Bonofiglio et al. [18] examined the impact of
climate change on the olive pollen season in Italy and
projected advances in the start date of about 20–30 days under
a 3.4 °C warming by the year 2100. Sposato et al. [19] studied
cypress pollen seasonality in three regions of Italy over the
two 3-year periods 1998–2000 and 2010–2012. They found
that the cypress pollen concentration peak was delayed from
February to March in 2010–2012 compared to 1998–2000 in
central Italy (or had a more distinctive March peak in the case
of northern Italy), with a shift in pollination towards spring
[19].

The past two and a half years has seen four related studies
published by a team centred on Zhang, Bielory, and
Georgopoulos from Rutgers University in the USA. Zhang
et al. [20] examined the impacts of climate change on birch
and oak pollen seasons at six sites spread across the USA.
They found that birch and oak trees were observed to flower
1–2 weeks earlier for the latter period 2001–2011 compared to
the earlier period 1994–2000 [20]. This work was extended in
Zhang et al. [21], which examined 50 US sites and five plant
taxa (birch, oak, ragweed, mugwort and grass). On average,
the allergenic pollen season for these five taxa started 3 days
earlier during the decade 2001–2010 than in the 1990s
(1994–2000) [21]. Focusing on several Northern Hemi-
sphere locations, Zhang et al. [22] presented a Bayesian
framework for modelling impacts of climate change on
the start date of the birch pollen season and the date of
the maximum daily birch pollen count and found that
these will occur around 2 to 4 weeks earlier in the
future [22]. More recent work by this team has focused
on predicting the onset and duration of the airborne
allergenic pollen season in the USA, again using a
modelling framework [23].

An important study has been produced by the Chair of
Ecoclimatology and Institute for Advanced Study at
Technische Universität München: Bock et al. [24]. This team
analysed first flowering date and flowering duration from a
27-year dataset (1985–2011) of weekly flower observations
on 232 plant species from the island of Guernsey in the En-
glish Channel, which has warmed by 0.5 °C over this period
[24]. They found not only a trend of significantly earlier
flowering over time but also a highly significant shortening
of flowering duration over time [24]. The potential benefit of
shorter flowering (and therefore pollen season) duration of
specific species to those with pollen allergies was suggested
by the authors.

Park and Schwartz [25] have similarly analysed changes in
flowering phenology. They used herbarium records for the
southeastern USA, a humid subtropical environment, over
the period 1951 to 2009. They found early spring flowering
significantly advanced in response to increases in early spring
(March) temperature, but that plant species that flower in the
late spring through to mid-summer exhibited significantly de-
layed flowering in response to higher February (late winter)
temperatures [25]. As an explanation of the latter result, they
suggested that BAs this region experiences warmer conditions
and shorter winter periods than the sites of most previous
temperate phenological studies, it is possible that warmer con-
ditions in February would be more likely to result in unful-
filled chilling requirements, thereby delaying flowering
among species that flower in mid-season^ [25].

It should also be highlighted that the Intergovernmental
Panel on Climate Change’s Fifth Assessment Report provides
an assessment of the impacts of climate change on plant and
animal phenology [26]. This current assessment is that many
plant and animal species have shifted their seasonal activities
in response to observed climate change over recent decades
[26] and also that Bthey are doing so now in many regions and
will continue to do so in response to projected future climate
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Fig. 3 The top seven source
(journal) titles of documents
published on the topic of climate
change and allerg* during the
period 1 January 2013 to 21
May 2015. Abbreviated source
titles on the x-axis are the
following: Science of the Total
Environment; Urban Forestry &
Urban Greening; The Journal of
Allergy and Clinical
Immunology; AAIR Allergy,
Asthma & Immunology
Research. From Thomson
Reuters’ Web of Knowledge,
Web of Science

Curr Clim Change Rep (2015) 1:176–184 179



change^ [26]. Earlier occurrence of spring events (spring ad-
vancement), such as flowering, is seen in hundreds of plant
and animal species in many regions [26].

Further studies that have examined impacts of climate
change on pollen include Deák et al. [27] who analysed trends
of the pollen season duration, start and end, as well as the
annual total pollen count and annual peak pollen concentra-
tion in Szeged, Southern Hungary, for the 11-year period
1997–2007, in the context of climate change. The findings
varied by taxa, with, for example, significant changes in total
annual pollen count mostly being increases (for Morus,
Populus and Urtica), and the only significant changes in pol-
len season duration being increases for Poaceae and Urtica,
the former due particularly to a later end to the Poaceae pollen
season and the latter to an earlier start and later end to the
Urtica pollen season.

Environmental Allergen Spatial Distribution

The last 2 years, and particularly 2014, has seen the emer-
gence of a previously neglected area of climate change and
allergen research, regarding the spatial distribution of aller-
gens and allergen-producing organisms. Interestingly, all five
of the articles published in this area focus on invasive species,
and three of the five focus on ragweed, reflecting the impor-
tance of these with respect to both climate change impacts and
allergic diseases.

The studies by Chapman et al. [28] and Storkey et al. [29]
have examined the range/spatial distribution of ragweed (Am-
brosia artemisiifolia) in the context of climate change. Both
studies have used alternatives to or complements of correla-
tive species distribution models, with the former using a
temperature- and photoperiod-driven phenology model, and
the latter using a process-based distribution model. Both
models project northward shifts in the range margins and no
change in the southern part of the range of this species in the
Northern Hemisphere (North America [28] and Europe [28,
29]) with future climate change. Richter et al. [30], based on
earlier work by several of the same authors, also modelled the
spread of ragweed in the future under climate change but
focused on the management of this species and resulting
health and economic benefits. Their study area was Austria
and southern Germany (Bavaria), and they used not only three
climate scenarios but also different management scenarios and
levels of management effort. They found that a carefully de-
signed management plan consisting of survey and eradication
can drastically reduce the spread of ragweed [30].

Monceau et al. [31] review the invasive yellow-legged hor-
net in Europe. They highlight that this species is potentially
deadly to people allergic to it or to other cross-reacting
venoms [31], and brief mention is made of attempts to evalu-
ate expansion risk of this species under climate change.

Mazza et al. [32] provide an excellent and thorough over-
view of invasive species relevant to human health, including
allergic diseases. Their overview encompasses respiratory and
skin allergies as well as allergic reactions to stinging insects,
and they conclude that the negative impacts of invasive spe-
cies are expected to intensify in the near future due to climate
change [32].

It should also be highlighted that the Intergovernmental
Panel on Climate Change’s Fifth Assessment Report provides
an in-depth assessment of observed and projected-future shifts
in species ranges [26]. This current assessment is that many
plant and animal species have moved their ranges in response
to observed climate change over recent decades [26] and also
that Bthey are doing so now in many regions and will continue
to do so in response to projected future climate change^ [26].

Pollen (and Fungal Spore) Allergenicity

A series of studies on the impacts of climate change on pollen
(and mould spore) allergenicity in the last two and a half years
has added considerable weight to our understanding in this
area. Perhaps most significantly, we now have experimental
studies in which more than one variable is changed, providing
an increasingly realistic picture of likely future changes in
pollen allergenicity. El Kelish et al. [33] examined ragweed
pollen allergenicity under elevated CO2 and drought stress.
They found a strong up-regulation of BAmb a^ transcripts
under elevated CO2, drought stress and elevated CO2 plus
drought stress conditions [33] and concluded that BThis result
clearly indicates that under expected global change condi-
tions, the allergenicity of ragweed pollen may increase, there-
by affecting human health^ [33].

Albertine et al. [34] examined the impacts of elevated CO2

and ozone (O3) concentrations projected to occur in the future
on Timothy grass pollen and allergen production. They found
that elevated CO2 concentration significantly increased the
amount of grass pollen produced, even when levels of O3 (a
plant growth and reproduction suppressor) were also elevated
[34]. Elevated O3 significantly reduced the Timothy grass al-
lergen protein concentration of the pollen, but the net effect of
increasing pollen production with elevated CO2 indicated in-
creased allergen exposure under elevated levels of both these
gases [34].

Jin et al. [35] studied Japanese Hop pollen allergenicity in
Korea through comparison of pollen samples from 1998 and
2009 and from urban and suburban environments. They found
that the 2009 and urban pollen was more potent than the 1998
and suburban pollen, respectively. They attributed these in-
creases in pollen allergenicity to the higher temperatures and
CO2 concentration of the latter period and the urban
environment.

Research from different sites across the greater area of Mu-
nich by Beck et al. [36] indicates that surface level ozone is a
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crucial factor leading to clinically relevant enhanced allerge-
nicity of birch pollen [36]. However, although increased
ozone production is generally projected with increasing tem-
peratures, the net direct impact of climate change on ozone
concentrations worldwide is now thought to be a reduction
[3].

In Songnuan’s [37] in-depth review of wind-pollination
and the roles of pollen allergenic proteins, it was noted that
with climate change and more extreme environmental condi-
tions, the amounts of pathogenesis-related (PR) proteins in
pollen are likely to increase (PR proteins are defence proteins
that can be induced by abiotic stress). Several groups of PR
proteins have been classified as allergens from pollen [37].
Songnuan [37] also stated that this Bmay partially account
for the continuous increase in allergy incidences worldwide^.

In addition to the above studies on climate change and
pollen allergenicity is the recent study by Lang-Yona et al.
[38] on the impacts of changes in atmospheric CO2 concen-
tration on the allergenicity of the mould Aspergillus
fumigatus. This team grew this fungus at six atmospheric
CO2 concentrations, ranging from preindustrial (280 ppm) to
current (392 ppm) to projected future (560 ppm). They found
that fungi grown under current CO2 levels exhibit 8.5- and
3.5-fold higher allergenicity compared to fungi grown at pre-
industrial and projected future CO2 levels, respectively [38].
In other words, as noted by Lang-Yona et al. [38], it appears
that there is an optimal CO2 concentration for the aller-
genicity of A. fumigatus at about 400 ppm. This would
suggest that the maximum adverse health impact on
allergy related to this particular fungus is with us now.
The authors also highlight that even though their results show
a decrease in allergenicity of A. fumigatus with further in-
crease in CO2 concentration, future allergenicity is still higher
than it was at preindustrial CO2 concentrations. This finding
adds further weight to the Beggs-Bambrick climate change-
asthma hypothesis [39].

Allergic Diseases

Beyond the research on the impacts of climate change on
allergens reviewed above, the last two and a half years or so
has seen the appearance of several studies on the impacts of
climate change on allergic diseases themselves. Fuertes et al.
[40] analysed data from the International Study of Asthma and
Allergies in Childhood (ISAAC) Phase Three as a first step in
assessing how climate change may affect allergic rhinitis
symptoms. The analysis was of 222 centres in 94 countries
for 13- to 14-year-olds and 135 centres in 59 countries for 6- to
7-year-olds, for which associations of rhinitis symptom prev-
alences with temperature, precipitation, vapour pressure and
the normalised difference vegetation index were assessed
[40]. The results suggested a general positive association of
mean monthly temperature, vapour pressure and precipitation,

with symptom prevalence, providing Bsuggestive evidence
that climate (and future changes in climate) may influence
rhinitis symptom prevalence^ [40].

Salo et al. [41] have analysed the prevalence of allergic
sensitisation in the USA using data from the National Health
andNutrition Examination Survey (NHANES) 2005–2006. In
the context of the current review, the most relevant result is
perhaps that showing a statistically significant and consistent
increase in sensitisation of subjects aged 6 years and older to
outdoor allergens in metropolitan areas with ≥1 million pop-
ulation compared to other areas. This applied to sensitisation
to the moulds Aspergillus and Alternaria, Bermuda grass and
Rye grass, thistle and ragweed, and oak (but not birch).
Amongst the suggested potential causes of this higher preva-
lence of allergic sensitisation in urban areas was reference to
the higher temperature and CO2 concentration of urban areas
and the associated increased pollen production of plants (spe-
cifically ragweed) in urban areas compared to rural (experi-
mental research conducted by Ziska et al. [42]). Salo et al. [41]
explicitly linked this higher allergic sensitisation in urban
areas to climate change not only through this urban–rural an-
alog of climate change but through the research on the impacts
of climate change on pollen seasons, greater pollen loads, and
changes in allergenicity and spatial distributions of allergens.

The last year or so has also seen two important contribu-
tions with regard to the impacts of climate change on contact
allergy and dermatitis, one a review and the other an original
field and laboratory study. In a broader review of the impacts
of climate change on skin diseases, Balato et al. [43] devoted a
section to allergic diseases. They highlight the fact that the
skin is the most exposed organ to the environment and that
it is therefore not surprising that cutaneous diseases are in-
clined to have a high sensitivity to climate [43]. Lawton
et al. [44] report their research on the identification of a major
causative agent of human cercarial dermatitis, the schistosome
Trichobilharzia franki, in southern England. Human cercarial
dermatitis is caused by an acute allergic reaction in the skin
that develops as a result of repeated contact with water con-
taining schistosomatid cercariae [44]. They also noted that
climate change can impact on the bird host of the schistosome,
by changing its distribution and migratory routes, Band thus
enabling infected bird species to visit the UK, which may not
have done so before^ [44].

In a systematic review of the impacts of ambient humidity
on child health, Gao et al. [45] assessed 37 papers, with 35 %
of these focused on allergic diseases, and another 32 % on
respiratory system diseases. While the review demonstrated
that ambient humidity generally plays a significant role in the
incidence and prevalence of childhood climate-sensitive dis-
eases, especially respiratory system and allergic diseases,
some inconsistencies in the direction and magnitude of the
effects of ambient humidity warrant further research in this
area. Nonetheless, the authors presented a compelling case
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for the link between changes in humidity related to climate
change and significant impacts on child allergic diseases.

Bastl et al. [46] have developed a Bsymptom load index, to
compare the severity of pollen seasons for pollen allergy suf-
ferers during different seasons in different geographical
regions^. They examined the birch, grass and ragweed pollen
seasons in Austria and Germany from 2009 to 2013 and dem-
onstrated that the same amount of pollen induces different
symptom levels in different years in different regions [46].
They included amongst the future applications of the symp-
tom load index, monitoring the development of pollen allergy
symptom severity in the context of climate change [46].

In contrast to the international and national studies de-
scribed above is the small-scale clinical study by Kim et al.
[47]. The study explored the clinical outcomes of allergen-
specific immunotherapy in the context of climate change.

Beyond the above, a number of articles have includedmen-
tion of climate change, allergens and allergic diseases (Apter
[48]; D’Amato et al. [49]; De Sario et al. [50]; Green et al.
[51]; Kim et al. [52]; Kinney et al. [53]; Ward et al. [54]).

Adaptation

Two recent studies have explored aspects of climate change
adaptation with respect to allergens and allergic diseases. The
two studies considered urban allergenic plant management
and urban planting practices and policies, adaptationmeasures
that had been developed earlier by Beggs [55]. Katz and Carey
[56] conducted a study of the relationships between ragweed
plant density, land use and ragweed pollen concentrations.
Ragweed plant density and land use predicted a large portion
of airborne ragweed pollen concentrations. They concluded
that Bmanagement of allergenic pollen producing plants must
be considered at multiple spatial scales^ and Bwill become
increasingly important over the coming decades, as tempera-
tures and carbon dioxide concentrations continue to increase^
[56]. Cheng and Berry [57] conducted a literature review of
health co-benefits and risks of public health adaptation strate-
gies to climate change, and their findings included that adap-
tation strategies that influence urban design (increased urban
green space) pose a health risk of increased allergic diseases.
This further emphasises the importance of good planning in
the design of green spaces in urban areas.

Monitoring

Another important climate change adaptation strategy with
respect to allergens and allergic diseases is enhanced
aeroallergen monitoring and forecasting [55]. Recent research
has developed this in various ways. Cecchi [58] has stated that
BFuture research should include the implementation of stan-
dard pollen count with allergen measurement as a proxy of
exposure in epidemiological studies and clinical trials^,

highlighting that this is most important due to climate change
[58]. A number of authors have also highlighted the need for
continued and better resourcing of pollen monitoring net-
works. Cecchi [58] asserts that research both on allergenic
pollen and national pollen networks should be continuously
supported, while Beggs et al. [59] highlight the need for a
national standardised pollen monitoring network in Australia.

Takaro et al. [6] take a more holistic view of monitoring in
the context of climate change, aeroallergens and allergic re-
spiratory diseases, stating that our ability to address important
research questions in this area will be enhanced by establish-
ing more finely resolved networks of daily pollen monitoring
sites, Blinked at comparable temporal and spatial scales to
reporting networks for near real-time health tracking of allergy
and asthma health effects, linked with carbon dioxide emis-
sion source data, and other health-relevant air pollutant
monitoring^ [6].

Finally, Fernández-Llamazares et al. [60] have also
highlighted the potential role of airborne pollen monitoring
and records in providing relevant data for the protection of
plants and its potential applications to the management and
conservation of plant diversity.

Conclusions

The surge of research on the impacts of climate change on
allergens and allergic diseases over the last two and a half
years reaffirms this impact as one of the most important im-
pacts of climate change on human health. Particularly note-
worthy is the research over the last two and a half years on the
impacts of climate change on the spatial distribution of aller-
gens and allergen-producing organisms, on pollen and fungal
spore allergenicity, and on allergic diseases themselves. While
a diversity of impacts is being revealed by this research, over-
all, the clear message is that the impacts of climate change on
allergic diseases, mediated by impacts on environmental aller-
gens, are and will continue to be adverse.

One of the striking features of the latest research on the
impacts of climate change on allergens and allergic diseases
(like the research that came before it) is that it is overwhelm-
ingly from the Northern Hemisphere. One of the largest gaps
in knowledge in this area is therefore what the past and future
impacts of climate change on allergens and allergic diseases in
the Southern Hemisphere are. Recent research in Australia
[61] has started to lay the foundations for a long-term pollen
monitoring network that would at least enable some of the
questions relating to this part of the world to be answered.
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