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Abstract

Climate change has myriad implications for the health 
of humans, our ecosystems, and the ecological processes 
that sustain them. Climate change refers to a change in the 
state of the climate which is attributed directly or indirectly 
to human activity that alter the composition of the global 
atmosphere and which is in addition to natural climate vari-
ability observed over a comparable period. It has many ef-
fects including increasingly erratic weather patterns; more 
frequent extreme weather events and the like. This seminar 
paper aimed to reviews various impact of climate change 
on one health besides to its respective implications. Climate 
change has cascading impact chains from physical features 
to people, with social and economic consequences affect-
ing livelihoods and food and nutrition security while much 
attention is given to extreme weather events. The mecha-
nisms through which health is affected are both direct: 
heat-related incidents, extreme temperatures and extreme 
weather events (floods, drought, storms) and indirect: wa-
ter quality, air pollution, land use change, and ecological 
changes. These mechanisms interact with certain social dy-
namics to produce negative health outcomes. One health 
is an approach aimed to address a health threat at the hu-
man-animal-environment interface based on collaboration, 
communication, and coordination across all relevant sectors 
and disciplines, with the ultimate goal of achieving optimal 
health outcomes for both people and animals it is applicable 
at the subnational, national, regional, and global level. In-
fectious zoonotic diseases are a main One Health issue, as 
these diseases transmit from animals to humans and vice 
versa. The environment, where humans interact with farm 
animals, pets or wild animals, plays an important role for 
disease transmission. The ecosystem and how it is shaped 
by human activities like agriculture, is an important deter-
minant for the risk assessment of zoonoses transmitted by 
wildlife. Thus, Climate change represents a crucial example 
of an environmental factor severely impacting wild and do-
mestic animal populations, food chains and human health.

Keywords: Anthropogenic; Environments; Climate Change; 
One Health. 
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Introduction

The Intergovernmental Panel on Climate Change (IPCC)  de-
fines climate change as a change in the state of the climate 
that can be identified (for example by using statistical tests) 
by changes in the mean and/or the variability of its properties 
and that persist for an extended period, typically decades or 
longer [47]. Effects of climate change include: increasingly er-
ratic weather patterns; more frequent extreme weather events 
(such as droughts, tropical storms and floods); and longer-term 
stresses, such as rises in temperature and sea levels [43].

Climate change has cascading impact chains from physical 
features to people, with social and economic consequences af-
fecting livelihoods and food and nutrition security [27]. While 
much attention is given to extreme weather events, the less 
dramatic, slow and incremental impacts of climate change are 
equally important in their cumulative impact on human well-
being [71].

The relationship between health and climate change is com-
plex. The mechanisms through which health is affected are 
both direct: heat-related incidents, extreme temperatures and 
extreme weather events (floods, drought, storms) and indirect: 
water quality, air pollution, land use change, and ecological 
changes. These mechanisms interact with certain social dynam-
ics to produce negative health outcomes. Social dynamics in-
clude age, gender, health status, socioeconomic status, social 
capital, public health infrastructure and mobility and conflict 
status. The resulting impact on health and well-being includes 
loss of livelihoods, mental illness, increased food and water-
borne infections; increased vector-borne diseases; respiratory 
and cardiovascular diseases, and under nutrition [44,92].

Climate change poses immediate and long-term threats to 
human health and survival across the globe [14]. As evidence 
of climate change and its impact continues to be amassed it has 
become clear that many of the causes of climate change are 
anthropogenic in nature through lifestyles, consumption and 
choices that pollute and exploit resources in an unsustainable 
manner [2,36,54]. The future health impacts of climate change 
are well documented, with forecasts made of increasing health 
problems caused by heat waves, storms, floods, fires, droughts 
and infectious diseases [32,62,66,]. It is also predicted that cli-]. It is also predicted that cli- It is also predicted that cli-
mate change will have detrimental effects upon agriculture and 
fisheries, and may even result in collapsing ecosystems [62,66].

The consequences of climate change are likely to lead to an 
increased demand on emergency and health services. Add to 
this the challenges of meeting local healthcare needs in a post 
peak-oil scenario, with possible limited access to medicines, 
transport and energy difficulties, and we could be facing a mas-
sive public health disaster which will need to be addressed by 
Health Services [30,62,63]. The responsibility of healthcare 
practitioners to protect and promote the health of the public 
should be extended to working to prevent climate change ac-
cording to some authors [37].

The consequential social and environmental changes due to 
globalization, interconnectedness, travel, trade, and an empha-
sis on economic and political supremacy are unprecedented. Dis-
ruption in the natural biogeochemical cycles as a result of anthro-
pogenic climate change is now gradually approaching the safety 
limit for all life forms on Earth [65]. Given the alteration in the 
Planets life-sustaining systems, climate change has been identi-
fied as the greatest global health threat of the 21st century [90].

Climate change-related impacts on the ecosystems are likely 
to affect population by creating favorable conditions for disease 
vectors or disease pathogens as well as placing the communi-
ties at high risk of malnutrition, diarrheal diseases and other 
environmental health effects attributable to climate change 
[19]. There is important evidence to show that climate change 
affects the occurrence and distribution of human diseases and 
malnutrition. Changes in the frequency and spread of infectious 
diseases are some of the most widely documented potential ef-
fects of climate change, and could have significant consequenc-
es for human health as well as economic and societal impacts 
[10]. Therefore, the objective of this review is,To assess the po-
tential impacts of climate change induced on one health issues 
and other related implications.

Impacts of climate changes on one health

It is necessary to distinguish between climate and weather in 
order to understand the concept of climate change [45]. Weath-
er refers to meteorological elements at a specific location and 
time. Climate refers to the average weather over a specific pe-
riod of time. By using statistical tests, the change in the state of 
the climate can be identified and generally, the variability per-
sists for an extended period of time [45]. Climate is the statisti-
cal description of a phenomenon such as droughts [45].

One Health is a concept that has gained popularity during 
the last years, especially since the Tripartite engagement of the 
World Health Organization (WHO), the Food and Agriculture Or-
ganization (FAO) and the World Organization for Animal Health 
(OIE) in 2010 [25]. 

The Tripartite defines One Health as: An approach to ad-
dress a health threat at the human-animal-environment inter-
face based on collaboration, communication, and coordination 
across all relevant sectors and disciplines, with the ultimate goal 
of achieving optimal health outcomes for both people and ani-
mals; a One Health approach is applicable at the subnational, 
national, regional, and global level [26]. 

Infectious zoonotic diseases are a main One Health issue, 
as these diseases transmit from animals to humans and vice 
versa. The environment, where humans interact with farm ani-
mals, pets or wild animals, plays an important role for disease 
transmission. The ecosystem and how it is shaped by human ac-
tivities like agriculture, is an important determinant for the risk 
assessment of zoonoses transmitted by wildlife [56]. Climate 
change represents a crucial example of an environmental factor 
severely impacting wild and domestic animal populations, food 
chains and human health [1,9,89,]. 

Changes of the climate like altering temperatures can play 
a considerable role in the spread of diseases. It can affect the 
migration and adaptation of infectious pathogens like bacteria, 
viruses, parasites and fungi. Through climate change, infectious 
pathogens may find new habitats, which can cause diseases in 
new and previously unaffected geographical regions [97]. 

Mycotoxin producing fungi are an example of plant patho-
gens, whose incidence is modified by climate changes. Among 
mycotoxins, aflatoxins are especially poisonous and these 
naturally occurring toxins may contaminate feed and food and 
adversely affect animal and human health [7]. Further, the 
carry-over of pollutants from farm animals to human food is in-
fluenced by the environment as well as by the animal metabo-
lism, and it is associated to health risks for humans consuming 
foods of animal origin and also for animals [29].
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One Health and the environment

When reviewing One Health activities, veterinary as well as 
medical themes prevail and the environment is often neglected 
[42]. Nevertheless, the environment is all around us, it depends 
on and affects human and animal health in many ways. For ex-
ample, healthy soils and clean water can prevent the spread 
of diseases, and clean environments in slaughterhouses, pres-
ervation of natural habitats of animals and biodiversity can 
contribute to fewer disease infections in animals and humans 
[51,53,74]. 

Climate change is another perspective demonstrating eco-
logical changes affecting environmental, animal and human 
health. It is displayed that how One Health considerations 
can aid in solving issues resulting from climate change, such 
as livestock farming, food security, food safety and sanitation. 
Integrating public health concerns as well as animal and envi-
ronmental health perspectives can contribute to enhanced and 
more contextual problem solving [99].

Environmental changes modulating risk factors for health:

A good example for environmental changes is provided by 
climate change. Events driven by climate changes may increase 
the availability of toxicants for food-producing organisms: ero-
sion of soils from flooding, heavy rainfall, thawing of frozen soil 
and forest fires release mercury from trapping environments 
into the ecosystem [21]. Factors such as temperature and hu-
midity affect the availability of toxic pollutants like lead, causing 
adverse health effects in animals and humans [57].

It can also aid the distribution of some zoonotic vectors, 
which in turn affect disease epidemiology. Climatic changes 
may affect some regions and some populations more than oth-
ers. More data are needed for a thorough risk assessment, since 
drivers of vector populations show specific patterns according 
to vector species and regions [97]. 

The ongoing and developing scenario of the Covid-19 pan-
demic highlights how the health impact of an infectious disease 
can be modulated by a number of diverse, environment-relat-
ed factors, including meteorological conditions, air pollutants, 
sewage and wastewater management and even by industrial 
chemicals, which are widespread, persistent and immune toxic 
[17,35,52,93,].

Anthropogenic activities as a source of One Health risk fac-
tors through the environment

Anthropogenic activities are main drivers that shape the 
environment [64,72]. Environment-modifying human activities 
include improper disposal of toxic waste, impacts of industrial 
emissions, utilization of polluted wastewater or manure on pas-
tures and crops used as animal feed. The presence of zoonotic 
agents in manure is a recognized problem, and methods for an-
aerobic digestion and manure storage are envisaged to reduce 
the potential risks [13].

Some pollutants may bioaccumulate in farm animals, and the 
human exposure is mediated and modified through the animal 
metabolism and ecology. An example of the industrial impact 
of exposure to pollutants is the persistent and bioaccumulating 
hexachlorocyclohexane, a by-product of the insecticide lindane. 
In an instance in Italy, the insecticide accumulated in industrial 
waste was found in animals, feed and humans [5]. 

Concerning pesticides, the European Food Safety Authority 

(EFSA) has recommended approaches beyond the character-
ization of hazards and towards the risk assessment of different 
ecosystems through the integration of datasets coming from 
disciplines like ecology, biology and toxicology [22]. Intriguingly, 
the intensive use of herbicides such as glyphosate and glufos-
inate is suggested to increase the selective pressure towards 
antibiotic resistance in environmental bacterial communities, 
indicating yet another link between chemical pollution and a 
typical One Health issue such as AMR [59].

Impacts of climate change on human health-driven envi-
ronmental change

The prevalence of some of the tropical diseases and other 
threats to human health depend largely on local climate. Ac-
cording to the Intergovernmental Panel on Climate Change [47], 
extreme temperatures can lead directly to loss of life, while cli-
mate-related disturbances in ecological systems can indirectly 
impact the incidence of infectious diseases. On the other hand, 
warm temperatures can increase air and water pollution, which 
in turn harm human health. Extreme weather can destroy 
shelter, contaminate water supplies, cripple crop and livestock 
production, tear apart existing health and other service infra-
structures. This will ultimately increase the existing burden of 
disease and other non-health need of vulnerable human popu-
lation. The magnitude and nature of climate change impacts on 
human health vary by region, by relative vulnerability of popu-
lation groups, by the extent and duration of exposure to climate 
change itself and by societies ability to adapt to or cope with 
the change [47].

The relationships between human health and environmental 
changes due to climate change have been extensively summa-
rized in (Figure 1). [66,75-77] and Direct effects from a warm-
ing climate have several correlations between heat waves and 
excess mortality [15]. 

Natural disasters such as floods, droughts, and intense storms 
have claimed millions of lives during the past two decades, and 
affected many more physically, mentally, or through the loss of 
property or livelihoods [46]. Further, the IPCCs midrange sea 
level rise projections (a 40-cm rise by the 2080s) will put 200 
million people at risk for a range of health problems including 
displacement, salt water intrusion into fresh water aquifers, or 
disruption of stormwater drainage and sewage disposal [47-79].

Warmer temperatures are likely to affect air quality through 
changes in ozone concentrations, a known pulmonary irritant 
associated with pneumonia, chronic obstructive pulmonary dis-
ease, asthma, and premature mortality [20]. In addition, exten-
sive research suggests that climate change will influence aeroal-
lergens and related human allergic disorders through changes 
in pollen season [6,100]. Nutrition and food security will also 
be affected through changes in crop yields, unreliability of sup-
plies, and impacts on prices [4,82].

Food- and waterborne diseases are likely to become a great-
er problem as climate changes. For example, flooding can con-
taminate drinking or recreational water with pollution from 
sewage lines or agricultural fields [60,87]. Heavy rainfall can 
overwhelm sewage systems and treatment plants, which then 
discharge excess wastewater directly into surface water bodies 
[78].

Disease outbreaks from most waterborne pathogens are 
distinctly seasonal and cluster in key watersheds [16]. There is 
strong evidence that links incidence of waterborne outbreaks 
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from pathogens such as Cryptosporidium [61], Escherichia coli 
0157:H7 [37], and Campylobacter jejuni [37] following heavy 
rains. Storm events of 3 inches of rainfall within 24 hours can 
overwhelm combined sewer systems and lead to an overflow 
that contaminates recreational and drinking water sources [78].

Indirect Impacts

Malnutrition: Good nutrition is essential for good health. 
Deficiencies in energy, fat, protein, nutrient or vitamin intake 
led to malnutrition with major consequences for peoples physi-
cal and mental health. Malnutrition has detrimental and last-
ing health consequences often limiting a person’s physical and 
intellectual development, particularly those who are affected 
as infants or as young children. Additionally, malnutrition vastly 
increases people’s susceptibility to acquiring, and dying from 
infectious diseases [3,12,81]. 

Malnutrition is considered the most important health risk 
globally as it accounts for an estimated 15% of total disease 
burden in DALYs. At present, under-nutrition causes 1.7 million 
deaths per year in Africa and is currently estimated to be the 
largest contributor to climate change related mortality around 
the world [75,76]. 

Moreover, leading scientists in development and humani-
tarian research agree that climate change will likely worsen 
existing production and consumption stresses in food-insecure 
countries [8,82,83]. Bloem [8] explain that access to food relies 
on two key factors: availability (through the market or subsis-
tent production) and affordability (through monetary income). 
Available evidence strongly indicates that climate change will 
negatively affect food availability and affordability across Afri-
can countries. 

Generally, expectations are that food prices will rise mod-
erately in line with increases in temperature until 2050. After 
2050, however, food prices are expected to increase substan-
tially as temperatures further increase, with the value of sugar 
and rice, for example, expected to rise by 80% [82]. 

Communicable diseases

Communicable diseases result from infection by pathogens 
such as viruses, bacteria, fungi, protozoa, and parasites. Com-
municable diseases are transmitted by physical contact with 
infected humans, vector organisms or with contaminated sub-
stances (water, food, objects, and air). Climate changes are 
expected to affect the lifecycle and modes of transmission of 
many infectious diseases. The ability of a pathogen to spread is 
affected by its ability to mature and replicate. Temperature and 
moisture availability are two environmental factors influenced 
by climate change that affect pathogen proliferation. Temper-
ature has a particularly strong effect on the rate of pathogen 
replication and maturation. Further, these two climate factors 
also affect the survivability and density of vectors in a particular 
area therefore increasing the likelihood of infection up to cer-
tain thresholds [96]. 

Although the environment has a dominant influence on 
the diversity of pathogens in a region, this diversity is also in-
fluenced by human population size and density, the age of a 
settlement and the population’s disease control efforts [18,85]. 

Water borne diseases

Water-borne diseases are caused by protozoa, viruses or 
bacteria which typically populate the intestines of humans. Wa-

ter is often connected to disease spread due to its role in the 
life cycle of vectors or its direct effect on the health of people. 
Climate change alterations to the hydrologic cycle will affect 
water distributions worldwide [47-50]. The IPCC expects water 
availability and quality to be affected in various parts of Africa 
posing a threat to human populations. 

The spread of water-borne disease after extreme climate 
change-related weather events, such as floods or heavy rainfall 
or unseasonably warm seasons (such as longer warm periods, 
extending growing seasons) are expected to be particularly high 
in Africa due to limited infrastructure and control programs at 
the sources of these diseases [82,83].

Vector borne disease

There has been a worldwide resurgence in, and a redistribu-
tion of many old infectious diseases (Table 3). The WHO (1996) 
estimates 30 new infectious diseases emerged from 1975 to 
1995 with some experts suggesting that some of these are 
possibly connected to climate change [14,68]. Global climate 
change may have a major influence on vector-borne disease 
epidemiology [23,34,86]. 

Direct impacts 

Extreme weather events and their direct effects

The direct health effects of climate change with the poten-
tial for greatest impacts are the forces that create droughts and 
floods. Unfortunately, this is an area for which there is insuf-
ficient data [48]. Working Group II of the IPCC, in its discussion 
of climate changes in Africa, is inconclusive with regards to any 
changes in the frequency or size of EWEs but suggests there 
might be a slight increase in droughts for example in the second 
half of the 21st century and that there may be more frequent 
and stronger tropical storms off the southern Indian Ocean. 
Since EWEs are relatively location specific, regions with a his-
tory of a specific EWE will tend to continue to experience such 
events. Inland and coastal floods have been the most frequent 
EWE [24]. 

UV related cancers and diseases

This is a range of health effects that will increase in impor-
tance as population’s lifespan begin to lengthen. Climate change 
may alter human exposure to UVR in several ways, with limited 
predictability and variation among regions [67]. The IPCC con-
cluded that excessive UVR exposure was responsible for 1.5 mil-
lion disability adjusted life years and 60,000 premature deaths 
worldwide in 2000 from skin, eye, and cardio-respiratory dis-
eases [12].

Worldwide, approximately 18 million people are blind as a 
result of cataracts, with the rate of cataracts surgery the lowest 
in Africa (Yorston et al., 2001). As a result, in developing coun-
tries cataracts causes 50–90% of all blindness (Murray & Lopez, 
1996).

The WHO confirms that instances of skin cancer have been 
increasing steadily in the two decades, especially in regions 
with high UVR exposure, with South Africa highlighted [67].

Temperature and precipitation effects

Increases in average temperature represent a very signifi-
cant source of potential direct climate change impacts on hu-
man health. A major concern is that such increases may lead 
to temperatures beyond those comfortable (called heat stress) 
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for a region affecting mortality through thermal stress (Figure 
1). Heat stress affects individuals during extremes (in intensity 
and/or frequency) of local weather - in the coldest or warmest 
seasons for example. These environmental conditions can be 
further exacerbated by human activities such as deforestation 
and urbanization by affecting local climates by increasing local 
temperatures by 3+ °C (Hamilton, 1989).

Air quality

Climate change is expected to reduce air quality in some ar-
eas [47-50]; contributing to respiratory disorders [67]. The re-
lationship between climate change and air quality is complex 
with many interacting mechanisms. For example, air quality 
influences can be of climatic/meteorologic (temperature, hu-
midity, wind speed, wind direction and mixing height), natural 
(ground-level ozone and light-catalyzed air chemistry reactions, 
aeroallergens, forest fires, and dust from dry soils), or anthro-
pogenic (using carbon-based fuels for local energy use, trans-
portation, and agriculture) origin, resulting in eventual deposi-
tion of air pollutants [12,55,80]. 

Sunlight and high temperatures, combined with other pol-
lutants such as nitrogen oxides and volatile organic compounds 
can cause ground-level ozone to increase. Ozone forms in the 
troposphere by the action of sunlight on ozone precursors 
(through photochemistry) from the by-products of burning car-
bon-based fuels. At the surface, an increase in temperature ac-
celerates photochemical reaction rates (strong correlation be-
tween higher ozone levels and warmer days – but not always). 
Ground-level ozone can damage lung tissue and is especially 
harmful for those with asthma and other chronic lung diseases. 
Even those with moderate disease may be at risk from tempera-
ture rises above 16.5°C [58]. 

The increases of air pollutants due to climate change dis-
cussed above may influence cardio-respiratory disease [67] as 
well as by exposing patients with pre-existing conditions to dan-
gerous temperature extremes, which stress the cardiovascular 
system. The WHO (2002) has estimated that poor air quality 
caused by climate change was responsible for over 2.4 million 
premature deaths in 2000 alone (1/3 by outdoor and 2/3 by 
indoor poor air quality) and accounts for approximately 2% of 
the global cardiopulmonary disease burden [79,90]. Exposure 
to outdoor air pollution accounted for approximately 2% of the 
global cardiopulmonary disease burden [11,95,].

Conclusions and recommendations 

Although health professionals are challenged with risks from 
climate change and its drivers, the adverse health outcomes 
need multidisciplinary Collaboration to be resolved. A phase 
change in global health is needed to move from a passive re-
sponder in partnership with other societal sectors to drive in-
novative alternatives. Generally, understanding the impacts of 
climate change on health from a One Health perspective re-
quires working forwards and backwards to connect the species 
involved in the ecological web linking environmental changes to 
human health. Climate change has already had a profound ef-
fect on biological systems worldwide, and these impacts will be 
felt by the human population through a variety of mechanisms 
including: modifications in vector, reservoir, and pathogen life-
cycles, and impacts on wildlife and plant diseases, disruptions 
of synchrony between interacting species, trophic cascades, 
and alteration or destruction of habitat. Each species responds 
to environmental changes differently, and in order to predict 

the movement of disease through ecosystems, we have to rely 
on expertise from the fields of veterinary, medical, and public 
health; and these health professionals must take into account 
the dynamic nature of ecosystems in a changing climate. Rapid 
environmental changes brought on by climate change intensify 
the importance of collaborative research and policy-making in 
order to protect the health of people, animals, and the environ-
ment.

	 Based on the conclusion above, the following recommen-
dations are forwaRelevant sectors should play a promi-
nent role in advancing the concept of one health to maxi-
mize its application.

	Regular Factors responsible for inducing potential impacts 
on the approach should be minimized by taking appropri-
ate mitigation measures.

	Regular Further researches should be done to indicate the 
detailed impact of climate change on one health.

References

1. Aiyar A, Pingali P. Pandemics and food systems towards a proac-
tive food safety approach to disease prevention & management. 
Food Secur. 2020; 12: 749-56.

2. Appleby J. Data briefing. How climate change will affect health. 
Health Serv J. 2007; 117:21.

3. Baro M, Deubel TF. Persistent hunger: perspectives on vulner-
ability, famine, and food security in Sub-Saharan Africa. Annu 
Rev Anthropol. 2006; 35: 521-38.

4. Battisti DS, Naylor RL. Historical warnings of future food inse-
curity with unprecedented seasonal heat. Science. 2009; 323: 
240-4.

5. Battisti S, Caminiti A, Ciotoli G, Panetta V, Rombolà P, Sala M et 
al. A spatial, statistical approach to Impacts of climate change; 
2007.

6. Beggs PJ. Impacts of climate change on aeroallergens: past and 
future. Clin Exp Allergy. 2004; 34: 1507-13.

7. Bennett JW, Klich M. Mycotoxins. Clin Microbiol Rev. 2003; 16: 
497-516.

8. Bloem MW, Semba RD, Kraemer K. Castel Gandolfo workshop: 
An introduction to the impact of climate change, the economic 
crisis, and the increase in the food prices on malnutrition. J Nutr. 
2010; 140: 132S-5S.

9. Busani L, Caprioli A, Macrì A, Mantovani A, Scavia G, Seimenis A. 
Multidisciplinary collaboration in veterinary public health. Ann 
Ist Super Sanita. 2006; 42: 397-400.

10. Chan NY, Ebi KL, Smith F, Wilson TF, Smith AE. An integrated as-
sessment framework for climate change and infectious diseases. 
Environ Health Perspect. 1999; 107: 329-37.

11. Cohen AJ, Anderson HR, Ostro B, Pandey KD, Krzyzanowski M, 
Künzli N et al. Urban air pollution; 2004.

12. Confalonieri U, Menne B, R, Akhtar K, Ebi M. Hauengue. & R. 
In: M Parry O, Canziani J, v Palutikof P, editors. Kovats. Human 
health. Linden, & Hanson C, editor. Impacts, adaptation and vul-
nerability. Contribution of working Group II to the fourth assess-
ment report of the Intergovernmental Panel on Climate Change. 
Climate Change. Cambridge, UK: Cambridge University Press; 
2007.

13. Costa A, Gusmara C, Gardoni D, Zaninelli M, Tambone F, Sala V 
et al. The effect of anaerobic digestion and storage on indicator 



MedDocs Publishers

6Journal of Veterinary Medicine and Animal Sciences

microorganisms in swine and dairy manure. Environ Sci Pollut 
Res Int. 2017; 24: 24135-46.

14. Costello A, Abbas M, Allen A, Ball S, Bell S, Bellamy R et al. Man-
aging the health effects of climate change: lancet and University 
College London Institute for Global Health Commission. Lancet. 
2009; 373: 1693-733.

15. Curriero FC, Heiner KS, Samet JM, Zeger SL, Strug L, Patz JA. Tem-
perature and mortality in 11 cities of the eastern United States. 
Am J Epidemiol. 2002; 155: 80-7.

16. Curriero FC, Patz JA, Rose JB, Lele S. The association between 
extreme precipitation and waterborne disease outbreaks in the 
United States, 1948-1994. Am J Public Health. 2001; 91: 1194-9.

17. Dragone R, Licciardi G, Grasso G, Del Gaudio C, Chanussot J. 
Analysis of the chemical and physical environmental aspects; 
2021.

18. Dunn RR, Davies TJ, Harris NC, Gavin MC. Global drivers of hu-
man pathogen richness and prevalence. Proc Biol Sci. 2010; 277: 
2587-95.

19. Ebi KL, Woodruff R, von Hildebrand A, Corvalan C. Climate 
change related health impacts in the Hindu Kush–Himalayas. 
EcoHealth. 2007; 4: 264-70.

20. Ebi KL, McGregor G. Climate change, tropospheric ozone and 
particulate matter, and health impacts. Environ Health Perspect. 
2008; 116: 1449-55.

21. Mercury EEA. Europe’s environment—European Environment 
Agency. Copenhagen, Denmark: European Environment Agency; 
2018.

22. EFSA. Scientific Opinion on good modelling practice in the con-
text of mechanistic effect models for risk assessment of plant 
protection products. EFSA J. 2014; 12: 3589.

23. Epstein PR. Is global warming harmful to health?. Sci Am. Scien-
tific American. August. 2000; 283: 50-7.

24. Epstein P, Mills E. Climate change futures: health, ecological, and 
economic dimensions. Boston: Harvard Medical School. 2005.

25. FAO OIE, WHO. The FAO-OIE-WHO collaboration–sharing re-
sponsibilities and coordinating global activities to address 
health risks at the animal-human-ecosystems interfaces—A tri-
partite concept note. 2010; 2010. [cited Aug 17 2021]. Available 
from: https://www.oie.int/fileadmin/Home/eng/Current_Sci-
entific_Issues/docs/pdf/FINAL_CONCEPTNOTEHanoi.pdf.

26. FAO OIE, WHO. Taking a multisectoral one health approach: A 
tripartite guide to addressing zoonotic diseases in countries. 
Rome, Italy: Food and Agriculture Organization of the United 
Nations, World Organization for Animal Health, World Health 
Organization; 2019.

27. FAO. Climate change and food security: risks and responses. 
Rome: Food and Agriculture Organization; 2016.

28. Fosse J, Seegers H, Magras C. Prevalence and risk factors for bac-
terial food-borne zoonotic hazards in slaughter pigs: a review. 
Zoonoses Public Health. 2009; 56: 429-54.

29. Frazzoli C, Mantovani A. The environment-animal-human web: 
A ”one health” view of toxicological risk analysis; frontiers in 
public health: Lausanne, Switzerland; ISBN 978-2-88945-791-5; 
2019.

30. Frumkin H, Hess J, Vindigni S. Peak petroleum and public health. 
J Am Med Assoc. 2007; 298: 1688-90.

31. Funk C, Dettinger MD, Michaelsen JC, Verdin JP, Brown ME, Bar-
low M et al. Warming of the Indian Ocean threatens eastern and 

southern African food security but could be mitigated by agricul-
tural development. Proc Natl Acad Sci U S A. 2008; 105: 11081-6.

32. Gibbons J. Our greatest health menace. World Ir Nurs Midwif. 
2008; 16: 47.

33. Gill M, Godlee F, Horton R, Stott R. Doctors and climate change. 
Br Med J. 2007; 335: 1104-5.

34. Githeko AK, Lindsay SW, Confalonieri UE, Patz JA. Climate change 
and vector-borne diseases: a regional analysis. Bull World Health 
Organ. 2000; 78: 1136-47.

35. Grandjean P, Timmermann CAG, Kruse M, Nielsen F, Vinholt PJ, 
Boding L et al. Severity of COVID-19 at elevated exposure to per-
fluorinated alkylates. PLOS ONE. 2020; 15: e0244815.

36. Harrison D. Peak oil, climate change, public health and well-be-
ing. J R Soc Promot Health. 2006; 126: 62-3.

37. Hrudey SE, Payment P, Huck PM, Gillham RW, Hrudey EJ. A fatal 
waterborne disease epidemic in Walkerton, Ontario: compari-
son with other waterborne outbreaks in the developed world. 
Water Sci Technol. 2003; 47: 7-14.

38. [cited Aug 20, 2021]Available from: http://dx.doi.org/10.1038/
scientificamerican0800-50.

39. [cited Aug 20, 2021]Available from: http://siteresources.world-
bank.org/EXTSOCIALDEVELOPMENT/Resources/244362-.

40. Available from: http://www.climatechange2013.org/images/re-
port/WG1AR5_Chapter01_FINAL. pdf.

41. [cited Aug 20, 2021]Available from: http://www.fao.org/3/a-
i5188e.pdf.

42. Humboldt-Dachroeden S, Rubin O, Sylvester Frid-Nielsen S. The 
state of One Health research across disciplines and sectors–a 
bibliometric analysis. One Health. 2020; 10: 100146.

43. ILO, UNDESA, WHO. The social dimensions of climate change: 
discussion Draft. New York: UN Task Team on Social Dimensions 
of Climate Change; 2011 [cited Aug 20, 2021]. Available from: 
http://www.who.int/globalchange/mediacentre/events/2011/
social-dimensions-of-climate-change.pdf.

44. Intergovernmental Panel on Climate Change (IPCC). Synthesis 
report. Contribution of Working Groups, I, II, III to the Fifth As-
sessment Report of the Intergovernmental Panel on Climate 
Change [Core writing team, Pachauri RK, Meyer LA (eds.)][ac-
cessed on Aug 20, 2021]. Available from: http://www.ipcc.ch/
report/ar5/syr/. Climate Change. Geneva: IPCC; 2014.

45. Intergovernmental Panel on Climate Change. Climate change 
2013: the physical; 2013.

46. International Federation of Red Cross. World disaster report 
1997. New York: Oxford University Press; 1998.

47. IPCC. 2007: impacts adaptation and vulnerability. Contributions 
of working Group II to the fourth assessment report of the inter-
governmental panel on climate change. Climate Change. Cam-
bridge, UK: Cambridge University Press; 2007.

48. IPCC, Chapter 9. Boko, M., I. (WGII). In: Niang; 2007, A. Nyong, C. 
Vogel, A. Githeko, M.

49. IPCC. IPCC fourth assessment report. Clim Change IPCC 4. 2007; 
AR4—working group III.

50. IPCC. 2007: synthesis report [cited Aug 20, 2021]. Available 
from: http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4_
syr.pdf. Climate Change. Geneva: Intergovernmental Panel on 
Climate Change; 2007.



MedDocs Publishers

7Journal of Veterinary Medicine and Animal Sciences

51. Keith AM, Schmidt O, McMahon BJ. Soil stewardship as a nex-
us between Ecosystem Services and One Health. Ecosyst Serv. 
2016; 17: 40-2.

52. Kerr GH, Badr HS, Gardner LM, Perez-Saez J, Zaitchik BF. Asso-
ciations between meteorology and COVID-19 in early studies: 
inconsistencies, uncertainties, and recommendations. One 
Health. 2021; 12: 100225.

53. Kilpatrick AM, Salkeld DJ, Titcomb G, Hahn MB. Conservation of 
biodiversity as a strategy for improving human health and well-
being. Philos Trans R Soc Lond B Biol Sci. 2017; 372: 20160131.

54. King D. Climate change challenge laid before public health work-
force. J R Soc Promot Health. 2007; 127: 195.

55. Kovats S, Ebi K, Menne B. Health and global environmental 
change – SERIES. Vol. 1. Geneva: World Health Organization; 
2003.

56. Landford J, Nunn M. Good governance in ”one health” ap-
proaches. Rev Sci Tech. 2012; 31: 561-75.

57. Levin R. Zilli, Vieira. C.L., Mordarski, D.C.; Rosenbaum, M.H. 
2020: Lead seasonality in humans, animals, and the natural en-
vironment.

58. Levy JI, Chemerynski SM, Sarnat JA. Ozone exposure and mor-
tality: an empiric bayes metaregression analysis. Epidemiology. 
2005; 16: 458-68.

59. Liao H, Li X, Yang Q, Bai Y, Cui P, Wen C et al. Herbicide selec-
tion promotes antibiotic resistance in soil microbiomes. Mol Biol 
Evol. 2021; 38: 2337-50.

60. Lipp EK, Kurz R, Vincent R, Rodriguez-Palacios C, Farrah SR, Rose 
JB. The effects of seasonal variability and weather on microbial 
fecal pollution and enteric pathogens in a subtropical estuary. 
Estuaries. 2001; 24: 266-76.

61. Mac Kenzie WR, Hoxie NJ, Proctor ME, Gradus MS, Blair KA, 
Peterson DE et al. A massive outbreak in Milwaukee of crypt-
osporidium infection transmitted through the public water sup-
ply. N Engl J Med. 1994; 331: 161-7.

62. Maryon-Davis A, Gilmore I, Hamilton P. Climate change and 
health. We must all act now. Br Med J. 2007; 335: 1110.

63. Mayor S, NHS. BMA says. Br Med J. should bring in measures to 
reduce its carbon footprint. 2008; 336: 740.

64. McMahon BJ, Morand S, Gray JS. Ecosystem change and zoon-
oses in the Anthropocene. Zoonoses Public Health. 2018; 65: 
755-65.

65. McMichael AJ. Globalization, climate change, and human 
health. N Engl J Med. 2013; 368: 1335-43.

66. McMichael AJ, Woodruff RE, Hales S. Climate change and hu-
man health: present and future risks. Lancet. 2006; 367: 859-69.

67. McMichael A, Campbell-Lendrum D, Corvalán C, Ebi K, Githeko 
A, Scheraga J. Climate change and human health: risks and re-
sponses. Geneva: World Health Organization. 2003.

68. McMichael AJ. Environmental and social influences on emerging 
infectious diseases: past, present and future. Philos Trans R Soc 
Lond B Biol Sci. 2004; 359: 1049-58.

69. McMichael AJ, Woodruff RE, Hales S. Climate change and hu-
man health: present and future risks. Lancet. 2006; 367: 859-69.

70. McMichael AJ, Woodruff RE, Hales S. Climate change and hu-
man health: present and future risks. Lancet. 2006; 367: 859-69.

71. Moser C, Norton A, Stein A, Georgieva S. Pro-poor adaptation 
to climate change in urban centres: case studies of vulnerability 

and resilience in Kenya and Nicaragua. Washington, DC: World 
Bank; 2010.

72. Moysés SJ, Soares RC. Planetary health in the Anthropocene. 
Health Promot Int. 2019; 34: 28-36.

73. Murray CJL, Lopez AD. A comprehensive assessment of mortal-
ity and disability from diseases, injuries, and risk factors in 1990 
and projected to 2020. In: Murray CJL, Lopez AD, editors. The 
global burden of disease. Cambridge, (MA): Harvard School of 
Public Health; 1996.

74. O’Brien E, Xagoraraki I. A water-focused one-health approach 
for early detection and prevention of viral outbreaks. One 
Health. 2019; 7: 100094.

75. Patz JA, Campbell-Lendrum D, Holloway T, Foley JA. Impact of 
regional climate change on human health. Nature. 2005; 438: 
310-7.

76. Patz JA, Campbell-Lendrum D, Holloway T, Foley JA. Impact of 
regional climate change on human health. Nature. 2005; 438: 
310-7.

77. Patz JA, McGeehin MA, Bernard SM, Ebi KL, Epstein PR, Gramb-
sch A et al. The potential health impacts of climate variability 
and change for the United States. Executive summary of the re-
port of the health sector of the US National Assessment. Environ 
Health Perspect. 2000; 108: 367-76.

78. Patz JA, Vavrus SJ, Uejio CK, McLellan SL. Climate change and 
waterborne disease risk in the Great Lakes region of the US. Am 
J Prev Med. 2008; 35: 451-8.

79. Prüss-Üstün A, Corvalán C. Preventing disease through healthy 
environments. Geneva: World Health Organization; 2006.

80. Sapkota A, Symons JM, Kleissl J, Wang L, Parlange MB, Ondov 
J et al. Impact of the 2002 Canadian forest fires on particulate 
matter air quality in Baltimore city. Environ Sci Technol. 2005; 
39: 24-32.

81. Schaible UE, Kaufmann SHE. Malnutrition and infection: com-
plex mechanisms and global impacts. PLOS Med. 2007; 4: e115.

82. Schmidhuber J, Tubiello FN. Global food security under climate 
change. Proc Natl Acad Sci U S A. 2007; 104: 19703-8.

83. Schmidhuber J, Tubiello FN. Global food security under climate 
change. PNAS. 2007; 104: 19703-8.

84. science basis. Retrieved from.

85. Shuster-Wallace CJ, Grover VI, Adeel Z, Confalonieri U, S, Elliott. 
Safe water as the key to global health. 2008; 2008.

86. Sutherst RW. Global change and human vulnerability to vector-
borne diseases. Clin Microbiol Rev. 2004; 17: 136-73.

87. Thomas KM, Charron DF, Waltner-Toews D, Schuster C, Maarouf 
AR, Holt JD. A role of high impact weather events in waterborne 
disease outbreaks in Canada, 1975-2001. Int J Environ Health 
Res. 2006; 16: 167-80.

88. UNEP. Vital climate graphics. United Nations Environment Pro-
gramme; 2002 [cited Aug 27, 2021]. Available from: http://
www.grida.no/publications/vg/africa/.

89. Wannous C. Climate change and other risk drivers of animal 
health and zoonotic disease emergencies: the need for a multi-
disciplinary and multisectoral approach to disaster risk manage-
ment. Rev Sci Tech. 2020; 39: 461-70.

90. Watts G 2009. The health benefits of tackling climate change. 
The Lancet Series.



MedDocs Publishers

8Journal of Veterinary Medicine and Animal Sciences

91. Watts N, Amann M, Arnell N, Ayeb-Karlsson S, Belesova K, Berry 
H et al. The 2018 report of the Lancet Countdown on health and 
climate change: shaping the health of nations for centuries to 
come. Lancet. 2018; 392: 2479-514.

92. Watts N, Neil AW, Agnolucci P, Blackstock J, Byass P, Cai W. Health 
and climate change: policy responses to protect Public health 
[internet]. [(Accessed on August 20, 2021)]. Lancet. 2015; 386: 
1861-914.

93. Weidhaas J, Aanderud ZT, Roper DK, VanDerslice J, Gaddis EB, 
Ostermiller J et al. Correlation of SARS-CoV-2 RNA in wastewater 
with COVID-19 disease burden in sewersheds. Sci Total Environ. 
2021; 775: 145790.

94. WHO (1996): World Health Rep 1996: fighting disease, fostering 
development, Geneva: WHO. See Coleman E, Reardon C. Out of 
Cairo: forging a new population policy. Ford Found Rep. 1994; 
25: 33-5.

95. WHO. Reducing risks, promoting healthy life. World Health Rep. 
2002.

96. WHO, 2004. Using climate to predict infectious disease out-
breaks: a review. Communicable Diseases Surveillance and Re-
sponse, Protection of the Human Environment. Geneva: Roll 
Back Malaria, 2004.

97. Wu X, Lu Y, Zhou S, Chen L, Xu B. Impact of climate change on 
human infectious diseases: empirical evidence and human ad-
aptation. Environ Int. 2016; 86: 14-23.

98. Yorston D. Abiose, Adenike. Congdon. Nathan: Prajna, N., 
Venkatesh, Venkataswamy G., Gritz, David C. (2001): Discus-
sion. Bull World Health Organ [serial on the Internet]. 2022; 
79(3): 257-261. Available from:http://www.scielosp.org/scielo.
php?script=sci_arttext&pid=S004296862001000300016&lng=
en. http://dx.doi.org/10.1590/S004296862001000300016.

99. Zinsstag J, Crump L, Schelling E, Hattendorf J, Maidane YO, 
Ali KO et al. Climate change and One Health. FEMS Microbiol 
Lett. 2018; 365: fny085. doi: 10.1093/femsle/fny085, PMID 
29790983.

100. Ziska L, Knowlton K, Rogers C, Dalan D, Tierney N, Elder MA et al. 
Recent warming by latitude associated with increased length of 
ragweed pollen season in central North America. Proc Natl Acad 
Sci U S A. 2011; 108: 4248-51.


