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Abstract Wildlife plays an important and complex role in the emergence of new
diseases and the maintenance of endemic infectious diseases. The majority of the
recent emerging diseases were caused by zoonotic viruses of wildlife origin and had
significant impacts on public health and economies. Wildlife can act as a reservoir or
maintenance or spill-over or amplifier hosts or simply a liaison host of diseases
transmissible to human beings and farmed livestock. Anthropogenic factors like
agricultural expansion, habitat destruction, urbanisation, trade of exotic or domestic
animals and global travel comprise major drivers of the emergence of zoonotic
disease. The viral families Arenaviridae, Coronaviridae, Flaviviridae, Filoviridae,
Hepeviridae, Hantaviridae, Herpesviridae, Nairoviridae, Orthomyxoviridae,
Peribunyaviridae, Paramyxoviridae, Phenuiviridae, Poxviridae, Reoviridae,
Rhabdoviridae, and Togaviridae enclose viruses which represent most of the viral
zoonoses of wildlife origin. The basic factors influencing the disease emergence
from wildlife species are also the major drivers of biodiversity loss. Therefore,
emerging zoonotic viruses are not only potential threats to human beings but can
also be harmful to wildlife species. Thus, there is a convincing and effective chance
for mutual gains for the conservation of wildlife and public health by collective and
collaborative attempts.

Keywords Wildlife · Viral zoonoses · Emerging viruses · Spill-over · Spill-back ·
Reservoirs · Migratory birds

A. A. P. Milton (*) · G. B. Priya · S. Ghatak · S. Das
Division of Animal Health, ICAR Research Complex for NEH Region, Umiam, Meghalaya,
India

© Springer Nature Singapore Pte Ltd. 2020
Y. S. Malik et al. (eds.), Animal-Origin Viral Zoonoses, Livestock Diseases
and Management, https://doi.org/10.1007/978-981-15-2651-0_15

339

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-2651-0_15&domain=pdf
https://doi.org/10.1007/978-981-15-2651-0_15#DOI


15.1 Prologue

Today’s world does not have any barrier between the animal and human medicine.
The majority of infectious diseases affecting human are of zoonotic origin, and for
several emerging diseases, wildlife serves as a reservoir (Jones et al. 2008). In the
emergence of new diseases as well as maintenance of endemic infectious diseases,
wildlife plays an important and complex role. The word “emerging disease” has
received greater importance in the last 20 years in the popular press, owing to well-
publicised disease outbreaks such as severe acute respiratory syndrome (SARS),
Ebola haemorrhagic fever, Monkeypox, West Nile fever, Nipah, and Hendra viral
encephalitis. These events have augmented global attention to the association of
wildlife in emerging diseases (Travis et al. 2011). Over the past few decades,
roughly 75% of emerging diseases including zoonoses had wildlife origin (Jones
et al. 2008) and more than 70% of emerging or reemerging infectious agents are
thought to have wildlife as their natural reservoirs (Taylor et al. 2001). Although
wildlife has a crucial role in preserving the integrity of planet’s ecosystem, it
frequently embodies a significant risk of emerging zoonotic diseases (Daszak et al.
2000; Thompson et al. 2009). In significant ways, wildlife differs from other
domestic animal species. They are elusive, usually have no owners or custodians,
not always well recognised by zoologists and are often taken emotionally by the
general public (Artois et al. 2011). Wildlife can act as a reservoir or maintenance or
spill-over or amplifier hosts or simply a liaison host of diseases transmissible to
human beings and farmed livestock. For example, in continental Europe, it was well-
known that rabies had gone astray as a disease maintained by dogs but instead turned
into disease spread by a red fox (Vulpes vulpes). Such situations arise where wildlife
hosts are responsible for maintaining and spreading zoonotic diseases; thus, there is a
rising concern in developing means to control the transmission of disease from wild
animal population to humans or farm animals (Artois et al. 2011).

The majority of the recent emerging diseases were caused by zoonotic viruses of
wildlife origin and had a significant influence on public health and economies
(Murray et al. 2016). The part of wildlife species in diseases like severe acute
respiratory syndrome (SARS), Influenza, Ebola haemorrhagic fever, Nipah viral
encephalitis, and monkeypox is well-acknowledged. The emergence and rapid
spread of such fatal diseases have been most important arousing public health
episodes that accentuated the want for group effort between the veterinarian, wildlife
professionals and public health specialists (Chomel et al. 2007). It has also increased
the interests of the general public on diseases of wildlife origin, and as a result wild
game managers, conservationists and government agencies have shown greater
interest in surveillance and control of wildlife diseases (Gortazar et al. 2007).
Pathogens of wildlife origin spill over into domestic animals, into humans and
other wild animals. Zoonoses of wildlife origin have a negative bang on public
health, wildlife conservation, and agricultural production (Chomel et al. 2007). It is
now far and widely accepted that the complete purge of such shared pathogens is
impractical if wildlife reservoirs are ignored (Gortázar et al. 2015). The viral families
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Arenaviridae, Coronaviridae, Flaviviridae, Filoviridae, Hepeviridae, Hantaviridae,
Herpesviridae, Nairoviridae, Orthomyxoviridae, Peribunyaviridae,
Paramyxoviridae, Phenuiviridae, Poxviridae, Reoviridae, Rhabdoviridae, and
Togaviridae contain viruses which represent most of the viral zoonoses of wildlife
origin. The present chapter will focus on viral zoonoses involving wildlife hosts,
their ecology and transmission modes, drivers of emergence, geographical distribu-
tion, and control strategies.

15.2 Spill-Over and “Spill-Back”

The spread of pathogens from domestic reservoir animals to the sympatric wild
animal population, termed “spill-over”, underlines the emergence of a variety of
emerging infectious diseases from wildlife. Spill-over is a scrupulous threat to
endangered fauna, as the existence of infected reservoir animals can reduce the
infectious agent’s threshold density and lead to the extinction of local populace
(Daszak et al. 2000). African wild dog population (Lycaon pictus) has been waning
since the 1960s and is now endangered and, with a patchy population of <5000, is
vulnerable to stochastic events like outbreaks of disease. In 1991, synchronised with
canine distemper epizootic in domestic sympatric dogs, wild dogs have become
extinct in Africa.

Similarly, rabies was responsible for mortality in wild dogs, and a common viral
variant has been identified in wild and sympatric dogs. In Serengeti, the emergence
of rabies in wild dogs was due to the spatial expansion of human dwellings and
resulting infringement of rabid domestic dogs. Spill-over outbreaks embody a stern
threat to wild fauna and through “spill-back” (reverse spill-over) to the sympatric
domestic animal population. Brucellosis was possibly ingrained into America
through cattle. The occurrence of brucellosis in elk and bison in Yellowstone
National Park (USA) is considered a probable threat to cattle grazing at the bound-
aries of the park. Other instances of spill-over events include bovine tuberculosis
(global), sarcoptic mange in wombats (Australia) and foxes (Europe). Bovine
tuberculosis also frightens to spill back to domestic livestock and eventually, to
humans (Daszak et al. 2000).

15.3 Wild/Migratory Birds, Exotic Pets, Bats, and Rodents:
As Reservoirs of Zoonotic Viruses

Emerging zoonotic agents have originated from numerous wildlife species like
ungulates, carnivores, birds, non-human primates, bats, and rodents (Fig. 15.1)
(Singh and Gajadhar 2014). Many zoonoses were originated from wildlife, and the
list is expanding over time, but the relative significance and mechanism driving the
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differences of various set of wild hosts in disease emergence remain unclear. With
more than 1 billion cases of human zoonoses occurring each year, identifying
wildlife reservoirs of the disease remains a perennial priority of public health (Han
et al. 2015). Therefore identifying which species are most expected to play reservoir
role of upcoming zoonotic infections and in which provinces/regions new outbreaks
are expected to occur are an essential move towards a pre-emptive method to
minimising zoonotic illness risk in humans.

Birds have a vital role in the transmission and spread of numerous emerging
zoonotic pathogens. The West Nile virus emergence in the USA is a prominent
example of how rapidly a novel zoonotic disease can become extensively dispersed.
Wild birds are well-acknowledged to be reservoirs for many emerging zoonotic
diseases, such as WNV, influenza A virus, Western equine encephalitis, St. Louis
encephalitis, etc. Besides, wild/migratory birds are also infested with arthropod
species (vector), which can disseminate zoonotic pathogens along their routes of
migration, even if that particular bird species is not a capable reservoir of disease.
Furthermore, avian hosts migrating over intercontinental and national borders can
act as long-range competent vectors for any zoonotic pathogen. This establishes new
endemic disease foci along the routes of migration (Reed et al. 2003).

Several latest epidemics have been connected with exotic pets or wildlife hosts
including Ebola, SARS, and Monkeypox. For instance, the monkeypox outbreak in
the USA in 2003started after importing African rodents, which infected prairie dogs

Fig. 15.1 Major wildlife reservoir group of viral zoonotic diseases
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in pet shops. Many imported species of African rodents were revealed positive for
the monkeypox virus related to the outbreak (Souza 2011). From 1991 to 1998, eight
cases of rabies due to the new variant of rabies virus were reported in Brazil.
Marmosets (Callithrix jacchus jacchus) reared as pets were found to be a source
of transmission. In a pet care shop in France, encephalitis was detected in an
Egyptian rousette bat which was recently imported from Belgium. The pet bat was
found to be carrying Lagos bat lyssavirus which leads to treatment of around
120 exposed individuals (Chomel et al. 2007).

Bats (Order Chiroptera) offer substantial ecosystem services, like arthropod
control, pollination, and seed dispersal, over a broad range of habitats. On the
other hand, bats are gaining more attention as prospective reservoirs for many
emerging zoonotic diseases after the recent recognition of their association with
Ebola and Marburg viruses, SARS coronavirus, and Nipah and Hendra viruses.
Subsequently, there has been frequent speculation that they may be exclusive in their
potential to serve as a host for viruses of zoonotic nature (Calisher et al. 2006).
Generally, traits of bats that may make them suitable to harbour more viruses include
moderately long life spans, which helps viral persistence; flight, letting movement
and spreading over long distances and extended torpor, which can diminish both
immune function and viral replication (Munshi-South and Wilkinson 2010). Also,
the gregarious nature of some bat species like Mexican free-tailed bat allows them to
live in dense aggregations (3000 per m2). Roosting spots can even house a diverse
group of several species of bats (Luis et al. 2013). These high inter- and intraspecific
contacts can favour speedy pathogen transmission, and hefty population volumes
could maintain acute-immunising infections.

Furthermore, in evolutionary terms, they are ancient mammals, so it has been
assumed that zoonotic viruses which evolved in them may use extremely conserved
cellular receptors, hence enhancing the bat’s capability to pass on viruses to other
mammal species (Calisher et al. 2006). Numerous species of bats have peri-domestic
behaviours, roosting in human dwellings, houses, and trees in cities, leading to
repeated human contact with their excreta. In recent decades, bat–human contact is
escalating due to habitat encroachment and the exploitation of bats as bushmeat
(Mickleburgh et al. 2009; Luis et al. 2013).

Rodents are the diversified and superabundant living mammals on the earth. From
the middle ages, it is well-known that rodents can transmit human diseases, as black
rats were involved in the distribution of plague. Even today, rodents possess a
significant threat to human health. Diseases distributed by rodents take two different
ways. The first is a direct way, wherein rodents spread disease-causing agents to
humans by biting or contaminating the food and water with their faeces or urine or
through inhalation route (Hantaviruses). The second is an indirect way, wherein
rodents serve as an amplifier host and transmit the pathogen to human through
arthropod vectors like ticks, fleas, and mites (Crimean-Congo Haemorrhagic
fever). Rodents can help to sustain the infectious agent’s transmission cycles in
diverse environments, varying from rural to densely populated urban areas and in the
wilderness (Meerburg et al. 2009). Some rodent-borne zoonotic viral diseases are
Hantavirus infections, Crimean-Congo haemorrhagic fever, Kyasanur Forest
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Disease, Omsk haemorrhagic fever, Tick-borne encephalitis, Lymphocytic
choriomeningitis, Lassa fever, Cowpox, etc.

15.4 Drivers of Zoonotic Disease Emergence from Wildlife

Zoonotic disease emergence is a multi-factorial event. The factors may be changes
in, among others, genetics of microbes, vector distribution, human behaviour,
trading, and farming practices. It is also imperative to make out that various drivers
play distinctive functions in the emergence of a range of viruses, even it can be for
viruses of the same family (Wang and Crameri 2014). In a joint consultation meeting
of WHO/FAO/OIE held in 2004, it was ended with a conclusion that anthropogenic
factors like agricultural expansion, habitat destruction, urbanisation, trade of exotic
or domestic animals, and global travel comprise major drivers of zoonotic disease
emergence (WHO/FAO/OIE 2004). Most of these anthropogenic factors bear neg-
ative implications for wildlife, and subsequently for human health. Nipah virus
emergence demonstrated the interplay between various ecological risk factors like
intensive animal agriculture, habitat destruction, and animal transport to longer
distances (Greger 2007).

Agricultural drivers include intensification of farming, habitat clearing for graz-
ing and cropping, modernisation, and newer agricultural practices. These major
changes have multiple effects including pushing different wildlife species together
and commingling domestic livestock and wildlife, thus facilitating spill-over and
spill-back events including the transfer of novel pathogens into naive and susceptible
hosts (Wang and Crameri 2014). In 1957, in India, a new flaviviral disease named
after Kyasanur forest occurred owing to clearance of woods which was in turn used
for grazing of cattle. Cattle are the most important host for the tick (Haemaphysalis
spinigera) that passed the virus out from its small mammal reservoir and simian
hosts. This disease now causes thousands of human cases in India each year (Greger
2007; Singh and Gajadhar 2014).

Hardwood trees cut in south-western Wisconsin, USA, form basal tree holes
which collect water and increase the numbers of breeding sites for Aedes triseriatus,
the natural mosquito vector of La Crosse virus. The reservoir of the virus is small
forest mammals. The virus is also transmitted to humans, causing encephalitis,
principally in pre-school age children (Williams et al. 2002).

Natural climate change is another important driver of zoonotic disease emergence
from wildlife. Climate changes enhance host abundance and transmission of path-
ogens as in the case of the emergence of Sin Nombre Hantavirus in the USA. Higher
rainfall resulted in increased grass setting and spreading out of rodent population
(Peromyscus spp.) that are key reservoirs of the Hantavirus. Consequently, human
contact with the excretions of these mice increased, which resulted in the manifes-
tation of Hantavirus pulmonary syndrome (HPS) in humans. Even though the virus
was certainly endemic in rodents for centuries, causing intermittent cases of HPS in
human, until 1993, the aetiology was not discovered (Schmaljohn and Hjelle 1997).
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Another important risk factor associated with zoonotic diseases emergence from
wildlife is the significant increase in bushmeat consumption in several parts of the
globe (Chomel et al. 2007). Although hunting of wild species for food has been in
practice for millennia, a marked increase has been observed over the past few
decades, and this tendency is likely to endure as one of the paramount threats to
biodiversity. Bushmeat is consumed to the tune of 1–3.4 million tonnes annually in
Central Africa alone (Brown 2004). The commercial trade of bushmeat in Asia,
mainly in Guangdong province of China has led to the SARS epidemic (Donnelly
et al. 2003) and the emergence of the H5N1 subtype of influenza virus (Chen et al.
2004). Such bushmeat consumption and illegal hunting may expose people to new or
previously unknown pathogens. Increased reliance on wildlife to meet dietary
protein might have increased due to land-use change, deforestation activities, and
food insecurity in various parts of the world, predominantly in tropical developing
countries. Change in climate is also likely to affect food security in various parts,
further encouraging greater reliance on bushmeat. This is set in contradiction of
increasing air travel around the globe, which already poses an important risk to
public health globally employing the transportation of infectious agents (Murray
et al. 2016).

Another important driver of disease emergence from wildlife is the trade of
wildlife and wildlife products. Recently, globalisation has caused an unprecedented
amount of such trades across the globe, both legally and illegally in the form of
exotic pets, medicines, crafts, trophies, bushmeat, etc. Such trade represents a
considerable risk for the public, domestic animals, and wildlife health globally
(Travis et al. 2011). International legal wildlife trade is roughly US$159 billion
annually (Brown 2004). Given the covert nature and large size of the business, no
estimate of the volume of wildlife trafficked throughout the globe is present. The
USA is involved in the maximum consumption of wildlife and wildlife products with
the legal importation of live animals to the tune of 1.5 billion between 2000 and 2006
and closely 90% of which were meant for the pet industry. And as far as non-live
wildlife is concerned, an average of 25 million kilograms enters the USA annually.
The Monkeypox outbreak displayed that a single consignment of infected pet
animals can end up in a serious impact on human health, underlining the challenges
encountered by agencies trying to regulate or control the legal and illegal business of
wildlife (Smith et al. 2012).

Zoological collections are also places where pathogens could spread from one
species to others, to initiate a new disease. An African rodent species born and raised
in an Asian zoo could be found in a South American Asian zoological collection
housed adjacent to Arctic mammals from North America. Therefore the number of
permutations of novel organismal biomes for pathogens or commensals to explore
has increased exponentially (Brown 2004).
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15.5 Arenaviridae Zoonotic Infections

Arenaviruses have been categorised based on their antigenic traits into two sero-
complex groups, the Tacaribe group and Lassa-Lymphocytic choriomeningitis
group. This has been further classified into four evolutionary lineages. All
arenaviruses are more or less strongly associated with a specific mammalian host.
The host distribution decides the distribution of each arenavirus (Salvato et al. 2005).
The diversity of the viruses is mostly due to the long-time shared evolutionary
association (co-speciation or -evolution) between the Muridae family of rodents
and viruses of the Arenaviridae family (Bowen et al. 1997). In nature, the long-time
persistence of arenaviruses depends on the chronic infection of the rodent host along
with chronic viraemia. Out of 23 species in Arenaviridae family, five arenaviruses
are established to cause a terrible haemorrhagic fever with a 20% case fatality rate.
They are Lassa, Machupo, Junin, Guanarito, Sabia distributed in western Africa,
Bolivia, Argentina, Venezuela, and Brazil, respectively (Table 15.1) (Delgado et al.
2008; Briese et al. 2009; Charrel and de Lamballerie 2010). Any manipulation of
these viruses has to be done in BSL 4 facilities as they are incorporated in Category
A list of pathogens designated by CDC. Lymphocytic choriomeningitis virus
(LCMV) (Table 15.1) can cause congenital malformations and central nervous
system infection; it has also recently been identified as a significant cause of grave
infection in immunocompromised patients and organ transplantation recipients
(Emonet et al. 2007; Charrel and de Lamballerie 2010). The natural hosts of the
arenaviruses are rodents. Old World arenaviruses like Lassa fever virus, LCMV are
allied with rodents of subfamily Murinae in family Muridae. While New World
arenaviruses are related to new world rodents in the subfamily Sigmodontinae of
family Muridae (Wilson and Reeder 2005). Human beings may contract
arenaviruses through bites or any means of direct contact with virus-infected rodents
or via inhalation of infected rodent secreta or excreta. Hence, one of the chief
determinants of human infection is probably the dynamics of rodent populations.
The major contributing factor aiding virus transmission to human from rodent is the
peri-domestic and domestic behaviour of these rodent reservoir hosts.

Nevertheless, in majority cases, arenavirus transmission occurs after agricultural
or recreational incursions into environments giving critical habitat for reservoir
rodent hosts. Besides, professionals working with infected rodents in laboratory
and field are at greater risk (Sewell 1995). Generally, natural ecological changes and
anthropogenic modifications of the environment have been incriminated in the
arenaviruses infection emergence in humans due to changes in the behaviour of
the rodent population (Charrel and de Lamballerie 2010).
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15.6 Peribunyaviridae Zoonotic Infections

La Crosse Encephalitis and Oropouche Virus Disease are the two important zoonotic
viral infections associated with wildlife belonging to Peribunyaviridae (Maes et al.
2019) (Table 15.1). La Crosse Encephalitis caused by La Crosse (LAC) virus was
initially isolated in La Crosse, the USA in 1964 from the brain of a young girl
diagnosed with encephalitis. In North America, LAC encephalitis is the second most
frequently described mosquito-borne disease next to West Nile viral encephalitis.
According to a CDC report, an inconsistent number of 30–130 human severe clinical
cases has been reported in the USA annually with majority victims being children
under the age of 16 (Harding et al. 2018). Unlike Yellow fever and dengue fever,
LAC encephalitis infections are generally contracted in or near the wilderness.
Suggested reservoir or amplifying hosts are the eastern grey squirrel and the eastern
chipmunk. These animals drink from the tree holes, wherein they transmit the virus
to the tree hole mosquito, Aedes triseriatus, which is a vector mosquito for this
disease (Sutherland 2008; Harding et al. 2018). The important risk factor for LAC
infection is the proximity to artificial or natural breeding sites. Humans are generally
dead-end or incidental hosts and occasionally acquire an adequate dose of LAC virus
from mosquito bites to build up an infection (Bewick et al. 2016; Harding et al.
2018).

Oropouche fever, similar to dengue fever is an acute febrile disease caused by
Oropouche virus (OROV). OROV was initially isolated from the forest conservation
worker in Trinidad. This disease is currently endemic, causing sporadic outbreaks
and cases in some parts of Central and South America. OROV is an arbovirus
transmitted to humans mainly by the Culicoides paraensis (biting midge). This
virus is maintained in nature by an urban and sylvatic cycle which may comprise
quite a few different vector species. In the urban cycle, the primary vector is
C. paraensis, which has been associated with larger epidemics (Mourao et al.
2015; Sakkas et al. 2018). Wild mammals and birds are the natural reservoir hosts
in the sylvatic cycle. OROV antibodies have been found in non-human primates
such as black and gold howler monkeys, capuchin monkeys, black-tufted marmo-
sets, pale-throated three-toed sloths, rodents (Proechimys spp.), and birds
(Thraupidae, Fringillidae, Columbidae). These wild species may have some role
in the transmission of OROV. Humans are most likely the link host between the two
cycles of transmission because OROV is typically invading urban localities through
a viraemic person who visits the forest and gets back to the urban residential area
during viraemia (Cardoso et al. 2015; da Rosa et al. 2017). It is now well acknowl-
edged that OROV is circulating in wildlife and humans at very low levels, and
whenever a deviation in the natural environment (deforestation/loss of vegetation
and habitat) and/or in the general population (immigration of animal and/or human)
occurs, or pouches fever outbreaks are emerging (Sakkas et al. 2018).
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15.7 Phenuiviridae Zoonotic Infections

Rift Valley Fever (RVF) is an important zoonotic viral infection caused by
Phlebovirus of Phenuiviridae family (Maes et al. 2019) (Table 15.1). RVF is a
mosquito-transmitted emerging zoonotic disease of animals and human beings in
Africa and the Middle East region that is directly related to high rainfall conditions.
This virus was first discovered from aborted sheep in 1930 in Kenya (Linthicum
et al. 2016). A change from enzootic to epizootic RVF virus activity characteristi-
cally occurs following extended episodes of exceptionally plenteous rainfall and
consequent inundation of dambos, which facilitates the emergence of abundant
Aedes mosquitoes. These infected mosquitoes feed on livestock (e.g., cattle and
sheep) that rapidly build up clinical disease and high-titre viraemias and in sequence;
the infected animals infect bridge mosquitoes such as Anopheline or Culex spp.
Humans develop disease following an infected mosquito bite or exposure to aerosols
or from handling aborted materials or transcutaneous injury during necropsy or
slaughtering of viraemic animals (Bird et al. 2009; Linthicum et al. 2016). The
ungulate livestock, especially sheep, goats, and cattle, assume a central role in RVF
epidemics and epizootics. The role of wildlife species in the maintenance of RVF
virus during inter-epizootic times or as amplifier hosts has been well-studied since
the discovery of the virus. Serological evidence from South Africa suggests wild
rodents may play some role in the virus maintenance. A high prevalence of antibody
was found in many species of wild animals, including giraffe, African buffalo, black
rhino, common warthog, Thompson’s gazelle, zebra, impala waterbuck, lions,
African wild dogs, jackals, cheetahs, and lesser kudu during and immediately after
the 2006–2007 East African epizootic (Bird et al. 2009; Linthicum et al. 2016).

15.8 Nairoviridae Zoonotic Infections

Crimean-Congo Haemorrhagic Fever (CCHF) is the important zoonotic viral infec-
tion caused by Orthonairovirus of Nairoviridae family (Maes et al. 2019)
(Table 15.1). CCHF is the tick-borne viral zoonotic disease, causing outbreaks or
sporadic human cases across a vast geographical area, from China to the Middle East
and Europe (south-eastern) and many parts of Africa. It was first described in the
Crimea region of the post-Soviet states in 1944 and the Congo (present DR Congo)
in 1956 (Spengler et al. 2019). The CCHF virus in nature is maintained in a tick–
vertebrate–tick endemic cycle, wherein the ixodid ticks serve as both vector and true
reservoir of the virus as they remain infected throughout their lifetime unlike
transient viraemia in mammals. Hyalomma ticks are the primary source of human
illness, most likely because both adult and immature forms vigorously look for hosts
for blood meal during every stage of maturation specifically during spring and
summer. The broad distribution of Hyalomma ticks reveals their tolerance of varied
environments, including steppe, savannah, and small forest areas, and the capability
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of their vigorously questing larvae and nymphs to feed on a range of hosts, including
hedgehogs hares and ground-feeding birds, whereas the adults aggressively seek out
sheep, cattle, and other large ruminants (Bente et al. 2013; Spengler et al. 2019).
Human beings most frequently agricultural workers, slaughterhouse workers, and
medical personnel contract the infection through an infected tick bite, contact with
infected blood/tissues of animals, and contact with secretions of infected patients,
respectively. Climate change is frequently considered as a major factor for the virus
spreading out, but evidence proposes that other factors such as agricultural aban-
donment, landscape fragmentation, and proliferation of wildlife hosts are also
instrumental in disease emergence and outbreaks (Spengler et al. 2019).

15.9 Hantaviridae Zoonotic Infections

Hantaviruses (Table 15.1) of the Hantaviridae family are considered as emerging
viruses with a rising number of clinical cases of humans worldwide. The earliest
pathogenic Hantavirus was isolated in 1976, by the side of the Hantan River, in
South Korea and was named as Hantaan virus. These viruses have a worldwide
distribution and are major zoonotic pathogens causing severe infection in humans.
More than 50 strains of Hantaviruses have been identified so far, and 24 of them
have pathogenic bearing to humans (Jiang et al. 2017). The latest data states that,
globally, more than 20,000 clinical cases of Hantaviruses have been estimated to
occur every year, with most of the cases reported in Asia (Jiang et al. 2017).
Naturally, Hantaviruses are maintained in asymptomatic specific reservoir hosts.
Rodents, moles, shrews, and bats are the regular reservoir hosts of Hantaviruses.
Rattus norvegicus and Apodemus agrarius, which are host species for the Hantaan
virus and Seoul virus, are the principal reservoirs in the residential area and wild,
respectively (Zhang et al. 2014). Though chronic and persistent infections are well
established along with high-titre neutralising antibodies, these reservoirs stay as
asymptomatic infected hosts (Yu and Tesh 2014). Like arenaviruses, each Hantavi-
rus is connected with a specific rodent host, and spill-over to other species of rodents
seems to provoke specific antibody production and virus clearance (Spengler et al.
2013). In general, Hantaviruses coevolve with their specific hosts (Vaheri et al.
2013). Recently a Hantavirus (Xuan Son virus) has also been found in bats in
Vietnam (Arai et al. 2013). Two acute diseases are caused by hantaviruses in
humans, haemorrhagic fever with renal syndrome (HFRS), and Hantavirus cardio-
pulmonary syndrome (HCPS). HFRS primarily came to the notice of Western
physicians between 1951 and 1954, when 3200 United Nations soldiers fell ill in
Korea. In Europe, more than 3000 HFRS cases occur annually (Zhang et al. 2014).
HFRS outbreaks are caused by Hantaan, Dobrava, Seoul, and Puumala viruses
which are prevalent mainly in Asia and Europe and are called as Old World
Hantaviruses (Jiang et al. 2017). Nephropathia epidemica (NE), which is a mild
type of HFRS characterised by acute kidney damage, and thrombocytopenia were
first identified in Sweden (Krautkramer et al. 2013). Depending on the season, HFRS
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outbreaks can vary, with most cases recorded in the winter to the early spring season
in epidemic areas. Farmers are most commonly affected, especially in China (Zhang
et al. 2014; Jiang et al. 2017). Lately, endemic zones have expanded beyond rural
areas forming new foci of infection. Factors thought to be associated with such
expansion of endemic trend are due to climate change, urbanisation, human migra-
tion, and rapid economic development (Zuo et al. 2011). HCPS, a previously
unrecognised syndrome, was described first in 1993 in the USA. HCPS outbreaks
are chiefly caused by Andes and Sin Nombre viruses, which are widespread in North
and South America and are called as New World Hantaviruses. In contrast to HFRS,
most cases of HCPS occur during early summer and late spring months (Jiang et al.
2017). The expanding geographical distribution of Hantaviruses and the variation
between the “New World” and “Old World” viruses are slowly becoming less
apparent.

15.10 Togaviridae Zoonotic Infections

Alphaviruses of Togaviridae family enclose zoonotic viruses which are generally
transmitted by mosquitoes (Table 15.2). Alphaviruses are usually referred to as New
World’ and “Old World” viruses with “New World” viruses (which include Vene-
zuelan, Eastern and Western Equine Encephalitis viruses) principally related with
the serious encephalitic disease in the Americas. Old World viruses are associated
with rheumatic or arthritogenic diseases in humans.

The arthritogenic alphaviruses encompass Chikungunya virus (CHIKV), the
Sindbis group of viruses, Ross River virus (RRV), Barmah Forest virus (BFV),
and Mayaro virus. These viruses are responsible for endemic diseases and rarely,
large epidemics; for example, chikungunya epidemic in 2004–2011 resulted in
1.4–6.5 million morbidities in almost 40 countries (Suhrbier et al. 2012). Symptoms
in adults due to alphaviruses infection are always associated with rheumatic ail-
ments, principally polyarthritis and/or polyarthralgia, which can be debilitating and
chronic. CHIKVwas primarily isolated in Tanzania in 1952. Following the isolation,
regular epidemics have been witnessed in Africa and Asia, with former outbreaks
baffled with dengue fever. The largest Chikungunya epidemic was linked with the
emergence of viruses that were transmitted by Aedes albopictus (Ng and
Hapuarachchi 2010; Burt et al. 2012; Suhrbier et al. 2012). RRV and BFV were
isolated in 1959 and 1974 from mosquitoes trapped in the Ross River in Queensland
and Barmah Forest, Victoria, in Australia, respectively. These viruses are enzootic
and endemic in Australia with RRV also identified in Papua New Guinea. Most
cases occur in Northern Australia from December to February, when vector mos-
quitoes are at their peak. BFV and RRV infections are notifiable to Australian public
health authorities (Harley et al. 2001; Jacups et al. 2008; Suhrbier et al. 2012).
Sindbis virus was isolated for the first time in 1952 from mosquitoes in Egypt.
Sindbis viral diseases are endemic with and restricted to Northern Europe with cases
in early autumn or late summer. Sporadic cases are also reported in South Africa,

15 Viral Zoonoses: Wildlife Perspectives 353



T
ab

le
15

.2
L
is
to

f
T
og

av
ir
id
ae

an
d
F
ilo

vi
ri
da

e
zo
on

ot
ic
di
se
as
es

in
vo

lv
in
g
w
ild

lif
e
sp
ec
ie
s

S
.n

o
V
ir
al
zo
on

ot
ic

di
se
as
es

V
ir
us

ae
tio

lo
gy

ge
nu

s,
fa
m
ily

(v
ir
us
)

W
ild

lif
e
re
se
rv
oi
rs
/

am
pl
ifi
er
s/
na
tu
ra
l

ho
st
s/
sp
ill
-o
ve
r
ho

st
s

M
aj
or

tr
an
sm

is
si
on

ro
ut
e
to

hu
m
an
s

G
eo
gr
ap
hi
ca
l

di
st
ri
bu

tio
n

H
um

an
di
se
as
e

B
S
L

le
ve
l

R
ef
er
en
ce
s

1
C
hi
ku

ng
un

ya
vi
ru
s
di
se
as
e

A
lp
ha

vi
ru
s,

T
og

av
ir
id
ae

S
yl
va
tic

na
tu
ra
l

ho
st
s—

no
n-
hu

m
an

pr
im

at
es
,b

at
s
an
d

m
on

ke
ys

M
os
qu

ito
bi
te

(A
ed
es
)

S
ou

th
an
d
S
ou

th
-

ea
st
A
si
a,
A
fr
ic
a,

In
di
an

O
ce
an

Is
la
nd

s

D
en
gu

e-
lik

e,
ac
ut
e

fe
br
ile

ill
ne
ss

w
ith

ac
ut
e
an
d
pe
rs
is
te
nt

po
ly
ar
th
ra
lg
ia

3
B
ur
t
et
al
.

(2
01

2)

2
R
os
s
ri
ve
r

fe
ve
r

A
lp
ha

vi
ru
s,

T
og

av
ir
id
ae

R
es
er
vo

ir
—
ag
ile

w
al
-

la
by

,a
nd

du
sk
y
ra
t

M
os
qu

ito
bi
te
(C
ul
ex

an
nu

lir
os
tr
is
,A

ed
es

vi
gi
la
x)

A
us
tr
al
ia
n
an
d

S
ou

th
an
d
W
es
t-

er
n
P
ac
ifi
c
re
gi
on

s

F
eb
ri
le
ar
th
ri
to
ge
ni
c

ill
ne
ss

2
Ja
cu
ps

et
al
.

(2
00

8)

3
B
ar
m
ah

fo
re
st

vi
ru
s

A
lp
ha

vi
ru
s,

T
og

av
ir
id
ae

R
es
er
vo

ir
—
br
us
ht
ai
l

po
ss
um

s
M
os
qu

ito
bi
te
(C
ul
ex
,

A
ed
es
)

A
us
tr
al
ia

F
eb
ri
le
ar
th
ri
to
ge
ni
c

ill
ne
ss

2
Ja
cu
ps

et
al
.

(2
00

8)

4
S
in
db

is
fe
ve
r

A
lp
ha

vi
ru
s,

T
og

av
ir
id
ae

A
m
pl
if
yi
ng

ho
st
s—

m
ig
ra
to
ry

an
d
w
at
er

bi
rd
s

M
os
qu

ito
bi
te
(C
ul
ex
,

C
ul
is
et
a,

A
ed
es
)

no
rt
he
rn

E
ur
op

e,
S
ou

th
A
fr
ic
a,

A
us
tr
al
ia

F
eb
ri
le
ar
th
ri
to
ge
ni
c

ill
ne
ss

2
A
do

uc
hi
ef

et
al
.

(2
01

6)

5
M
ay
ar
o
fe
ve
r

A
lp
ha

vi
ru
s,

T
og

av
ir
id
ae

W
ild

ve
rt
eb
ra
te

ho
st
s—

no
n-
hu

m
an

pr
im

at
es
,b

ir
ds
,m

ar
-

su
pi
al
s
an
d
ro
de
nt
s

V
ec
to
r
tr
an
sm

itt
ed
—

H
ae
m
ag

og
us
,C

ul
ex

sp
p.
,A

ed
es

sp
p.
,

P
so
ro
ph

or
a
sp
p.
,

C
oq

ui
lle
tti
di
a
sp
p.

S
ou

th
an
d
C
en
tr
al

A
m
er
ic
a

F
eb
ri
le
ar
th
ri
to
ge
ni
c

ill
ne
ss

3
de

O
liv

ei
ra

M
ot
a
et
al
.

(2
01

5)

6
E
as
te
rn

eq
ui
ne

en
ce
ph

al
iti
s

A
lp
ha

vi
ru
s,

T
og

av
ir
id
ae

E
nz
oo

tic
cy
cl
e—

w
ild

bi
rd
s
an
d
m
os
qu

ito
es

M
os
qu

ito
bi
te

(C
ul
is
et
a
m
el
an

ur
a)

N
or
th

an
d
S
ou

th
A
m
er
ic
a

F
eb
ri
le
di
se
as
e
w
ith

en
ce
ph

al
om

ye
lit
is

3
A
rm

st
ro
ng

an
d

A
nd

re
ad
is

(2
01

3)

7
W
es
te
rn

eq
ui
ne

en
ce
ph

al
iti
s

A
lp
ha

vi
ru
s,

T
og

av
ir
id
ae

E
nz
oo

tic
cy
cl
e—

pa
s-

se
ri
ne

bi
rd
s
(r
es
er
-

vo
ir
)
an
d
m
os
qu

ito
es

M
os
qu

ito
bi
te

(O
ch
le
ro
ta
tu
s

m
el
an

im
on

,A
ed
es

do
rs
al
is
,a
nd

A
e.

ca
m
pe
st
ri
s)

N
or
th

A
m
er
ic
a

M
ild

fe
br
ile

di
se
as
e

w
ith

en
ce
ph

al
om

ye
lit
is

in
fe
w

ca
se
s

3
A
re
ch
ig
a

C
eb
al
lo
s

an
d

A
gu

ila
r

S
et
ie
n

(2
01

5)

354 A. A. P. Milton et al.



8
V
en
ez
ue
la
n

eq
ui
ne

en
ce
ph

al
iti
s

A
lp
ha

vi
ru
s,

T
og

av
ir
id
ae

P
ri
nc
ip
al
re
se
rv
oi
r

ho
st
s
ep
iz
oo

tic
cy
cl
es
—

ba
ts
,r
od

en
ts
,

an
d
so
m
e
bi
rd
s

E
nz
oo

tic
cy
cl
es
—

sy
l-

va
tic

ro
de
nt
s
in

th
e

ge
ne
ra

Si
gm

od
on

,
O
ry
zo
m
ys
,

Z
yg
od

on
to
m
ys
,

H
et
er
om

ys
,

P
er
om

ys
cu
s,
an
d

P
ro
ec
hi
m
ys

M
os
qu

ito
bi
te

C
en
tr
al
an
d
S
ou

th
A
m
er
ic
a

F
eb
ri
le
ill
ne
ss
;

C
hi
ld
re
n-
fa
ta
l
en
ce
ph

-
al
iti
s
an
d
pe
rm

an
en
t

ne
ur
ol
og

ic
al
se
qu

el
ae
;

pr
eg
na
nt

w
om

en
-b
ir
th

de
fe
ct
s,
sp
on

ta
ne
ou

s
ab
or
tio

ns
an
d
st
ill
bi
rt
hs

3
W
ea
ve
r

et
al
.

(2
00

4)

9
E
bo

la
di
se
as
e

E
bo

la
vi
ru
s,

F
ilo

vi
ri
da

e
R
es
er
vo

ir
—
fr
ui
t
ba
ts

P
er
so
n-
to
-p
er
so
n

tr
an
sm

is
si
on

/d
ir
ec
t

co
nt
ac
t
w
ith

no
n-
hu

m
an

pr
im

at
es

S
ub

-S
ah
ar
an

A
fr
ic
a
an
d
R
es
to
n

E
bo

la
vi
ru
s

(R
E
B
O
V
),
id
en
ti-

fi
ed

in
th
e

P
hi
lip

pi
ne
s

H
em

or
rh
ag
ic
fe
ve
r
an
d

m
ul
tip

le
or
ga
n
fa
ilu

re
4

M
ac
N
ei
l

an
d
R
ol
lin

(2
01

2)

10
M
ar
bu

rg
vi
ru
s

di
se
as
e

M
ar
bu

rg
vi
ru
s,

F
ilo

vi
ri
da

e

R
es
er
vo

ir
—
fr
ui
t
ba
ts

P
er
so
n-
to
-p
er
so
n

tr
an
sm

is
si
on

/d
ir
ec
t

co
nt
ac
t
w
ith

no
n-
hu

m
an

pr
im

at
es

su
b-
S
ah
ar
an

A
fr
ic
a

H
em

or
rh
ag
ic
fe
ve
r
an
d

m
ul
tip

le
or
ga
n
fa
ilu

re
4

M
ac
N
ei
l

an
d
R
ol
lin

(2
01

2)

15 Viral Zoonoses: Wildlife Perspectives 355



Australia, and China (Laine et al. 2004; Adouchief et al. 2016). Mayaro virus,
initially isolated in 1954 is enzootic in the northern part of South America. This
virus causes recurrent smaller outbreaks and sporadic cases in humans. Usually,
human cases are associated with forest visits or human dwelling near the forest
(de Oliveira Mota et al. 2015). All these rheumatic alphaviruses are maintained in the
wilderness in the transmission cycle between mosquitoes and vertebrate hosts:
non-human primates for CHIKV (Burt et al. 2012), macropods (wallabies and
kangaroo) for BFV and RRV (Jacups et al. 2008), migratory and wild birds for
Sindbis virus (Adouchief et al. 2016), birds, marsupials, rodents and primates for
Mayaro virus (de Oliveira Mota et al. 2015). On various occasions, these reservoir
hosts infect human via mosquito bite, however larger epidemics generally associated
with consequent urban transmission cycles.

Alphaviral encephalomyelitis is caused by Western equine encephalomyelitis
virus (WEEV), Eastern equine encephalomyelitis virus (EEEV), and Venezuelan
equine encephalomyelitis virus (VEEV) (Table 15.1). All these equine alphaviruses
cause a mosquito-transmitted infection that causes serious neurological disease and
mortality in humans and horses in the Americas. Though related, these viruses are
antigenically and genetically distinct. The first isolation of WEEV was from a horse
brain in 1930 in California. WEEV is maintained in an enzootic cycle between
vertebrate hosts–mosquito (Culex tarsalis)–passerine birds cycle. Culex tarsalis is
associated with stream drainage and irrigated agriculture in the western United
States. Bridging mosquito vectors, Aedes dorsalis, Ochlerotatus melanimon, and
Aedes campestris, are implicated in the transmission of the virus to horses and
humans in Utah, California, and New Mexico, respectively (Arechiga Ceballos
and Aguilar Setien 2015). The first isolation of EEEV was from an infected horse
brain in 1933 in New Jersey and Virginia. The EEEV is maintained in a primary
transmission cycle between birds and mosquito vector, Culex melanura. Transmis-
sion to humans and horses is mediated by Aedes spp., Culex spp., and Coquillettidia
spp. Transmission of virus usually occurs around the Gulf Coast of the USA and
hardwood swamps in the Atlantic and the Great Lakes region (Armstrong and
Andreadis 2013). During the 1930s, VEE was first identified as a disease of
mules, donkeys, and horses in northern South America. In spite of wide vertebrate
host range of VEE which includes humans, dogs, sheep, birds, bats, and rodents,
major epidemics have not occurred in the nonexistence of equine cases. The
principal reservoir hosts of VEEV are believed to be sylvatic rodent genera,
Heteromys, Oryzomys, Peromyscus, Sigmodon, Proechimys, and Zygodontomys as
they are regularly infected in nature, develop viraemia from moderate to high titre,
and have high degrees of immunity (Weaver et al. 2004).
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15.11 Filoviridae Zoonotic Infections

Under family Filoviridae, Ebola haemorrhagic fever and Marburg haemorrhagic
fever are the two analogous diseases caused by two virus genera, Ebola virus
(EBOV) and Marburg virus (MARV), respectively (Table 15.2). Despite the general
rarity of their incidence, these diseases are well recognised due to the sensationalist
accounts of its outbreaks. Nevertheless, EBOV and MARV are potentially patho-
genic and have typically been connected with shattering outbreaks, with 25–90%
case fatality rate range (Leroy et al. 2011; MacNeil and Rollin 2012). Besides, these
viruses are recognised as potential bioweapons and as such are categorised as class A
select agents. Present facts suggest fruit bats (Pteropus spp.) as the reservoir of both
the viruses, and the dispersal appears to be restricted to sub-Saharan Africa (except
Reston Ebola virus, spotted in the Philippines, and not documented to be related with
human infection) (Taniguchi et al. 2011; MacNeil and Rollin 2012). Generally,
zoonotic source of the exposure is not recognised always in outbreaks, but the
introduction of these fatal viruses to have always been associated with hunting or
processing bushmeat (EBOV) or persons entering mines and caves (MARV)
(MacNeil and Rollin 2012). Outbreaks and clusters are principally the outcomes of
person-to-person transmission. Three distinctive contact modes attribute for trans-
mission of virus during outbreaks: (1) transmission between, close contacts, mem-
bers of the family and caretakers of infected individuals; (2) direct contact with
cadaver in preparation and funeral events; and (3) nosocomial transmission from
infected persons to other patients or medical staff by reusing medical equipment or
infringing barrier nursing (MacNeil and Rollin 2012; Cross et al. 2018).

15.12 Flaviviridae Zoonotic Infections

Zoonotic flaviviruses under family Flaviviridae are generally transmitted to humans
by tick and mosquitoes. Despite being present in blood and body secretions during
acute illness, flaviviruses do not get transmitted from person-to-person (contagious).
Consequently, reservoirs of virus and abundance of vectors are prerequisites for
epidemics. Zoonotic flaviviral diseases involving wildlife hosts can be grouped into
mosquito- and tick-borne. Mosquito-borne flaviviral zoonotic diseases are Japanese
encephalitis, St. Louis encephalitis Murray Valley encephalitis, Wesselsbron dis-
ease, West Nile fever, and Yellow fever. Tick-borne flaviviral zoonotic diseases are
Kyasanur forest disease, Powassan encephalitis, Omsk haemorrhagic fever Tick-
borne encephalitis, and Tyuleniy virus infection (Table 15.3).

Japanese encephalitis virus (JEV) causes neurological infection in humans all
over Asia, affecting 70,000 people each year with nearly 10,000 fatalities. The JEV
was first isolated in Japan at the beginning of the 1930s. JE is now endemic in eastern
and southern Asia with more number of cases from China, Japan, India, Pakistan,
and the Philippines (Erlanger et al. 2009). No cases have been reported from Europe,
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Africa, or the Americas. The virus is maintained in an enzootic transmission cycle
between mosquitoes and wild birds, particularly large ardeid water birds such as
cattle egret and pond herons. Domestic and wild pigs act as amplifier hosts. Irrigated
rice fields offer a breeding ground for vector mosquitoes and also invite migratory
wading birds facilitating virus maintenance in the sylvan cycle (van den Hurk et al.
2003; Miller et al. 2012; Jeffries and Walker 2015). Culex species of mosquitoes
especially Culex tritaeniorhynchus, which is both ornithophilic and mammalophilic
mosquito, helps in virus circulation between avian species and also acts as a bridge
vector to infect livestock and humans (Guo et al. 2014; Mansfield et al. 2017). Other
potential hosts in wildlife species are flying foxes, ducks, frogs, and snakes. How-
ever, these are taken as dead-end hosts as they seldom develop adequate viraemia to
infect vector mosquitoes (Miller et al. 2012). JEV has not spread to Africa and
Europe in spite of the presence of Cx. tritaeniorhynchus in these regions. This may
be due to the absence of competent vectors in Europe or the non-migration of birds
from tropical Asia to Africa or restricted movement of livestock from Asia to Europe
(Mansfield et al. 2017).

Murray Valley encephalitis (MVE) is a mosquito-borne viral zoonotic disease
endemic to Australia and New Guinea. It affects mostly children living in remote and
rural areas and is potentially fatal. An enzootic cycle between Culex annulirostris
mosquitoes and water birds maintains the virus. Apart from the primary vector,
C. annulirostris, Aedes normanensis also supports the MVEV transmission to
humans (Floridis et al. 2018).

St. Louis encephalitis (SLE) is again a mosquito-borne zoonotic viral disease
endemic to the USA and some cases are occurring in a wide area ranging from
Argentina to Canada. The virus is transmitted by several mosquito vectors in the
genus Culex. Columbiform and passerine birds are the amplifying hosts. Most SLE
cases are present with a flu-like illness and very few signs of progress to invasive
encephalitis is unusual and is more common in older people (Ortiz-Martínez et al.
2017; Diaz et al. 2018).

Wesselsbron (WSL) disease is a zoonotic mosquito-borne flavivirus infection that
causes teratogenic defects and abortions in sheep and cattle in Africa. These domes-
tic animals ought to play a role in the viral life cycle, but some shreds of evidence
suggest that wild animals may also be involved in virus maintenance in nature. This
assumption is only supported by the isolation of the WSL virus from a black rat and
Cape short-eared gerbil in Africa. The virus can also infect humans and produce
dengue-like syndrome (Diagne et al. 2017).

West Nile virus (WNV) is a mosquito-transmitted virus which causes flu-like
illness to fatal neuroinvasive diseases in humans. It was first described in Uganda in
1937 from a febrile case. WNV has caused sporadic outbreaks in Israel, India, Egypt,
France, and South Africa. An enzootic cycle maintains the virus between birds and
mosquitoes. Birds are reservoir hosts for the WNV as they can mount high viraemia
to infect mosquitoes. American crows and blue jays become commonly ill or die;
however, birds like common grackles and house sparrows build up high viraemia
with lesser death rates. House finches and American robins are two important
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amplifiers of WNV in the USA. Additionally, 30 other vertebrate hosts such as
mammals, reptiles, and amphibians are susceptible to WNV infection.

Nevertheless, only a few vertebrates including brown lemurs, eastern grey squir-
rels, lake frogs, hamsters, eastern chipmunks, fox squirrels, and eastern cottontail
rabbits have been described to mount viraemia expected to help vector transmission.
Generally, humans and horses may endure serious infection or death, but they are
considered only as incidental hosts as they do not mount sufficient level of viraemia
to infect vector mosquitoes. Although mosquito bite transmission is common in
humans, transmission by organ transplantation, blood transfusion, transplacental
route, and via breast milk is also possible. Culex spp. of mosquitoes that feed on
both birds and mammals are considered as bridge vectors as they pass on the virus
from infected birds (reservoirs) to mammalian (incidental) hosts (Van der Meulen
et al. 2005; Kilpatrick et al. 2006; Chancey et al. 2015).

Yellow fever (YF) is a mosquito-transmitted flaviviral disease endemic to tropical
areas of Africa and the Americas. From Africa, it was introduced into the Americas
and Europe as a consequence of the slave trade. YF virus primarily affects humans
and non-human primates via mosquito bite and causes devastating epidemics of
grave haemorrhagic disease. The transmission to humans occurs in sylvatic (humans
who enter forests), intermediate (epidemics in rural villages), and urban cycles
(urban mosquito species, Aedes aegypti). In recent decades, the intermediate trans-
mission cycle causing small scale epidemics in rural villages is most common in
Africa, wherein the infected semi-domestic mosquitoes species feed on both humans
and monkeys (Gardner and Ryman 2010). As per the World Health Organization
(WHO), an outbreak involving Ae. aegypti is referred to as urban YF, while out-
breaks associated with other species of mosquitoes are categorised as jungle YF
(Bres 1986). YF is differentiated from other viral haemorrhagic fevers by the
distinctive severity of liver injury and jaundice (Monath 2008; Gardner and
Ryman 2010).

Kyasanur Forest disease (KFD) is a zoonotic tick-transmitted viral disease
endemic in southern India. KFD virus circulates between small mammals like
shrews and rodents; ground birds and a range of tick species. The natural cycle of
the virus involves two monkey species, red-faced bonnet monkey, and black-faced
langur and a variety of tick species, predominantly ticks of Haemaphysalis spp.
After getting infected, monkeys amplify and broadcast the virus to a large number of
ticks feed on them. In humans and monkeys, the virus causes serious haemorrhagic
disease and death (Mourya and Yadav 2016).

Omsk haemorrhagic fever (OHF) is a tick-transmitted zoonotic flaviviral disease
endemic in Western Siberia. The virus is naturally maintained by two independent
transmission cycles (grassland cycle and wetland cycle) which are connected by
migration. In the grassland cycle, the voleMicrotus gregalis is the main maintenance
host developing high viraemia levels, which infects Dermacentor reticulates ticks,
which is the important vector of OHF virus. In the wetland cycle, Ixodes
apronophorus appears to play a vital role as a vector, and the other water vole,
Arvicola terrestriswhich migrates from grassland to wetland develops high viraemia
for a longer period and seems to be an important maintenance host. In this cycle,
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muskrats seem to be another key vertebrate host. Apart from humans getting OHF
infection from mosquito bites, direct contact with the infected muskrat’s blood and
bites from infected animals is other possible routes of transmission (Dobler 2010).

Tick-borne encephalitis (TBE) is another important flaviviral infection prevalent
in Europe and some regions of Asia (northern China, Japan, Siberia, and Far Eastern
Russia). Three subtypes of TBE virus, namely Far-Eastern, Siberian, and European,
cause the disease. Adults are often infected than children. Small rodents are the
primary reservoirs which maintain the virus in nature and humans are only accidental
hosts. Apodemus flavicollis of Muridae family may play a key role in the European
subtype viruses transmission. TBE virus is transmitted to human mostly by tick
bites. The principal mosquito vector species in Europe and Japan are Ixodes ricinus
and Ixodes ovatus, respectively. While in far-east Asia, Russia, and parts of Eastern
Europe, it is Ixodes persulcatus (Dobler 2010; Bogovic and Strle 2015). In humans,
around 1% of all TBE infections are most likely acquired by consuming contami-
nated unpasteurised milk and milk products from farm animals, particularly goats
(Mansfield et al. 2009).

Powassan virus infection is a rare tick-transmitted flaviviral infection in North
America and Russia. The common reservoirs are small and medium-sized mammals
like white-footed mice, woodchucks and tick species like Ixodes and Dermacentor
act as vectors (Birge and Sonnesyn 2012). Tyuleniy virus infection is other rare
flaviviral zoonoses at the island of Tyuleniy in Far Eastern Russia. After its first
isolation from sea birds in 1969, it was also isolated from the Atlantic coast of
France, Norway, and the USA. Tyuleniy virus appears to be transmitted in an
enzootic cycle involving seabirds and ticks. So far three human cases have been
reported with fever, pharyngitis, nausea, joint pain, and petechial exanthema. All the
three cases reported were ornithologists who had direct contact with sea birds and
their ticks (Hubalek and Halouzka 1996; Dobler 2010).

15.13 Reoviridae Zoonotic Infections

Under family Reoviridae, Orungo fever and Colorado tick fever are the two impor-
tant viral zoonotic diseases involving wildlife species caused by orbivirus and
colitivirus, respectively (Table 15.4). Orungo virus was primarily isolated in 1959
in Uganda from the blood of a human infected with the virus. Orungo virus with its
four distinct serotypes is transmitted by Aedes, Anopheles, and Culex mosquitoes.
This virus is extensively dispersed in tropical Africa. It has been isolated from
humans, cattle, camels, sheep, goats, and monkeys. Antibodies against the Orungo
virus have been detected in primates, cattle, and sheep. Despite high prevalence in
human, only a few clinical cases and three deaths reported in Uganda. High
co-infection with yellow fever has been described, revealing their analogous geo-
graphical distribution and vector mosquito (Aedes) species (Attoui and Jaafar 2015).

Colorado tick fever or mountain fever is a tick-borne disease prevalent in North
America, particularly in the Rocky Mountain region. This virus maintains in an
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enzootic tick–mammalian host–tick cycle involving Dermacentor andersoni ticks
(larval and nymphal stages). The major reservoir and vector for the disease is the
wood tick, D. andersoni. The main naturally infected vertebrate hosts include the
Columbian ground squirrel, golden-mantled ground squirrel, yellow pine chipmunk,
least chipmunk, porcupine, deer mouse, and bushy-tailed woodrat. Virus transmis-
sion to humans through tick bite coincides with the activity of D. andersoni ticks,
which is generally from late March to late October (Romero and Simonsen 2008).

15.14 Rhabdoviridae Zoonotic Infections

Rabies and Australian lyssavirus (ALV) infection are the two important viral
zoonotic diseases involving wildlife species under genus Lyssavirus of
Rhabdoviridae family (Table 15.4). Rabies is a potentially zoonotic and fatal disease
caused by the rabies virus. All the warm-blooded animals, including human, are
affected by the virus. Rabies is distributed throughout the world and endemic in
several countries except Australia and Antarctica. Every year, over 60,000 people
expire due to rabies, and roughly 15 million people get the vaccine as post-exposure
prophylaxis every year. Bite of infected animals and saliva of rabid hosts are mostly
responsible for disease transmission. Apart from domestic dogs, wildlife like foxes,
raccoons, skunks, and bats are chief reservoirs for rabies, from the enormous amount
of rabies cases reported every year (Davis et al. 2013; Ellison et al. 2013; Streicker
et al. 2013; Kuzmina et al. 2013). Rabies virus circulates in an urban and sylvatic
cycle involving dogs, cats, and wild animals like a racoon, skunk, jackal, fox,
badger, mongoose, bats, etc., as reservoirs/vectors, respectively (Condori-Condori
et al. 2013; Blackwood et al. 2013; Escobar et al. 2013).

Nevertheless, both cycles may overlie in several geographical situations. Rabies
was eradicated officially in the UK in 1920. But in 2002, a bat conservationist died
after contracting a rabies virus (European bat lyssavirus type 2) from a bat (Fooks
2007). Presently rabies virus is absent in terrestrial animals in Australia. However
Australian bat lyssavirus is present in bats. This virus is transmitted to humans and
animals from bats. It was first identified in Queensland, in 1996 and so far, only three
human cases have been accounted for due to bite or scratch by bats (Francis et al. 2014;
Singh et al. 2017). Additionally, some rabies-related lyssaviruses have been described
in Eurasia from insectivorous bats: Irkut, Aravan, Khujand, Bokeloh bat lyssavirus,
West Caucasian bat viruses, and Ikoma lyssavirus (Singh et al. 2017). Till now, five
human deaths have been connected to rabies-related viruses (Singh et al. 2017).

15.15 Paramyxoviridae Zoonotic Infections

Nipah, Hendra (genus Henipahvirus), and Menangle virus (genus Rubulavirus)
infections are the three important viral zoonotic diseases involving wildlife species
under the Paramyxoviridae family (Table 15.4). All the three viruses are transmitted
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through bats. The emergence of these zoonotic viruses is alleged to be due to
ecological modifications like deforestation, urbanisation, and drought that have
compelled the bat populations to shift their usual habitats to agricultural areas
subsequently resulting in animal and human diseases (Allocati et al. 2016; Kulkarni
et al. 2013).

Nipah virus first emerged in Malaysia in 1998. It has caused an outbreak of
encephalitis and respiratory illness in pigs. Nipah virus transmission from pigs to
human has resulted because of direct contact with infected animals. The human-to-
human transmission is also reported. In outbreaks of Bangladesh and India, an
intermediary animal was not recognised, suggesting direct bat-to-human and
human-to-human spread. Pteropus bats (P. hypomelanus and P. vampyrus) are
believed to be the natural hosts. Pigs play the role of amplifying host. In human
outbreaks of Malaysia and Singapore, it has been proved that infected swine was the
source (Parashar et al. 2000; Kulkarni et al. 2013).

Hendra virus first emerged in 1994 in Australia has caused fatal respiratory
infection in two humans and 20 horses and further several outbreaks. Pteropid bats
are the reservoir of the Hendra virus. Horses infected by the secretions and excre-
tions of infected bats are the intermediate hosts that transmit the infection to humans,
who come in close contact with them. The human-to-human transmission has not
been documented until now (Allocati et al. 2016). The majority of human cases have
been veterinary assistants or veterinarians, underlining the prominent risk profile of
this cohort (Field 2016).

Menangle virus is another zoonotic paramyxovirus able to cause disease in pigs
and humans. This virus was first isolated in Australia in 1997 from stillborn piglets at
a commercial pig farm. This virus was shown to infect people; 2 workers in piggery
developed a serious influenza-like illness and found to have neutralising antibodies
to Menangle virus. For the outbreak, bats were identified as a source, as Pteropus
poliocephalus and Pteropus scapulatus bats were noticed to be roosting close to the
piggery implicated in an outbreak (Barr et al. 2012).

15.16 Orthomyxoviridae Zoonotic Infections

Influenza A viruses under the Orthomyxoviridae family (Table 15.4) time and again
have posed a significant threat to public health, both through pandemic outbreaks
and seasonal infections. Avian influenza (AI) viruses, especially highly pathogenic
(H5N1, H7N9) variants have emerged as a major zoonosis, and they circulate
naturally in wild bird populations as well as in waterfowl and ducks and be able to
spill over to domestic poultry birds like chickens. Aquatic birds play the role of
natural reservoirs for all influenza A subtypes except some novel strains being
isolated in bats (Horman et al. 2018). Many AI virus antigenic subtypes have been
recovered from swine, demonstrating an ideal “mixing pot” of influenza A viruses
possibly pandemic for humans. There is serological evidence of AI in one duck
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hunter and two wildlife professionals with considerable exposure to wild water bird
and game bird (Gill et al. 2006; Horman et al. 2018).

Swine influenza viruses (H1N1, H3N2), especially H1N1, which created a global
pandemic, seem to have high infectivity for a wide array of domestic and wild animal
species. The domestic animals in which the virus was detected are swine, dogs,
turkeys, cats, and domestic ferrets, whereas wildlife species include skunks, chee-
tahs, American badger, black-footed ferret binturong, giant anteaters, and wild boar
(Schrenzel et al. 2011; Delogu et al. 2019). In a few cases, animal to animal spread
may have occurred, lifting apprehension about the possible development of new wild
reservoirs (Schrenzel et al. 2011). The omnipresence of H1N1 pandemic strain and
its capability to infect a broad range of hosts is a concern for the health of wildlife
and for the likelihood of creating extra reservoirs that could change the evolution of
subtype H1N1 viruses by causing diverse selection pressures and creating new ways
of producing novel reassortant strains (Schrenzel et al. 2011).

15.17 Coronaviridae Zoonotic Infections

Coronaviruses (CoV) preceding SARS outbreak was only acknowledged to be the
second reason for common cold infection next to rhinoviruses. Of late, 2 very
important zoonotic-CoV were recognised: Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV) and the Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) (Table 15.4). SARS-CoV was first spotted in February 2003 in China,
and soon after 4 months, 48,000 cases had been reported with about 800 fatalities in
27 countries around the world. This virus has a broad host range, and it is linked to
the bushmeat industry. Bats are the principal hosts that transmit the virus to inter-
mediate amplifier hosts such as raccoon dogs and mask palm civets that then could
transmit to humans (Allocati et al. 2016). These amplifier animals are only incidental
hosts as in wild or breeding facilities, no circulation of SARS-CoV-like viruses has
been seen in them. Rather, bats are the natural reservoir of a broad range of
coronaviruses, like SARS-CoV-like and MERS-CoV-like viruses (de Wit et al.
2016). In large scale epidemics, person-to-person transmission is considered as the
major route of transmission. MERS-CoV was first recognised in 2012 in Saudi
Arabia and then distributed to a few other countries causing many deaths. MERS-
CoV is phylogenetically associated with SARS-CoV, and it also shares the origina-
tion that is from bats. Clinical characteristics of MERS-CoV are also similar to
SARS-CoV, while this virus has also been related to some extrapulmonary mani-
festations, like renal complications. Experimental studies in bats prove that bats are
the reservoir for MERS-CoV, as the virus replicated without manifesting any overt
clinical signs (Munster et al. 2016). Animal-to human transmission is acknowledged
to be important in MERS outbreak as recent studies have pointed out that dromedary
camels may work as a potential source of MERS-CoV to humans (Allocati et al.
2016; de Wit et al. 2016).
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15.18 Hepeviridae Zoonotic Infections

Under Hepeviridae, Hepatitis E virus (HEV) infection caused by the Hepatitis E
virus is an important zoonotic viral disease from the wildlife perspective
(Table 15.4). Globally, HEV is the foremost cause of hepatitis that is enterically
transmitted. HEV-1 and HEV-2 genotypes infect only humans and responsible for
large water transmitted epidemics. HEV-3 and HEV-4 infect both human beings and
animals and are the major cause of hepatitis E cases in industrialised countries. The
natural host of genotypes, HEV-3, and -4 is swine. Recently, HEV transmission from
wild boar to other wild boar and domestic pigs by direct contact between animals
was established (Doceul et al. 2016).

Additionally, the zoonotic spread of HEV-3 and -4 to human from wild boar,
deer, and domestic pigs and human by eating contaminated meat has been confirmed
(Tei et al. 2003; Doceul et al. 2016). Several reports in France, Japan, Australia,
Germany, and Spain have also correlated sporadic hepatitis E cases or outbreaks
with the consumption of pork or wild boar meat and offals. In France, a nationwide
survey showed that consumption of pork, pork liver sausages, offal, and game meat
was an important contributor for the prevalence of anti-HEV antibodies (Doceul
et al. 2016).

15.19 Herpesviridae Zoonotic Infections

Macacine herpesvirus 1 (MaHV1 aka B virus) under the genus Simplexvirus, of
Herpesviridae (Table 15.4) is a zoonotic agent enzootic among macaque (Macaca
spp.) all over Asia. This virus is related to herpes simplex virus (HSV 1 and 2) of
humans and other herpes viruses infecting non-human primates like baboons.
Macaques can shed the virus without manifesting any overt clinical symptoms and
also manifest vesicular lesions on the buccal cavity and genital areas. Human
transmission can occur permucosally (exposure to infected macaque secretions and
excretions) and transcutaneously (via bites). Among human cases, �40 laboratory
workers have reported MaHV1 encephalitis following direct contact with the long-
tailed macaques and the rhesus macaques or their infected tissues during the research
(Cohen et al. 2002; Lee et al. 2015).

15.20 Poxviridae Zoonotic Infections

The genus Orthopox contains two zoonotic virus species with the involvement of
wildlife species: cowpox and Monkeypox. The other two important genera that are
important viral zoonotic pathogens from wildlife perspective are Parapox and
Yatapox, causing contagious ecthyma/orf and Tanapox, respectively (Table 15.4).

15 Viral Zoonoses: Wildlife Perspectives 369



Earlier cowpox virus was generally spotted in milking cows with the rare
zoonotic transmission to milkers. Today, cowpox is renowned for infecting a wide
array of hosts, including cats, zoo animals, and humans. More than 400 cases of
cowpox infections have been reported in domestic cats. Human cowpox cases are
mainly due to direct contact with infected cats, cows, on rare occasions with rats or
zoo and circus animals (Essbauer et al. 2010). Incidental evidence of rodents being a
source of infection to humans has been described in two suspected cases and one
proven wild rat to women transmission (Wolfs et al. 2002).

Monkeypox was identified first in 1958 among captive monkeys imported to
Denmark from Africa for research purposes. As the animal reservoir of the mon-
keypox is rodents, including giant pouched rats and squirrels; the given name seems
to be inappropriate. From its discovery, this disease has been endemic to Central and
West Africa with, sporadic and intermittent cases reported among humans transmit-
ted from local wildlife. This virus has been identified in a range of animal species
such as rats, striped mice, squirrels (rope and tree), dormice, and monkeys. Direct
and indirect contact with infected live and dead animals is believed to be the driver of
human cases. Monkeypox had gained international attention in 2003 when the first
human cases outside Africa were reported in the USA. Several people developed a
rash, fever, and respiratory symptoms, and source of exposure was investigated as
pet prairie dogs (Cynomys sp.) (Peterson et al. 2019).

Orf, or contagious ecthyma, is a rare zoonotic disease commonly transmitted
from infected sheep and goats. Humans get infection either by direct contact with
infected animals or indirect contact with fomites contaminated with the virus. A case
report of human Orf contracted by handling deer carcasses with bare hands is
available (Kuhl et al. 2003).

Tanapox infection is extremely rare outside Africa and endemic to equatorial
Africa. Non-human primate-to-human and human-to-human transmission have been
described. Arthropod mediated transmission is also suggested. So far, only four
human cases have been reported in the USA: where three cases were of research
personnel who handled laboratory animals, and one case was a traveller recently
returned from Sierra Leone. In Europe, a tanapox case was reported in a person who
had recently arrived from Africa to Germany. A typical tanapox case was reported in
Africa in a student working with orphaned chimpanzees (Dhar et al. 2004).

15.21 Control Strategies

Diseases shared with wildlife species are multi-host infections, which have a poten-
tial impact on public health, economy; wildlife management and conservation were
wildlife itself plays a major role in the maintenance of the infection. The complete
eradication of shared zoonotic pathogen is impossible ignoring its wildlife reservoir
hosts. The control of such diseases needs the development of policies and strategies
that will decrease the transmission of the pathogen between wildlife species and both
human beings and domestic livestock. Also, a collaborative trans-disciplinary effort
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in a One Health context is vital to protect the health of human, livestock, wildlife,
and the environment. The following are some options that are suggested to control
viral zoonotic diseases at the wildlife–livestock–human interface.

1. Establishing suitable disease surveillance and monitoring in wildlife species.
Monitoring targets on the known infected population of wildlife to map tempo-
ral and spatial trends, whereas surveillance focuses on healthy wildlife to
demonstrate the disease absence. After the identification of disease, descriptive
studies are to be undertaken to assess whether the disease and the role of wildlife
is relevant for public or animal health or for wildlife conservation and manage-
ment (Artois et al. 2009; Gortázar et al. 2015).

2. Alternate options like no-action or zoning or compartmentalisation should also
be given a thought, especially considering cost/benefit estimation, but monitor-
ing of disease and population is constantly required. Compartmentalisation and
zoning can be and have been employed by states or countries to define sub-
populations of different health statuses for controlling the disease. Zoning is
defining a particular geographical area in which a disease exists (Artois et al.
2011).

3. Translocation control (“movement control”) is a well-known preventive option
in controlling the disease for both livestock and wildlife. It prevents the intro-
duction or re-introduction of infectious agents through the release of infected
captive or free-living wildlife (Gilbert et al. 2005; Gortázar et al. 2015).

4. Barrier concept, which includes the use of small or large scale fencing or any
other barrier, to prevent the spread of diseases by decreasing contact between
animal populations. Farm biosecurity is one of the most prominent methods
used to reduce wildlife–livestock–human interactions (Engeman et al. 2011;
Judge et al. 2011).

5. Wildlife population control solves the problem of an increased reservoir popu-
lation. Population control methods like feeding bans, increased harvesting,
habitat management, random or selective culling, and reproductive control
may be deployed (Gortázar et al. 2015).

6. Vaccination of wildlife emerges as a precious alternative or complementary
method in disease control. As opposed to culling methods, general public easily
accepts vaccination methods as it is sustainable and non-destructive (Beltrán-
Beck et al. 2012).

7. Control of arthropod vectors employing insecticides, acaricides, and vaccines
(tick) in the urban areas and use of protective clothing or repellents when
visiting the forest areas are truly helpful methods as most of the viral zoonotic
diseases are vector transmitted (Gortázar et al. 2015).

8. Proper removal of harvested wild animals (carcass, offal, and other remains)
limits the potential spread of the infection mainly by mammals (Vicente et al.
2011).

9. Farming of wildlife species could diminish the risk of zoonotic infection spill
over if comparable biosecurity and health measures are implemented to farmed
wildlife as to domestic livestock (Murray et al. 2016).
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10. Strong regulations can be instituted to prohibit and grant disincentives for illegal
and legal trade of bushmeat to beat growing demand as an elegant commodity.
High taxation charges may elevate the price to decrease demand and afford
revenue for surveillance and enforcement efforts. Enacting high penalties may
prevent participation in the illegal trade of wildlife (Murray et al. 2016).

11. Education of the general public about the risks connected with wildlife,
bushmeat, and exotic pet trades (Chomel et al. 2007).

12. Future research on zoonoses involving wildlife hosts needs to embrace a
collaborative trans-disciplinary approach to identify primary causes and to
control their transmission (Daszak et al. 2000). Extensive studies to improve
understanding of rodent–human/bat–human interactions to disrupt transmission
cycles are needed to design innovative control strategies in the future.

15.22 Conclusions and Prospects

It is now well recognised in the global community that zoonotic diseases have
emerged from wildlife hosts and are still emerging as a result of human and domestic
livestock exposure to wildlife. The present chapter has comprehensively reviewed
most of the viral zoonotic diseases from wildlife perspectives. The major pathways
of disease transmission to humans from wildlife are direct exposure due to encroach-
ment into formerly wild areas (fragmentation and degradation); growing
co-mingling of domestic livestock and wildlife owing to land-use changes (habitat
loss); increasing amount of international wildlife movement, overexploitation of
wildlife, unsustainable practices in agriculture and other enterprises, and effect of
invasive species. These basic factors influencing the disease emergence from wild-
life species are also the major drivers of loss of biodiversity. Therefore, emerging
zoonotic viruses are not only potential threats to humans but can also be pathogenic
to wild host species. Thus, there is a convincing and effective chance for mutual
gains for the conservation of wildlife and public health by collective and collabora-
tive attempts.

Acknowledgements All the authors of the manuscript thank and acknowledge their respective
institutes.

Conflict of Interest There is no conflict of interest.

References

Adouchief S, Smura T, Sane J, Vapalahti O, Kurkela S (2016) Sindbis virus as a human pathogen-
epidemiology, clinical picture and pathogenesis. Rev Med Virol 26(4):221–241

Allocati N, Petrucci AG, Di Giovanni P, Masulli M, Di Ilio C, De Laurenzi V (2016) Bat–man
disease transmission: zoonotic pathogens from wildlife reservoirs to human populations. Cell
Death Discov 2:16048

372 A. A. P. Milton et al.



Arai S, Nguyen ST, Boldgiv B, Fukui D, Araki K, Dang CN, Ohdachi SD, Nguyen NX, Pham TD,
Boldbaatar B, Satoh H, Yoshikawa Y, Morikawa S, Tanaka-Taya K, Yanagihara R, Oishi K
(2013) Novel bat-borne hantavirus, Vietnam. Emerg Infect Dis 19:1159–1161

Arechiga Ceballos N, Aguilar Setien A (2015) Alphaviral equine encephalomyelitis (Eastern,
Western and Venezuelan). Rev Sci Tech 34:491–501

Armstrong PM, Andreadis TG (2013) Eastern equine encephalitis virus – old enemy, new threat. N
Engl J Med 368(18):1670–1673. https://doi.org/10.1056/NEJMp1213696

Artois M, Blancou J, Dupeyroux O, Gilot-Fromont E (2011) Sustainable control of zoonotic
pathogens in wildlife: how to be fair to wild animals? Rev Sci Tech 30(3):733–743

Artois M, Bengis R, Delahay R, Duchêne M, Duff P, Ferroglio E et al (2009) Wildlife disease
surveillance and monitoring. In: Delahay R, Smith G, Hutchings M (eds) Management of
disease in wild mammals. Springer, New York. 284p

Attoui H, Jaafar FM (2015) Zoonotic and emerging orbivirus infections. Rev Sci Tech 34:353–361
Barr JA, Smith C, Marsh GA, Field H, Wang L-F (2012) Evidence of bat origin for Menangle virus,

a zoonotic paramyxovirus first isolated from diseased pigs. J Gen Virol 93:2590–2594
Beltrán-Beck B, Ballesteros C, Vicente J, De La Fuente J, Gortázar C (2012) Progress in oral

vaccination against tuberculosis in its main wild life reservoir in Iberia, the Eurasian wild boar.
Vet Med Int 2012:978501

Bente DA, Forrester NL, Watts DM, McAuley AJ, Whitehouse CA (2013) Crimean–Congo
hemorrhagic fever: history, epidemiology, pathogenesis, clinical syndrome and genetic diver-
sity. Antivir Res 100:159–189

Bewick S et al (2016) Epidemiology of La Crosse virus emergence, Appalachia Region, United
States. Emerg Infect Dis 22:1921–1929

Bird BH, Ksiazek TG, Nichol ST, MacLachlan NJ (2009) Rift Valley fever virus. J Am Vet Med
Assoc 234:883–893

Birge J, Sonnesyn S (2012) Powassan virus encephalitis, Minnesota, USA. Emerg Infect Dis 18
(10):1669–1671. https://doi.org/10.3201/eid1810.120621

Blackwood JC, Streicker DG, Altizer S, Rohani P (2013) Resolving the roles of immunity,
pathogenesis, and immigration for rabies persistence in vampire bats. Proc Natl Acad Sci U S
A 110(51):20837–20842

Bogovic P, Strle F (2015) Tick-borne encephalitis: a review of epidemiology, clinical characteris-
tics, and management. World J Clin Cases 3:430–441

Bowen MD, Peters CJ, Nichol ST (1997) Phylogenetic analysis of the Arenaviridae: patterns of
virus evolution and evidence for cospeciation between arenaviruses and their rodent hosts. Mol
Phylogenet Evol 8:301–316

Bres PL (1986) A century of progress in combating yellow fever. Bull World Health Organ 64
(6):775–786

Briese T, Paweska JT, McMullan LK, Hutchison SK, Street C, Palacios G, Khristova ML, Weyer J,
Swanepoel R, Egholm M, Nichol ST, Lipkin WI (2009) Genetic detection and characterization
of Lujo virus, a new hemorrhagic fever-associated arenavirus from southern Africa. PLoS
Pathog 5(5):e1000455

Brown C (2004) Emerging zoonoses and pathogens of public health significance – an overview.
Rev Sci Tech 23:435–442

Burt FJ, Rolph MS, Rulli NE, Mahalingam S, Heise MT (2012) Chikungunya: a re-emerging virus.
Lancet 379:662–671

Calisher CH, Childs JE, Field HE, Holmes KV, Schountz T (2006) Bats: important reservoir hosts
of emerging viruses. Clin Microbiol Rev 19:531–545. https://doi.org/10.1128/CMR.00017-06

Cardoso BF, Serra OP, Heinen LB, Zuchi N, de Souza VC, Naveca FG, dos Santos MAM,
Slhessarenko RD (2015) Detection of Oropouche virus segment S in patients and in Culex
quinquefasciatus in the state of Mato Grosso, Brazil. Mem Inst Oswaldo Cruz 110:745–754

Chancey C, Grinev A, Volkova E, Rios M (2015) The global ecology and epidemiology of West
Nile virus. Biomed Res Int 2015:376230

15 Viral Zoonoses: Wildlife Perspectives 373

https://doi.org/10.1056/NEJMp1213696
https://doi.org/10.3201/eid1810.120621
https://doi.org/10.1128/CMR.00017-06


Charrel RN, de Lamballerie X (2010) Zoonotic aspects of arenavirus infections. Vet Microbiol
140:213–220

Chen H, Deng G, Li Z, Tian G, Li Y, Jiao P, Zhang L, Liu Z, Webster RG, Yu K (2004) The
evolution of H5N1 influenza viruses in ducks in southern China. Proc Natl Acad Sci U S A
101:10452–10457

Chomel BB, Belotto A, Meslin FX (2007) Wildlife, exotic pets, and emerging zoonoses. Emerg
Infect Dis 13:6–11

Cohen JI, Davenport D, Stewart J, Deitchman S, Hilliard J, Chapman L et al (2002) Recommen-
dations for prevention of and therapy for exposure to B virus (Cercopithecine herpesvirus 1).
Clin Infect Dis 35:1191–1203. https://doi.org/10.1086/344754

Condori-Condori RE, Streicker DG, Cabezas-Sanchez C, Velasco-Villa A (2013) Enzootic and
epizootic rabies associated with Vampire bats, Peru. Emerg Infect Dis 19(9):1463–1469

Cross RW, Mire CE, Feldmann H et al (2018) Post-exposure treatments for Ebola and Marburg
virus infections. Nat Rev Drug Discov 17(6):413–434

da Rosa JF, de Souza WM, de Paula Pinheiro F, Figueiredo ML, Cardoso JF, Acrani GO et al
(2017) Oropouche virus: clinical, epidemiological, and molecular aspects of a neglected
orthobunyavirus. Am J Trop Med Hyg 96:1019

Daszak P, Cunningham A, Hyatt A (2000) Emerging infectious diseases of wildlife-threats to
biodiversity and human health. Science 287:443–448

Davis AD, Jarvis JA, Pouliott CE, ShannonMD, Rudd RJ (2013) Susceptibility and pathogenesis of
little brown bats (Myotis lucifugus) to heterologous and homologous rabies viruses. J Virol 87
(16):9008–9015

Delgado S, Erickson BR, Agudo R, Blair PJ, Vallejo E, Albariño CG, Vargas J, Comer JA, Rollin
PE, Ksiazek TG, Olson JG, Nichol ST (2008) Chapare virus, a newly discovered arenavirus
isolated from a fatal hemorrhagic fever case in Bolivia. PLoS Pathog 4:e1000047

Delogu M, Cotti C, Vaccari G, Raffini E, Frasnelli M, Nicoloso S, Biacchessi V, Boni A, Foni E,
Castrucci MR, De Marco MA (2019) Serologic and virologic evidence of influenza A viruses in
wild boars (Sus scrofa) from two different locations in Italy. J Wildl Dis 55(1):158–163

deWit E, van Doremalen N, Falzarano D, Munster VJ (2016) SARS andMERS: recent insights into
emerging coronaviruses. Nat Rev Microbiol 14:523–534

Dhar AD, Werchniak AE, Li Y et al (2004) Tanapox infection in a college student. N Engl J Med
350:361–366

Diagne MM, Faye M, Faye O, Sow A, Balique F, Sembène M et al (2017) Emergence of
Wesselsbron virus among black rat and humans in eastern Senegal in 2013. One Health 3:23–28

Diaz A, Coffey LL, Burkett-Cadena N, Day JF (2018) Reemergence of St. Louis encephalitis virus
in the Americas. Emerging Infect Dis 24(12). https://doi.org/10.3201/eid2412.180372

Dobler G (2010) Zoonotic tick-borne flaviviruses. Vet Microbiol 140:221–228
Doceul V, Bagdassarian E, Demange A, Pavio N (2016) Zoonotic hepatitis E virus: classification,

animal reservoirs and transmission routes. Viruses 8(10):E270
Donnelly C, Ghani A, Leung G, Hedley A, Fraser C, Riley S, AbuRaddad L, Ho L, Thach T, Chau P

(2003) Epidemiological determinants of spread of causal agent of severe acute respiratory
syndrome in Hong Kong. Lancet 361:1761–1766

Ellison JA, Johnson SR, Kuzmina N, Gilbert A, Carson WC, Vercauteren KC, Rupprecht CE
(2013) Multidisciplinary approach to epizootiology and pathogenesis of bat rabies viruses in the
United States. Zoonoses Public Health 60(1):46–57

Emonet S, Retornaz K, Gonzalez JP, de Lamballerie X, Charrel RN (2007) Mouse-to-human
transmission of variant lymphocytic choriomeningitis virus. Emerg Infect Dis 13:472–475

Engeman R, Betsil C, Ray T (2011) Making contact: rooting out the potential for exposure of
commercial production swine facilities to feral swine in North Carolina. EcoHealth 8(1):76–81.
https://doi.org/10.1007/s10393-011-0688-8

Erlanger TE, Weiss S, Keiser J, Utzinger I, Wiedenmeyer K (2009) Past, present, and future of
Japanese encephalitis. Emerg Infect Dis 15:1–7

374 A. A. P. Milton et al.

https://doi.org/10.1086/344754
https://doi.org/10.3201/eid2412.180372
https://doi.org/10.1007/s10393-011-0688-8


Escobar LE, Peterson AT, Favi M, Yung V, Pons DJ, Medina-Vogel G (2013) Ecology and
geography of transmission of two bat-borne rabies lineages in Chile. PLoS Negl Trop Dis 7
(12):e2577

Essbauer S, Pfeffer M, Meyer H (2010) Zoonotic poxviruses. Vet Microbiol 140:229–236
Field H (2016) Hendra virus ecology and transmission. Curr OpinVirol 16:120–125
Floridis J, McGuinness SL, Kurucz N, Burrow JN, Baird R, Francis JR (2018) Murray valley

encephalitis virus: an ongoing cause of encephalitis in Australia’s North. Trop Med Infect Dis
3:49

Fooks AR (2007) Rabies – the need for a ‘one medicine’ approach. Vet Rec 161:289–290
Francis JR, Nourse C, Vaska VL, Calvert S, Northill JA, McCall B, Mattke AC (2014) Australian

bat lyssavirus in a child: the first reported case. Pediatrics 133(4):e1063–e1067
Gardner CL, Ryman KD (2010) Yellow fever: a reemerging threat. Clin Lab Med 30:237–260
Gilbert M, Mitchell A, Bourn D, Mawdsley J, Cliton-Hadley R, Wint W (2005) Cattle movements

and bovine tuberculosis in Great Britain. Nature 435(7041):491–496. https://doi.org/10.1038/
nature03548

Gill JS, Webby R, Gilchrist MJ, Gray GC (2006) Avian influenza among waterfowl hunters and
wildlife professionals. Emerg Infect Dis 12(8):1284–1286

Gortazar C, Ferroglio E, Hofle U, Frolich K, Vicente J (2007) Diseases shared between wildlife and
livestock: a European perspective. Eur J Wildl Res 53:241–256

Gortázar C, Diez-Delgado I, Barasona JA, Vicente J, De La Fuente J, Boadella M (2015) The wild
side of disease control at the wildlife-livestock-human interface: a review. Front Vet Sci 1:27.
https://doi.org/10.3389/fvets.2014.00027

Greger M (2007) The human/animal interface: emergence and resurgence of zoonotic infectious
diseases. Crit Rev Microbiol 33:243–299

Guo XX, Li CX, Wang G, Zheng Z, Dong YD, Zhang YM, Xing D, Zhao TY (2014) Host feeding
patterns of mosquitoes in a rural malaria-endemic region in Hainan Island, China. J Am Mosq
Control Assoc 30:309–311

Han BA, Schmidt JP, Bowden SE, Drake JM (2015) Rodent reservoirs of future zoonotic diseases.
Proc Natl Acad Sci U S A 112(22):7039–7044

Harding S, Greig J, Mascarenhas M, Young I, Waddell LA (2018) La Crosse virus: a scoping
review of the global evidence. Epidemiol Infect 147:1–13

Harley D, Sleigh A, Ritchie S (2001) Ross River virus transmission, infection, and disease: a cross-
disciplinary review. Clin Microbiol Rev 14:909–932

Horman WSJ, Nguyen THO, Kedzierska K, Bean AGD, Layton DS (2018) The drivers of
pathology in zoonotic avian influenza: the interplay between host and pathogen. Front Immunol
9:1812

Hubalek Z, Halouzka J (1996) Arthropod-borne viruses of vertebrates in Europe. Acta Sci Nat Acad
Brno 30:1–95

Jacups SP, Whelan PI, Currie BJ (2008) Ross River virus and Barmah Forest virus infections: a
review of history, ecology, and predictive models, with implications for tropical northern.
Vector Borne Zoonotic Dis 8:283

Jeffries CL, Walker T (2015) The potential use of Wolbachia-based mosquito biocontrol strategies
for Japanese encephalitis. PLoS Negl Trop Dis 9:e0003576

Jiang H, Zheng X, Wang L, Du H, Wang P, Bai X (2017) Hantavirus infection: a global zoonotic
challenge. Virol Sin 32:32–43. https://doi.org/10.1007/s12250-016-3899-x

Jones KE, Patel NG, LevyMA, Storeygard A, Balk D, Gittleman JL, Daszak P (2008) Global trends
in emerging infectious diseases. Nature 451:990–993

Judge J, McDonald RA, Walker N, Delahay RJ (2011)
Effectivenessofbiosecuritymeasuresinpreventingbadgervisitstofarmbuildings. PLoS One 6(12):
e28941. https://doi.org/10.1371/journal.pone.0028941

Kilpatrick AK, Daszak P, Jones MJ, Marra PP, Kramer LD (2006) Host heterogeneity dominates
West Nile virus transmission. Proc R Soc B Biol Sci 273(1599):2327–2333

15 Viral Zoonoses: Wildlife Perspectives 375

https://doi.org/10.1038/nature03548
https://doi.org/10.1038/nature03548
https://doi.org/10.3389/fvets.2014.00027
https://doi.org/10.1007/s12250-016-3899-x
https://doi.org/10.1371/journal.pone.0028941


Krautkramer E, Zeier M, Plyusnin A (2013) Hantavirus infection: an emerging infectious disease
causing acute renal failure. Kidney Int 83:23–27

Kuhl JT, Huerter CJ, Hashish H (2003) A case of human orf contracted from a deer. Cutis 71
(4):288–290

Kulkarni DD, Tosh C, Venkatesh G, Senthil Kumar D (2013) Nipah virus infection: current
scenario. Indian J Virol 24(3):398–408

Kuzmina NA, Kuzmin IV, Ellison JA, Taylor ST, Bergman DL, Dew B, Rupprecht CE (2013) A
reassessment of the evolutionary timescale of bat rabies viruses based upon glycoprotein gene
sequences. Virus Genes 47(2):305–310

Laine M, Luukkainen R, Toivanen A (2004) Sindbis viruses and other alphaviruses as cause of
human arthritic disease. J Intern Med 256:457–471

Lee MH, Rostal MK, Hughes T, Sitam F, Lee CY et al (2015) Macacine herpesvirus 1 in long-tailed
macaques, Malaysia, 2009–2011. Emerg Infect Dis 21:1107–1113

Leroy EM, Gonzalez JP, Baize S (2011) Ebola and Marburg haemorrhagic fever viruses: major
scientific advances, but a relatively minor public health threat for Africa. Clin Microbiol Infect
17:964–976

Linthicum KJ, Britch SC, Anyamba A (2016) Rift Valley fever: an emerging mosquito-borne
disease. Annu Rev Entomol 61:395–415

Luis AD, Hayman DTS, O'Shea TJ, Cryan PM, Gilbert AT et al (2013) A comparison of bats and
rodents as reservoirs of zoonotic viruses: are bats special? Proc R Soc B Biol Sci 280:20122753

MacNeil A, Rollin PE (2012) Ebola and Marburg hemorrhagic fevers: neglected tropical diseases?
PLoS Negl Trop Dis 6(6):e1546

Maes P, Adkins S, Alkhovsky SV, Avšič-Županc T, Ballinger MJ, Bente DA et al (2019)
Taxonomy of the order Bunyavirales: second update 2018. Arch Virol 164(3):927–941

Mansfield KL, Johnson N, Phipps LP, Stephenson JR, Fooks AR, Solomon T (2009) Tick-borne
encephalitis virus-a review of an emerging zoonosis. J Gen Virol 90:1781–1794

Mansfield KL, Hernandez-Triana LM, Banyard AC, Fooks AR, Johnson N (2017) Japanese
encephalitis virus infection, diagnosis and control in domestic animals. Vet Microbiol
201:85–92

Meerburg BG, Singleton GR, Kijlstra A (2009) Rodent-borne diseases and their risks for public
health. Crit Rev Microbiol 35:221–270

Mickleburgh S, Waylen K, Racey P (2009) Bats as bushmeat: a global review. Oryx 43:217–234.
https://doi.org/10.1017/S0030605308000938

Miller RH, Masuoka P, Klein TA, Heung-Chul K, Todd S, John G (2012) Ecological niche
modeling to estimate the distribution of Japanese encephalitis virus in Asia. PLoS Negl Trop
Dis 6:e1678

Monath TP (2008) Treatment of yellow fever. Antivir Res 78(1):116–124
Mourao MP, Bastos MS, Figueiredo RM, Gimaque JB, Alves VC, Saraiva M, Figueiredo M,

Ramasawmy R, Nogueira ML, Figueiredo LTM (2015) Arboviral diseases in the Western
Brazilian Amazon: a perspective and analysis from a tertiary health & research center in
Manaus, State of Amazonas. Rev Soc Bras Med Trop 48:20–26

Mourya DT, Yadav PD (2016) Recent scenario of emergence of Kyasanur Forest disease in India
and public health importance. Curr Trop Med Rep 3:7–13. https://doi.org/10.1007/s40475-016-
0067-1

de Oliveira Mota MT, Ribeiro MR, Vedovello D, Nogueira ML (2015) Mayaro virus: a neglected
arbovirus of the Americas. Fut Virol 10(9):1109–1122

Munshi-South J, Wilkinson GS (2010) Bats and birds: exceptional longevity despite high metabolic
rates. Ageing Res Rev 9:12–19. https://doi.org/10.1016/j.arr.2009.07.006

Munster VJ, Adney DR, van Doremalen N, Brown VR, Miazgowicz KL, Milne-Price S et al (2016)
Replication and shedding of MERS-CoV in Jamaican fruit bats (Artibeus jamaicensis). Sci Rep
6:21878

Murray KA, Allen T, Loh E, Machalaba C, Daszak P (2016) Emerging viral zoonoses from wildlife
associated with animal-based food systems: risks and opportunities. In: Jay-Russell M, Doyle

376 A. A. P. Milton et al.

https://doi.org/10.1017/S0030605308000938
https://doi.org/10.1007/s40475-016-0067-1
https://doi.org/10.1007/s40475-016-0067-1
https://doi.org/10.1016/j.arr.2009.07.006


PM (eds) Food safety risks from wildlife: challenges in agriculture, conservation, and public
health. Springer International Publishing, Cham, pp 31–57

Ng LC, Hapuarachchi HC (2010) Tracing the path of Chikungunya virus-evolution and adaptation.
Infect Genet Evol 10:876–885

Ortiz-Martínez Y, Vega-Useche L, Villamil-Gómez WE, Rodriguez-Morales AJ (2017 Mar 01)
Saint Louis Encephalitis Virus, another re-emerging arbovirus: a literature review of worldwide
research. Infez Med 25(1):77–79

Parashar UD, Sunn LM, Ong F, Mounts AW, Arif MT, Ksiazek TG, Kamaluddin MA, Mustafa
AN, Kaur H, Ding LM, Othman G, Radzi HM, Kitsutani PT, Stockton PC, Arokiasamy J, Gary
HE Jr, Anderson LJ (2000) Case–control study of risk factors for human infection with a new
zoonotic paramyxovirus. J Infect Dis 181:1755–1759

Peterson E, Kantele A, Koopmans M, Asogun D, Yinka-Ogunleye A, Ihekweazu C, Zumla A
(2019) Human Monkeypox epidemiologic and clinical characteristics, diagnosis, and preven-
tion. Infect Dis Clin N Am 33:1027

Reed KD, Meece JK, Henkel JS, Shukla SK (2003) Birds, migration and emerging zoonoses: West
Nile virus, Lyme disease, influenza A and enteropathogens. Clin Med Res 1(1):5–12

Romero JR, Simonsen KA (2008) Powassan encephalitis and Colorado tick fever. Infect Dis Clin N
Am 22(3):545

Sakkas H, Bozidis P, Franks A, Papadopoulou C (2018) Oropouche fever: a review. Viruses 10:
E175. https://doi.org/10.3390/v10040175

Salvato MS, Clegg JCS, Buchmeier MJ, Charrel RN, Gonzalez JP, Lukashevich IS, Peters CJ,
Rico-Hesse R, Romanowski V (2005) Family Arenaviridae. In: Van Regenmortel MHV,
Fauquet CM, Mayo MA, Maniloff J, Desselberger U, Ball LA (eds) Virus taxonomy, eighth
report of the International Committee on Taxonomy of Viruses. Academic Press, San Diego

Schmaljohn C, Hjelle B (1997) Hantaviruses: a global disease problem. Emerg Infect Dis 3:95–104
Schrenzel MD, Tucker TA, Stalis IH, Kagan RA, Burns RP, Denison AM, Drew CP, Paddock CD,

Rideout BA (2011) Pandemic (H1N1) 2009 virus in 3 wildlife species, San Diego, California,
USA. Emerg Infect Dis 17:747–749

Sewell DL (1995) Laboratory-associated infections and biosafety. Clin Microbiol Rev 8:389–405
Singh BB, Gajadhar AA (2014) Role of India's wildlife in the emergence and re-emergence of

zoonotic pathogens, risk factors and public health implications. Acta Trop 138:67–77
Singh R, Singh KP, Cherian S, Saminathan M, Kapoor S, Reddy GBM et al (2017) Rabies—

epidemiology, pathogenesis, public health concerns and advances in diagnosis and control: a
comprehensive review. Vet Q 37(1):212–251

Smith KM, Anthony SJ, Switzer WM, Epstein JH, Seimon T, Jia H, Sanchez MD (2012) Zoonotic
viruses associated with illegally imported wildlife products. PLoS One 7:e29505. https://doi.
org/10.1371/journal.pone.0029505

Souza MJ (2011) One health: zoonoses in the exotic animal practice. Vet Clin North Am Exot Anim
Pract 14:421–426

Spengler JR, Haddock E, Gardner D, Hjelle B, Feldmann H, Prescott J (2013) PLoS One 8:e55310
Spengler JR, Bergeron É, Spiropoulou CF (2019) Crimean-Congo hemorrhagic fever and expan-

sion from endemic regions. Curr OpinVirol 34:70–78. https://doi.org/10.1016/j.coviro.2018.12.
002

Streicker DG, Franka R, Jackson FR, Rupprecht CE (2013) Anthropogenic roost switching and
rabies virus dynamics in house-roosting big brown bats. Vector Borne Zoonotic Dis 13
(7):498–504

Suhrbier A, Jaffar-Bandjee MC, Gasque P (2012) Arthritogenic alphaviruses-an overview. Nat Rev
Rheumatol 8:420–429

Sutherland IW (2008) Vector and virus interactions: La Crosse encephalitis virus and the mosquito
vector aedes (stegomyia) albopictus. Colorado State University, Colorado

Taniguchi S, Watanabe S, Masangkay JS, Omatsu T, Ikegami T et al (2011) Reston Ebola virus
antibodies in bats, the Philippines. Emerg Infect Dis 17:1559–1560

15 Viral Zoonoses: Wildlife Perspectives 377

https://doi.org/10.3390/v10040175
https://doi.org/10.1371/journal.pone.0029505
https://doi.org/10.1371/journal.pone.0029505
https://doi.org/10.1016/j.coviro.2018.12.002
https://doi.org/10.1016/j.coviro.2018.12.002


Taylor LH, Latham SM, Woolhouse ME (2001) Risk factors for human disease emergence. Philos
Trans R Soc Lond Ser B Biol Sci 356:983–989

Tei S, Kitajima N, Takahashi K, Mishiro S (2003) Zoonotic transmission of hepatitis E virus from
deer to human beings. Lancet 362:371–373

Thompson RCA, Kutz SJ, Smith A (2009) Parasite zoonoses and wildlife: emerging issues. Int J
Environ Res Public Health 6:678–693

Travis DA, Watson RP, Tauer A (2011) The spread of pathogens through trade in wildlife. Rev Sci
Tech 30:219–239

Vaheri A, Strandin T, Hepojoki J, Sironen T, Henttonen H, Makela S, Mustonen J (2013)
Uncovering the mysteries of hantavirus infections. Nat Rev Microbiol 11:539–550

Van der Meulen KM, Pensaert MB, Nauwynck HJ (2005) West Nile virus in the vertebrate world.
Arch Virol 150(4):637–657

van den Hurk AF, Nisbet DJ, Hall RA, Kay BH, Mackenzie JS, Ritchie SA (2003) Vector
competence of Australian mosquitoes (Diptera: culicidae) for Japanese encephalitis virus. J
Med Entomol 40:82–90

Vicente J, Carrasco R, Acevedo P, Montoro V, Gortázar C (2011) Big game waste production:
sanitary and ecological implications. In: Kumar S (ed) Integrated waste management II. InTech,
Rijeka, pp 97–128

Wang LF, Crameri G (2014) Emerging zoonotic viral diseases. Rev Sci Tech 33:569
Weaver SC, Ferro C, Barrera R, Boshell J, Navarro JC (2004) Venezuelan equine encephalitis.

Annu Rev Entomol 49:141–174. https://doi.org/10.1146/annurev.ento.49.061802.123422
Williams ES, Yuill T, Artois M, Fischer J, Haigh SA (2002) Emerging infectious diseases in

wildlife. Rev Sci Tech 21(1):139–157
Wilson DE, Reeder DM (2005) Mammal species of the world, 2nd edn. Johns Hopkins University

Press, Baltimore
Wolfs TF, Wagenaar JA, Niesters HG, Osterhaus AD (2002) Rat-to-human transmission of cowpox

infection. Emerg Infect Dis 8:1495–1496
World Health Organisation, Food and Agricultural Organisation of the United Nations, and World

Organization for Animal Health (WHO/FAO/OIE) (2004) Report of the WHO/FAO/OIE joint
consultation of emerging zoonotic diseases. https://apps.who.int/iris/bitstream/handle/10665/
68899/WHO_CDS_CPE_ZFK_2004.9.pdf

Yu XJ, Tesh RB (2014) The role of mites in the transmission and maintenance of Hantaan virus
(Hantavirus: Bunyaviridae). J Infect Dis 210:1693–1699

Zhang S, Wang S, Yin W, Liang M, Li J, Zhang Q, Feng Z, Li D (2014) Epidemic characteristics of
hemorrhagic fever with renal syndrome in China, 2006–2012. BMC Infect Dis 14:384

Zuo SQ, Fang LQ, Zhan L, Zhang PH, Jiang JF, Wang LP, Ma JQ, Wang BC, Wang RM, Wu XM,
Yang H, Cao ZW, Cao WC (2011) Geo-spatial hotspots of hemorrhagic fever with renal
syndrome and genetic characterization of Seoul variants in Beijing, China. PLoS Negl Trop
Dis 5:e945

378 A. A. P. Milton et al.

https://doi.org/10.1146/annurev.ento.49.061802.123422
https://apps.who.int/iris/bitstream/handle/10665/68899/WHO_CDS_CPE_ZFK_2004.9.pdf
https://apps.who.int/iris/bitstream/handle/10665/68899/WHO_CDS_CPE_ZFK_2004.9.pdf

	Chapter 15: Viral Zoonoses: Wildlife Perspectives
	15.1 Prologue
	15.2 Spill-Over and ``Spill-Back´´
	15.3 Wild/Migratory Birds, Exotic Pets, Bats, and Rodents: As Reservoirs of Zoonotic Viruses
	15.4 Drivers of Zoonotic Disease Emergence from Wildlife
	15.5 Arenaviridae Zoonotic Infections
	15.6 Peribunyaviridae Zoonotic Infections
	15.7 Phenuiviridae Zoonotic Infections
	15.8 Nairoviridae Zoonotic Infections
	15.9 Hantaviridae Zoonotic Infections
	15.10 Togaviridae Zoonotic Infections
	15.11 Filoviridae Zoonotic Infections
	15.12 Flaviviridae Zoonotic Infections
	15.13 Reoviridae Zoonotic Infections
	15.14 Rhabdoviridae Zoonotic Infections
	15.15 Paramyxoviridae Zoonotic Infections
	15.16 Orthomyxoviridae Zoonotic Infections
	15.17 Coronaviridae Zoonotic Infections
	15.18 Hepeviridae Zoonotic Infections
	15.19 Herpesviridae Zoonotic Infections
	15.20 Poxviridae Zoonotic Infections
	15.21 Control Strategies
	15.22 Conclusions and Prospects
	References


