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Summary

Climate change is a result of the global increase in average air 
and ocean temperatures, and rising average sea levels. Livestock 
production and health are significantly vulnerable to the impact 
of climate change. The objective of this review is demonstrate 
advantages of integrated One Health approaches compared to 
conventional separated public and animal health approaches. Cli-
mate change has direct and indirect impacts on emerging and re-
emerging animal diseases and zoonoses since it disrupts natural 
ecosystems and allows disease-causing pathogens to move into 
new areas where they may harm wild life and domestic species, as 
well as humans.  Climate change affects diseases and pest distribu-
tions, range prevalence, incidence and seasonality but the degree 
of change remains highly uncertain. The occurrence and distribu-
tion of vector borne diseases such as bluetongue, west nile fever, 
rift valley fever, African horse sickness, etc. are closely associated 
with weather patterns and long-term climatic factors strongly influ-
ence the incidence of outbreaks. The interaction between animal 
production and climate change is complex and multidirectional 
since animal production contributes to climate change; but to the 
reverse and worse condition, climate change highly affects animal 
production. Climate change, animal production systems and animal 
diseases are strongly linked each other. But what is worse is that 
both change in climate and the production systems of animals high-
ly affect the occurrence, distribution, emergence and reemergence 
of animal diseases.  Therefore, addressing climate change is critical 
to protecting and promoting the health of all species on the planet. 
The one health approach is particularly useful in addressing climate 
change as it provides a frame work for recognizing the complex re-
lationships between human, animal and environmental health and 
for developing solutions that benefit all three. 

Keywords: African horse sickness; Bluetongue; Climate; Climate 
change; West Nile Fever; Rift Valley Fever; One health

Abbreviations: WNV: West Nile Virus; WHO: World Health 
Organization; LRTI: Lower Respiratory Tract Infections; URTI: Upper 
Respiratory Tract Infection; RSU: Respiratory Syncytial Virus; RV: 
Rhinovirus; SARS-Cov2: Sever Acute Respiratory Syndrome Corona-
virus 2019.Introduction

Economic activities increase the emission of greenhouse 
gases. This human-induced climate change is one of the global 
environmental changes. Raised Carbon Dioxide (CO2), meth-
ane, and other greenhouse gases. Increase the heat-trapping 
capacity of the lower atmosphere resulting in global warming 
[32]. There are informative documentations that suggest that 
among those that are believed to be particularly susceptible 
to climate change, developing nations take the most impact 
because of the dependence of livelihoods on climate sensitive 
sectors such as agriculture, tourism and fishery [16]. Above all 

these burdens, climate change has resulted in a significant drop 
in productivity on global considerations and this is a matter 
that predicts a huge threat to the stability of the whole food 
system and at its cost comes food insecurity [54]. Much ear-
lier documents have notified that the effects of climate change 
are believed to have an interfering existence in the health and 
wellbeing of animals through heat related diseases and stress, 
extreme weather events, and emergence or re-emergence of 
infectious diseases, especially vector borne diseases [17].
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Climate change is superposed by demographic, social and 
economic, environmental and landscape changes (Hwang et al., 
2017) which often cannot clearly be separately delineated (de 
Anda 2017). Modifications in vector, reservoir and pathogen 
lifecycles as well as diseases of domestic and wild animals and 
plants are influenced by multiple complex processes [48]. This 
also applies to the disruption of synchrony between interact-
ing species, trophic cascades and alteration or destruction of 
habitats (Patz and Hahn 2013; Stevenson et al., 2015). Previ-
ous studies and reviews have documented the multiple health 
impacts of climate change, including an increase in infectious 
diseases, respiratory disorders, heat-related morbidity and 
mortality, under nutrition due to food insecurity, and adverse 
health outcomes ensuing from increased sociopolitical tension 
and conflicts [53].

It has been clearly depicted that there is an urgent neces-
sity to investigate the direct and indirect correlation of cli-
mate change with natural, biological and other human in-
duced hazards as it will facilitate a more effective and help-
ful understanding and identification of cascading and com-
plex hazards and risk in awell patterned manner to address cli-
mate change [57]. Under univocal and global agreement, the 
world has gathered on multiple protocols, signed numerous 
legislative agreements and assembled different patterns of mit-
igation strategies that integrate conventional mitigation strate-
gies, new sets of innovation and technologies and principles of 
altering the earth’s radiation balance through the management 
of solar and terrestrial radiation [50].

Despite the existence of these strategies, with inefficient 
performances, there are reports that illustrate arise in tempera-
ture is to be expected between 2030 2052 and this was evident 
enough for an immediate development to favorable mitigation 
and adaptation mechanism [32]. With consideration to the com-
plexity and uncertainties of climate change and its effects, an 
integrative and interdisciplinary approach namely “One Health” 
is found to be of a great significance to facilitate clearer under-
standing of climate change impacts on environment, animal 
and human health (Patz, 2012). There are setbacks observed for 
the practicality and effectiveness of this concept inconsequence 
of the impeded engagement of the medical community unlike 
the veterinarians who had given a much greater interest [29]. 
With considerations to the potential benefits from this collab-
orative tool, there needs to be a clearer understanding on the 
importance of promoting policies that integrate health and en-
vironmental concerns and its cruciality in mitigating the impacts 
of climate change and ensuring a sustainable future for all [49].

 The objective of this review is to

i. Demonstrate advantages of integrated One Health 
approaches compared to conventional separated public and 
animal health approaches and Examine the potential of One 
Health to adaptation to effects of climate change.

Climate Change and Health

Climate change is affecting more than just physical infrastruc-
ture and economics as it is increasingly affecting basic natural 
life-support systems. It affects the fundamental requirements 
for health - safe drinking water, clean air, sufficient food, and 
secure shelter and has many adverse health impacts [32]. The 
impact on health results directly from extreme weather events 
(e.g. heat waves and floods) and indirectly from socially medi-
ated risks (e.g. displacement, conflict, damaged infrastructure, 
crop failure) and/or ecologically mediated risks (e.g. food, wa-
ter, vectors) [34].

The World Health Organization (WHO) developed standard-
ized comparative risk assessment methods for estimating ag-
gregate disease burdens attributable to different risk factors 
which have been applied to existing and new models for a range 
of climate-sensitive diseases in order to estimate the effect of 
global climate change on current disease burdens and likely 
proportional changes in the future [6].

They estimated that the extent of climate change by the year 
2000 (relative to the 1961-1990 average climate) was estimated 
to have caused, worldwide during that year, approximately 160 
000 deaths and the loss of 5 500 000 disability-adjusted life-
years from malaria, malnutrition, diarrheal disease, heat waves 
and floods [6]. 

To comprehensively consider the impact of climate change, 
we have drawn from existing models developed by McMichael 
(2003) and Eisenberg (2007) and present an adapted model 
which is discussed in the following section. In assessing the 
health impact of climate change, one must, however, be mind-
ful that the effects of climate change are complex, and often 
interact with other distal determinants of health (Eisenberg, 
2007) and global environmental changes (McMichael, 2010).

Unequivocally, there is a warming of planet Earth since the 
1950s, with increased temperatures of the atmosphere and the 
oceans. The amount of ice and snow has diminished; sea lev-
els have risen; and an increased frequency of extreme weather. 
Events, heat waves, drought, floods, storms are observed in 
parallel to an increase of the concentration of greenhouse gas-
es [32]. Climate change affects a large number of sectors. This 
means that integrated approaches and intersectional collabora-
tion are essential to face such challenges. 

The added value of one health to climate change adaptation 
may significantly contribute to the following contexts and is-
sues: food security with particular emphasis on animal source 
foods, extensive livestock systems, especially the role of rumi-
nant livestock, antimicrobial resistance control, environmental 
sanitation, and steps towards regional and global integrated 
syndromic surveillance and response systems. Arctic regions 
appeared as highly vulnerable to zoonotic disease [13,46], al-
though other geographic regions like dry lands and mountains 
are also hotspots of climate change.

Diseases that are Occurred by Climate Change 

According to the World Health Organization (WHO), the “cli-
Figure 1: Global environmental changes: pathways and health 
risks
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mate change and global warming” are the greatest challenges of 
humanity in the twenty-first century. They threaten all aspects 
of our life. The WHO listed the health hazards on human health 
due to climatic changes into the following item (Figure 2): (1) 
direct and indirect effects of global warming, (2) stratospheric 
ozone depletion, (3) disturbance in terrestrial and marine eco-
systems, (4) loss of biodiversity, (5) changes in the hydrological 
systems and freshwater supply, (6) Land degradation and loss 
of river deltas and coastal cities, (7) urbanization, deforestation 
and population dislocation/immigration, and finally (8) limited 
food production [55].

Vector Borne Disease 

Malaria: While the increase in temperature enables the 
survival of mosquitoes and the elongation of their season of 
activity, heavy rainfalls are also necessary to provide standing 
water surface required for egg-laying and larval development. 
High levels of air humidity enhance the vector population dy-
namics. Finally, the wind plays an important role in the spread 
of mosquitoes and their associated diseases. The wind was in-
criminated to be the reason for the emergence of Culex tritae-
niorhynchus mosquitoes in several areas in China [51].

When we investigate the mosquito-borne diseases such as 
dengue fever, yellow fever, and chikungunya virus (transmitted 
by Aedes species), West Nile fever, Eastern equine encephalitis 
and heartworm infection (by several mosquito species including 
Anopheles, Aedes, Culex, Culiseta, Coquillettidia, Deinocerites, 
Mansonia, Orthopodomyia, Psorophora and Uranotaenia), Ross 
River fever and Usutu virus infection Culex and Aedes) and ma-
laria (by Anopheles and Aedes) [44], we would notice that one 
mosquito species (Aedes aegypti) out of 3500 mosquito species 
is responsible for most serious outbreaks and can transmit most 
of the mosquito-borne pathogens outside Africa [43].

The emergence and expansion of A. albopictus in the West-
ern Hemisphere enhanced the emergence and endemicity of A. 
albopictus-borne diseases like chikungunya virus infection and 
dengue fever in Italy, France and Croatia in Europe, and in Ha-
waii, Texas and Florida in USA. West Nile virus became now also 
endemic in North America after its emergence due to migratory 
birds [44].

Dengue Fever: Transmission of dengue viruses is influenced 
by climate, among many other factors (Gubler DJ 1988) [41]. In-
fectious agents that require cold-blooded invertebrate species 
in order to complete their life cycle are particularly sensitive to 
subtle changes in temperature. Dengue transmission is largely 
confined to tropical and subtropical regions because freezing 
temperatures kill over wintering larvae and eggs of Ae.aegypti 
mosquitoes [8]. Also, temperature strongly affects pathogen 
replication, maturation, and period of infectivity, as labora-
tory data suggest that the extrinsic incubation period (or viral 
development rate) shortens non linearly with higher tempera-
tures, increasing the proportion of mosquitoes that become in-
fectious at a given time [52]. Also, elevated temperatures can 
shorten insect survival time or disrupt pathogen development.

West Nile virus: West Nile Virus (WNV) is insect borne virus 
which induces fatal encephalitis in mammals, humans and even 
birds. The virus is transmitted by Culex mosquitoes. Like other 
mosquito-borne diseases, the disease expanded its geographic 
range to emerge in new countries as a result of climatic chang-
es. The disease emerged in South America in 2003 and induced 
a large outbreak in Europe in 2010 (involved Greece, Romania, 

Hungary, Spain, Russia, Turkey and Italy) [42]. The disease was 
also detected in other European countries such as France, Por-
tugal and Serbia. The source of the invading viruses was con-
firmed to be from Israel, Morocco and Turkey. Later on, in 2018, 
the virus emerged for the first time in Germany [59]. In 1999, 
WNV first emerged in New York (USA), the increase in mosquito 
population due to the increase rainfalls and the lengthening of 
the mosquito activity season due to the increase in temperature 
leads to the increase of the prevalence of the disease. In 2013, 
2170 cases of WNF were reported in USA with 88 fatalities [42].

Lyme Disease: Environmental change is considered as the 
main driver of the shifts in the distribution of vectors and 
hosts, and hence of disease emergence [21]. Climate and the 
local habitat change could interact and affect the dispersal and 
movement of the species involved in the transmission cycle of 
Lyme disease in a complex manner. For example, a warmer cli-
mate with milder winters and earlier spring snowmelt may shift 
the phenology of the white-footed mouse breeding activity 
and dispersal, with higher activity and movement earlier in the 
season. Increased activity in turn alters the rate of encounter 
between this host and its pathogens, affecting the dynamics of 
transmission cycle of B. burgdorferi [37]. On the other hand, 
fragmentation of host habitat may reduce host population size, 
limit host dispersal, and alter host densities and diversity [12] 
(Li et al., 2012).

Respiratory Illnesses 

Climate change, air pollution, and viral respiratory infection 
are highly interconnected, and without interventions to halt 
global warming, we can expect the burden of viral respiratory 
disease to increase worldwide. More than 90% of the world's 
population is exposed to polluted air. Convincing epidemiologic 
data has linked air pollution exposure with increased incidence 
of viral respiratory infections like Upper Respiratory Tract (URI) 
infections. bronchitis, and Lower Respiratory Tract Infections 
(LTRI) such as pneumonia and bronchiolitis. Similarly, tempera-
ture, humidity, and extreme weather events have also been di-
rectly and indirectly associated with respiratory infections (Jin 
X et al., 2019).

Viral respiratory tract infections are most common illnesses 
in humans, with estimated 17 billion incident cases globally in 
2019. Common viruses causing respiratory tract infection in-
clude influenza, Respiratory Syncytial Virus (RSV), Rhinovirus 
(RV), and SARS-CoV-2. Viral respiratory infection imposes a 
substantial burden on populations and health systems. Non- in-
fluenza viral respiratory infections were estimated to cost the 
US economy $40 billion annually. Viruses are also the primary 
trigger for acute asthma exacerbations and a major cause of 

Figure 2: Effect of climatic changes on emerging of infectious 
diseases.
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COPD exacerbations. While most viral respiratory infections are 
mild and self-limited, they can lead to severe complications in 
susceptible patients, including pneumonia and even respiratory 
failure. The SARS-CoV-2 pandemic in particular has contributed 
to over 3 million deaths worldwide [28].

Food Born and Water Born Disease

Water-borne and food borne diseases are a serious public 
health concern worldwide. Water-borne and food borne out-
breaks are closely associated with climatic changes and distur-
bances in the ecosystem. They are more common in the sum-
mertime and increase with rising temperatures and humidity 
[23]. In addition, among the expected climate changes is the 
increase in frequencies of floods and heavy rainfalls due to 
warming of the oceans and due to the increase in frequency 
and strength of Al Nino and Hurricanes. This, in turn, will be 
reflected on the increase in water-borne diseases as giardiasis, 
cryptosporidiosis, and infections with pathogenic E. coli, Shigel-
la, cholera, Salmonella, and viral hepatitis A [24].

The most famous water-borne disease is the cholera, a bac-
terial diarrheal disease caused by Vibrio cholerae. The disease is 
transmitted by drinking contaminated water. Cholera is a highly 
temperature-dependent disease which increases with the in-
crease in water temperature. Infection due to Vibrio spp. is an 
example of the influence of global warming and ecology on the 
emergence of pathogens [48].

Climatic factors can also promote the spread of non-infec-
tious diseases (e.g. the increase in humidity, temperature and 
rainfalls enhance the growth of fungi and the spread of myco-
toxin related diseases). In warm summer, many factors interact 
leading to the increase in cases of food poisoning such as en-
hanced bacterial survival, the people spend more time outside 
where they eat and drink, and finally due to the increase in the 
insect/rodent population and activity [39].

Impact of Climate Change in Ethiopia Related to Diseases

Climate change is of critical importance to Ethiopia. Main-
ly due to changes in the climate, Ethiopia has faced recurrent 
droughts across its different parts. This has been more observ-
able particularly since the 1970s. The population size of Ethio-
pia and the impact of the activities of the growing population 
have increased dramatically over the last decades [11]. There 
are frequent changes in the climate. These changes are often 
followed by droughts. Not only Ethiopia but many other African 
countries have also often fallen victim to these changes. Facing 
challenges associated with climate change has since recently 
become global trends. The mean annual temperature has, for 
example, increased by 1.3°C between the years 1960 and 2006. 

This is estimated to be an average rate of 0.28°C increase in 
temperature per decade [15].

Ethiopia is one of the countries vulnerable to climate change 
and losses of human lives from flooding, domestic water sup-
ply shortages, malnutrition and the altitudinal extension of ma-
laria transmission are increasingly being reported. Flooding is 
one of the climates related hazard that affects human health 
in several ways such as death, injuries, water-borne diseases, 
malnutrition, and mental ill health [31]. In addition, millions 
of dollars’ worth of property were damaged in Dire Dawa, and 
about 10,000 livestock of the Afar ethnic groups perished in the 
floods [3].

Climate change-induced malaria has also been reported in 
the Afar region [3], and in South Omo. In both places the rate 
of flooding has increased and a large area has come under per-
manent flooding. This has triggered the infestation of bush and 
mosquitoes (malaria) [19]. Climate change is feared to expose 
an additional 2 billion people worldwide to dengue transmis-
sion by the 2080s [25]. Dengue transmission is projected to 
significantly widen in the area where the snail-borne disease 
schistosomiasis occurs. On the other hand, Visceral Leishmani-
asis (VL) has become a growing health problem in Ethiopia. 
The annual burden of VL is estimated to be between 4,500 and 
5,000 cases [58].

Ethiopia was identified as a "hotspot" for zoonotic disease 
events. The country ranked number one hotspot for leptospiro-
sis, the fourth largest hotspot for Q fever and Trypanosomosis, 
and the tenth for tuberculosis. Much of the burden of zoonosis 
(68%) is distributed among only 13 countries. Ethiopia has the 
4th highest burden caused by zoonosis [22]. These data indicate 
an already existing burden of zoonotic disease in the country. 
The burden has the potential to be exacerbated by the effects 
of climate change. Researchers have identified an association 
between outbreaks of leptospirosis and extreme rainfall and 
flooding in a wide range of countries with different ecologies.

Cases of reported water-borne diseases, such as unspecific 
dysentery and diarrheal cases, increased in Ethiopia from 19,980 
in 2008 to 116,571 in 2011 [34]. Malnutrition is one of the cli-
mate related impacts that affects mainly the growth of children, 
and the distribution of malnutrition among children in Ethiopia 
has been associated with the occurrence of drought. Based on 
climate change projections, annual mean temperatures are pro-
jected to increase over the coming decades in Ethiopia (UNDP, 
2008). These changes could contribute to malnutrition among 
under- five children. Increasing temperatures are also facilitat-
ing the spread of vector- borne diseases, particularly malaria, 
from lower altitudes to the Ethiopian highlands as a result of 
increasing temperatures [3].

Conclusion and Recommendation  

The world’s climate is changing at a faster rate. Even though 
changes in climate and extreme weather events have received 
increased attention in the recent years; climate change is real 
and is happening now with concomitant changes in precipita-
tion, flooding, winds and frequency of extreme events. The av-
erage temperature in the world has increased in the last few 
years compared to the previous century and is expected to con-
tinue rising. Climate change can have direct and indirect effects 
on infectious diseases through disrupting natural ecosystems 
and providing more suitable environments for infectious dis-
eases allowing disease-causing bacteria, viruses, and fungi to 

Figure 3: Frequency of responses by 306 Haramaya University 
health sciences students about different health effects of climate 
change, 2011.
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move into new areas where they may harm wild life and do-
mestic species, as well as humans and it is exacerbating diseas-
es in livestock. The distribution and incidence of vector borne 
diseases are directly influenced by climate since the geographi-
cal distributions of vectors are pre-determined by tempera-
ture and humidity. Animal production and climate change are 
inter-linked in complex and multidirectional ways; i.e. animal 
production systems can be sources of climate change through 
releasing gases and deforestation for production of animal 
feed; while, climate change affects animal production through 
desertification, water scarcity, changes in feed (availability, ac-
cess, and appropriateness) etc. But, both the change in climate 
and production systems of animals have impacts on diseases of 
animals; as a result, leading to low productivity of animals, the 
impact being devastating in developing countries. This suggests 
that climate change, animal production and animal diseases 
are closely related and influence each other through different 
mechanisms. So, working integrated with other fields are the 
most important thing to control impacts of climate change, for 
this the one health approach are the most important. 

Based on the current review, the following recommenda-
tions are forwarded: 

 � Awareness creation, in working in an integrated sys-
tematic manner, should be made to the stakeholders in the 
environmental conservation, animal production and animal 
health.

 � Sustainable animal farming and land use, and climate 
adaptation and mitigation strategies should be developed. 

 � Researches with emphasis given to the state of climate 
change and the direct and indirect effects it poses on animal 
production and on the occurrence and distribution of animal 
diseases should be conducted.

 � Improving one health approach are useful for collab-
orative work with other related fields.

 � Establishing climate change and health research cen-
ters equipped with adequate laboratory facilities, and develop-
ing and strengthening national and international research col-
laborations are other essential areas.
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