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Abstract

Globalization and climate change have had an unprecedented worldwide impact on emerging
and re-emerging animal diseases and zoonoses. Climate variability resulting from naturally occurring
climate phenomena such as El Niño, La Niña, and global monsoons, are associated with extreme weather
events that lead to changes in the patterns of tropical rainfall. Thus disrupt natural ecosystems by providing more suitable environments for survival of pathogenic bacteria, viruses, and fungi and favor them to
move into new areas thus zoonotic diseases are emerging. Climate change can alter bird migration patterns, changes in populations of waterfowl species, influence avian influenza virus transmission cycle.
Vector borne diseases are especially susceptible to changing environmental conditions due to the impact
of temperature, humidity and demographics of vectors. Transmission of Chikungunya virus and transmission of West Nile virus was directly linked to climate conditions. Lyme borreliosis and Tick-borne
encephalitis in EU occurred due to weather changes. There are also reports of changes in the geographical
distribution of sand flies, a vector of Leishmania species. Malaria and dengue fever also show significant
seasonal patterns whereby transmission is highest in the month s of heavy rainfall and humidity. Rift
Valley fever virus is a zoonotic disease, spread among vertebrate hosts by the mosquito species Aedes.
The most important vector of bluetongue virus in Africa and Asia appears under warming temperatures
and changes in humidity. Evidence of water contamination following heavy rains has been documented
for cryptosporidium, giardia, and E.coli. Outbreaks of human disease are often associated with increases
in rodent populations after heavy rainfall or during floods, a good example for Leptospirosis. Hantavirus
is a zoonotic virus of rodents and has emerged as a human pathogen due to human-induced landscape
alterations and climatic changes influencing population dynamics of the rodent reservoir hosts. Public
education and awareness to reduce exposure to disease, extreme weather alerts and metrological data
collection may be implemented. Researchers should continue to expand their knowledge of how climate
and weather influence health outcomes. Physical, biological, health, and social scientists must collaborate
to better understand what makes certain people and animals’ community more vulnerable to the health
impacts of climate variability and change, and how people adapt to emerging zoonotic disease threats. An
integrated approach to epidemiological, entomological and environmental data collection, analysis and
enhancing zoonotic disease awareness should be reinforced.
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Introduction

Climate variability resulting from naturally occurring climate phenomena such as El Niño,
La Niña, and global monsoons, are associated with extreme weather events that lead to changes in the
patterns of tropical rainfall. There was evidence that the increasing occurrence of tropical infectious
diseases in the mid latitudes is linked to global warming. Warmer temperatures are already enabling
insects and microorganisms to invade and reproduce in areas where once they could not survive in
severely low temperatures and seasonal chills. Disruption of natural ecosystems by providing more
suitable environments can favor the survival of some pathogenic bacteria, viruses, and fungi movement
into new areas. Thus the pathogens are become to adapt, finding new niches and jumping across species
into new hosts. Climatic factors such as increased temperature, increased or decreased precipitation,
and sea level rise may impact on the emergence or reemergence of infectious diseases. Climate-induced
changes in the geographic distribution and biologic behavior of arthropod vector–borne and rodent-borne
infectious disease. Global warming found to be favored the spread of the mosquito into the temperate
areas. Climate change factors that may expand the range and increase the reproductive potential of rodent
populations include increased rainfall, warmer temperatures, and climatic extremes. Outbreaks of human
disease are often associated with increases in rodent populations after heavy rainfall or during floods.
Insect-borne diseases are now present in temperate areas where the vector insects were non existent in the
past. Humans are also at an increased risk from insect-born diseases such as malaria, dengue, and yellow
fever. Climate driven and other changes in landscape structure and texture, plus more general factors,
may create favorable ecological niches for emerging diseases. Temperature and humidity levels directly
affect the feeding activities of these insects, as well as their reproductive success, survival rates and ability
to transmit disease. Low winter temperatures kill many exposed ticks and insects and the diseases they
carry, so that cycles of disease transmission are interrupted and need to be restarted in spring.
Flea-borne infections are emerging or re-emerging throughout the world, and their incidence is
still rising. Flea-borne diseases could re-emerge in epidemic form because of changes in vector–host
ecology due to environmental and human behavior modifications. While local environmental changes
are frequent, global climate change may influence parameters of flea development, distribution, and
disease transmission on a much larger scale. For many fleas, temperature and humidity are crucial for
development and survival [1]. The warmer temperatures predicted through most climate change scenarios
could lead to an increased expansion of flea vectors into the northern hemispheres [2].
Climate change may also affect diseases spread by snails or by water, such as schistosomiasis
and cholera, because changes in rainfall will have an impact on flow of rivers and levels of lakes; melting
of polar ice may raise the sea level and inundate coastal and delta regions. If the agent and reservoir are
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survived in the newly warmer climate, the agent can be expected to multiply more rapidly, and if the
reservoir is an arthropod or snail, it too will develop more rapidly [3]. Freshwater snails, intermediate hosts
for Fasciolosis, a disease that affects millions of herbivorous animals and can also affect humans can now
be observed in areas above 4200 meters in the highlands of Peru and Bolivia as milder temperatures and
altered environment conditions are more favourable to their survival. Fascioliasis is a particular problem
where environmental conditions favour the intermediate host, lymnaeid snails. These conditions include
low lying wet pasture, areas subject to periodic flooding, and temporary or permanent bodies of water [4].

Animal Health Influenced Factors

Animal health may be affected by climate change in four ways: heat-related diseases and
stress, extreme weather events, adaptation of animal production systems to new environments, and
emergence or re-emergence of infectious diseases, especially vector-borne diseases critically dependent
on environmental and climatic conditions [5]. The time period between a vector feeding on an infected
host and being able to transmit the infection onward to a susceptible host is called the extrinsic incubation
period (EIP). The EIP lengthens at lower temperatures. In colder areas, some short-lived vectors, such
as mosquitoes and biting midges, tend to die before the EIP is complete and transmission does not occur
[6,7]. A small rise in temperatures can produce a 10-fold increase in a mosquito population causing an
increase of malaria cases hence, malaria is now occurring in several Eastern European countries as well as
in the highland areas of countries like Kenya where historically cooler climatic conditions had prevented
the breeding of populations of disease-carrying mosquitoes.

Climatic Sensitivity on Virus Transmission
Chikungunya virus

Climate changes favored the exposure of Chikungunya virus (CHIKV) due to increased
population of the mosquito vectors and consequently facilitated CHIKV emergence in some geographical
areas [8, 9]. Chikungunya virus (CHIKV) is an Alphavirus from the Togaviridae family that shares the
same vectors responsible for spreading dengue virus, namely Aedes aegypti and, to a lesser extent,
Aedes albopictus, which are the common peridomestic mosquito species in the Southeast Asia region.
Since 2004, several million indigenous cases of Chikungunya virus disease occurred in Africa, the Indian
Ocean, India, Asia and, recently, Europe. The virus, usually transmitted by Aedes aegypti mosquitoes,
has now repeatedly been associated with a new vector, Ae. Albopictus [10]. A notable recent example
is the chikungunya virus epidemic that swept through the Indian Ocean region beginning in 2006 and
which is believed to have infected >2 million persons. CHIKV infections occurred in Kuala Lumpur,
Malaysia in 1998. The first sporadic outbreak of chikungunya virus (CHIKV) infection occurred between
late 1998 and early 1999 in Port Klang, Kuala Lumpur. CHIKV is endemic[(11] may play a substantial
role in the spread of the virus to humans, although the effect of a warmer climate has also been reported
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[12]. As a whole, such a climate abnormality of prolonged drier-than average conditions may be critical
in introducing new viruses into the country [13]. Chikungunya disease outbreak occured in Italy at late
summer 2007 where favourable climate condition for virus replication resulted 200 cases there. Asian
tiger mosquitoes(Ae.albopictus)are now established in Southern Europe and are better adapted to lower
temperatures than the primary vector (Ades aegypti) of the Chikungunya and dengue viruses [14]. A
single-nucleotide polymorphism (SNP) in the virus genome accelerated its replication in the relatively
common mosquito Aedes albopictus, usually a poorer host than Ae. aegypti mosquitoes [15].

Dengue hemorrhagic fever virus

Dengue hemorrhagic fever is found usually in children as a severe form and most commonly
occurred in Asia. It is complicated by hemorrhage, shock and sometimes death. Dengue viruses are
transmitted and replicates by mosquitoes. Dengue virus is belonged to the family Flaviviridae which in
addition to dengue is comprised of yellow fever. Increased warming temperature at night is especially
favorable to Ae. aegypti while Ae. albopictus has been permitted to withstand at freezing condition.
The northern form of the mosquito is triggered by shortened periods of sunlight to enter diapauses, a
physiological state of the egg that makes the egg resist cold temperature and delays hatching until the
spring. Thus, the mosquito is able to survive freezing. Dengue hemorrhagic fever cases in Thailand in 1990
numbered more than 300,000 [16]. Humidity can greatly influence transmission of vector-borne diseases,
particularly for insect vectors. Mosquitoes and ticks can desiccate easily and survival decreases under dry
conditions. Saturation deficit has been found to be one of the most critical determinants in climate/disease
models, for example, dengue fever [17,18] and Lyme disease models [19]. The potential for vector-borne
zoonotic transmission to adapt to vector-borne human-to-human transmission is exemplified historically
by dengue virus and Plasmodium spp., and more recently by Zika virus [20] and probably P. knowlesi
[21].

Nipah virus (NiV)

Globally, the rate of tropical deforestation is highest in Asia [22]. In 1997 and 1998 more than
10 million acres of virgin forest burned in Borneo and Sumatra, set ablaze by humans but exacerbated
by a severe El Ni˜no Southern Os-cillation event drought. Its implicated the effects of the El Nin˜o/
Southern Oscillation (ENSO) phenomenon in 1997/98 posed to the emergence of NiV [23]. Malaysia
had experienced a severe drought that directly preceding those outbreaks resulting from the El Nin˜o
conditions. The situation was aggravated by the excessive haze produced by the aggressive slash-and-burn
deforestation activities in Indonesia. The haze and habitat loss are thought to have caused a mass exodus
of “flying fox” fruit bats (Pteropus) searching for food, resulting in an unprecedented encroachment on
cultivated fruit trees [23]. This series of environmental and human events may have affected the natural
habitat of the pteropid bats, forcing their migration and subsequent encroachment into fruit orchards
surrounding the pig-farming area, resulting in the unanticipated introduction of NiV from its natural host
to pigs as the amplifying host [24].
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West Nile Virus

The transmission of West Nile virus, a zoonotic pathogen, can be directly linked to climate
conditions. Birds act as reservoirs for the virus and mosquito vectors pass it from birds to humans.
About 20% of infected humans will become ill and about one in 86 people will develop life-threatening
symptoms. Temperature and humidity influence the distribution and density of many arthropod vectors
and influence the incidence and northern range of vector borne diseases as West Nile virus [25]. Although
birds, particularly crows and jays, infected with West Nile virus become ill or die, most infected birds
survive and become reservoirs for the virus. Intensity of the virus fluctuates across the four seasons,
peaking in summer and declining in fall and winter when the mosquitoes become dormant. Warmer,
wetter summers will increase mosquito populations, while warmer winters will allow the virus to migrate
[26]. The introduction of West Nile virus into the United States in 1999 was a dramatic example, as was
the recent introduction of Usutu virus to Europe from Africa in migrating birds [27].

Avian Influenza virus H5N1

A good example of a pandemic zoonotic disease that could be impacted by climate change is
avian influenza [28]. Avian influenza viruses occur naturally in wild birds without producing any illnesses,
however, a highly pathogenic strain of the disease named H5N1 is currently a major concern because
it can affect humans and cause high case fatality. The first clinical respiratory illness of H5N1 avian
influenza occurred in Hong Kong in 1997, when 18 human cases were reported during a poultry outbreak.
It broke the species barrier to infect humans, cats, and tigers. So far it has affected many countries in Asia,
Africa, and Europe. This emerging situation is mainly because severe winter conditions and droughts,
occasioned by climate change can disrupt the normal migration pathways of wild birds and thereby bring
both wild and domestic bird populations into greater contact at remaining water sources. So climate
change influence the avian influenza virus transmission cycle and directly affect virus survival outside
the host [28]. Climate change can alter bird migration patterns, changes in populations of waterfowl
species, influence avian influenza virus transmission cycle. The EU has already experienced during early
2006 that very cold weather in some areas causing feed scarcity and unusual freezing of open waters
forced wild waterfowl to change their flyways which has led to the introduction of highly pathogenic
avian influenza of the H5N1 subtype into the EU[29]. Continuous evolution of the H5N1 virus has been
suggested by changes in the internal gene constellation, expanded host range, increased pathogenicity,
and greater environmental stability [30,31].

Rift Vally Fever (RFV)

Rift Valley fever where the virus is primarily a zoonotic disease, spread among vertebrate
hosts by the mosquito species Aedes. Primarily under flood conditions, Culex mosquitoes may feed
upon infected ungulate hosts. This vector is referred to as a bridge species because it feeds on humans
also, resulting in spread of the virus outside its normal zoonotic cycle (32]. Rift Valley Fever (RVF),
an important zoonotic viral disease of sheep and cattle, is transmitted by Aedes and Culex mosquitoes.
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Epizootics of RVF are associated with periods of heavy rainfall and flooding [33-35]. In east Africa,
with the combination of heavy rainfall following drought associated with ENSO [35,36]. ENSO–related
floods in 1998, following drought in 1997, led to an epidemic of RVF and some other diseases outbreak
in the Kenya/Somalia border area, causing the deaths of more than 2000 people and two-thirds of all small
ruminant livestock [37].

Lyme disease

Changes in tick distribution have also been observed due to climatic changes. The limit of tick
distribution in the EU is shifting northwards and also to higher altitudes; plus, the shift towards milder
winters may lead to an expansion of the tick population and, consequently, to the human exposure to Lyme
borreliosis and Tick-borne encephalitis. There are also reports of changes in the geographical distribution
of sand flies, which are a vector of Leishmania species [29]. The density of infected, nymphal, blacklegged ticks (Ixodes scapularis), the primary risk factor for Lyme disease, has been linked to increasing
forest fragmentation in periurban areas, likely due to corresponding increased numbers of the white-footed
mouse (Peromyscus leucopus), the principal reservoir of the Lyme bacterium (Borrelia burgdorferi) [38].

Hanta virus

Rodents are sources of a number of zoonoses (including Hantavirus, plague and leptospirosis).
Hantavirus is a directly transmitted zoonosis that is naturally maintained in rodent reservoirs and can be
transmitted to humans at times of increased local abundance of the reservoir [39]. Outbreaks of Hantavirus
in the southwestern United States have clearly been linked to El Nino impacts on rodent populations [40].

Climate Sensitivity on Bacterial Infection
Anthrax

Anthrax is an acute infectious zoonotic disease of most warm-blooded animals, including
humans, with worldwide distribution. The causative bacterium, Bacillus anthracis, forms spores able to
remain infective for 10-20 years in pasture. Temperature, relative humidity and soil moisture can affect
the successful germination of anthrax spores, while heavy rainfall may stir up dormant spores. Outbreaks
are often associated with alternating heavy rainfall and drought, and high temperatures [41]. Changes in
green-up and precipitation sporadicity in conjunction with rangeland expansion could indicate that some
changes in the epidemiology of anthrax could occur such as longer anthrax seasons and an exposure of
animals to more areas where B. anthracis may exist [42]. Because large anthrax epizootics often appear
to occur after specific rain events in association with overall hot, dry summer conditions [43,44] the
increasingly sporadic rate of precipitation may also create some changes in the epidemiology of anthrax
in the US as well as potentially in Kazakhstan [45].

Blackleg

Blackleg, an acute infectious clostridial disease, mostly of young cattle, is also spore-forming,
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and disease outbreaks are associated with high temperature and heavy rainfall [4]. Many pathogens or
parasites, such as those of anthrax, haemonchosis and summer mastitis, may be subject to the opposing
forces of higher temperatures promoting pathogen or vector development, and increased summer dryness
leading to more pathogen or vector mortality.

Leptospirosis

Leptospirosis remains one of the most common and most zoonotic infections worldwide [46]. In
India, leptospirosis is a major health problem obviously related both to the monsoons and poor sanitary
conditions, with multiple epidemics reported in recent years [47-51].Thailand has been the source of a
leptospirosis outbreak in the 21st century, subsequent to flooding, and localized mainly in the northeast
region of the country [52]. Fears of the emergence of leptospirosis outbreaks following the 2004 tsunami
disaster was possibly due to the beneficial effect of salt water mixing with fresh waters [53].
In Bangladesh, cholera outbreaks occur during the monsoon season [54]. Severe epidemics of
cholera strike regularly in many parts of the developing world. The timing of these epidemics is partly
explained by environmental and ecological conditions that are influenced by climate. In particular a
significant reservoir of the cholera-causing organism, Vibrio cholerae, appears to reside in marine
ecosystems where it attaches to zooplankton [55]. In Peru, cyclospora infections peak in the summer
and subside in the winter. In Scotland, campylobacter infections are characterized by short peaks in the
spring [56]. The E. coli O157:H7 water contamination in Walkerton, Ontario, in 2000 was preceded by
a severe rainstorm. This rainfall flushed E. coli into the drinking water system through a faulty well, and
the contamination was improperly reported by water utility personnel [57].

Future works

Owing to anthropogenic activities, it needs to take widespread scientific agreement that the
world’s climate is warming at a faster rate than ever before including concomitant changes in precipitation,
flooding, winds and the frequency of extreme events such as El Niño. In order to evaluate the risks of the
occurrence of emerging zoonotic diseases especially vector borne diseases that are heavily influenced by
weather conditions and climate change, weather forecasting and analysis will need to be included in the
early warning systems. Disease surveillance must be combined with a network of expert laboratories with
the appropriate diagnostic capabilities to carry out testing for still exotic or rare diseases. An integrated
approach to epidemiological, entomological and environmental data collection and analysis is essential
to enhance and exchange knowledge between international experts. A comprehensive study of mosquitoborne diseases that requires a combination of entomologists, epidemiologists and climatologists to work
together to examine the associations of changing vector habitats, disease patterns and climatic factors.
Animal disease awareness and preparedness should be noticed for farmers, veterinarians, relevant sectors,
including descriptions of the diseases, preventive measures and practical control measures. Incidence
data are needed to provide a baseline for epidemiological studies to increase actively global disease
surveillance by computer data based system to share the information among the veterinarians. International

วารสารสั ตวแพทยศาสตร์ มข. ปี ที่ 21 ฉบับที่ 2 กรกฎาคม - ธันวาคม 2554

179

collaboration should be taken such as WHO, OIE and FAO and can work together within the framework.
Further work needs to be done to determine the role of climate change in the future epidemiology of
zoonotic and other diseases.
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