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Abstract
Background: Tropical forests cover less than 10 per cent of all land area (1.8 × 107 km2) and over half of the
tropical-forest area (1.1 × 107 Km2) is represented by humid tropical forests (also called tropical rainforests). The
Amazon basin contains the largest rainforest on Earth, almost 5.8 million km2, and occupies about 40% of South
America; more than 60% of the basin is located in Brazil and the rest in Bolivia, Colombia, Ecuador, French Guiana,
Guyana, Peru, Suriname and Venezuela.
Over the past decade the positive role of tropical rainforests in capturing large amounts of atmospheric carbon
dioxide (CO2) has been demonstrated. In response to the increase in atmospheric CO2 concentration, tropical
forests act as a global carbon sink.
Main body: Accumulation of carbon in the tropical terrestrial biosphere strongly contributes to slowing the rate of
increase of CO2 into the atmosphere, thus resulting in the reduction of greenhouse gas effect. Tropical rainforests
have been estimated to account for 32–36% of terrestrial Net Primary Productivity (NPP) that is the difference
between total forest photosynthesis and plant respiration. Tropical rainforests have been acting as a strong carbon
sink in this way for decades.
However, over the past years, increased concentrations of greenhouse gases, and especially CO2, in the atmosphere
have significantly affected the net carbon balance of tropical rainforests, and have warmed
the planet substantially driving climate changes through more severe and prolonged heat waves, variability in
temperature, increased air pollution, forest fires, droughts, and floods. The role of tropical forests in mitigating
climate change is therefore critical. Over the past 30 years almost 600,000 km2 have been deforested in Brazil alone
due to the rapid development of Amazonia, this is the reason why currently the region is one of the ‘hotspots’ of
global environmental change on the planet.
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Conclusion: Deforestation represents the second largest anthropogenic source of CO2 to the atmosphere, after fossil
fuel combustion. There are many causes of deforestation, including socioeconomic and natural factors, such as clearcutting for agriculture, ranching and development, unsustainable logging for timber, as well as droughts, fires and
degradation due to climate change. About natural causes of forest degradation, in the context of the Amazon, the major
agent of change in the forest ecosystem would most likely be decreased dry-season precipitation. Of the 23 global
climate models employed by the Intergovernmental Panel on Climate Change (IPCC) in their 2007 report, 50–70%
predict a substantial (above 20%) reduction of dry-season rainfall in eastern Amazonia under mid-range greenhouse gas
emissions scenarios, 40% in central Amazonia and 20% in the west. While annual carbon emissions from fossil-fuel
combustion have been continually increasing since 1960s, historical trends of deforestation and associated carbon
emissions have remained poorly understood.
Keywords: Respiratory allergy, Bronchial asthma, Climate change, Air pollution and respiratory diseases, Greenhouse gas
emissions, Anthropogenic emissions of CO2, Interaction between climate change and allergy, Deforestation and
climate change

Background
Climate change represents a massive threat to global
health, affecting local and national food supplies, air and
water quality, weather, economics and many other
critical health determinants [1, 2]. Air pollution is closely
associated with climate change [1–4]. Over the last
50 years global earth’s temperature has markedly risen
[1]. Most of the observed increase in globally averaged
temperatures is very likely due to the observed increase in
anthropogenic greenhouse gas concentrations, as stated in
the Working Group I Report of the Intergovernmental
Panel on Climate Change [1]. The key determinants of
greenhouse gas emissions are energy production,
transportation, agriculture, food production and waste
management, and attempts at mitigating climate
change will need to address each of these. A huge increase in carbon dioxide (CO2) concentrations during
the last decades has been experienced [1]. CO2 is the
most important anthropogenic greenhouse gas, and its
atmospheric concentration has increased from a preindustrial value of about 280 ppm to 379 ppm in 2005
[1]. About 75% of the anthropogenic CO2 emissions to
the atmosphere during the past 20 years resulted from
fossil fuel burning; most of the rest resulted from
changes in land use, especially deforestation [1]. The
same trend occurred for the other prevalent anthropogenic greenhouse gases: methane (CH4), and nitrous
oxide (N2O) [1]. However, it is important to consider
that after CO2 emissions are reduced and atmospheric
concentrations stabilize, surface air temperature continues to rise slowly for a century or more. Furthermore, rising temperatures contribute to the elevation of
the concentrations of ozone (due to more sunlight and
higher temperature) and particulate matter (due to
wildfire, droughts, desertification, sandstorms and an
increased use of coal-fired power to produce energy for
cooling) at ground level [1, 2].

A growing body of evidence indicates that climate
change has a strong impact on respiratory health, particularly on respiratory allergic diseases [1–6].
Many measures to reduce greenhouse gas emissions
may have positive benefits for health. According to the
intergovernmental panel on climate change (IPCC), it is
necessary to reduce the anthropogenic emissions of
CO2; in this regard deforestation represents the second
largest anthropogenic source of carbon dioxide to the
atmosphere, after fossil fuel combustion [7]. The role of
forest, particularly of rainforest of Amazon basin (the
largest rainforest on Earth), in mitigating climate change
is therefore critical.
This article aims to provide evidence to stimulate the
debate on the impact of climate change on respiratory
health and on the contribution of forests of Brazil in
mitigating climate change.
The effect of climate changes on pollen allergy and
respiratory allergic diseases

A body of evidence suggests that major changes involving the atmosphere and the climate, including global
warming induced by human activity, have an impact on
the biosphere and human environment [1, 2].
A summary of the potential health effects due to
climate change is presented in Table 1.
Studies on the effects of climate changes on respiratory allergy are still lacking and current knowledge is
provided by epidemiological and experimental studies
on the relationship between asthma and environmental
factors, eg, meteorological variables, airborne allergens
and air pollution. Climate change is correlated with
allergens for several reasons [8, 9]:
1) increase and faster plant growth;
2) increase in the amount of pollen produced by
each plant;

D’Amato et al. World Allergy Organization Journal (2017) 10:11

Page 3 of 8

Table 1 Potential health effects of climate change
Climate events

Agriculture, forestry

Human health impact

Heavy precipitation events: frequency increases
over most areas

Damage to crops; soil erosion, inability to
cultivate land, water logging of soils; Adverse
effects on quality of surface and groundwater;
contamination of water supply

Deaths, injuries, infectious diseases, allergies and
dermatitis from floods and landslides

Area affected by drought

Land degradation, lower yields/crop damage
and failure; livestock deaths; land degradation;
More widespread water stress

Increased risk of food and water shortage;
increased risk of water- and food-borne diseases;
cardiovascular disorders

Number of intense tropical cyclones

Damage to crops; wind throw of trees; Power
outages cause disruption of public water supply

Increased risk of water- and food-borne diseases;
asthma

Incidence of extreme high sea level

Salinization of irrigation and well water;
Decreased freshwater availability due to
saltwater intrusion

Increase in stress-related disease; other allergic
conditions

3) increase in the amount of allergenic proteins
contained in pollen,
4) increase in the start time of plant growth and
therefore the start of pollen production and
5) earlier and longer pollen seasons.
An earlier start and peak of the pollen season is more
pronounced in species that start flowering early in the
year. Moreover, plants flower earlier in urban areas than
in the corresponding rural areas with earlier pollination of
about 2–4 days. Pollen counts could rise due to multiple
mechanisms such as increased ambient carbon dioxide
levels [10], increased temperature or earlier spring seasons
[11]. With warming over the longer term, changing
patterns of plant habitat and species density are likely,
with gradual movement northward in the Northern
Hemisphere, and further south in the Southern
Hemisphere [12]. The change in land use might also play
a relevant role, especially for some important allergenic
species, such as grasses. However, since most data come
from the analysis of distribution of airborne pollen, these
findings are potentially biased by the occurrence of long
and medium distance transport episodes of allergenic
pollen [13, 14].
Pollen allergy is frequently used to study the interrelationship between air pollution and allergic respiratory
diseases (rhinitis and asthma).
Epidemiologic studies have demonstrated that urbanization, high levels of vehicle emissions and westernized
lifestyle are correlated with an increase in the frequency
of pollen-induced respiratory allergy in people who live
in urban areas compared to those who live in rural areas
[15]. Studies on plant responses to elevated CO2 concentrations indicate that plants exhibit enhanced photosynthesis and reproductive effects and produce more pollen.
Wayne et al. observed that a doubling of the atmospheric CO2 concentration stimulated ragweed-pollen
production by 61%. [11]. Furthermore, ragweed pollen
collected along high-traffic roads showed a higher allergenicity than pollen sampled in vegetated areas, and it is

probably due to traffic related pollution. Climate change
may also affect the release and atmospheric dispersion of
pollen [16]. The overall impact will be an altered pollen
season timing and load, and hence change in exposure.
One of the effects of climate change is an increasing frequency and intensity of floods and cyclones. An example
of how this effect can threaten respiratory health is
“Thunderstorm related asthma” [17]. Actually, thunderstorms occurring during the pollen season have been
observed to induce severe asthma attacks in pollen-allergic
patients [15–17]. Associations between thunderstorms and
asthma morbidity have been identified in multiple
locations around the world [17–19]. The most prominent
hypotheses for thunderstorm-related asthma are linked
with bioaerosols, and involve the role of rainwater in promoting the release of respirable particulate matter [17, 20].
After hydratation and rupture by osmotic shock during
the beginning of a thunderstorm, pollen grains release
part of their cytoplasmic content into the atmosphere,
including inhalable, allergen-carrying paucimicronic particles such as starch granules and other cytoplasmic
components [17, 20].
In summary the occurrence of these epidemics is
closely linked to thunderstorms; the thunderstormrelated epidemics are limited to late spring and summer
when there are high levels of airborne pollen grains;
there is a close temporal association between the arrival
of a thunderstorm, a major rise in concentration of
pollen grains and the onset of asthma epidemics. As a
consequence, subjects affected by pollen allergy should
be alert to the danger of being outdoors during a thunderstorm in the pollen season.
Interaction between climate change and urban air
pollution

Climate change, coupled with air pollutant exposures,
may have potentially serious adverse consequences for
human health.
Some air pollution-related episodes of asthma exacerbations are due to climatic factors that favour the
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accumulation of air pollutants at ground level, and some
cities are continuously affected by pollution caused by
motor vehicles [21, 22]. Furthermore, it is also important
to consider that worldwide, hundreds of thousands of
hectares of woods are destroyed each year by fire, thus
millions of tons of CO2 are producted, playing a role in
the greenhouse effect [23–25].
Studies have demonstrated some effects of ozone over
respiratory symptoms, acute decreases in lung function,
increased airway responsiveness, airway injury and
inflammation and systemic oxidative stress [26–29].
Gent et al. [26] examined the simultaneous effects of
ozone and fine particulate matter (PM 2.5) at levels below
EPA standards on daily respiratory symptoms and rescue
medication use among children with asthma. Ozone level
(but not PM2.5) was significantly associated with respiratory symptoms and rescue medication use among children
using maintenance medication. A 50 parts per billion
(ppb) increase in 1-h ozone was associated with increased
likelihood of wheeze (by 35%) and chest tightness (by
47%) [26]. The highest levels of ozone (1-h or 8-h
averages) were associated with increased shortness of
breath and rescue medication use [26].
One of the mechanisms whereby air pollutants can
induce asthma is the interaction with allergen-carrying
paucimicronic particles derived from plants [30]. The
paucimicronic particles, pollen-originated or not, are
able to reach peripheral airways with inhaled air, inducing asthma in sensitized subjects. Air pollution—in particular particulate matter (PM), and diesel exhaust
particulate (DEP), ozone, nitrogen dioxide and sulfur dioxide — have been shown to have an inflammatory effect on the airways of susceptible subjects, causing
increased permeability, easier penetration of allergens
into the mucus membranes, and easier interaction with
cells of the immune system [30]. There is also evidence
that predisposed subjects have increased airway reactivity induced by air pollution and increased bronchial responsiveness to inhaled allergens [31]. By
attaching to the surface of pollen grains and plantderived particles of paucimicronic size, air pollutants
could modify not only the morphology of these
antigen-carrying agents but also their allergenic potential. In addition, by inducing airway inflammation,
which increases airway permeability, pollutants overcome the mucosal barrier and could be responsible
for “priming” the allergen-induced responses of pollinosis in allergic and atopic individuals.
The relationship between exposure to air pollution
and the development of allergic respiratory diseases has
been investigated in several studies, however there is still
much to understand.
Nicolai and von Mutius carried out a study on this
topic in reunified Germany. The prevalence of asthma
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and allergic disorders was assessed in East Germany and
in West Germany [32]. In East Germany the main
sources of air pollution were the industries and private
coal burning for heating purposes, differently in in West
Germany where traffic-related air pollutants and NO2
exposure were prevalent [32]. The authors thus analyzed
the impact of different environmental and social conditions on the development of allergies in two genetically
homogeneous populations. The results showed that hay
fever, skin test reactivity to common aeroallergens and
asthma were considerably more prevalent in West
Germany as compared to East Germany [32].
Recently a systematic review and a meta-analysis of
birth cohort studies have shown that increased longitudinal childhood exposure to PM2.5 and black carbon was
associated with increasing risk of subsequent asthma in
childhood [33]. Also, early childhood exposure to trafficrelated air pollution was associated with development of
asthma across childhood up to 12 years of age [33].
Increasing exposure to PM2.5 was associated with
sensitization to both aero- and food allergens [33].
How to reduce air pollution and global warming: the role
of Brazilian forests and their message to the planet

Tropical forests cover less than 10% of all land area
(1.8 × 107 Km2) [34] and over half of the tropical-forest
area (1.1 × 107 Km2) is represented by humid tropical
forests (also called tropical rainforests) [35]. The
Amazon basin contains the largest rainforest on Earth,
almost 5.8 million Km2, and occupies about 40% of
South America; more than 60% of the basin is located in
Brazil and the rest in Bolivia, Colombia, Ecuador, French
Guiana, Guyana, Peru, Suriname and Venezuela.
Over the past decade the positive role of tropical rainforests in capturing large amounts of atmospheric CO2
has been demonstrated [36–39]. In response to the increase in atmospheric CO2 concentration, tropical forests act as a global carbon sink. Accumulation of carbon
in the tropical terrestrial biosphere strongly contributes
to slowing the rate of increase of CO2 into the atmosphere, thus resulting in the reduction of greenhouse gas
effect [5]. Tropical rainforests have been estimated to account for 32–36% of terrestrial Net Primary Productivity
(NPP) that is the difference between total forest photosynthesis and plant respiration [40, 41]. In this way tropical rainforests have been acting as a strong carbon sink
for decades.
However, over the past years, increased concentrations of greenhouse gases, and especially CO2, in the
atmosphere have significantly affected the net carbon
balance of tropical rainforests, and have warmed the
planet substantially driving climate changes through
more severe and prolonged heat waves, variability in
temperature, increased air pollution, forest fires,
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droughts, and floods [2, 42]. The role of tropical forests in mitigating climate change is therefore critical.
Over the past 30 years almost 600,000 Km2 have
been deforested in Brazil alone due to the rapid development of Amazonia, this is the reason why currently the region is one of the ‘hotspots’ of global
environmental change on the planet [34]. Deforestation represents the second largest anthropogenic
source of CO2 to the atmosphere, after fossil fuel
combustion [7]. There are many causes of deforestation, including socioeconomic and natural factors,
such as clear-cutting for agriculture, ranching and development, unsustainable logging for timber, as well
as droughts, fires and degradation due to climate
change. About natural causes of forest degradation, in
the context of the Amazon, the major agent of
change in the forest ecosystem would most likely be
decreased dry-season precipitation [43]. Of the 23 global climate models employed by the Intergovernmental
Panel on Climate Change (IPCC) in their 2007 report,
50–70% predict a substantial (above 20%) reduction of
dry-season rainfall in eastern amazonia under mid-range
greenhouse gas emissions scenarios, 40% in central Amazonia and 20% in the west [44]. While annual carbon
emissions from fossil-fuel combustion have been continually increasing since 1960s, historical trends of deforestation and associated carbon emissions have remained
poorly understood [7, 45, 46]. Recently Song et al., using
satellite-data of deforestation rates, derived from changes
in tree cover density in the humid tropics, have estimated
that between 2000 and 2010, a total of 15.9 ± 2.5 Mha
(million ha) forests were lost, which represented 2.6% of
the total basin area, or 2.9% of forests in year 2000 [47].
The Brazilian Amazon and the non-Brazilian Amazon lost
a total of 12.5 ± 2.0 Mha and 3.4 ± 0.5 Mha forests respectively and over that decade. Brazil was the dominant country in terms of deforested area, which accounted for 79%
of the total lost forests [47].
Recently reports by the Brazilian government, the
FAO and other previous studies showed a declining
trend in the Brazilian Amazon and the entire Amazon
basin after 2005 [48–51]. The annual relative share of
Brazil’s deforestation changed dramatically over the
study period − from the highest of 87% in the year 2004
to the lowest of 54% by the year 2010 [48–51].
Largely driven by Brazil’s efforts to halt deforestation
in recent years deforestation rates over the Brazilian
Amazon and the entire basin declined significantly in
the second half of the last decade, which resulted in
greatly reduced carbon emissions [52].
Curbing deforestation in the Brazilian Amazon decreased the Brazilian Amazon’s deforestation contribution
to global land use carbon emissions from 17% in the
1990s and early 2000s to 9% by 2010 [53]. An opposite
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emission trend was observed in the non-Brazilian
Amazon; this consisted of various inter-annual variabilities
in the Bolivian Amazon, the Colombian Amazon and the
Peruvian Amazon. Furthermore, forests of higher-biomass
accounted for an increasing portion of the cleared area.
According to the Intergovernmental Panel on Climate
Change (IPCC), it is necessary to reduce the anthropogenic emissions of CO2 to the atmosphere to avoid global
warming beyond two degrees [54]. Although tropical
deforestation was excluded from the Kyoto Protocol
(KP), since 2005 there has been a common effort within
the United Nations Framework Convention on Climate
Change (UNFCCC) to develop a climate policy approach to deforestation that would compensate tropical
nations which reduce carbon emissions from tropical
deforestation and forest degradation [55, 56]. The result
was a program, known as REDD (“Reducing Emissions
from Deforestation and Degradation”) that represents
one of the most advanced components of the current
round of climate treaty negotiations within the
UNFCCC [57, 58].
Reducing fossil fuel emissions remains the key element
for stabilizing atmospheric CO2; however limiting the
emissions from deforestation and degradation of forest
represents one of the most cost-effective strategies that
can help to stabilize atmospheric CO2 levels [59, 60].

Conclusions
Climate changes affect many physical and biological systems including the immunologic and respiratory systems
that are critical to human health, and it is foreseeable
that environmental risk factors will have a stronger effect in the coming decades [59–62]. Climate changes
interact with and affect air pollution and pollinosis,
which in turn increases the frequency and severity of
asthma, and affects the clinical expression of allergic disease [1–4]. Climate change affects the timing, dispersion,
quantity, and quality of aeroallergens and the distribution and severity of allergic disease. Climate change
alters local weather patterns including minimum and
maximum temperature, rain precipitation, and storms,
all of which affect the burden of allergic disease. A
combined approach comprises primary prevention by
greenhouse gas mitigation to stabilize the climate, and
secondary prevention by clinical intervention to minimize climate change–related increases in asthma and
allergic disease [61]. In the future climate changes
may depend on how rapidly and successfully global
mitigation and adaptation strategies are deployed. The
effect of human intervention and efforts to minimize
changes in vegetation and aeroallergen exposure remains to be seen.
Reducing air pollution might contribute to lessening
the impact of climate change on pollen and thus directly
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Table 2 What can we do to reduce the global warming?
• Decreasing use of fossil fuels and controlling vehicle emissions.
• Reducing the private traffic in towns.
• Increased use of public transport, cycling and walking.
• Planting in cities non-allergenic trees.
• Minimize outdoor activity on days with high pollution.
• Suggest patients live in remote areas from heavy traffic.
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• Reduction in meat consumption.
• Two for the price of one: climate change mitigation measures also
reduce air pollution.

on patients, while recognizing that ozone, the key pollutant associated with climate change, may be the major
driver of pollutant/pollen interactions.
What can we do to decrease the effects of environmental factors affecting respiratory allergic diseases?
Suggested measures are as follows: encouraging policies
to promote access to non-polluting sources of energy;
reducing the private traffic in towns and improving
public transport; decreasing the use of fossil fuels and
controlling vehicle emissions; planting non-allergenic
trees in cities, and in this context the proposed implantation of new trees should be evaluated by allergy specialists in order to avoid high allergenic species. Although
in this paper the direct impact of the increase in plant
growth on allergy has not been dealt with, more studies
are needed to assess its contribution to the increase in
allergy prevalence.
Many measures to reduce greenhouse gas emissions
may have positive benefits for health. These co-benefits
will offset at least some of the costs of climate change
mitigation and should be taken into account in international negotiations (Table 2). Strategies to reduce
climate changes and air pollution are political in nature,
but citizen and in particular health professionals and societies must raise their voices in the decision process to
give strong support for clean policies on both national
and international levels.
Abbreviations
COPD: Chronic obstructive pulmonary Disease; DEP: Diesel exhaust
particulate; EPA: Environmental protection Agency; FAO: Food and
agriculture Organization; IPCC: Intergovernmental panel on climate change;
NPP: Net primary Productivity; PM: particulate matter; REDD: Reducing
emissions from deforestation and degradation; UNFCCC: United nations
framework convention on climate change
Acknowledgement
The topic of this manuscript was debated during a Meeting on "Environment
and Allergy" held in Curitiba (Paranà, Brazil) on 9–10 April 2016 and promoted
by Prof Nelson Rosario, University of Curitiba, and by World Allergy
Organization with two lectures of Prof Gennaro D’Amato.
Funding
There are no sources of funding to declare.
Availability of data and materials
In this manuscript there are not data to share.

Ethics approval and consent to participate
Not applicable.
Author details
1
Division of Respiratory and Allergic Diseases, Department of Respiratory
Diseases, High Specialty Hospital A. Cardarelli, Napoli, Italy. 2School of
Specialization in Respiratory Diseases, University of Napoli Federico II, Napoli,
Italy. 3Department of Medicine and Surgery, University of Salerno, Salerno,
Italy. 4Federal University of Paraná, Curitiba, Brazil. 5Board President of
ASBAI-Brazilian Association of Allergy, Curitiba, Brazil. 6Allergist Presidente of
Paranà ASBAI, Curitiba, Brazil. 7Department of Pediatrics, Federal University of
São Paulo-Escola Paulista de Medicina, São Paulo, Brazil. 8Allergy and Clinical
Immunology Department, Centro Médico Docente La Trinidad and Clínica El
Avila, Caracas, Venezuela. 9Department of Allergy & Immunology, Hospital
Quirón Bizkaia, Carretera Leioa-Unbe 33 bis 48950, Erandio, Spain. 10First
Division of Pneumology, High Speciality Hospital “V. Monaldi” and University
“Federico II” Medical School, Napoli, Italy.
Received: 3 June 2016 Accepted: 3 February 2017

References
1. Hegerl GC, Zwiers FW, Braconnot P, Gillett NP, Luo Y, Marengo JA, et al.
Understanding and attributing climate change. In: Solomon S, Qin D,
Manning M, Chen Z, Marquis M, Averyt KB, et al., editors. Climate change
2007: the physical science basis, Contribution of the working group I to the
fourth assessment report of the intergovernmental panel on climate
change. Cambridge: Cambridge University Press; 2007. p. 663–746.
2. D’Amato G, Holgate ST, Pawankar R, Ledford DK, Cecchi L, Al-Ahmad M,
Al-Enezi F, Al-Muhsen S, Ansotegui I, Baena-Cagnani CE, Baker DJ, Bayram H,
Bergmann KC, Boulet LP, Buters JT, D’Amato M, Dorsano S, Douwes J,
Finlay SE, Garrasi D, Gómez M, Haahtela T, Halwani R, Hassani Y, Mahboub B,
Marks G, Michelozzi P, Montagni M, Nunes C, Oh JJ, Popov TA, Portnoy J,
Ridolo E, Rosário N, Rottem M, Sánchez-Borges M, Sibanda E, Sienra-Monge JJ,
Vitale C, Annesi-Maesano I. Meteorological conditions, climate change, new
emerging factors, and asthma and related allergic disorders. A statement
of the world allergy organization. World Allergy Organ J. 2015;8(1):25.
doi:10.1186/s40413-015-0073.
3. D’Amato G, Vitale C, Lanza M, Molino A, D’Amato M. Climate change, air
pollution, and allergic respiratory diseases: an update. Curr Opin Allergy Clin
Immunol. 2016;16(5):434–40. doi:10.1097/ACI.0000000000000301.
4. D’Amato G, Vitale C, De Martino A, Viegi G, Lanza M, Molino A, Sanduzzi A,
Vatrella A, Annesi-Maesano I, D’Amato M. Effects on asthma and respiration
allergy of climate change and air pollution. Multidiscip Respir Med.
2015;10:39. doi:10.1186/s40248-015-0036-x. eCollection 2015. Review.
5. D’Amato G, Pawankar R, Vitale C, Lanza M, Molino A, Stanziola A, Sanduzzi A,
Vatrella A, D’Amato M. Climate change and Air pollution: effects on
respiratory allergy. Allergy Asthma Immunol Res. 2016;8(5):391–5.
doi:10.4168/aair.2016.8.5.391. Review.
6. D’Amato G, Bergmann KC, Cecchi L, Annesi-Maesano I, Sanduzzi A, Liccardi G,
Vitale C, Stanziola A, D’Amato M. Climate changes and air pollution: effects
on pollen allergy and other allergic respiratory diseases. Allergo J Int.
2014;23(1):17–23.
7. Van der Werf GR, Morton DC, DeFries RS, Olivier JGJ, Kasibhatla PS, Jackson RB,
et al. CO2 emissions from forest loss. Nat Geosci. 2009;2:737–8.
8. Pielke RA, Cecchi L, D’Amato G, Annesi-Maesano I. Climate, urban air
pollution and respiratory allergy. In: Pielke RA, editor. Climate vunerability:
understanding and addressing threats to essential resources. Waltham:
Academic; 2013. p. 105–13.

D’Amato et al. World Allergy Organization Journal (2017) 10:11

9.

10.

11.

12.
13.

14.
15.
16.
17.

18.
19.

20.

21.
22.
23.
24.
25.
26.

27.

28.
29.
30.
31.
32.
33.

34.

D’Amato G, Cecchi L, D’Amato M, Annesi-Maesano I. Climate change
and respiratory diseases. Eur Respir Rev. 2014;23:161–9. doi:10.1183/
09059180.00001714.
Singer BD, Ziska LH, Frenz DA, et al. Increasing Amb a 1 content in
common ragweed (Ambrosia artemisiifolia) pollen as a function of rising
atmospheric CO2 concentration. Func Plant Biol. 2005;32:667–70.
Wayne P, Foster S, Connolly J, et al. Production of allergenic pollen by
ragweed (Ambrosia artemisiifolia L.) is increased in CO2-enriched
atmospheres. Ann Allergy Asthma Immunol. 2002;88:279–82.
D’Amato G, Cecchi L, Bonini S, et al. Allergenic pollen and pollen allergy in
Europe. Allergy. 2007;62:976–90.
Cecchi L, Morabito M, Domeneghetti MP, Crisci A, Onorari M, Orlandini S.
Long-distance transport of ragweed pollen as a potential cause of allergy in
central Italy. Ann Allergy Asthma Immunol. 2006;96:86–91.
Beggs PJ. Impacts of climate change on aeroallergens: past and future.
Clin Exp Allergy. 2004;34:1507–13.
D'Amato G, Cecchi L. Effects of climate change on environmental factors in
respiratory allergic diseases. Clin Exp Allergy. 2008;38:1264–74.
Bielory L, Lyons K, Goldberg R. Climate change and allergic disease.
Curr Allergy Asthma Rep. 2012;12:485–94.
D'Amato G, Vitale C, D'Amato M, Cecchi L, Liccardi G, Molino A, Vatrella A,
Sanduzzi A, Maesano C, Annesi-Maesano I. Thunderstorm-related asthma:
what happens and why. Clin Exp Allergy. 2016;46(3):390–6. doi:10.1111/
cea.12709. Review.
D’Amato G, Cecchi L, Liccardi G. Thunderstorm-related asthma: not only
grass pollen and spores. J Allergy Clin Immunol. 2008;120:530–2.
D’Amato G, Cecchi L, AnnesiMaesano I. A trans-disciplinary overview of case
reports of thunderstorm-related asthma outbreaks and relapse. Eur Respir
Rev. 2012;21(124):82–7.
Buters J, Prank M, Sofiev M, Pusch G, Albertini R, Annesi-Maesano I, Antunes C,
Behrendt H, Berger U, Brandao R, Celenk S, Galan C, Grewling Ł, Jackowiak B,
Kennedy R, Rantio-Lehtimäki A, Reese G, Sauliene I, Smith M, Thibaudon M,
Weber B, Cecchi L. Variation of the group 5 grass pollen allergen content of
airborne pollen in relation to geographic location and time in season.
J Allergy Clin Immunol. 2015;136(1):87–95.e6. doi:10.1016/j.jaci.2015.01.049.
Epub 2015 May 6.
Shea K. Global climate change and children’s health. Pediatrics.
2007;120:1149–52.
Smith KR. National burden of disease in India from indoor air pollution.
Proc Natl Acad Sci U S A. 2000;97:13286–93.
BBC News–In Pictures. Chile battles wildfires. 2012. Available at: www.bbc.
co.uk/news/world-latin-america-16406681 [cited 2012 Jan 25].
News BBC. Australia fires leave trail of devastation near Perth. 2011.
Available at: http://www.bbc.com/news/world-asia-pacific-12378717.
Californian Department of Forestry and Fire Protection. http://www.fire.ca.
gov/index.php.
Gent JF, Triche EW, Holford TR, Belanger K, Bracken MB, Beckett WS,
Leaderer BP. Association of low-level ozone and fine particles with
respiratory symptoms in children with asthma. JAMA. 2003;290(14):1859–67.
McDonnell WF, Abbey DE, Nishino N, Lebowitz MD. Long-term ambient
ozone concentration and the incidence of asthma in nonsmoking adults:
the AHSMOG Study. Environ Res. 1999;80:110–21.
McConnell R, Berhane K, Gilliland F, et al. Asthma in exercising children
exposed to ozone: a cohort study. Lancet. 2002;359:386–91.
Islam T, Gauderman WJ, Berhane K, et al. Relationship between air pollution,
lung function and asthma in adolescents. Thorax. 2007;62:957–63.
D’Amato G. Airborne paucimicronic allergen-carrying particles and seasonal
respiratory allergy. Allergy. 2001;56:1109–11.
D’Amato G, Liccardi G, D’Amato M, et al. Outdoor air pollution, climatic
changes and allergic bronchial asthma. Eur Respir J. 2002;20:763–76.
Nicolai T, von Mutius E. Pollution and the development of allergy: the East
and West Germany story. Arch Toxicol Suppl. 1997;19:201–6.
Bowatte G, Lodge C, Lowe AJ, Erbas B, Perret J, Abramson MJ, Matheson M,
Dharmage SC. The influence of childhood traffic-related air pollution
exposure on asthma, allergy and sensitization: a systematic review and a
meta-analysis of birth cohort studies. Allergy. 2015;70(3):245–56.
doi:10.1111/all.12561. Epub 2014 Dec 31.
Mayaux P, Holmgren P, Achard F, Eva H, Stibig H, Branthomme A. Tropical
forest cover change in the 1990s and options for future monitoring.
Phil Trans R Soc B. 2005;360:373–84. Mayaux P, Holmgren P, Achard F,
Eva H, Stibig H, Branthomme A. Tropical forest cover change in the 1990s

Page 7 of 8

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

and options for future monitoring. Phil Trans R Soc B. 2005;360:373–84.
doi:10.1098/rstb.2004.1590.
Saatchi SS, Houghton RA, Alvala R, Soares JV, Yu Y. Distribution of
aboveground live biomass in the Amazon basin. Glob Chang Biol.
2007;13:816–37. doi:10.1111/j.1365-2486.2007.01323.x.
Baker TR, Phillips OL, Malhi Y, Almeida S, Arroyo L, Di Fiore A, Higuchi N,
Killeen TJ, Laurance SG, Laurance WF, Lewis SL, Monteagudo A, Neill DA,
Pitman NCA, Silva N, Vasquez RM. Increasing biomass in Amazon forests.
Philo Trans R Soc Lond. 2004;359:353–65.
Malhi Y, Baker TR, Phillips OL, Almeida S, Alvarez E, Arroyo L, ChaveJ CCI,
Di Fiore A, Higuchi N, Killeen TJ, Laurance SG, Laurance WF, Lewis SL,
Montoya LMM, Monteagudo A, Neill DA, Vargas PN, Patino S, Pitman NCA,
Quesada CA, Salomao R, Silva J, Lezama AT, Martinez RV, Terborgh J,
Vinceti B, Lloyd J. The above-ground coarse wood productivity of 104
Neotropical forest plots. Glob Chang Biol. 2004;10:563–91.
Lewis SL, Lopez-Gonzalez G, Sonke B, Affum-Baffoe K, Baker TR, Ojo LO, Phillips OL,
Reitsma JM, White L, Comiskey JA, M-ND K, Ewango CEN, Feldpausch TR,
Hamilton AC, Gloor M, Hart T, Hladik A, Lloyd J, Lovett JC, Makana J-R, Malhi Y,
Mbago FM, Ndangalasi HJ, Peacock J, Peh KSH, Sheil D, Sunderland T, Swaine MD,
Taplin J, Taylor D, Thomas SC, Votere R, Woll H. Increasing carbon storage in
intact African tropical forests. Nature. 2009;457:1003–6.
Pan Y, Birdsey RA, Fang J, Houghton R, Kauppi PE, Kurz WA, Phillips OL,
Shvidenko A, Lewis SL, Canadell JG, Ciais P, Jackson RB, Pacala SW,
McGuire AD, Piao S, Rautiainen A, Sitch S, Hayes D. A large and persistent
carbon sink in the world’s forests. Science. 2011;333:988–93.
Clark DA. Sources or sinks? the responses of tropical forests to current and
future climate and atmospheric composition. Phil Trans R Soc Lond B.
2004;359:477–91. doi:10.1098/rstb.2003.1426.
Clark DA, Piper SC, Keeling CD, Clark DB. Tropical rain forest tree growth
and atmospheric carbon dynamics linked to interannual temperature
variation during 1984–2000. Proc Natl Acad Sci U S A. 2003;100:5852–7.
Zelazowski P, Malhi Y, Huntingford C, Sitch S, Fisher JB. Changes in
the potential distribution of humid tropical forests on a warmer
planet. Philos Trans A Math Phys Eng Sci. 2011;369(1934):137–60.
doi:10.1098/rsta.2010.0238.
Betts R, Mahli Y, Roberts JT. The future of the Amazon: new perspectives
from climate, ecosystem and social sciences Phil. Trans R Soc B.
2008;363:1729–35. doi:10.1098/rstb.2008.0011.
Malhi Y, Roberts JTR, Betts RA, Killeen TJ, Li W, Nobre CA. Climate change,
deforestation, and the fate of the Amazon. Science. 2008;319:169–72.
doi:10.1126/science.1146961.
Grainger A. Difficulties in tracking the long-term global trend in tropical
forest area. Proc Natl Acad Sci U S A. 2008;105(2):818–23. doi:10.1073/
pnas.0703015105. PMID: 18184819.
Peters GP, Marland G, Le Quéré C, Boden T, Canadell JG, Raupach MR.
Rapid growth in CO2 emissions after the 2008–2009 global financial crisis.
Nat Clim Chang. 2011;2(1):2–4.
Song X-P, Huang C, Saatchi SS, Hansen MC, Townshend JR. Annual Carbon
Emissions from Deforestation in the Amazon Basin between 2000 and 2010.
PLoS One. 2015;10(5):e0126754. doi:10.1371/journal.pone.0126754.
Hansen MC, Potapov PV, Moore R, Hancher M, Turubanova SA, Tyukavina A,
et al. High-resolution global maps of 21st-centry forest cover change.
Science. 2013;342:850–3. doi:10.1126/science.1244693. PMID: 24233722.
Souza CM, Siqueira J, Sales M, Fonseca A, Ribeiro J, Numata I, et al.
Ten-year landsat classification of deforestation and forest degradation
in the Brazilian Amazon. Remote Sens. 2013; 5(11): 5493–513. Science.
2004;305(5686):968–72.
FAO. Global forest resources assessment 2010. Rome: United Nations Food
and Agriculture Organization; 2012. Available: http://www.fao.org/forestry/
fra/fra2010/en/. Accessed 23 Sept 2013.
INPE. PRODES: Assessment of Deforestation in Brazilian Amazonia. 2014.
Available: http://www.obt.inpe.br/prodes/index.php.
Nepstad D, McGrath D, Stickler C, Alencar A, Azevedo A, Swette B, et al.
Slowing Amazon deforestation through public policy and interventions in
beef and soy supply chains. Science. 2014;344(6188):1118–23.
doi:10.1126/science.1248525. PMID: 24904156.
Aragao LEOC, Poulter B, Barlow JB, Anderson LO, Malhi Y, Saatchi S, Phillips OL,
Gloor E. Environmental change and the carbon balance of Amazonian forests.
Biol Rev. 2014;89(4):913–31. doi:10.1111/brv.12088.
Smith JB, Schellnhuber HJ, Mirza MMQ. Vulnerability to climate change and
reasons for concern: a synthesis. In: McCarthy JJ, Canziani OF, Leary NA,

D’Amato et al. World Allergy Organization Journal (2017) 10:11

55.

56.

57.
58.
59.

60.
61.
62.

Page 8 of 8

Dokken DJ, White KS, editors. Climate change 2001: impacts, adaptation,and
vulnerability. Contribution of working group II to the third assessment
report of the intergovernmental panel on climate change. UK: Cambridge
University Press; 2001.
Agrawal A, Nepstad D, Chhatre A. Reducing emissions from deforestation
and forest degradation. Annu Rev Environ Resour. 2011;36:373–96.
doi:10.1146/annurev-environ-042009-094508.
Santilli M, Moutinho P, Schwartzman S, Nepstad D, Curran L, Nobre C. Tropical
deforestation and the Kyoto protocol. Clim Change. 2005;71:267–76.
doi:10.1007/s10584-005-8074-6.
UNFCCC. 2012 Agreed outcome pursuant to the Bali action plan. pp. 25–40.
Draft decision: CP.18, 2012.
Moss N, Nussbaum R. A review of three REDDþ safeguards initiatives. 2011.
FCPF and UN-REDD Programme.
Gullison RE, Frumhoff PC, Canadell JG, Field CB, Nepstad DC, Hayhoe K,
Avissar R, Curran LM, Friedlingstein P, Jones CD, Nobre C. Environment.
Tropical forests and climate policy. Science. 2007;316(5827):985–6.
Epub 2007 May 10.
Pacala S, Socolow R. Stabilization wedges: solving the climate problem for the
next 50 years with current technologies. Science. 2004;305(5686):968–72.
Shea KM, Truckner RT, Weber RW, Peden DB. Climate change and allergic
disease. J Allergy Clin Immunol. 2008;122(3):443–53.
Haines A, Smith KR, Anderson D, Epstein R, McMichael AJ, Roberts I,
Wilkinson P, Woodcock J, Woods J. Policies for accelerating access to clean
energy, improving health, advancing development, and mitigating climate
change. Lancet. 2007;370:1264–81.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

