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Abstract
Climate change (CC) can be defined as a long-term shift in global, continental,
and/or local climate patterns. Although many equate CC to the rise in global temperatures, the issue is much more complicated and involves a large number of interconnected factors. Among some of the less discussed considerations of CC are its effects
on a broad range of public health issues, including the emergence of novel infectious
diseases, the encroachment of infectious disease vectors into previously unaffected
geographic distributions, and crop failures resulting in threats of malnutrition
and mass migration. This chapter will be devoted to key issues related to CC in the
context of international health security (IHS).
Keywords: climate change, emerging infectious diseases, global warming, hunger,
human migrations, invasive species

1. Introduction
Planet Earth is a highly complex and truly unique celestial body, fine-tuned
to sustain life within a very narrow range of tolerances [1, 2]. Within this narrow
band of environmental parameters, our civilization emerged over the past several
thousand years. As we discovered ways in which to harness the energy stored
within our planet, from burning wood, to coal, to petroleum products, we began to
increasingly change the environment we live in [3, 4]. The resultant slow but persistent climate change (CC) is beginning to manifest itself across multiple domains
of human existence, from rising sea levels, to wind disasters and forest fires, to
the emergence of new invasive species [5–8]. This chapter will discuss the impact
of CC on various domains of human health and well-being, with specific focus on
their relationship to international health security (IHS). Given the vastness of this
important topic area, our goal will be to provide an overview of the most pressing
issues and most relevant subdomains (Figure 1). However, it is simply not feasible
to cover this entire subject within a single book chapter, thus limiting the current
manuscript to a bullet-point synopsis.
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Figure 1.
Word cloud demonstrating the most common and dominant themes within this chapter. The highly complex
nature of the issue of climate change and its relationship to human health is clearly evident.

2. Methodology
The current study constitutes a systematic review of the literature regarding the
impact of climate change on human health and well-being. Relevant sources were
identified using an exhaustive search strategy utilizing Google™ Scholar, PubMed,
EBSCO, Bioline International, as well as any relevant cross-referenced articles
and websites. Specific search terms included “climate change,” “global warming,”
“invasive species,” “emerging infectious diseases,” “public health,” “food security,”
“sea level change,” “quality of life,” and “vector-borne diseases.” A total of 17,194,311
search results were subsequently narrowed down to 1,247 interdisciplinary full-text,
English language articles directly relevant to our discussion. Further screening
demonstrated 479 articles that directly address questions related to the interaction
between climate change and human health and wellness. Of those, a final list of 266
definitive sources was derived.

3. Environmental pollution: air and water
The effects of air pollution on public health have become increasingly acute,
heterogeneous, complex, and unpredictable [9–12]. In recent years, natural
disasters such as wildfires and non-natural disasters such as human-made pollution have caused fundamental changes in air quality, leading to special measures
and precautions deemed necessary to protect populations from air pollutants [13,
14]. Various effects of air pollution, both in the indoor and outdoor setting, on
health include but are not limited to: asthma, chronic obstructive pulmonary disease (COPD), cardiovascular diseases, and an array of pulmonary malignancies
[15–18]. Although naturally evolving changes in climate and temperature have
some effect on air quality, direct human contribution to air pollution may play
and even greater role [19, 20]. For example, humans are thought to be responsible for approximately 95% of all wildfires in California and in Mediterranean
Europe [21, 22]. Wildfires diminish air quality by scorching thousands of acres of
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land – creating arid, dry, desert like soil, and a deterring vegetative and agricultural growth. Wildfires are only one example of many human activities that
contribute to poor air quality [7, 23].
The continued growth of industrial activity, both in the United States and
globally, has contributed to a sharp increase in air pollution, especially among the
urban areas [24, 25]. This was accompanied by the general decline in measured air
quality around the globe [26, 27]. Nowadays, air quality indexes are common in daily
weather reporting, in addition to weather alerts for air quality standards [28, 29].
Despite the successful deployment of these largely descriptive and informative measures, much remains to be accomplished. For example, asthma amongst newborns
and young children has increased sharply in the recent past [30].
Neville Island, PA is an inland island near Pittsburgh, PA where three major
rivers meet, with at the apex of the city’s heaviest population density [31]. The island
houses more than 50 corporate industrial sites, coal processing facilities, and oil
company foundries. The pollutants from these companies are ingested and breathed
by the nearby population of the Allegheny County. During awareness campaigns in
2003, Neville Island was said to pollute river water with as many as 13 toxic chemicals hazardous to human health, reportedly released each night after the closing
of the factories. Notably, the island is located just upstream to the County’s major
water treatment plant. Consequently, a broad range of pollutants (both airborne and
non-airborne) find their way directly into the city water systems. Statistically, the
County is among the highest in the nation for still births, childhood asthma, COPD,
and pulmonary malignancy [31–33].
Historically, governmental regulations pertaining to air pollution tended to
represent a more reactive (versus proactive) approach [34–36]. This is not universal, however. For example, the State of California has instituted aggressive standards for vehicle emission regulations. As a result, over a 20-year period there was
a 65% decrease in reactive organic gases, and a 54% decrease in oxides of nitrogen
[37]. Of importance, these positive changes occurred despite a 22% growth in
population and a 38% increase in overall motor vehicle usage throughout the state
[23]. There was an associated sharp and well-defined decrease in air pollution
related breathing disorders among children. This included favorable changes in
terms of asthma and bronchitis, with significant (21%-39%) reductions. With
strict and appropriately enforced regulatory standards, a significant decline in
adverse consequences of air pollution can clearly be achieved [23].
Still, environmental regulations are still poorly defined and/or neglected in
many areas globally. Under such circumstances, countries like China experience
a significant number of adverse health effects of air pollution, to the point of
the issue becoming one of the most serious national public health threats [38].
Coal-burning power generation is among the leading culprits of air pollution in
China [39]. The magnitude of coal-related pollution in China can be appreciated
from recent data showing that in 2010, there were more than 10 million tons of
fine particles (e.g., diameter under 2.5 μm) released in the Beijing-Tianjin-Hebei
region alone [40]. The impact of such massive air pollution on human health
and health security (locally, regionally, nationally, and internationally) is truly
difficult to grasp. Even more importantly, it has been estimated that the pollution from the approximately 200 coal-fired power plants in the capital region of
Beijing-Tianjin-Hebei may be associated with nearly 10,000 premature deaths
and approximately 70,000 outpatient visits or hospitalizations during a single
calendar year [40–42]. Despite the need for urgent reform at the global level,
governments have been slow to act, including the recent unilateral (and hopefully
temporary) withdrawal of the United States from the Paris Climate Pact [43].
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4. Climate change: increase in allergens
One effect of global warming is an increase in allergens. Allergens can be
associated with various respiratory diseases such as Asthma or allergic reactions
such as hay fever. An increase in hay fever can be attributable to global temperature
increases due to synergistic effects of atmospheric warming on the pollination season of plants [44]. The observed rise in the number of airborne allergens is directly
proportional to the increase in pollen content of the air [45]. From human health
perspective, it can be expected that allergic reactions, as well as their severity, may
worsen over time. This may be further exacerbated by the declining air quality, both
indoors and outdoors [46, 47].
The decrease in air quality is compounded by other factors such as smoking, diesel fuel utilization, and the generation of nitrogen dioxide [48–50].
Temperature fluctuations also lead to mold formation and propagation [51]. This
can further decrease air quality and can cause intense allergic response in some
people [52, 53]. Some other common allergies include ragweed allergy causing
hay fever and poison ivy causing contact dermatitis. Table 1 lists a set of common allergens. When an allergen enters the body, its presence leads to an immune
response featuring the sensitization of mast cells [54, 55]. When the allergen
enters the body repeatedly, it attaches to the specific antibodies on mast cells
resulting in mast cell degranulation, which leads to the release of histamine and
other inflammatory mediators [56, 57]. Associated symptoms may include commonly encountered reactions such as watery eyes, itching, sneezing, and nasal/
sinus congestion. Pertinent to CC and global warming, it has been noted that
patterns and distribution of common allergens typically present in different parts
of the globe are changing [58]. The awareness and the ability to identify these
patterns, coupled with modern mobile technology advances and point-of-care
testing, will allow health-care providers to adequately prepare for the evolution
and changing incidence of allergic reactions, especially in the context of preventive health measures and effective clinical management approaches [59–61].

5. Vector borne diseases and climate change
Another important aspect of the ongoing CC, and a source of indirect evidence
for global warming, is the gradual evolution in disease vector distribution [8, 62]. An
‘infectious vector’ can be defined as any agent which carries and transmits an infectious pathogen into another living organism [63]. Many vector-borne diseases are
characterized by a significant component of seasonality, and changing geographic
distributions of vectors may significantly alter such seasonality [64, 65]. For example, higher rates of tick-borne diseases are seen during the spring to fall seasons in

Type of Allergen

Common Reaction to Allergen

Pollen

Seasonal allergies

Spores

Seasonal allergies, fungal infections

Dust mites

Asthma

Animal dander

Allergies

Drugs and insect venoms

Anaphylactic reaction

Table 1.
List of allergens and common reactions to those allergens.
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eastern North America [66, 67]. With gradual temperature changes throughout the
globe, we are more likely to see a change in the patterns of incidence of tick-borne
illnesses [66, 67]. Moreover, novel tick-borne diseases have been on the rise, such
as those carried by the Asian long-horned tick which has been found in the western
hemisphere only in the past decade [66, 68]. Increased globalization and changes in
environment due to global warming have been thought to increase the amount of
tick-borne infections.
Some of the most common disease vectors are ticks and mosquitos. A summary
of areas of prevalence and seasonality of tick- and mosquito-borne diseases are
listed in Tables 2 and 3. When they reach sufficient magnitude, changes in environmental conditions are likely to disrupt the life cycle of various disease vectors
and potentially alter the transmission of the diseases in question, including their
geographic and seasonal distribution [66, 113].
Tick-Borne Illness

Areas of Prevalence

Predominant
Months

Anaplasmosis [69]

USA: NY, MN, CT, RI, MD

May-October

Babesiosis [70]

USA: NY, NJ, MN, CT, MA, RI, WI

June-August

Colorado Tick Fever [71]

USA: WY, MT, UT, OR, CO, ID

May-July

Crimean-Congo [72, 73]

52 countries throughout Africa, Asia, Eastern
Europe, and the Middle East

Spring-Summer

Ehrlichiosis [69]

USA: MO, OK, TN, AR, MD

May-September

Heartland Virus [74, 75]

USA: KS, OK, AR, MO, TN, KY, IN, GA, SC

May-September

Omsk Hemorrhagic
Fever [76]

Western Siberia

May-June,
August-September

Powassan Disease [77]

USA: MA, MN, NY, WI, NH, NJ, ME, ND, PA,
TN, VT, VA, CT
Canada: NB, QC, ON, NS, PE, AB, BC
Russia: Primorsky Krai

May-November

Kyasanur Forest Disease [78]

India: Karnataka state and surrounding areas in
the Western Ghats

January-May

Rocky Mountain Spotted
Fever [79, 80]

USA: Contiguous states, >60% cases from NC,
OK, AR, TN, and MO
Canada, Mexico, Brazil, Columbia, Costa Rica,
and Panama

April-September

African Tick-bite fever [81]

Sub-Saharan Africa and West Indies

November-April

Mediterranean spotted
fever [82]

Africa, India, southern Europe, Middle East,
Mediterranean

July-September

North Asian tick-borne
rickettsiosis [83]

Armenia, central Asia, Siberia, Mongolia,
China

April-May

Queensland tick Typhus [84]

Australia

June-November

Tularemia [85, 86]

North America, central Asia, Russia, the Nordic
countries, the Balkans, and Japan
USA: All states except HI, 50% of cases from
AR, OK, and MO

April-October

Other Spotted Fevers
[81–84]:

Table 2.
Tick-Borne illnesses categorized by geographic distribution and yearly time range, focusing on the correlates of
the highest prevalence of disease. United States and Canada jurisdictions are denoted using accepted two letter
postal abbreviations.
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Mosquito-Borne
Illness

Areas of Prevalence

Predominant Months

Plasmodium
Malariae [87, 88]

Africa and South Asia, Central and South
America, the Caribbean, Southeast Asia, the
Middle East, and Oceania

September-December

Dengue Virus
[89, 90]

Americas, Eastern Mediterranean, South East
Asia, and Western Pacific

March-August

Yellow Fever [91, 92]

47 countries throughout Africa (34) and Central
and South America (13)

Africa: July-October
South America:
January-May

West Nile Virus
[93–95]

Canada, USA-48 contiguous states, Europe,
Africa, Middle East, Asia, India, Australia,
Central America, Caribbean, South America

Northern Areas:
July-October
Southern Areas: Early
months of the year

Zika Virus [8, 96, 97]

Africa, South East Asia, Oceania, Pacific Islands,
South America, Central America, Caribbean,
USA

Sporadic outbreaks
Yap State: May 2007-June
2007
Pacific Islands: Late 2013Early 2014
Americas 2015-2016:
January 2016-July 2016

Bancroftian
Filariasis [98]

72 countries throughout South East Asia, SubSaharan Africa, islands of Pacific, and selected
areas in Latin America

Spring-Summer

Jamestown Canyon
Virus [99, 100]

Canada: NL, QC, ON, MB, SK, NT
USA: CT(1), LA(1), ME(2), MA(7), MI(1),
MS(1), MT(1), NH(3), NJ(1), NY(4), NC(1),
OH(2), OR(1), RI(1), TN(2), >50% MN(26) and
WI(66)

April-September

Rift Valley Fever
[101, 102]

Continental Africa, Yemen, Saudi Arabia,
Madagascar, Comoros Islands, Mayotte

Outbreaks occur after
heavy, prolonged rainfall

Chikungunya Virus
[103, 104]

Africa, Asia, Indian Subcontinent

Northern Hemisphere:
June–September
Southern Hemisphere:
October-March

Eastern Equine
Encephalitis Virus
[105, 106]

USA: AL (1), AR (1), CT (1), FL (13), GA (6), LA
(2), ME (2), MD (1), MA (10), MI (7), MO (1),
MT (1), NH (3), NJ (1), NY (8), NC (7), PA (1),
RI (1), VT (2), VA (1), and WI (2)

April-October

Japanese Encephalitis
Virus [107–109]

China, Japan, North Korea, South Korea,
Australia, India, Pakistan, Russia, Singapore,
Cambodia, Indonesia, Laos, Myanmar, India,
Nepal, Malaysia, Philippines, Sri Lanka,
Thailand, and Vietnam.

May-October

La Crosse
Encephalitis Virus
[110–112]

Upper Midwestern, mid-Atlantic, and
Southeastern states

April-October

Table 3.
Mosquito-Borne illnesses organized by geographic area and seasonal time range characterized by the highest
prevalence of disease. United States and Canada jurisdictions are denoted using accepted two letter postal
abbreviations.

Countries around the globe are actively working on prevention measures
intended to curb incidence levels of various vector borne diseases [114, 115].
Examples of preventative methods include application of insecticide spray,
installing insecticide screens, improving sanitation methods, genetic modification
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Infection

Source of contaminant

Escherichia coli 0157:H7

Undercooked beef

Giardiasis

Contaminated water

Cryptosporidiosis

Contaminated water

Campylobacteriosis

Undercooked poultry

Cyclosporiasis

Contaminated water or food

Listeriosis

Unpasteurized dairy products and deli meat

Salmonellosis

Undercooked poultry

Shigellosis

Contaminated water

Campylobacter

Undercooked poultry & other meats, contaminated water.

toxoplasmosis

Undercooked pork, lamb, shellfish, and venison.

Vibrio cholerae

Brackish and marine waters, or undercooked shellfish.

Table 4.
Common food and water borne illnesses and their source of contamination.

of vectors, as well as vector control through prophylactic treatment for travelers.
Many countries are also intensifying awareness and education campaigns focusing
on vector borne illness to help maintain prevention methods [114–117].

6. Food and water borne diseases
Global CC exerts impact on rainfall, humidity, length of growing season, and
other environmental factors that are vital to the development of certain crops
[118, 119]. Shifting environmental factors, along with the emergence of biofuels,
are pushing food producers to implement various techniques that increase the
yield of the crops [120]. One such method involves treating crops with antibiotics.
However, unintended consequences of longer growing seasons and higher crop
yields have resulted in greater frequency and intensity of food- and water-borne
illness (Table 4) [121, 122]. Another way of coping with CC in terms of international food security is the introduction of insect-based, microbial/fungal-based,
and laboratory-based food substitutes [123–129].
Of note, salmonella and campylobacter infections tend to be more common
when the climate is warmer [130]. Relevant to human consumption, these bacteria
have been shown to have higher growth rates at warmer temperatures during food
preparation and storage [131], which in turn corroborates one possible relationship
between CC and emerging human disease patterns.
The effect of CC on water borne diseases is equally important, yet it appears to
be disproportionately neglected [132]. It is well known that precipitation can influence the transport and dissemination of infections, especially as it relates to existing
water and sanitation systems [133]. More direct impact of the above can be seen
during the increasingly more frequent coastal flooding as it relates to sea-level rise.
Due to various factors, including human activity, water contamination exposes local
populations to a variety of potential fecal-oral pathogens [134]. Indirect factors
affecting the overall risk of water-borne infection propagation include changes in
temperature and humidity, leading to alterations in pathogen lifecycle and survival,
up to and including the creation of environments where new patterns of geographic
disease spread emerge [135]. The effects of CC on water borne diseases, both
indirect and direct, can be profound and unpredictable, mandating that dedicated
scientific research efforts in this critically important area are increased.
7
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7. Food security
Because agriculture relies heavily on the presence of favorable environmental
parameters, any uncertainty related to agricultural conditions places food security into a state of flux and thus creates a potential threat to food sustainability
and security for humans [136, 137]. Threats to food security are vast, diverse,
and have increased sharply during the past three decades. Issues affecting food
security involve agricultural, industrial, and climate-related components (e.g.,
from natural disasters to heavy pollution) [138, 139]. Protein-based food products
from animal derived sources may contain significant antibiotic residue because
antibiotics are increasingly utilized to maintain product viability and longevity during transport and distribution [140, 141]. Downstream effects of using
antimicrobials in animal feed include various patterns of antibiotic resistance
seen in both animals and humans who ingest animal-based food products [121,
142, 143]. Consequently, we are increasingly seeing emerging antibiotic resistance
patterns that render many of our available therapeutics ineffective, leading to
excess mortality [144–146]. Moreover, antibiotics have also leaked into water
and food chains, creating complex and challenging matrices for the detection of
their source of origin, which is vital to effective disease control [147, 148]. The
importance of this complex phenomenon, in addition to introducing excess risk
into the food chain and endangering the overall food security, is the potential
for synergistic interactions between CC, emerging novel pathogens, and often
unpredictable patterns of antimicrobial resistance [149–151]. As such, the confluence of the above factors is projected to result in significant food shortages, on
per capita basis, by the year 2050. The attributable mortality may exceed 500,000
deaths around the globe [152]. Increased focus on ensuring food availability will
be a crucial component of IHS in the future, and will be inextricably tied with
the ongoing CC [7, 14]. Among promising sustainable growth strategies in this
important area is the introduction and increasing implementation of the vertical
farm concept [153]. Last, but not least, the gradual acidification of the oceans is
beginning to affect the overall aquaculture and food chain sustainability, especially across the densely populated coastal areas that heavily rely on fish and other
forms of seafood for ongoing food security [154–156]. Associated phenomena
include harmful algal blooms which further damage aquatic ecosystems [157].

8. Flooding and flood-related events
Over the past several decades, floods have become a growing problem throughout the world [158, 159]. This has been especially problematic among low-lying
areas of the planet, including large river deltas [160–164], and thought to be associated with rising sea levels [165–167]. It has been estimated that roughly 40-50% of
environmental disasters are due to floods, and there is also a significant correlation
between flooding and wind disasters [165–168]. From IHS perspective, floods may
lead to drinking water contamination and associated increases in water borne and
diarrheal diseases [169, 170]. It is therefore vital that we understand how to address
and prevent deleterious public health consequences associated with flooding, inclusive of additional focus on a plethora of downstream effects of flooding on human
populations [171–174].
In addition to immediate loss of life and property, there is a noticeable increase
in diarrheal diseases, and studies suggest that there may also be an increased
risk of all-cause mortality during the year following a flooding event [175, 176].

8

Impact of Climate Change on International Health Security: An Intersection of Complexity…
DOI: http://dx.doi.org/10.5772/intechopen.96713

This troubling trend can be further exacerbated when flooding occurs in the
presence of human overcrowding [176]. Of importance in this particular context,
when planning and preparing for natural disasters it is important to understand
the ecosystem of communicable diseases within the region and understand the
vectors that may come into play. Effective management of flooding and subsequent post-event recovery requires proper sanitation, clean water supply at
shelters/temporary housing for displaced individuals, as well as adequate control
of disease vectors (e.g., rodents, mosquitoes) [177, 178]. Consequently, preventing contamination of standing water with mosquitoes should be priority during a
flooding event [179, 180]. Governments planning for natural calamities, including floods and wind disasters, should ensure that appropriate supplies of clean
water and food are readily available to large number of individuals. At the same
time, it is also important to educate individuals on the importance of proper food
and water preparation, through boiling, during any natural disaster that may
potentially affect water supply [181–184].

9. Wildfires
Rising global temperature affects public health in urban and rural communities
across the world [185]. In recent years urban heat waves have become more severe,
which has corresponded with an increase in heat-attributable deaths during times
of extreme summer temperatures [186]. In rural communities, phenomena such as
dust storms and crop failures, along with invasive insect infestations and invasions, have increasingly appeared [187–193]. To make things worse, CC also creates
an environment more prone to wildfires, which are affecting rural communities
with increased frequency, and are progressively more common near more densely
populated areas [7, 14, 194]. Human consequences of all of the above factors,
especially when acting synergistically, will be both profound and difficult to
calculate [7, 14]. As average global temperatures continue to rise it is imperative to
quantify the burden that the health systems will face due to more severe heatwaves
and wildfires [195].
Heatwaves are often defined as 2 or more consecutive days with temperatures
above the 95th percentile for the summer [196, 197]. Relative risk of mortality
increases during heatwaves in urban centers, particularly among elderly patients
and patients with pre-existing cardiorespiratory conditions [198, 199]. This
was demonstrated during an August 2003 heatwave in Europe, when heatwaveattributable mortality reached 14,800, the risk of out-of-hospital cardiac arrests
increased by 14%, and hospitalizations significantly increased among asthma
patients [200, 201]. Patients with pre-existing cardiorespiratory conditions were
most at-risk for heat-related mortality [200, 201]. It is important to consider cardiovascular and respiratory conditions because they are among the most common
pre-existing conditions within a progressively aging general population [202–205].
The specific physiologic processes causing increased mortality in patients with
existing cardiovascular conditions during heatwaves are still poorly understood.
However, it can be postulated that longer and more severe heatwaves place more
strain on the cardiovascular system to maintain physiologic body temperatures via
thermoregulation. Additionally, high temperatures are associated with elevated
heart rate, increased blood viscosity from dehydration, and higher blood cholesterol levels. These factors together with sub-optimal electrolyte balance and
reduced cerebral perfusion place higher demands on the cardiovascular system,
which could exacerbate symptoms in vulnerable patients [206, 207].
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Respiratory conditions on the other hand could be worsened because of lengthening frost-free periods and increasing levels of dusts and other pollutants in the urban
atmosphere [208, 209]. This can be further exacerbated by the simultaneous presence
of wildfires (e.g., California or Colorado, Summer 2020) [7, 14, 210, 211]. Evidence
suggests that as carbon dioxide levels increase, ragweed (which is ubiquitous in
urban communities) flowers earlier and produces 30-90% more pollen [212, 213]. By
association, allergic sensitivity may lead to exacerbations of respiratory illness like
asthma, but the phenomenon may have other synergistic components that are also
directly or indirectly tied to CC [214].
Traditionally, rural communities have offered a relative escape from the
smog and heat trapping environment of the city [215]. However, rising global
temperatures are diminishing the air quality of rural communities by creating a
dry landscape that is prone to wildfires and dust storms [216–218]. More specifically, particulate matter smaller than 2.5 um (PM2.5), carbon monoxide, nitrogen
oxide, ozone precursors, and other harmful substances are released from wildfires,
with various other components present within the cloud of a typical dust storm
[154, 219, 220]. Of note, PM2.5 exposure during wildfires has been associated
with increases in emergency department and hospital visits related to respiratory
illnesses [221], with asthma exacerbations and wheezing in patients 65 and older
having the greatest morbidity impact [222]. Evidence of cardiovascular and noncardiopulmonary morbidity from particulate matter exposure is less consistent,
with clear need for further research to better characterize any potential underlying
associations [7].

10. Wind disasters
The number and severity of wind disasters appears to be increasing over the past
two decades [168, 223, 224]. This connection between CC and increasing number
and intensity of major hurricanes and other similar weather events is not fully
understood [225], but more recent evidence does support a more causative effect
[226, 227]. The current 2020 hurricane season in the United States is among the
worst on historical record [228]. Its logistical impact is further compounded by the
co-presence of the Novel Coronavirus pandemic [228]. Similar to flood disasters
(which may also occur simultaneously), wind disasters and their aftermath may
also have significant impact on life within the affected regions [229]. The impact
of wind disasters on humans goes far beyond direct physical damage and bodily
injuries [230]. Forced human migrations and post-traumatic stress add a massive
component of complexity to the overall post-disaster recovery process [231–233].
Moreover, there seems to be an association between post-traumatic stress following
wind disasters and the emergence of cardiovascular and other comorbid disease
manifestations (or exacerbations) [231, 234]. Such longer-term manifestation
appear to be more pronounced among members of underrepresented minorities,
further highlighting issues of social and health-care inequity [231, 235, 236].

11. Climate change: effects on mental health and societal crises
Public health is influenced by a diverse collection of factors, many discussed in
earlier sections of this chapter. One of the most under-appreciated factors is the effect
of CC on mental health, both directly and indirectly, at both personal and societal
levels [237, 238]. One of many subtle manifestations of societal distress is the proposed link between global warming, crop failures, and armed conflict [239, 240].
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As a result, we begin to see greater incidence of mass migrations and refugee crises
[241, 242]. An associated surge in mental disorders and stress related diseases is
inextricably tied to such occurrences [243, 244]. Given the intersectionality of
stress related disorders and their effect on the mental health of populations, it is not
surprising that many are being pushed to their coping limits when faced with food
insecurity, environmental pollution, increasing frequency of natural disasters, crops
failures, and economic and political instability [245]. Moreover, long-term effects of
such new global status quo are equally difficult to predict [246].
Large scale human migrations due to natural disasters, conflict, famine, or
political and economic instability, have been associated with mental health and
stress related illnesses across the globe [247–249]. All population segments are
affected, from rich to poor, from urban to rural, from young to old, without
exception [250–252]. Exposures to potentially traumatic events, regardless of the
exact nature of the event, are known to cause an increased risk for mental disorders
including post-traumatic stress disorder (PTSD) [253–255]. Associated downstream consequences may include increased incidence of depression and increased
suicide rates [256].
Significant proportion of the world’s population does not have sufficient access
to mental health support, including both high income regions (HIRs) and lowand-middle-income regions (LMIRs) [257–260]. Individuals from regions affected
by CC (and secondary phenomena related to CC) may find themselves experiencing a myriad of stressors affecting mental health and resulting in various stress
related diseases (including substance abuse) [245]. At the personal level, a number
of different approaches can be used to effectively manage behavioral health
symptoms, including cognitive behavioral therapies, medical-based treatments, as
well as short- and long-term coping management therapies, with generally positive outcomes [261, 262]. At the societal level, public health education regarding
mental health and wellness is of great importance [263–265]. Of course, governments and societies must continue to curb and address situations that contribute
to ongoing stress and mental health related disorders. This focus in particular is
critical to stabilizing populations affected most by CC and related crises [266].

12. Conclusion
Global climate change creates a multifactorial, highly complex matrix of direct
and indirect effects that have the potential to threaten international health security.
The many domains that synergistically affect human health in the context of CC
include environmental pollution, the emergence of invasive species and novel
pathogens, food security, wildfires, and a broad range of destructive weather
events. Of course, the complete list is much more extensive, and beyond the scope
of the current chapter. In summary, the global community must come together to
more effectively and more systematically address issues associated with the ongoing
CC and its many direct and indirect effects. To pretend that CC “does not exist” will
be, simply said, too costly.

11

Contemporary Developments and Perspectives in International Health Security - Volume 3

Author details
Vikas Yellapu1, Samuel Malan3, Brandon Merkert3, Hetal Kharecha4,
Ambreen Alam2 and Stanislaw P. Stawicki2*
1 Department of Internal Medicine, Richard A. Anderson Campus, St. Luke’s
University Health Network, Easton, PA, USA
2 Department of Research and Innovation, University Campus, St. Luke’s University
Health Network, Bethlehem, PA, USA
3 Medical School of Temple University/St. Luke’s University Health Network,
University Hospital Campus, Bethlehem, PA, USA
4 St. Luke’s Physician Group, Bethlehem, PA, USA
*Address all correspondence to: stawicki.ace@gmail.com

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
12

Impact of Climate Change on International Health Security: An Intersection of Complexity…
DOI: http://dx.doi.org/10.5772/intechopen.96713

References
[1] VandenBerghe, L., The Significance of

Humans in the Universe: The Purpose and
Meaning of Life. 2019: AuthorHouse.

epidemiology and neuroimaging. Current
environmental health reports, 2018.
5(3): p. 351-364.

[2] Eldredge, N., The miner's canary:

[11] Duan, R.-R., K. Hao, and T. Yang,

Unraveling the mysteries of extinction. Vol.
13. 1994: Princeton University Press.

Air pollution and chronic obstructive
pulmonary disease. Chronic Diseases and
Translational Medicine, 2020.

[3] Malm, A., Fossil capital: The rise of

steam power and the roots of global
warming. 2016: Verso Books.
[4] Herzog, H., E. Drake, and E. Adams,

CO2 capture, reuse, and storage
technologies for mitigating global climate
change. A white paper, 1997: p. 1-70.
[5] Giorgi, F. and P. Lionello, Climate

change projections for the Mediterranean
region. Global and planetary change,
2008. 63(2-3): p. 90-104.
[6] Harvey, B.J., Human-caused climate

change is now a key driver of forest fire
activity in the western United States.
Proceedings of the National Academy of
Sciences, 2016. 113(42): p. 11649-11650.
[7] Le, N.K., et al., International Health

Security: A Summative Assessment by
ACAIM Consensus Group, in
Contemporary Developments and
Perspectives in International Health
Security-Volume 1. 2020, IntechOpen.
[8] Sikka, V., et al., The emergence of Zika

virus as a global health security threat: a
review and a consensus statement of the
INDUSEM Joint Working Group (JWG).
Journal of global infectious diseases,
2016. 8(1): p. 3.
[9] Gao, J., et al., Haze, public health and

mitigation measures in China: A review of
the current evidence for further policy
response. Science of the Total
Environment, 2017. 578: p. 148-157.
[10] de Prado Bert, P., et al., The effects of

air pollution on the brain: a review of
studies interfacing environmental
13

[12] Klepac, P., et al., Ambient air

pollution and pregnancy outcomes: A
comprehensive review and identification
of environmental public health challenges.
Environmental research, 2018. 167: p.
144-159.
[13] Akhtar, R. and C. Palagiano, Climate

Change and Air Pollution: An
Introduction, in Climate Change and Air
Pollution. 2018, Springer. p. 3-8.
[14] Le, N.K., et al., What's new in

Academic International Medicine?
International health security agenda–
Expanded and re-defined. International
Journal of Academic Medicine, 2020.
6(3): p. 163.
[15] Dickey, J.H., Selected topics related to
occupational exposures Part VII. Air
pollution: Overview of sources and health
effects. Disease-a-month, 2000. 46(9): p.
566-589.
[16] Association, A.L., Urban air

pollution and health inequities: a
workshop report. Environmental Health
Perspectives, 2001. 109(suppl 3): p.
357-374.
[17] Tham, K.W., Indoor air quality and

its effects on humans—A review of
challenges and developments in the last 30
years. Energy and Buildings, 2016. 130:
p. 637-650.
[18] Jones, A.P., Indoor air quality and

health. Atmospheric environment, 1999.
33(28): p. 4535-4564.
[19] Kim, K.-H., E. Kabir, and S. Ara

Jahan, A review of the consequences of

Contemporary Developments and Perspectives in International Health Security - Volume 3

global climate change on human health.
Journal of Environmental Science and
Health, Part C, 2014. 32(3): p. 299-318.

[29] Elsom, D., Smog alert: managing

urban air quality. 2014: Routledge.
[30] Kim, J.J., Ambient air pollution:

[20] Leggett, J.A., Evolving Assessments of

health hazards to children. Pediatrics,
2004. 114(6): p. 1699-1707.

Human and Natural Contributions to
Climate Change. 2018: Congressional
Research Service.

[31] Tatone, G. and D. Holland, Neville

[21] Vilar, L., et al., Modeling temporal

Island. Images of America. 2008,
Charleston, SC: Arcadia Pub. 127 p.

changes in human-caused wildfires in
Mediterranean Europe based on land
use-land cover interfaces. Forest Ecology
and Management, 2016. 378: p. 68-78.

[32] Gilliland, F., et al., The Effects of

Policy-Driven Air Quality Improvements
on Children's Respiratory Health. Res Rep
Health Eff Inst, 2017(190): p. 1-75.

[22] Course, A.C., Cannabis in

California—.
[23] Gilliland, F., et al., The effects of
policy-driven air quality improvements on
children’s respiratory health. Research
Reports: Health Effects Institute,
2017. 2017.
[24] Hogrefe, C., et al., Simulating

changes in regional air pollution over the
eastern United States due to changes in
global and regional climate and emissions.
Journal of Geophysical Research:
Atmospheres, 2004. 109(D22).

[33] Goodell, M.Z., The Island : Neville

island in the 1960s: an eden on the Ohio.
2014, Bloomington, IN: ArchwayPub.
pages cm.
[34] Cramer, J.C., Population growth and

local air pollution: methods, models, and
results. Population and Development
Review, 2002. 28: p. 22-52.
[35] Chen, T.-M., et al., Outdoor air

pollution: overview and historical
perspective. The American journal of the
medical sciences, 2007. 333(4): p.
230-234.

[25] Faiz, A., Automotive air pollution:

Issues and options for developing countries.
Vol. 492. 1990: World Bank
Publications.

[36] Handl, G., International efforts to

protect the global atmosphere: A case of too
little, too late. Eur. J. Int'l L., 1990.
1: p. 250.

[26] Molina, M.J. and L.T. Molina,

Megacities and atmospheric pollution.
Journal of the Air & Waste
Management Association, 2004. 54(6):
p. 644-680.

[37] Lurmann, F., E. Avol, and F.

[27] Fenger, J., Urban air quality.

Gilliland, Emissions reduction policies and
recent trends in Southern California’s
ambient air quality. Journal of the Air &
Waste Management Association, 2015.
65(3): p. 324-335.

Atmospheric environment, 1999.
33(29): p. 4877-4900.

[38] McMichael, A.J., The urban

[28] Dabberdt, W.F., et al., Meteorological

research needs for improved air quality
forecasting: Report of the 11th Prospectus
Development Team of the US Weather
Research Program. Bulletin of the
American Meteorological Society, 2004.
85(4): p. 563-586.
14

environment and health in a world of
increasing globalization: issues for
developing countries. Bulletin of the
world Health Organization, 2000. 78: p.
1117-1126.
[39] Wei, Y., et al., Uncovering the culprits

of air pollution: Evidence from China's

Impact of Climate Change on International Health Security: An Intersection of Complexity…
DOI: http://dx.doi.org/10.5772/intechopen.96713

economic sectors and regional
heterogeneities. Journal of Cleaner
Production, 2018. 171: p. 1481-1493.
[40] Huang, C., et al., Air Pollution

Prevention and Control Policy in China.
Adv Exp Med Biol, 2017. 1017: p.
243-261.
[41] Ahlers, C.D., Wood Burning, Air

Pollution, and Climate Change. Envtl. L.,
2016. 46: p. 49.

[49] Yang, W., G. Yuan, and J. Han, Is

China's air pollution control policy
effective? Evidence from Yangtze River
Delta cities. Journal of Cleaner
Production, 2019. 220: p. 110-133.
[50] Allen, D.T., Emissions from oil and

gas operations in the United States and
their air quality implications. Journal of
the Air & Waste Management
Association, 2016. 66(6): p. 549-575.
[51] Northolt, M.D. and L.B. Bullerman,

[42] Guo, X., et al., Air quality

improvement and health benefit of PM
2.5 reduction from the coal cap policy in
the Beijing–Tianjin–Hebei (BTH) region,
China. Environmental Science and
Pollution Research, 2018. 25(32): p.
32709-32720.
[43] Rhodes, C.J., US withdrawal from the

COP21 Paris climate change agreement,
and its possible implications. Science
Progress, 2017. 100(4): p. 411-419.
[44] Schmidt, C.W., Pollen overload:

seasonal allergies in a changing climate.
2016, National Institute of
Environmental Health Sciences.
[45] Hyde, H., Atmospheric pollen and

spores in relation to allergy. I. Clinical &
Experimental Allergy, 1972. 2(2): p.
153-179.
[46] Kim, K.-H., S.A. Jahan, and E.

Kabir, A review on human health
perspective of air pollution with respect to
allergies and asthma. Environment
international, 2013. 59: p. 41-52.

Prevention of mold growth and toxin
production through control of
environmental conditions. Journal of
Food Protection, 1982. 45(6): p.
519-526.
[52] Bernard, S.M., et al., The potential

impacts of climate variability and change
on air pollution-related health effects in
the United States. Environmental health
perspectives, 2001. 109(suppl 2): p.
199-209.
[53] Singh, J., Toxic moulds and indoor air

quality. Indoor and Built Environment,
2005. 14(3-4): p. 229-234.
[54] Ma, H. and P.T. Kovanen, IgE-

dependent generation of foam cells: an
immune mechanism involving
degranulation of sensitized mast cells with
resultant uptake of LDL by macrophages.
Arteriosclerosis, thrombosis, and
vascular biology, 1995. 15(6): p. 811-819.
[55] Lichtenstein, L.M., Allergy and the

immune system. Scientific American,
1993. 269(3): p. 116-124.
[56] Hellman, L.T., et al., Tracing the

[47] Nazaroff, W.W., Exploring the

consequences of climate change for indoor
air quality. Environmental Research
Letters, 2013. 8(1): p. 015022.

origins of IgE, mast cells, and allergies by
studies of wild animals. Frontiers in
immunology, 2017. 8: p. 1749.
[57] Mandhane, S.N., J.H. Shah, and R.

[48] Liaquat, A., et al., Potential emissions

reduction in road transport sector using
biofuel in developing countries.
Atmospheric Environment, 2010.
44(32): p. 3869-3877.
15

Thennati, Allergic rhinitis: an update on
disease, present treatments and future
prospects. International
immunopharmacology, 2011. 11(11): p.
1646-1662.

Contemporary Developments and Perspectives in International Health Security - Volume 3

[58] Davies, J., Grass pollen allergens

[66] Gray, J., et al., Effects of climate

globally: the contribution of subtropical
grasses to burden of allergic respiratory
diseases. Clinical & Experimental
Allergy, 2014. 44(6): p. 790-801.

change on ticks and tick-borne diseases in
Europe. Interdisciplinary perspectives on
infectious diseases, 2009. 2009.

and allergic disease. Journal of allergy
and clinical immunology, 2008. 122(3):
p. 443-453.

[67] Dantas-Torres, F., Climate change,
biodiversity, ticks and tick-borne diseases:
the butterfly effect. International Journal
for Parasitology: parasites and wildlife,
2015. 4(3): p. 452-461.

[60] Matricardi, P.M., et al., The role of

[68] Ergünay, K., Revisiting new tick-

mobile health technologies in allergy care:
An EAACI position paper. Allergy, 2020.
75(2): p. 259-272.

associated viruses: what comes next?
Future Virology, 2020. 15(1): p. 19-33.

[59] Shea, K.M., et al., Climate change

[69] DEMMA, L.J., et al.,
[61] Stawicki, S.P., et al., Academic

college of emergency experts in India's
INDO-US Joint Working Group and
OPUS12 foundation consensus statement
on creating a coordinated, multidisciplinary, patient-centered, global
point-of-care biomarker discovery
network. International journal of
critical illness and injury science, 2014.
4(3): p. 200.

EPIDEMIOLOGY OF HUMAN
EHRLICHIOSIS AND ANAPLASMOSIS
IN THE UNITED STATES, 2001-2002.
The American Journal of Tropical
Medicine and Hygiene, 2005. 73(2): p.
400-409.
[70] Babesiosis surveillance - 18 States,

2011. MMWR Morb Mortal Wkly Rep,
2012. 61(27): p. 505-9.

[62] Khasnis, A.A. and M.D. Nettleman,

[71] Yendell, S.J., M. Fischer, and J.E.

Global warming and infectious disease.
Archives of medical research, 2005.
36(6): p. 689-696.

Staples, Colorado tick fever in the United
States, 2002-2012. Vector-Borne and
Zoonotic Diseases, 2015. 15(5): p.
311-316.

[63] Sarwar, M., Insect vectors involving in

mechanical transmission of human
pathogens for serious diseases. Int J
Bioinform Biomed Eng, 2015. 1(3): p.
300-306.

[72] Appannanavar, S.B. and B. Mishra,

[64] Churakov, M., et al., Spatio-temporal
dynamics of dengue in Brazil: Seasonal
travelling waves and determinants of
regional synchrony. PLoS neglected
tropical diseases, 2019. 13(4): p.
e0007012.

[73] Bente, D.A., et al., Crimean-Congo

An update on Crimean Congo
hemorrhagic fever. Journal of global
infectious diseases, 2011. 3(3): p. 285.

hemorrhagic fever: history, epidemiology,
pathogenesis, clinical syndrome and genetic
diversity. Antiviral research, 2013.
100(1): p. 159-189.
[74] Brault, A.C., et al., Heartland virus

[65] Campbell-Lendrum, D., et al.,

Climate change and vector-borne diseases:
what are the implications for public health
research and policy? Philosophical
Transactions of the Royal Society B:
Biological Sciences, 2015. 370(1665): p.
20130552.

16

epidemiology, vector association, and
disease potential. Viruses, 2018.
10(9): p. 498.
[75] Pastula, D.M., et al., Notes from the

field: Heartland virus disease-United
States, 2012-2013. MMWR. Morbidity

Impact of Climate Change on International Health Security: An Intersection of Complexity…
DOI: http://dx.doi.org/10.5772/intechopen.96713

and mortality weekly report, 2014.
63(12): p. 270-271.

Pediatric Annals, 2013. 42(7): p.
288-292.

[76] Gritsun, T., P. Nuttall, and E.A.

[86] Gürcan, Ş., Epidemiology of

Gould, Tick-borne flaviviruses, in
Advances in virus research. 2003, Elsevier.
p. 317-371.

tularemia. Balkan medical journal, 2014.
31(1): p. 3.
[87] Mueller, I., P.A. Zimmerman, and

Tick-borne flaviviruses, with a focus on
powassan virus. Clinical microbiology
reviews, 2018. 32(1).

J.C. Reeder, Plasmodium malariae and
Plasmodium ovale–the ‘bashful’malaria
parasites. Trends in parasitology, 2007.
23(6): p. 278-283.

[78] Pattnaik, P., Kyasanur forest disease:

[88] Collins, W.E. and G.M. Jeffery,

[77] Kemenesi, G. and K. Bányai,

an epidemiological view in India. Reviews
in medical virology, 2006. 16(3): p.
151-165.

Plasmodium malariae: parasite and
disease. Clinical microbiology reviews,
2007. 20(4): p. 579-592.

[79] NORD. Rocky Mountain Spotted

Fever. 2020 October 8, 2020]; Available
from: https://rarediseases.org/rarediseases/
rocky-mountain-spotted-fever/.

[89] Hopp, M.J. and J.A. Foley, Globalscale relationships between climate and the
dengue fever vector, Aedes aegypti.
Climatic change, 2001. 48(2-3): p.
441-463.

[80] Phillips, J., Rocky Mountain spotted

[90] Hopp, M.J. and J.A. Foley,

fever. Workplace Health & Safety, 2017.
65(1): p. 48-48.
[81] Jensenius, M., et al., African tick bite
fever. The Lancet infectious diseases,
2003. 3(9): p. 557-564.
[82] Rovery, C. and D. Raoult,

Mediterranean spotted fever. Infectious
disease clinics of North America, 2008.
22(3): p. 515-530.
[83] Parola, P., et al., Update on tick-

borne rickettsioses around the world: a
geographic approach. Clinical
microbiology reviews, 2013. 26(4): p.
657-702.
[84] Stewart, A., et al., Rickettsia
australis and Queensland tick typhus: a
rickettsial spotted fever group infection in
Australia. The American journal of
tropical medicine and hygiene, 2017.
97(1): p. 24-29.
[85] Harik, N.S., Tularemia:
epidemiology, diagnosis, and treatment.

17

Worldwide fluctuations in dengue fever
cases related to climate variability.
Climate Research, 2003. 25(1): p. 85-94.
[91] Christophers, S.R., Aedes aegypti: the

yellow fever mosquito. 1960: CUP
Archive.
[92] Brunette, G.W., CDC Yellow Book

2018: health information for international
travel. 2017: Oxford University Press.
[93] Rossi, S.L., T.M. Ross, and J.D.

Evans, West nile virus. Clinics in
laboratory medicine, 2010. 30(1):
p. 47-65.
[94] Hayes, E.B., et al., Epidemiology and
transmission dynamics of West Nile virus
disease. Emerging infectious diseases,
2005. 11(8): p. 1167.
[95] Campbell, G.L., et al., West nile

virus. The Lancet infectious diseases,
2002. 2(9): p. 519-529.
[96] Hills, S.L., M. Fischer, and L.R.

Petersen, Epidemiology of Zika virus

Contemporary Developments and Perspectives in International Health Security - Volume 3

infection. The Journal of Infectious
Diseases, 2017. 216(suppl_10): p.
S868-S874.

virus in mosquitoes and their role as bridge
vectors. Emerging infectious diseases,
2010. 16(12): p. 1869.

[97] Duffy, M.R., et al., Zika virus

[107] Endy, T. and A. Nisalak, Japanese

outbreak on Yap Island, federated states of
Micronesia. New England Journal of
Medicine, 2009. 360(24): p. 2536-2543.

encephalitis virus: ecology and
epidemiology, in Japanese encephalitis and
West Nile viruses. 2002, Springer.
p. 11-48.

[98] Zulfiqar, H., A. Waheed, and A.

Malik, Bancroftian Filariasis, in
StatPearls [Internet]. 2019, StatPearls
Publishing.
[99] Grimstad, P.R., et al., Jamestown

Canyon virus (California serogroup) is the
etiologic agent of widespread infection in
Michigan humans. The American journal
of tropical medicine and hygiene, 1986.
35(2): p. 376-386.
[100] Pastula, D.M., et al., Jamestown

Canyon virus disease in the United
States—2000-2013. The American
journal of tropical medicine and
hygiene, 2015. 93(2): p. 384-389.
[101] Linthicum, K.J., et al., Climate and

satellite indicators to forecast Rift Valley
fever epidemics in Kenya. Science, 1999.
285(5426): p. 397-400.
[102] Anyamba, A., et al., Prediction of a
Rift Valley fever outbreak. Proceedings of
the National Academy of Sciences, 2009.
106(3): p. 955-959.
[103] Jupp, P. and B. McIntosh,

Chikungunya virus disease. The
arboviruses: epidemiology and ecology,
1988. 2: p. 137-157.
[104] Schwartz, O. and M.L. Albert,

Biology and pathogenesis of chikungunya
virus. Nature Reviews Microbiology,
2010. 8(7): p. 491-500.
[105] Armstrong, P.M. and T.G.

Andreadis, Eastern equine encephalitis
virus—old enemy, new threat. N Engl J
Med, 2013. 368(18): p. 1670-3.
[106] Armstrong, P.M. and T.G.

Andreadis, Eastern equine encephalitis
18

[108] Solomon, T., et al., Origin and

evolution of Japanese encephalitis virus in
southeast Asia. Journal of virology, 2003.
77(5): p. 3091-3098.
[109] Solomon, T., et al., Poliomyelitis-like

illness due to Japanese encephalitis virus.
The Lancet, 1998. 351(9109): p.
1094-1097.
[110] Burkot, T. and G. Defollart,

Bloodmeal sources of Aedes triseriatus and
Aedes vexans in a southern Wisconsin
forest endemic for La Crosse encephalitis
virus. The American Journal of Tropical
Medicine and Hygiene, 1982. 31(2): p.
376-381.
[111] Nasci, R.S., et al., La Crosse
encephalitis virus habitat associations in
Nicholas County, West Virginia. Journal
of medical entomology, 2000. 37(4): p.
559-570.
[112] Lee, J.-H., et al., Simultaneous

detection of three mosquito-borne
encephalitis viruses (eastern equine, La
Crosse, and St. Louis) with a single-tube
multiplex reverse transcriptase polymerase
chain reaction assay. Journal of the
American Mosquito Control
Association-Mosquito News, 2002.
18(1): p. 26-31.
[113] Wu, X., et al., Impact of climate

change on human infectious diseases:
Empirical evidence and human
adaptation. Environment international,
2016. 86: p. 14-23.
[114] Alphey, L., et al., Sterile-insect
methods for control of mosquito-borne
diseases: an analysis. Vector-Borne and

Impact of Climate Change on International Health Security: An Intersection of Complexity…
DOI: http://dx.doi.org/10.5772/intechopen.96713

Zoonotic Diseases, 2010. 10(3): p.
295-311.
[115] Gubler, D.J., et al., Climate
variability and change in the United
States: potential impacts on vector-and
rodent-borne diseases. Environmental
health perspectives, 2001. 109(suppl 2):
p. 223-233.
[116] Yasuoka, J., et al., Impact of

education on knowledge, agricultural
practices, and community actions for
mosquito control and mosquito-borne
disease prevention in rice ecosystems in Sri
Lanka. The American journal of tropical
medicine and hygiene, 2006. 74(6): p.
1034-1042.
[117] Tolle, M.A., Mosquito-borne

diseases. Current problems in pediatric
and adolescent health care, 2009. 39(4):
p. 97-140.
[118] Ali, S., et al., Climate Change and Its

Impact on the Yield of Major Food Crops:
Evidence from Pakistan. Foods (Basel,
Switzerland), 2017. 6(6): p. 39.
[119] Olesen, J.E. and M. Bindi,

Consequences of climate change for
European agricultural productivity, land
use and policy. European journal of
agronomy, 2002. 16(4): p. 239-262.
[120] Rathmann, R., A. Szklo, and R.

Schaeffer, Land use competition for
production of food and liquid biofuels: An
analysis of the arguments in the current
debate. Renewable Energy, 2010. 35(1):
p. 14-22.

industry: current status, insect processing
technology, and recommendations moving
forward, in Insects as sustainable food
ingredients. 2016, Elsevier. p. 113-152.
[124] Guo, Y., et al., Nano-bacterial

cellulose/soy protein isolate complex gel as
fat substitutes in ice cream model.
Carbohydrate polymers, 2018. 198: p.
620-630.
[125] Hashempour-Baltork, F., et al.,

Mycoproteins as safe meat substitutes.
Journal of Cleaner Production, 2020.
253: p. 119958.
[126] Newmark, P., Meat substitutes:

Fungal food. Nature, 1980.
287(5777): p. 6-6.
[127] Mayhall, T.A., The Meat of the

Matter: Regulating a Laboratory-Grown
Alternative. Food & Drug LJ, 2019.
74: p. 151.
[128] Mouat, M.J., R. Prince, and M.M.

Roche, Making value out of ethics: The
emerging economic geography of labgrown meat and other animal-free food
products. Economic Geography, 2019.
95(2): p. 136-158.
[129] Joffre, T. Starving Yemenis find food

source in massive locust outbreak. 2019
Oct 28, 2020]; Available from: https://
www.jpost.com/middle-east/
starving-yemenis-find-food-source-inmassive-locust-outbreak-591426.
[130] Bryan, F.L. and M.P. Doyle, Health

[121] Yellapu, V., et al., Key factors in

Risks and Consequences of Salmonella and
Campylobacter jejuni in Raw Poultry.
Journal of Food Protection, 1995. 58(3):
p. 326-344.

antibiotic resistance. Journal of Global
Infectious Diseases, 2019. 11(4): p. 163.

[131] White, P., A. Baker, and W. James,

animals and antimicrobials: impacts on
human health. Clinical microbiology
reviews, 2011. 24(4): p. 718-733.

Strategies to control Salmonella and
Campylobacter in raw poultry products.
Revue scientifique et technique-Office
international des épizooties, 1997. 16: p.
525-541.

[123] Dossey, A., J. Tatum, and W.

[132] Cissé, G., Food-borne and water-

McGill, Modern insect-based food

borne diseases under climate change in

[122] Marshall, B.M. and S.B. Levy, Food

19

Contemporary Developments and Perspectives in International Health Security - Volume 3

low-and middle-income countries: Further
efforts needed for reducing environmental
health exposure risks. Acta tropica, 2019.
194: p. 181-188.

[141] Barton, M.D., Antibiotic use in
animal feed and its impact on human
health. Nutrition research reviews,
2000. 13(2): p. 279-299.

[133] Cissé, G., et al., Vulnerabilities of
water and sanitation at households and
community levels in face of climate
variability and change: trends from
historical climate time series in a West
African medium-sized town.
International Journal of Global
Environmental Issues, 2016. 15(1-2):
p. 81-99.

[142] Franklin, A.M., et al., Antibiotics in
agroecosystems: introduction to the special
section. Journal of environmental
quality, 2016. 45(2): p. 377-393.

[134] Walker, J., The influence of climate
change on waterborne disease and
Legionella: a review. Perspectives in
public health, 2018. 138(5): p. 282-286.
[135] Wu, X., et al., Impact of global
change on transmission of human
infectious diseases. Science China Earth
Sciences, 2014. 57(2): p. 189-203.

[143] Iwu, C.D., L. Korsten, and A.I.

Okoh, The incidence of antibiotic
resistance within and beyond the
agricultural ecosystem: A concern for
public health. MicrobiologyOpen, 2020:
p. e1035.
[144] Manyi-Loh, C., et al., Antibiotic Use

in Agriculture and Its Consequential
Resistance in Environmental Sources:
Potential Public Health Implications.
Molecules (Basel, Switzerland), 2018.
23(4): p. 795.
[145] Laxminarayan, R., et al., Antibiotic

[136] Ziervogel, G., et al., Climate

variability and change: Implications for
household food security. Assessment of
Impacts and Adaptations to Climate
Change (AIACC): Washington, DC,
USA, 2006.
[137] Reddy, P.P., Climate resilient

agriculture for ensuring food security. Vol.
373. 2015: Springer.

resistance—the need for global solutions.
The Lancet infectious diseases, 2013.
13(12): p. 1057-1098.
[146] Finch, R. and P. Hunter, Antibiotic

resistance—action to promote new
technologies: report of an EU
Intergovernmental Conference held in
Birmingham, UK, 12-13 December 2005.
Journal of Antimicrobial Chemotherapy,
2006. 58(suppl_1): p. i3-i22.

[138] Lioubimtseva, E. and G.M.

Henebry, Climate and environmental
change in arid Central Asia: Impacts,
vulnerability, and adaptations. Journal of
Arid Environments, 2009. 73(11): p.
963-977.
[139] Edame, G.E., et al., Climate change,
food security and agricultural productivity
in Africa: Issues and policy directions.
International journal of humanities and
social science, 2011. 1(21): p. 205-223.
[140] Wegener, H.C., Antibiotics in

animal feed and their role in resistance
development. Current opinion in
microbiology, 2003. 6(5): p. 439-445.
20

[147] Szekeres, E., et al., Investigating

antibiotics, antibiotic resistance genes, and
microbial contaminants in groundwater in
relation to the proximity of urban areas.
Environmental Pollution, 2018. 236: p.
734-744.
[148] Segura, P.A., et al., Review of the

occurrence of anti-infectives in
contaminated wastewaters and natural
and drinking waters. Environmental
health perspectives, 2009. 117(5): p.
675-684.
[149] MacFadden, D.R., et al., Antibiotic

resistance increases with local temperature.

Impact of Climate Change on International Health Security: An Intersection of Complexity…
DOI: http://dx.doi.org/10.5772/intechopen.96713

Nature Climate Change, 2018. 8(6): p.
510-514.
[150] Blair, J.M., A climate for antibiotic

[160] Agrawala, S., et al., Development
and climate change in Bangladesh: focus on
coastal flooding and the Sundarbans.
2003: Citeseer.

resistance. Nature Climate Change, 2018.
8(6): p. 460-461.

[161] Brammer, H., Bangladesh’s dynamic

[151] Akhtar, A.Z., et al., Health

coastal regions and sea-level rise. Climate
Risk Management, 2014. 1: p. 51-62.

professionals' roles in animal agriculture,
climate change, and human health.
American journal of preventive
medicine, 2009. 36(2): p. 182-187.
[152] Springmann, M., et al., Global and
regional health effects of future food
production under climate change: a
modelling study. Lancet, 2016.
387(10031): p. 1937-46.

[162] Thanvisitthpon, N., S. Shrestha,

and I. Pal, Urban flooding and climate
change: a case study of Bangkok, Thailand.
Environment and Urbanization ASIA,
2018. 9(1): p. 86-100.
[163] Carbognin, L., et al., Global change
and relative sea level rise at Venice: what
impact in term of flooding. Climate
Dynamics, 2010. 35(6): p. 1039-1047.

[153] Despommier, D., The vertical farm:

feeding the world in the 21st century. 2010:
Macmillan.
[154] Hill, M.K., Understanding

environmental pollution. 2020:
Cambridge University Press.

[164] Wdowinski, S., et al., Increasing

flooding hazard in coastal communities
due to rising sea level: Case study of
Miami Beach, Florida. Ocean & Coastal
Management, 2016. 126: p. 1-8.
[165] Zaalberg, R., et al., Prevention,

[155] Ahmed, N., S. Thompson, and M.

Glaser, Global aquaculture productivity,
environmental sustainability, and climate
change adaptability. Environmental
management, 2019. 63(2): p. 159-172.

adaptation, and threat denial: Flooding
experiences in the Netherlands. Risk
Analysis: An International Journal,
2009. 29(12): p. 1759-1778.
[166] McCann, D.G., A. Moore, and

[156] Clements, J.C. and T. Chopin,

Ocean acidification and marine
aquaculture in North America: potential
impacts and mitigation strategies. Reviews
in Aquaculture, 2017. 9(4): p. 326-341.

M.-E. Walker, The water/health nexus in
disaster medicine: I. Drought versus flood.
Current Opinion in Environmental
Sustainability, 2011. 3(6): p. 480-485.
[167] Sivakumar, M.V., Impacts of natural

[157] Phlips, E.J., et al., Hurricanes, El

Niño and harmful algal blooms in two
sub-tropical Florida estuaries: Direct and
indirect impacts. Scientific reports, 2020.
10(1): p. 1-12.
[158] Kundzewicz, Z.W., et al., Flood risk

and climate change: global and regional
perspectives. Hydrological Sciences
Journal, 2014. 59(1): p. 1-28.

disasters in agriculture: An overview.
World Meteorological Organisation,
Geneva, Switzerland, 2014.
[168] Marchigiani, R., et al., Wind

disasters: A comprehensive review of
current management strategies.
International journal of critical illness
and injury science, 2013. 3(2): p. 130.
[169] Hunter, P.R., Climate change and

[159] Van Aalst, M.K., The impacts of

climate change on the risk of natural
disasters. Disasters, 2006. 30(1): p. 5-18.
21

waterborne and vector-borne disease.
Journal of applied microbiology, 2003.
94: p. 37-46.

Contemporary Developments and Perspectives in International Health Security - Volume 3

[170] Davies, G.I., et al., Water-borne

diseases and extreme weather events in
Cambodia: Review of impacts and
implications of climate change.
International journal of environmental
research and public health, 2015. 12(1):
p. 191-213.
[171] White, I., Water and the city: Risk,
resilience and planning for a sustainable
future. 2013: Routledge.
[172] Price-Smith, A.T., The health of

nations: infectious disease, environmental
change, and their effects on national
security and development. 2001:
Mit Press.
[173] Rahman, S.U., Impacts of flood on

the lives and livelyhoods of people in
Bangladesh: A case study of a village in
Manikganj district. 2014, BRAC
University.

and hygiene, 2010. 83(2_Suppl):
p. 43-51.
[179] Kouadio, I.K., et al., Infectious

diseases following natural disasters:
prevention and control measures. Expert
review of anti-infective therapy, 2012.
10(1): p. 95-104.
[180] Adeloye, A.J. and R. Rustum, Lagos

(Nigeria) flooding and influence of urban
planning. Proceedings of the Institution
of Civil Engineers-Urban Design and
Planning, 2011. 164(3): p. 175-187.
[181] Landesman, L.Y., Public health
management of disasters: the practice
guide. 2005: American public health
association.
[182] Cash, R.A., et al., Reducing the

health effect of natural hazards in
Bangladesh. The Lancet, 2013.
382(9910): p. 2094-2103.

[174] Ramachandra, T. and P.P.

Mujumdar, Urban floods: Case study of
Bangalore. Disaster Dev, 2009. 3(2):
p. 1-98.
[175] Levy, K., et al., Untangling the

impacts of climate change on waterborne
diseases: a systematic review of
relationships between diarrheal diseases
and temperature, rainfall, flooding, and
drought. Environmental science &
technology, 2016. 50(10): p. 4905-4922.

[183] Chan, N.W., Impacts of disasters and

disaster risk management in Malaysia:
The case of floods, in Resilience and
recovery in Asian disasters. 2015,
Springer. p. 239-265.
[184] Pelling, M., et al., Reducing disaster

risk: a challenge for development. 2004.
[185] Le, N.K., et al., International Health

risks associated with exposure to pathogens
in contaminated urban flood water. Water
research, 2010. 44(9): p. 2910-2918.

Security: A Summative Assessment by
ACAIM Consensus Group, in
Contemporary Developments and
Perspectives in International Health
Security - Volume 1. 2020, IntechOpen:
London, UK. p. 1-34.

[177] Nasci, R.S. and C.G. Moore,

[186] O’Neill, M.S. and K.L. Ebi,

Vector-borne disease surveillance and
natural disasters. Emerging Infectious
Diseases, 1998. 4(2): p. 333.

Temperature extremes and health: impacts
of climate variability and change in the
United States. Journal of Occupational
and Environmental Medicine, 2009.
51(1): p. 13-25.

[176] Ten Veldhuis, J., et al., Microbial

[178] Anyamba, A., et al., Prediction,

assessment of the Rift Valley fever activity
in East and Southern Africa 2006-2008
and possible vector control strategies. The
American journal of tropical medicine

22

[187] Marsa, L., Fevered: Why a Hotter

Planet Will Hurt Our Health-and How
We Can Save Ourselves. 2013: Rodale.

Impact of Climate Change on International Health Security: An Intersection of Complexity…
DOI: http://dx.doi.org/10.5772/intechopen.96713
[188] Reddy, P.P., Impacts of climate
change on agriculture, in Climate resilient
agriculture for ensuring food security.
2015, Springer. p. 43-90.

[198] Smith, T.T., B.F. Zaitchik, and J.M.

[189] Lippsett, L. and G. Warming,

[199] Anderson, G.B. and M.L. Bell, Heat
waves in the United States: mortality risk
during heat waves and effect modification
by heat wave characteristics in 43 US
communities. Environmental health
perspectives, 2011. 119(2): p. 210-218.

Storms, Floods, and Droughts. Oceanus,
2012. 49(3): p. 20.
[190] Goudie, A.S., Dust storms: Recent

developments. Journal of environmental
management, 2009. 90(1): p. 89-94.
[191] Peng, W., et al., A review of

historical and recent locust outbreaks:
Links to global warming, food security and
mitigation strategies. Environmental
Research, 2020. 191: p. 110046.
[192] Nadal-Sala, D., et al., Global

warming likely to enhance black locust
(Robinia pseudoacacia L.) growth in a
Mediterranean riparian forest. Forest
Ecology and Management, 2019. 449:
p. 117448.
[193] Salih, A.A., et al., Climate change

and locust outbreak in East Africa. Nature
Climate Change, 2020. 10(7): p. 584-585.
[194] Sun, Q., et al., Global heat stress on
health, wildfires, and agricultural crops
under different levels of climate warming.
Environment international, 2019. 128: p.
125-136.
[195] Rappold, A.G., et al., Forecast-based

interventions can reduce the health and
economic burden of wildfires.
Environmental science & technology,
2014. 48(18): p. 10571-10579.
[196] Della-Marta, P.M., et al., Doubled

length of western European summer heat
waves since 1880. Journal of Geophysical
Research: Atmospheres, 2007. 112(D15).
[197] Kent, S.T., et al., Heat waves and

health outcomes in Alabama (USA): the
importance of heat wave definition.
Environmental health perspectives,
2014. 122(2): p. 151-158.

23

Gohlke, Heat waves in the United States:
definitions, patterns and trends. Climatic
change, 2013. 118(3-4): p. 811-825.

[200] Fouillet, A., et al., Excess mortality

related to the August 2003 heat wave in
France. International archives of
occupational and environmental health,
2006. 80(1): p. 16-24.
[201] Johnson, H., et al., The impact of
the 2003 heat wave on daily mortality in
England and Wales and the use of rapid
weekly mortality estimates. Euro
surveillance: bulletin européen sur les
maladies transmissibles= European
communicable disease bulletin, 2005.
10(7): p. 168-171.
[202] Stawicki, S.P., et al., Comorbidity

polypharmacy score and its clinical utility:
A pragmatic practitioner's perspective.
Journal of emergencies, trauma, and
shock, 2015. 8(4): p. 224.
[203] Mubang, R.N., et al., Comorbidity–

Polypharmacy Score as predictor of
outcomes in older trauma patients: a
retrospective validation study. World
journal of surgery, 2015. 39(8): p.
2068-2075.
[204] Tolentino, J.C., et al., Comorbidity-

polypharmacy score predicts readmissions
and in-hospital mortality: A six-hospital
health network experience. Journal of
Basic and Clinical Pharmacy, 2017. 8(3).
[205] Cohen, M.S., et al., Patient frailty:

Key considerations, definitions, and
practical implications. Challenges in
Elder Care, 2016: p. 9.
[206] Keatinge, W.R., et al., Increased

platelet and red cell counts, blood viscosity,

Contemporary Developments and Perspectives in International Health Security - Volume 3

and plasma cholesterol levels during heat
stress, and mortality from coronary and
cerebral thrombosis. The American journal
of medicine, 1986. 81(5): p. 795-800.
[207] Kenny, G.P., et al., Heat stress in

older individuals and patients with
common chronic diseases. Cmaj, 2010.
182(10): p. 1053-1060.

[216] Doerr, S.H. and C. Santín, Global
trends in wildfire and its impacts:
perceptions versus realities in a changing
world. Philosophical transactions of the
Royal Society of London. Series B,
Biological sciences, 2016. 371(1696): p.
20150345.
[217] Kelly, F.J. and J.C. Fussell, Global

pollen, and climate change, in Global
Climate Change and Public Health. 2014,
Springer. p. 155-165.

nature of airborne particle toxicity and
health effects: a focus on megacities,
wildfires, dust storms and residential
biomass burning. Toxicology Research,
2020. 9(4): p. 331-345.

[209] Smith, J.B. and D.A. Tirpak, The

[218] Ghasemizadeh, R. and H. Taheri,

[208] Szema, A.M., Asthma, hay fever,

potential effects of global climate change
on the United States: Report to Congress.
Vol. 1. 1989: US Environmental
Protection Agency, Office of Policy,
Planning, and ….
[210] Kunzli, N., et al., Health effects of

the 2003 Southern California wildfires on
children. American journal of
respiratory and critical care medicine,
2006. 174(11): p. 1221-1228.
[211] Friedli, H., et al., Volatile organic

trace gases emitted from North American
wildfires. Global biogeochemical cycles,
2001. 15(2): p. 435-452.
[212] Easterling, D.R., Recent changes in

frost days and the frost-free season in the
United States. Bulletin of the American
Meteorological Society, 2002. 83(9): p.
1327-1332.
[213] Matyasovszky, I., et al.,

Biogeographical drivers of ragweed pollen
concentrations in Europe. Theoretical and
Applied Climatology, 2018. 133(1-2): p.
277-295.
[214] Dougherty, R. and J.V. Fahy, Acute

exacerbations of asthma: epidemiology,
biology and the exacerbation-prone
phenotype. Clinical & Experimental
Allergy, 2009. 39(2): p. 193-202.

Monitoring dust storms in drylands using
GIS (Case study: Dust storm in Iran, July
2009). 2009.
[219] Bari, M.A. and W.B. Kindzierski,

Fine particulate matter (PM2. 5) in
Edmonton, Canada: Source
apportionment and potential risk for
human health. Environmental Pollution,
2016. 218: p. 219-229.
[220] Teather, K., et al., Examining the

links between air quality, climate change
and respiratory health in Qatar.
Avicenna, 2013. 2013(1): p. 9.
[221] Wettstein, Z.S., et al.,

Cardiovascular and cerebrovascular
emergency department visits associated
with wildfire smoke exposure in California
in 2015. Journal of the American heart
association, 2018. 7(8): p. e007492.
[222] Liu, J.C. and R.D. Peng, The impact

of wildfire smoke on compositions of fine
particulate matter by ecoregion in the
Western US. Journal of Exposure Science
& Environmental Epidemiology, 2019.
29(6): p. 765-776.
[223] Nordhaus, W.D., The economics of

hurricanes and implications of global
warming. Climate Change Economics,
2010. 1(01): p. 1-20.

[215] Forman, R.T., Urban ecology: science

of cities. 2014: Cambridge
University Press.
24

[224] Tamura, Y. and S. Cao, International

group for wind-related disaster risk

Impact of Climate Change on International Health Security: An Intersection of Complexity…
DOI: http://dx.doi.org/10.5772/intechopen.96713

reduction (IG-WRDRR). Journal of wind
engineering and industrial
aerodynamics, 2012. 104: p. 3-11.

Us. 2020, American Public Health
Association.
[234] Becquart, N.A., et al.,

[225] Pielke Jr, R.A., et al., Hurricanes

and global warming. Bulletin of the
American Meteorological Society, 2005.
86(11): p. 1571-1576.
[226] González-Alemán, J.J., et al.,

Potential increase in hazard from
Mediterranean hurricane activity with
global warming. Geophysical Research
Letters, 2019. 46(3): p. 1754-1764.
[227] Chen, X. Relationship Between

Global Warming and Hurricanes Wind
Speed Based on Analyzing MODIS Remote
Sensing Data. in Proceedings of the Sixth
International Forum on Decision Sciences.
2020. Springer.
[228] Siegel, V., W.E. Rich, and M.

Mahany, 2020 hurricane season during
COVID-19. 2020.
[229] Filipe, J.F., et al., Floods, Hurricanes,

and Other Catastrophes: A Challenge for
the Immune System of Livestock and Other
Animals. Frontiers in Veterinary Science,
2020. 7: p. 16.
[230] Welch-Devine, M. and B. Orland,

Is It Time to Move Away? How Hurricanes
Affect Future Plans. International Journal
of Mass Emergencies & Disasters,
2020. 38(1).
[231] Lenane, Z., et al., Association of

post-traumatic stress disorder symptoms
following Hurricane Katrina with incident
cardiovascular disease events among older
adults with hypertension. The American
Journal of Geriatric Psychiatry, 2019.
27(3): p. 310-321.
[232] Espinel, Z., et al., Climate-driven

Atlantic hurricanes pose rising threats for
psychopathology. The Lancet Psychiatry,
2019. 6(9): p. 721-723.
[233] Honoré, R.L., Speaking Truth to

Power on How Hurricane Katrina Beat
25

Cardiovascular disease hospitalizations in
Louisiana parishes’ elderly before, during
and after hurricane Katrina.
International journal of environmental
research and public health, 2019.
16(1): p. 74.
[235] Raker, E.J., et al., Twelve years later:

The long-term mental health consequences
of Hurricane Katrina. Social Science &
Medicine, 2019. 242: p. 112610.
[236] Cohen, G.H., et al., Improved social

services and the burden of post-traumatic
stress disorder among economically
vulnerable people after a natural disaster:
a modelling study. The Lancet Planetary
Health, 2019. 3(2): p. e93-e101.
[237] Swim, J., et al., Psychology and

global climate change: Addressing a
multi-faceted phenomenon and set of
challenges. A report by the American
Psychological Association’s task force on the
interface between psychology and global
climate change. American Psychological
Association, Washington, 2009.
[238] Beyerl, K., H.A. Mieg, and E.

Weber, Comparing perceived effects of
climate-related environmental change and
adaptation strategies for the Pacific small
island states of Tuvalu, Samoa, and
Tonga. Island Studies Journal, 2018.
13(1): p. 25-44.
[239] Raleigh, C. and H. Urdal, Climate

change, environmental degradation and
armed conflict. Political geography, 2007.
26(6): p. 674-694.
[240] Scheffran, J. and A. Battaglini,

Climate and conflicts: the security risks of
global warming. Regional Environmental
Change, 2011. 11(1): p. 27-39.
[241] Abel, G.J., et al., Climate, conflict

and forced migration. Global
Environmental Change, 2019. 54: p.
239-249.

Contemporary Developments and Perspectives in International Health Security - Volume 3

[242] Gallant, K., The Nexus of Climate,

Crops, and Conflict in the Horn of
Africa. 2020.
[243] Shultz, J.M., et al., Public health

and mental health implications of
environmentally induced forced migration.
Disaster medicine and public health
preparedness, 2019. 13(2): p. 116-122.
[244] Trombley, J., S. Chalupka, and L.

Anderko, Climate change and mental
health. AJN The American Journal of
Nursing, 2017. 117(4): p. 44-52.
[245] Grace, D., Food Safety in Low and

Middle Income Countries. Int J Environ
Res Public Health, 2015. 12(9): p.
10490-507.
[246] Purgato, M., et al., Psychological

therapies for the treatment of mental
disorders in low- and middle-income
countries affected by humanitarian crises.
Cochrane Database Syst Rev, 2018. 7: p.
CD011849.
[247] Oliver-Smith, A., Climate change

and population displacement: disasters
and diasporas in the twenty-first century.
Anthropology and climate change. From
encounters to actions, 2009: p. 116-136.
[248] Weir, T. and Z. Virani, Three linked

risks for development in the Pacific
Islands: climate change, disasters and
conflict. Climate and Development,
2011. 3(3): p. 193-208.
[249] McMichael, C., J. Barnett, and A.J.

McMichael, An ill wind? Climate change,
migration, and health. Environmental
health perspectives, 2012. 120(5): p.
646-654.
[250] Hoegh-Guldberg, O., et al., Impacts
of 1.5 C global warming on natural and
human systems. Global warming of 1.5°
C. An IPCC Special Report, 2018.
[251] McCarthy, M.P., M.J. Best, and R.A.

Betts, Climate change in cities due to
global warming and urban effects.
26

Geophysical research letters,
2010. 37(9).
[252] Athanasiou, T., Divided planet: The
ecology of rich and poor. 1998: University
of Georgia Press.
[253] Tsavoussis, A., et al., Childwitnessed domestic violence and its adverse
effects on brain development: a call for
societal self-examination and awareness.
Frontiers in public health, 2014.
2: p. 178.
[254] Tsavoussis, A., S.P. Stawicki, and

T.J. Papadimos, Child-witnessed domestic
violence: An epidemic in the shadows.
International journal of critical illness
and injury science, 2015. 5(1): p. 64.
[255] Paladino, L., et al., Reflections on the

Ebola public health emergency of
international concern, part 2: the unseen
epidemic of posttraumatic stress among
health-care personnel and survivors of the
2014-2016 Ebola outbreak. Journal of
Global Infectious Diseases, 2017.
9(2): p. 45.
[256] O'Neill, S., et al., Patterns of

suicidal ideation and behavior in
Northern Ireland and associations with
conflict related trauma. PLoS One, 2014.
9(3): p. e91532.
[257] Butryn, T., et al., The shortage of

psychiatrists and other mental health
providers: causes, current state, and
potential solutions. International Journal
of Academic Medicine, 2017. 3(1): p. 5.
[258] Bruckner, T.A., et al., The mental

health workforce gap in low-and middleincome countries: a needs-based approach.
Bulletin of the World Health
Organization, 2011. 89: p. 184-194.
[259] Burns, J.K., Mental health services

funding and development in KwaZuluNatal: a tale of inequity and neglect.
South African Medical Journal, 2010.
100(10): p. 662-666.

Impact of Climate Change on International Health Security: An Intersection of Complexity…
DOI: http://dx.doi.org/10.5772/intechopen.96713
[260] Morris, J., et al., Global mental
health resources and services: a WHO
survey of 184 countries. Public Health
Reviews, 2012. 34(2): p. 1-19.
[261] Padhy, S.K., et al., Mental health
effects of climate change. Indian journal
of occupational and environmental
medicine, 2015. 19(1): p. 3.
[262] Fritze, J.G., et al., Hope, despair and
transformation: climate change and the
promotion of mental health and wellbeing.
International journal of mental health
systems, 2008. 2(1): p. 1-10.
[263] Glanz, K., B.K. Rimer, and K.

Viswanath, Health behavior and health
education: theory, research, and practice.
2008: John Wiley & Sons.
[264] Hahn, R.A. and B.I. Truman,

Education improves public health and
promotes health equity. International
journal of health services, 2015. 45(4):
p. 657-678.
[265] Fazel, M., et al., Mental health

interventions in schools in high-income
countries. The Lancet Psychiatry, 2014.
1(5): p. 377-387.
[266] Parker, C.L., Slowing global

warming: benefits for patients and the
planet. American family physician, 2011.
84(3): p. 271-278.

27

