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Viral zoonoses have represented a significant public health problem throughout
history, affecting all continents. Furthermore, many viral zoonoses have emerged
or reemerged in recent years, highlighting the importance of such diseases. Emerg-
ing viral zoonoses encompass a vast number of different viruses and many different
transmission modes. There are many factors influencing the epidemiology of the
various zoonoses, such as ecological changes, changes in agriculture and food
production, the movement of pathogens, including via travel and trade, human
behavior and demographical factors, and microbial changes and adaptation. Cost-
effective prevention and control of emerging viral zoonoses necessitates an inter-
disciplinary and holistic approach and international cooperation. Surveillance,
laboratory capability, research, training and education, and last but not least,
information and communication are key elements.

Introduction

Throughout the history of mankind, animals have been an important source of
infectious diseases transmissible to humans. Such diseases were formerly called
anthropozoonoses (Greek “anthropos” = man, “zoon” = animal, “nosos” = dis-
ease), whereas the diseases transmissible from humans to animals were called zoo-
anthroponoses (Hubalek, 2003). Today, the term zoonoses is commonly used for
infectious diseases that are naturally transmitted between vertebrate animals and
man (WHO/FAO, 1959). The total number of zoonoses is unknown, but according
to Taylor et al. (2001), who in 2001 cataloged 1415 known human pathogens,
including 217 viruses and prions, 538 bacteria and rickettsia, 307 fungi, 66
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protozoa, and 287 helminths, 61% were zoonotic. With time, more and more
human pathogens are found to be of animal origin. Interestingly, wild animals seem
to be involved in the epidemiology of most zoonoses and serve as significant res-
ervoirs for transmission of zoonotic agents to domestic animals and man.

Many infectious diseases have emerged in the human population in recent
years. According to Lederberg et al. (1992), emerging infectious diseases include
those whose incidences in humans have increased within the past two decades or
threaten to increase in the near future. Emerging infections also include those that
have newly appeared in a population or that have been known for some time, but
are rapidly increasing in incidence or geographic range.

Most emerging infectious diseases in humans are zoonoses. The WHO/FAO/
OIE joint consultation on emerging zoonotic diseases held in Geneva in 2004
(whqlibdoc.who.int/hq/2004/WHO_CDS_CPE_ZFK_2004.9.pdf)  defined an
emerging zoonosis as ““a zoonosis that is newly recognized or newly evolved, or
that has occurred previously but shows an increase in incidence or expansion in
geographical, host or vector range”. At this consultation it was stated that emerg-
ing zoonotic diseases have potentially serious human health and economic impacts
and that their current increasing incidences are likely to continue. Avian influenza
was used as an example; events since that time have shown that these predictions
were unfortunately correct.

Of the 1415 known human pathogens, 175 (12%) are associated with an
emerging disease (Taylor et al., 2001), and can be designated emerging pathogens.
Of these emerging pathogens, 75% are zoonotic. Overall, zoonotic pathogens are
twice as likely to be associated with emerging diseases, compared to non-zoonotic
pathogens. However, the result varies among taxa, with viruses and protozoa par-
ticularly likely to emerge, and helminths particularly unlikely to do so, regardless of
their zoonotic status. Interestingly, no association between transmission route and
emergence was found (Taylor et al., 2001).

Historical aspects of zoonoses

Throughout history, wild animals have always played a role in viral zoonoses.
Rabies is one of the most feared viral zoonoses. It is an ancient disease; the origin of
the word dates to 3000 BC from Sanskrit, meaning “to do violence”. Rabies was
described in hunting dogs in Mesopotamia as early as 2300 BC. Recognizable
descriptions of rabies can also be found in early Chinese, Egyptian, Greek, and
Roman records (Blancou, 2003). In medieval Europe, rabies occurred in both do-
mestic and wild animals. Rabid foxes, wolves, badgers, and bears were described in
literature as well as in figurative art. Although rabies is an ancient disease that is
endemic in many areas, the zoonosis has also been emerging in some regions in
recent years.

Ancient accounts and modern hypotheses suggest that Alexander the Great
died of West Nile virus (WNYV) encephalitis in Babylon 323 BC (Marr and Calisher,
2003). It was reported that “as he entered Babylon a flock of ravens exhibiting
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unusual behavior died at his feet” (Marr and Calisher, 2003). In 1999, WNV was
introduced into the United States causing an epizootic in birds with spillover in-
fections to man and equine animals.

A major human epidemic of influenza was recorded by Hippocrates in 412 BC.
Influenza viruses have different hosts, both birds and different mammals including
humans, and have a zoonotic potential. An antigenic shift in influenza A virus can
cause the sudden emergence of a new subtype of the virus. Although this shift
occurs only occasionally, large numbers of people, and sometimes the entire pop-
ulation, have no antibody protection against the new subtype of virus, resulting in a
worldwide epidemic (“‘pandemic’). Three major influenza A pandemics emerged
during the 20th century. Of these, the Spanish flu in 1918-1919 (subtype HINI1)
was the most severe with an estimated 50 million deaths worldwide (Taubenberger
and Morens, 2006). The Asian flu in 1957-1958 (H2N2) and the Hong Kong flu in
1968-1969 (H3N2) caused less serious pandemics. The latter two are known to be
the result of a reassortment between an avian influenza strain from wild waterfowl
and a human strain of influenza A, with the introduction of a new hemagglutinin
protein in the human strain.

The avian influenza A subtype H5N1 epidemic that emerged in birds in Asia in
2002 has caused substantial death and economic losses in poultry. This strain can
also infect humans, although rarely, but with a high degree of lethality. There is no
evidence so far of human-to-human transmission of the HS5NI1 virus. The public
health concern is that genetic reassortment of this avian strain with a human strain
could cause the emergence of a new pandemic with the high degree of lethality seen
in the sporadic zoonotic cases to date (http://www.cdc.gov/flu/avian/gen-info/
avian-flu-humans).

An epidemic of hantavirus infections emerged in the southwestern US in 1993.
Healthy adults sickened and died suddenly of an unknown disease. Navajo leaders
gave public health scientists clues; that year had seen a particularly bountiful har-
vest of pifion nuts accompanied by a large population of deer mice. The years 1918
and 1936 had also seen large harvests and large deer mouse populations as well as
unexplained epidemics. Serological analyses of the blood of the victims revealed
antibodies to the Haantan virus family, and as CDC scientists isolated and am-
plified viral DNA from victims’ blood, trappers caught deer mice in the area, which
proved to carry hantavirus.

Transmission modes

Zoonotic viruses replicate in the reservoir animal host and are usually transmitted
to humans by direct contact (a bite by the infected reservoir animal or handling of
the animal’s tissues or materials contaminated by the animal’s body fluids) or the
bite of a hematophagous arthropod. For example, rabies virus is transmitted by the
saliva from a bite of a rabid animal, and simian foamy virus (SFV) can be trans-
mitted by bites from an infected monkey. Hantaviruses like Puumala and Sin
Nombre viruses are typically spread from rodents to humans by aerosols of dust
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containing rodent excreta. Transmission of simian immunodeficiency virus (SIV)
and SFV can occur when hunters and butchers handle the meat of infected mon-
keys. Ebola virus transmission has been reported after preparation of dead chim-
panzees and gorillas for food.

Most viral zoonoses require a blood-sucking arthropod for transmission to
humans. Mosquitoes are the most important arthropod vectors (examples of viral
zoonoses transmitted by mosquitoes are Rift Valley fever, WNV, and Japanese
encephalitis), followed by ticks, sandflies, and midges. Arthropod vector-borne
viruses are called arboviruses and are maintained in complex life cycles involving a
non-human vertebrate primary host and a primary arthropod vector. The arthro-
pod vector becomes infected when it ingests virus while feeding on the blood of a
viremic animal. Virus replicates in the arthropod tissues, ultimately infecting the
salivary glands. The arthropod then transmits the virus to a new host when it
injects infectious salivary fluid while taking a blood meal. Arthropod-borne viruses
generally remain undetected until the virus escapes the primary cycle via a sec-
ondary vector or secondary vertebrate host, such as when humans enter the en-
zootic cycle. Although humans may become ill as a result of these viruses, they are
generally considered dead-end hosts for many of the viruses because they do not
develop sufficient viremia to infect feeding vectors and thus do not contribute to the
transmission cycle. Notable exceptions include dengue, yellow fever, chikungunya,
and Ross River virus infections (www.acpmedicine.com/sample2/ch0731s.htm).

Zoonotic viruses may also be spread from wild animals to humans indirectly by
contaminated food and water. An unusual and unexpected example of zoonotic
transmission of this type has been suggested for hepatitis E virus (HEV) infection.
In an outbreak of HEV infection among people who had eaten uncooked deer meat
6—7 weeks before, a leftover portion of the deer meat, kept frozen for a future meal,
was positive for HEV RNA, and the nucleotide sequence was identical to sequences
of virus from the patients. Patients’ family members who ate little or none of the
deer meat remained uninfected. These findings provide direct evidence that HEV
infection may be a zoonosis (Tei et al., 2003).

Human noroviruses are a common cause of gastrointestinal infection and are
spread between humans by contact, or indirectly via food and water. Other noro-
viruses can be found in animals. Although noroviruses are not considered zoonotic,
new research raises questions of whether pigs may be reservoirs for emergence of
new human noroviruses or if porcine/human genogroup II recombinants could
emerge (Wang Q.-H. et al., 2005).

Factors influencing the epidemiology of viral zoonoses
Ecological changes
Ecological changes of natural or human origin can have a profound impact on the

epidemiology and the emergence of viral zoonoses. These include, but are not
limited to, human population expansion and encroachment, de-forestation and
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reforestation, other habitat changes, pollution, and climatic changes. The opening
of isolated ecosystems to human activity has contributed to the emergence of viral
diseases. One classic example is the emergence of yellow fever when humans entered
the Central American jungle to build the Panama Canal (Murphy, 1998).

Unprecedented population growth, mostly in developing countries, has resulted
in major movements of people into urban centers. This unplanned and uncon-
trolled urbanization with inadequate housing, deteriorating water, sewage, and
waste management systems, produces ideal conditions for increased transmission of
mosquito- and rodent-borne diseases (Gubler, 1998). Meteorological factors such
as temperature, rainfall, and humidity can influence the dynamics of vector-borne
diseases. Climate changes with milder winters and early arrival of spring has been
suggested as an explanation for the increased incidence of tick-borne encephalitis in
Sweden (Lindgren and Gustafson, 2001). There are indications that warmer tem-
peratures aid dengue virus transmission by accelerating development of the larvae
of the mosquito vector, Aedes egypti, whose range is limited by cold weather. Yet
another climate-related threat comes from the Asian tiger mosquito (A4edes al-
bopictus), which transmits dengue virus and yellow fever virus and is able to tol-
erate cold weather (Ward and Burgess, 1993).

Hantavirus

Wild rodents constitute a reservoir of hantaviruses (virus family Bunyaviridae)
(Schmaljohn and Hjelle, 1997). Each of the known hantaviruses appear to have one
unique, natural, species-specific rodent reservoir. The rodents are chronically in-
fected without any visible symptoms. The viruses are shed in urine, excretory
droppings, and saliva, and humans are mainly infected by inhaling aerosols con-
taining the virus. Human-to-human transmission of the viruses has not been re-
ported.

A non-fatal form of hantavirus infection was described in Sweden in 1934 as
nephropathia epidemica (NE), a hemorrhagic fever with renal disease syndrome
(Niklasson and Le Duc, 1984). It is endemic in northern Sweden, Finland, western
Russia, and some other areas in Europe. The causative agent, Puumala virus, is
transmitted from excreta of the bank vole (Clethrionomys glareolus). Typically,
infection occurs by inhalation of contaminated dust in relation to activities in
forests or cleaning of sheds, barns, or huts.

Hantavirus infections first received serious attention in the western world when
more than 3000 soldiers in the Korean War developed a disease with a fatality rate
of approximately 10%, which became known as Korean hemorrhagic fever. The
etiological agent, the Hantaan virus, is carried by the field mouse (Apodemus
agrarius).

Critical environmental factors that can affect rodent population dynamics as
well as viral transmission between animals, and from animals to humans, include
the amount of precipitation, habitat structure, and food availability. In 1993, a
previously unknown infectious disease was recognized in humans in New Mexico,
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Colorado, and Nevada. The infection mainly affected the lungs, with a fatality rate
of around 60%. The causative agent, a previously unknown hantavirus, subse-
quently was named Sin Nombre virus and the disease was named Hantavirus
pulmonary syndrome (HPS). The principal animal host of Sin Nombre virus is the
common deer mouse (Peromyscus maniculatus), which lives on pine kernels. The El
Nino weather event of 1991-1992, with its unusually heavy summer rains, led to
abundant crops that greatly increased the local mouse populations. The deer mouse
population was 10-15 fold higher in that period than the seasonal average during
the previous 20-year period (McMichael, 2004).

Arenaviruses

Deforestation with fragmentation of habitat increases the “edge effect”, a phe-
nomenon at the edge of a forest that promotes pathogen—vector—host interactions.
The expansion of the world population, which perturbs ecosystems that were stable
a few decades ago, has contributed in recent years to the emergence of hemorrhagic
fevers in South America. These are caused by various members of the Arenavirus
family, and wild rodents are their natural hosts. Human outbreaks have mostly
occurred in rural populations. Clearing of forested land in Bolivia in the early 1960s
was accompanied by blanket spraying of DDT to control malaria-bearing mos-
quitoes, and incidentally killed many village cats leading to decreased control of
mice near human populations. Large areas with maize supported huge populations
of Calomys mice carrying Machupo virus; this resulted in the appearance of the
Bolivian hemorrhagic fever with a high fatality rate (McMichael, 2004). In addi-
tion, aerosols of mouse blood, urine, and feces were generated during harvests that
infected the workers. A new outbreak occurred in the same place in 1994, killing
seven members of one family.

Ebola virus

Ebola hemorrhagic fever is one of the most virulent and contagious viral diseases
known, with a fatality rate of 50-90%. The virus belongs to the family Filoviridae
and occurs in four distinct subtypes (Zaire, Sudan, Cote d’Ivoire, and Reston
subtypes). Ebola virus was first identified in 1976 after significant epidemics in
Yambuku, Zaire (now the Democratic Republic of Congo, DRC) and in Nzara,
Sudan. Since its first discovery in 1976, there was a second Ebola outbreak in Nzara
in 1979, then an outbreak 15 years later in Gabon in1994, and a major epidemic in
Kikwit, DRC, in 1995 (with 315 cases and 250 deaths). Since then, new outbreaks
have occurred almost each year. The largest outbreak ever occurred in Uganda in
20002001 with a total of 425 cases and a fatality rate of 53% (WHO, 2000).
The natural animal reservoir of the Ebola virus is unknown despite extensive
studies. The reservoir animal seems to reside in the rain forests of Africa and the
western Pacific. Humans as well as other primates are severely affected by Ebola
virus, which is transmitted by direct contact with the blood, secretions, organs, or
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other body fluids of infected individuals. Infection of humans has also been doc-
umented to have occurred as a result of handling infected chimpanzees and gorillas
found dead in the rainforests, which suggests that they are not a reservoir since they
die from the infection. Interestingly, bats experimentally infected with Ebola virus
do not die. Furthermore, evidence of asymptomatic Ebola virus infection was
found in three species of fruit bats collected during Ebola outbreaks in humans and
great apes between 2001 and 2003 in Gabon and DRC. This evidence that fruit bats
may be acting as reservoirs for Ebola virus supports previous evidence suggesting
bats as candidate reservoirs for Ebola virus and the closely related Marburg virus
(Leroy et al., 2005). If this is correct, humans coming into greater contact with bats
because of encroaching agriculture may be at increasing risk for outbreaks of Ebola
virus infection.

The Ebola-Reston subtype was detected in 1989 in Virginia, USA, in a colony
of cynomolgus monkeys imported from the Philippines, illustrating the risk for
spread of viral zoonoses through trade in animals. Several monkeys died and four
people were infected, although none of the humans were symptomatic (WHO,
2000).

Changes in agriculture and food production

Over the past 50 years, changes in agricultural practices, including livestock han-
dling and food production, directly or in combination with ecological factors, have
influenced the emergence of viral zoonoses. Unprecedented human population
growth has increased the demand for highly efficient and mechanized farming.
Operators of agricultural machinery in some areas are likely to be exposed to
hantaviruses. Combine harvesters suspend clouds of infective dust and create aer-
osols of infective blood when they accidentally crush the animals that are living
among the crops.

Economic factors have resulted in dramatic changes in food animal production.
Under such crowded animal conditions, rapid pathogen transmission can occur
and lead to an epidemic situation. For instance, pig farms in many countries have
grown recently from small family operations with fewer than 20 animals to huge
facilities with thousands of animals.

Paramyxoviruses

During the 1990s three zoonotic paramyxoviruses, known to cross species barriers,
have emerged from a wildlife reservoir. Hendravirus emerged in Australia in 1994
and was responsible for an outbreak of acute fatal respiratory disease that killed 14
racehorses and two humans (O’Sullivan et al., 1997). Menangle-virus was described
in Australia in 1996, where it caused reproductive disorders in pigs and a flu-like
disease in humans. Nipah virus emerged in Malaysia in 1998-1999 and caused a
massive outbreak of a serious respiratory disease among pigs and spread to humans
who were in close contact with pigs. Most patients presented with severe febrile
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encephalitis with a fatality rate of 40% (Wong et al., 2002). The natural reservoirs
for Hendra, Menangle, and Nipah viruses are bats, in particular large fruit bats,
also called flying foxes (Daszak et al., 2004).

Bat Hendra virus isolates have shown a rather conservative genetic past, as
shown by sequencing studies, not having undergone major mutational changes
prior to their emergence. The concurrent appearance of several bat-associated vi-
ruses implies that changes in the ecology of fruit bats, as opposed to evolution of
the pathogen itself, is the likely explanation for the spillover to new hosts (Daszak
et al., 2004). The ecological trigger for the Nipah virus outbreak appears to have
been a complex series of alterations to the fruit bat habitat caused by human
activities including agriculture, in combination with a period of drought. The fruit
bat’s habitat was largely replaced in peninsular Malaysia by oil palm plantations.
Deforestation in Sumatra, coupled with a serious drought and fires caused by a
major El Nino-event in 1997, led to significant air-pollution haze that covered large
areas in Malaysia and parts of Southeast Asia. This reduced the flowering of forest
trees and caused a marked decline in forest fruit production, resulting in the en-
croachment of bats into fruit plantations where pig farms were also maintained
(Chua et al., 2002). The culling of hundreds of thousands of pigs probably stopped
the Nipah virus epidemic; human-to-human transmission has not been demon-
strated.

Japanese encephalitis virus

Japanese encephalitis is a zoonosis caused by a flavivirus transmitted by Culex
mosquitos that breed in wet rice fields. Intensification and expansion of irrigated
rice production systems over the past 20 years in south Asia and Southeast Asia
have had an important impact on the disease burden. The flooding of the fields by
irrigation at the start of each cropping cycle leads to an explosive buildup of the
mosquito population. The virus circulates in birds with pigs as amplifying hosts.
Because of the critical role of pigs, its presence in Muslim countries is negligible.
The distribution of Japanese encephalitis is significantly linked to irrigated rice
production combined with pig farming (www.who.int/water_sanitation_health/dis-
eases/encephalitis/).

Movements of pathogens; travel and trade

The movements of pathogens, vectors, and animal hosts are additional factors
influencing the epidemiology of viral zoonoses. Such movements can occur via
human travel and trade, by natural movement of wild animals including migratory
birds, and by anthropogenic movements of animals. Wherever and whenever we
travel and trade, unseen microbes accompany us. The speed, volume, and extent of
today’s travel and trade are unprecedented in human history and offer multiple
potential routes for microbial spread around the globe. For instance, viruses har-
bored within insects, animals, or humans can travel halfway around the globe in
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<24 h by plane; zoonotic viruses can be transported to the farthest land in less time
than the incubation times of most diseases.

Rabies

Movement of infected wild and domestic animals is an important factor in the
appearance of rabies in new locations. Rabies virus was introduced into North
America by infected dogs in the early 18th century, with subsequent spillover to a
variety of wild terrestrial mammals. Rabies became established in raccoons in the
Mid-Atlantic States in the late 1970s due to translocation of raccoons from the
southeastern United States, where rabies was endemic in this species (Smith et al.,
1984). Finland experienced an outbreak of rabies linked to raccoon dogs in 1988.
The raccoon dog had spread to Finland following the release of this species in
western Russia for fur trade. Rabies most probably arrived in Finland with infected
wolves migrating from Russia during winter along the ice-packed coast (Sihvonen,
2003). The movement of the arctic fox across ice “bridges” between continents,
from the archipelago of Spitzbergen, Norway, to Novaja Zemlja in Siberia, and
from Canada to Greenland has been described (Prestrud et al., 1992; Ballard et al.,
2001).

West Nile virus

WNV was first isolated from a febrile patient in Uganda in 1937. In 1941, an
outbreak occurred in Tel Aviv, Israel. Despite several outbreaks in Isracl, WNV
was considered a minor arbovirosis in the Old World and until the early 1990s; the
virus was mainly confined to Africa and parts of Europe. Mosquitos of the Culex
pipiens genus are the principal vectors for the virus; birds are amplifying hosts for
the virus but were initially considered resistant to disease. However, the occurrence
of an abnormal number of deaths in some bird species in Israel in 1998 indicated
that a more virulent strain had emerged.

WNYV was unknown in North America until it arrived in New York in 1999, via
an infected mosquito in an airplane (McMichael, 2004). Apparently there were
conditions in New York that were favorable for the virus, such as: (i) seasons of
early rains and summer drought that provided ideal conditions for the Culex mos-
quitos; (i) a high population of susceptible bird species, especially crows; and (iii)
urban and suburban ecosystems that were conducive to close interactions of mos-
quitos, birds, and humans. In 2002, WNV had dramatically expanded its geo-
graphical range in the US and caused the largest recognized epidemic of arboviral
diseases affecting the CNS (causing encephalitis and meningitis) in the Western
Hemisphere.
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Monkeypox

During the summer of 2003, an outbreak of monkeypox occurred in the United
States with 37 confirmed human cases (Reed et al., 2004). Monkeypox is a rare
zoonosis, caused by a poxvirus that typically occurs in Africa. It was first found in
monkeys in 1958, and later in other animals, especially rodents. The African
squirrel is probably the natural host. Transmission to humans occurs by contact
with infected animals or body fluids. The cases in the United States, the first outside
Africa, were associated with contact with infected prairie dogs. The outbreak was
epidemiologically linked to an import of African rodents from Ghana. It is most
likely that infected rodents imported into the United States transmitted the virus to
prairie dogs. This illustrates the fact that non-native animal species can create
serious public health problems when they introduce a viral disease to native animal
and human populations. Thus, the transportation, sale, or distribution of animals,
or the release of animals into the environment, can contribute to the spread of
Zoonoses.

Avian influenza (influenza A; H5N1)

In the fall of 2005, avian influenza subtype H5N1 emerged in Europe; there were
outbreaks among poultry in Turkey, Romania, and Ukraine, and in wild migratory
birds in Croatia and Romania. In January 2006, the first human cases of H5N1
infection in Europe were confirmed; fatal human cases occurred in Turkey, and
were associated with contact with diseased poultry (www.who.int/csr/disease/
avian_influenza/avianinfluenza factsheetJan2006/en/index.html). It is believed that
HS5NI1 reached Europe from Asia by means of migratory birds. Wild waterfowl are
the natural reservoirs of influenza A viruses, but they usually do not get sick from
them. H5NT in its highly pathogenic form has been isolated from dead migratory
birds (Liu et al., 2005). This finding may suggest a role for migratory waterfowl in
the evolution and maintenance of highly pathogenic H5N1. The role of imported
infected wild birds was demonstrated in October 2005, when two smuggled hawk
eagles carried on a flight from Thailand to Belgium tested positive for H5N1
(WHO, 2005), and when a parrot imported from Surinam to the United Kingdom
was found positive for HSN1 (www.defra.gov.uk/news/latest/2005/animal-
1024.htm).

Human behavior and demographic factors
Aspects of human behavior and other demographic factors can influence the ep-

idemiology of viral zoonoses. These include human recreational activities, such as
hunting, camping, and hiking as well as eating habits and sexual habits.
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Acquired immunodeficiency syndrome (AIDS)

The AIDS pandemic is probably the major example of a zoonosis that emerged in
the 20th century; it entered the human population as a result of cross-species
transmission of SIVs. Since the initial clinical description of AIDS 25 years ago
(Gottlieb et al., 1981), about 30 million persons have died of AIDS worldwide and
it is estimated that approximately 40 million people are living and infected with the
etiologic agent of AIDS, Human Immunodeficiency Virus, type 1 (HIV-1). It is
estimated that there are 6 million new infections per year, which means that an
average of about 14,000 persons become infected per day, or 10 persons are newly
infected every minute (www.WHO.int/hiv).

The two types of human HIV, HIV-1 and HIV-2, are members of the Retro-
virus family and the genus Lentivirus. HIV-1 consists of three distinct groups (M,
N, and O), with group M being responsible for the majority of HIV infections
worldwide. HIV-2 is represented by six subtypes, A—F. Current molecular biolog-
ical evidence indicates that the SIV counterparts of HIV-1 and HIV-2 have been
transmitted into the human population on several occasions from two distinct
primate sources: HIV-1 from the chimpanzee Pan troglodytes troglodytes (from the
virus SIVcpz) and HIV-2 from the sooty mangabey monkey Cercocebus atys (virus
SIVsm) (Gao et al., 1999; Hahn et al., 2000; Sharp et al., 2001). Since the three
groups of HIV-1 (M, N, and O) genetically differ as much from each other as do
different SIVcpz genomes, it is believed that they are each derived from a separate
zoonotic transmission. Likewise, for HIV-2 there may have been six separate
crossover events from sooty mangabeys to humans.

Although the simian lentiviruses are termed immunodeficiency viruses because
of their genetic and structural similarities to the human AIDS viruses, the SIVs
have not been linked to diseases in their natural hosts (Cichutek and Norley, 1993).
SIV infections appear to be common and geographically widespread in African
primates; in at least 31 different non-human primate species there has been ev-
idence of SIV infection. In contrast, no Asian primate species has been reported to
harbor SIV in the wild (Sharp et al., 2001); for instance, rhesus macaques do not
seem to be naturally infected with SIV. However, cross-species transmission of the
strain SIVsm from sooty mangabey to an “‘unnatural host™, the macaque, results in
immunosuppression and an AIDS-like disease in the macaque. SIVsm infection of
macaques now serves as a valuable model for HIV disease in humans and has been
used for vaccine development (Letvin, 1992) (Fig. 1).

The timing of SIVcpz cross-species transmission to humans, leading to the
HIV-1 pandemic, has been evaluated using stored samples and molecular biological
tools. A stored human serum sample from 1959 in Kinshasa, DRC contains the
earliest laboratory-proven evidence of HIV-1 group M infection (Zhu et al., 1998).
By use of the molecular clock approach, this particular chimpanzee-to-human
transmission is estimated to most likely have occurred around 1930 (Korber et al.,
2000).
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Fig. 1 Non-human primates represent the origin of many important viral zoonoses (For colour version:
see Colour Section on page 347).

Group O, was not identified until 1990 and has spread to a much lesser extent
than group M. However, the genetic diversity points to an origin in time similar to
that of group M. The earliest stored samples shown to contain HIV-1 group O are
from a Norwegian sailor and his family, all of whom died in 1976 (Froland et al.,
1988; Jonassen et al., 1997). The sailor probably was infected during a visit to
Africa in the early 1960s and showed symptoms of AIDS by 1966. The daughter is
the first recorded case of pediatric AIDS.

HIV-1 group N seems to have arisen more recently. This is most similar to
SIVcpz. The scarcity of group N infections in humans may reflect a recent trans-
mission event or, alternatively, lack of adaptation to the new host.

Sooty mangabey monkeys are the natural host for SIVsm and are infected in
the wild at apparently high frequency (Hahn et al., 2000). Sooty mangabey mon-
keys inhabit forests in West Africa and are often hunted for food and are also kept
as pets. HIV-2 is endemic among humans in West Africa and is frequently found in
patients in, or originating from, that region. SIVsm and HIV-2 sequences from
animals and humans from the same immediate geographic area are most closely
related, consistent with the molecular biological evidence of cross-species trans-
mission. Although HIV-2 also is associated with immunodeficiency and develop-
ment of AIDS, the progression is slower than for HIV-1. HIV-2 also is appears less
easily transmitted than HIV-1, with fewer cases of mother-to-child transmission
and the lack of a pandemic such as seen with HIV-1 (Pepin et al., 1991; Lemey
et al., 2003). HIV-1 group M viruses have spread globally, but HIV-2 subtypes are
mainly restricted to West Africa and can be categorized as epidemic subtypes (A
and B) and non-epidemic subtypes (C-G).

All primates that naturally carry SIV have been in contact with humans for
thousands of years. Yet, despite centuries of opportunity to emerge as infections in
humans, there is no evidence to suggest that HIV existed in Africa prior to the 20th
century. Moreover, the chimpanzee and the sooty mangabey hosts are not found in
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the same areas in Africa, but exist in widely separated, non-contiguous regions
(Marx et al., 2001). To explain the almost simultaneous emergence of HIV-1 and
HIV-2, occurring in different parts of Africa, Marx et al. (2001) suggested that a
massive increase in unsterile medical injections may have served to increase the
probability of serial transmission of partially adapted SIV infections in humans,
particularly as a result of the general availability of penicillin beginning in the early
1950s. According to this theory, serial passage of partially adapted SIV between
humans resulted in a cumulative series of mutations and the emergence of epidemic
HIV strains.

The AIDS epidemic in Romania is a documented example of the role that
unsterile injections can play in the serial transmission of HIV. Before December
1989, 13 AIDS cases were identified in Romania as reported to the WHO. By
December 31, 1990, almost 1200 cases were reported, of which 94% occurred in
children <13 years of age. Almost 60% of those children had acquired HIV in-
fection from unsterilized medicinal use of needles and syringes (Hersh et al., 1991).

Human T-lymphotropic viruses

Human T-lymphotropic Virus, type 1 (HTLV-1) is associated with adult T-cell
leukemia (ATL) and a variety of immune-mediated disorders, including the chronic
neurological disease named HTLV-1-associated myelopathy/tropical spastic par-
aparesis (HAM/TSP) (Barmak et al., 2003; Proietti et al., 2005). ATL was orig-
inally described as a particular leukemia, with a striking cluster of cases in Kyushu
island, Japan, in 1976, which suggested a unique etiology (Uchiyama et al., 1977).
HTLV-1 was first isolated in 1979 (Poiesz et al., 1980). ATL or HAM/TSP occurs
among only 1-5% of seropositive individuals. The vast majority of infected in-
dividuals remain asymptomatic virus carriers.

A few years later, a virus quite similar to HTLV-1, now called HTLV-2, was
isolated from a person with T-cell “hairy cell leukemia”. Despite being isolated
from a patient with leukemia, there is no convincing role of HTLV-2 in human
disease (Feuer and Green, 2005). HTLV-2 is endemic at a low level among the
American Indian population in Brazil and among certain tribes in Africa, whereas
in Europe and in the US it is mainly associated with intravenous drug abuse, still at
a very low level (Alcantara et al., 2003). An interesting question is whether serial
passage of this abuse, still at a very low level virus can result in cumulative mu-
tations leading to emergence of a more pathogenic virus.

The simian counterpart of HTLV, STLV (simian T-lymphotropic virus) is en-
demic in many African and Asian monkeys; it can infect most Old World primate
species (Watanabe et al., 1986; Slattery et al., 1999). In some instances, STLV-1
infection has been related to lymphomas and leukemias in monkeys (Sakakibara et
al., 1986). STLV-1 sequences have been identified in a wild-caught gorilla and a
chimpanzee in Cameroon (Nerrienet et al., 2004) that are similar to the sequence of
HTLV-1 of central African subtype B, supporting the suggestion that HTLV-1
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subtypes in humans have arisen from separate interspecies transmissions from
STLV-1 infected monkeys (Vandamme et al., 1998).

Foamy viruses

Foamy viruses are widely distributed retroviruses and are endemic in most mam-
mals except humans. Virtually all non-human primate species harbor distinct and
species-specific clades of SFVs (Heneine et al., 2003). There is so far no clear role
for foamy viruses in disease. They appear to be non-pathogenic viruses in vivo, in
contrast to their strong cytopathic effects in vitro (Falcone et al., 2003). In the wild,
these viruses are readily spread, most likely via biting. They can be found in all
tissues as integrated DNA copies, but the replication has only been demonstrated
in oral submucosal cells, which probably explains the natural route of transmission
(Falcone et al., 1999).

Humans are susceptible to infection by SFV, as shown by a relatively high
frequency of seropositivity (5.3%) among individuals working with primates at
research centers and zoos (Switzer et al., 2004). However, all seropositive persons
have been reported to be in good health even after longstanding infection (as long
as 26 years, documented by an archival serum sample) and there has been no
documented secondary transmission to spouses. Thus, these zoonotic infections
may represent benign dead-end infections.

Bushmeat—a source for transmission of new viruses

Hunting of wildlife for food is associated with a substantial risk for cross-species
transmission of new pathogens. The risk of zoonotic transmission and emergence
of new zoonoses is increasing due to an increasing demand for food for the growing
human population, and a globalized trade. In Africa, the forest is often referred to
as “the bush”, and thus, meat derived from it is often called “bushmeat”. Non-
human primates and other wildlife probably have been killed for food in parts of
Africa for generations; it is estimated to account for 50-80% of the protein in the
diet in some parts of Africa. Hunting, butchering, and eating bushmeat places
people at increased risk of exposure to primate retroviruses and other zoonotic
agents. Deforestation of tropical forests also contributes to increased contact with
non-human primates and the consumption of bushmeat.

Since SFV is endemic in most non-human primates, the presence of SFV in-
fection among bushmeat hunters can serve as a marker for the risk of acquiring
potentially pathogenic simian retroviruses via zoonotic transmission. A study of
1099 individuals in Cameroon identified 10 persons (1%) with serologic evidence of
SFV infection. Sequence analysis of samples from human lymphocytes revealed
three viruses with known associations with three different non-human primates,
associated with individual histories of contact with blood or body fluids from those
primates, thus indicating separate zoonotic transmissions from gorilla, mandrill,
and Brazza’s guenon (Wolfe et al., 2004).
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Two new unique HTLVs, designated HTLV-3 and HTLV-4, also have been
associated with bushmeat preparation and/or consumption in rural villages in
southern Cameroon (Calattini et al., 2005; Wolfe et al., 2005a). Serologic surveys of
bushmeat hunters in southern Cameroon (Wolfe et al., 2005a) and among different
tribes living in remote villages in the rainforest in Cameroon (Calattini et al., 2005)
were performed with the aim of searching for infection of divergent HTLVs. The
simian counterpart of HTLV-3, STLV-3, has been identified in wild-caught mon-
key species from several different ecosystems in Africa (Meertens and Gessain,
2003). So far, HTLV-3 infection has not been linked to disease and it is not known
whether it is transmissible between humans. (HTLV-4 was identified in a Came-
roonian bushmeat hunter (Wolfe et al., 2005a). The origin of HTLV-4 is unclear
because so far no simian counterpart has been identified, although it most likely
represents either an ancient or a recent transmission to humans from a non-human
primate.)

The naming of HTLV-3 and HTLV-4 may need a word of caution. The strong
phylogenetic relationship between the two HTLV-3 isolates and STLV-3 appears to
justify calling them HTLV-3. However, the one isolate of HTLV-4 is the only
known virus in a previously undescribed group; following the guidelines of the
International Committee on Taxonomy of Viruses (Fauquet et al., 2004), it qual-
ifies to be named HTLV-4. However, the term “HTLV-3" was used to refer to the
virus now known as HIV-1 before the current nomenclature was agreed on (Gallo
et al., 1984), and HIV-2 was referred to as “HTLV-4" during the early years after
its discovery (Kanki et al., 1987; Kornfeld et al., 1987). There are thus a number of
publications already describing an “HTLV-3"" and an “HTLV-4” that have noth-
ing to do with the newly discovered viruses. To avoid confusion and misunder-
standing, renaming these new viruses should possibly be considered.

Microbial changes and adaptation

Cross-species infections probably occur quite frequently. However, most of them
represent transient or abortive infections with no further human-to-human trans-
mission and are thus deed-ends. Despite frequent exposure to SIV-infected mon-
keys in Africa only about a dozen known cross-species transmissions have occurred
in the past 50 years that have resulted in significant human-to-human transmission
of what are now known as HIV-1 and HIV-2. Several infections of humans by
SFVs, which will not lead to further human-to-human transmission, have been
documented. In the human host, the SFV remains mainly in its integrated proviral
form and there is no detectable virus replication. Other zoonotic pathogens have
also led to several small human epidemics with little or no evidence of human-to-
human transmission. This phenomenon has been termed ‘‘viral chatter” and is
probably an important mechanism in viral emergence (Wolfe et al., 2005b). High
rates of viral chatter increase the diversity of virus sequence variants moving into
humans and form a basis for accumulation of genetic changes that may result in
adaptation to the new host.
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The mechanisms that underlie cross-species transfer through host-range ex-
pansion and establishment of viruses in a new host species depend on the accu-
mulation of genetic changes that may result in adaptation to the new host
(Kilbourne, 1991). This process can occur by various mechanisms such as muta-
tions, genetic drift, genetic shift, reassortment, and recombination. Most of the
genetic changes do not result in altered proteins (silent mutations). Others may
result in non-functional proteins or proteins with slightly altered properties that
may allow the virus to adapt to a new milieu.

Mutations can occur in the genomes of both RNA and DNA viruses. However,
because the genomes in RNA viruses are replicated by RNA polymerases that lack
the proofreading function of many DNA polymerases, mistakes made by the po-
lymerase during replication will not be corrected. Mutations can therefore occur
much more frequently in RNA viruses than in DNA viruses. As a consequence,
RNA viruses generally evolve more rapidly and lead to genetic heterogeneity,
which can be seen as the presence of viral quasispecies. This means that, in the
infected individual, the virus exists as a population of genetically related but di-
vergent variants, of which the most common variant is a ““‘master sequence’. While
the master sequence remains the dominant one, the spectrum of mutants may shift
in response to selective pressure and any variant may be selectively expanded
(Domingo and Holland, 1997). The importance of quasispecies was first recognized
in infections with HIV-1 (Meyerhans et al., 1989).

Accumulation of point mutations is regarded as a major mechanism driving the
adaptation of viruses to new hosts. However, evolution of the virus also can occur
through recombination, leading to the exchange of parts of genomes. For recom-
bination to take place, it is necessary that the cell be co-infected by two different
virus variants.

Influenza A

Genetic changes typically influence the epidemiology of influenza viruses. Surveil-
lance and characterization of the circulating strains are important in determining
whether an available influenza vaccine will give protection or not. Influenza viruses
are classified into types A, B, and C, of which types B and C are specific to humans,
whereas type A viruses can have different hosts, both birds and different mammals
including humans. There are only three A subtypes of influenza viruses (HIN1,
HIN2, and H3N2) known to be currently circulating among humans as seasonal
influenza. The seasonal influenza epidemics occur as a result of genetic drift, the
accumulation of point mutations that occur due to lack of proofreading (Webster
et al., 1992). Antigenic shift, an abrupt change in the hemagglutinin and/or the
neuraminidase proteins of the virus, causes the sudden emergence of a new subtype
of a type A virus that is antigenically distinct from former circulating influenza A
viruses. The new virus is potentially capable of causing an epidemic in an immu-
nologically naive human population (Webster et al., 1992). Worldwide epidemics,
called pandemics, occur only occasionally.
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Avian influenza A viruses have caused occasional human infections since 1997.
Most incidents have occurred in Asia (H5N1 yearly since 2003), in January 2006 in
Turkey (HSN1), in the Netherlands in 2003 (H7N7), and a few instances in Canada
in 2004 (H7N3), and in the US in 2002 (H7N2). To date, human infections with
avian influenza A have not resulted in sustained human-to-human transmissions,
although in certain instances transmission to family members cannot be ruled out
(www.cdc.gov/flu/avian/gen-info/avian-flu-humans).

Of the avian influenza A variants infecting humans during the last decade, the
1997 Hong Kong H5N1 epidemic involved the most pathogenic variant. Analysis
of the virus genome revealed that a reassorted virus entirely of avian origin had
crossed the species barrier without adaptation to a mammalian host (Hatta and
Kawaoka, 2002). There is evidence that H5N1 is now endemic in parts of Asia,
having established a permanent ecological niche in poultry. As of January 2006,
H5NI1 has spread to Europe, with outbreaks among wild birds (Croatia and Ro-
mania), poultry (Turkey, Romania, and Ukraine), and humans (Turkey). Genomic
analyses of H5N1 virus isolates from birds and humans show that the hemagglu-
tinin has undergone significant antigenic drift since 1997 (Horimoto et al., 2004).
Moreover, evidence further suggests that HSN1 is expanding its mammalian host
range in that an outbreak was documented among captive tigers in Thailand
(Keawcharoen et al., 2004).

SARS coronavirus

The severe acute respiratory syndrome coronavirus (SARS-CoV), the agent of
SARS, emerged as a new cross-species transmission event in Guandong province,
China, in 2002 and caused a serious epidemic in 2003, spreading to a number
of other countries. Beijing experienced the largest SARS outbreak, with more
than 2000 cases and a close to 10% fatality rate (Liu, 2005). Through a remarkable
effort, the infectious agent was rapidly identified.

Coronaviruses closely related to SARS-CoV were discovered in several wild
animal species and in live animal markets in Guandong. SARS-CoV isolated from
patients during the 2002—2003 epidemic and from sporadic cases in 2003 and 2004
appears to be derived from a nearly identical virus in palm civets and raccoon dogs
(Guan et al., 2003) (Fig. 2).

Sequencing of hundreds of SARS virus genomes from humans and animals
have identified mutations in the receptor-binding domain (RBD) that distinguish
the species-specific strains (Song et al., 2005). (The RBD of coronaviruses is located
in the spike protein (S). Trimers of the S-protein bind to the specific cellular re-
ceptor, which for the SARS virus is angiotensin-converting enzyme 2 (ACE2);
Prabakaran et al., 2004.) Only four amino acids differ between the human and the
civet strains, but the human viral S-protein binds the human receptor 1000-10, 000
times more tightly than does its civet S-protein counterpart. The intimate interface
between a loop of the S-protein of viruses from the SARS epidemic in 2002-2003
and human ACE2 mediates efficient binding and infection of the cell, which
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Fig. 2 Animal markets represent a risk factor for transmission of various viral zoonoses, e.g. SARS.
Source: Reuters/SCANPIX. (For colour version: see Colour Section on page 347).

probably is a key factor in determining the severity and possibly human-to-human
transmission (Li F. et al., 2005). In contrast, S-protein from viruses of sporadic
SARS cases in 2003 and 2004, each of which was an independent cross-species
event with no further human-to-human transmission, had amino acids that more
closely resembled the civet virus. The outcome was a reduced binding to human
ACE2 and less efficient infection. Epidemiological investigation of the 2003 and
2004 SARS cases showed that SARS-CoV-positive palm civets, kept alive in cages
close to the customers while waiting to be prepared as dinners in a restaurant, were
the source for transmission to a waitress working in the restaurant and to a cus-
tomer eating there (Wang M. et al., 2005).

In addition to mutations in the S-protein that resulted in high-affinity binding
to the human receptor, molecular epidemiology and phylogenetic studies have
identified a series of mutations in the so-called 5-locus motif (Liu, 2005). The
mutations that occurred at different times in two geographically separate locations
in China suggest a dominant process occurring during viral adaptation to the
human host. The mutations observed in Beijing followed the same molecular path
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as isolates from Guandong and from the epidemic outside China, i.e. an early
GACTC motif was followed by transition to GGCTC motif before appearance of
the stable TGTTT motif.

The SIVcpz recombination

The origin of the HIV-1 pandemic has been traced to the SIVcpz virus of chim-
panzees (identified in two chimpanzee subspecies, P. troglodytes troglodytes and P.
troglodyte schweinfurthii, but not in the third species, P. troglodytes verus). Species-
specific strains of SIV (like SIVsm and SIVagm) have been identified in more than
30 African primate species, but all except SIVcpz infect monkeys. SIVs seem to be
non-pathogenic in the vast majority of natural hosts despite high levels of virus
replication (Apetrei et al., 2004). This may be a consequence of the fact that the
incubation period of the disease generally exceeds the life span of the host. SIVs
also have a high propensity for cross-species transmission. SIV phylogeny is
complex and analyses indicate recombination among viruses from different major
lineages. Of the identified recombinants, SIVcpz so far represents the most impor-
tant one, being the source of the HIV-1 pandemic. SIVrcm from red-capped
mangabeys and SIVgsn from greater spot-nosed monkeys are most closely related
to SIVcpz, but they are similar only in certain regions of the genome that do not
overlap. Extensive phylogenetic analyses of subsets of SIV strains comparing
the topologies among four regions of the proteome have provided evidence for
a more recent origin of SIVcpz than of other strains, being a result of recombi-
nation between ancestors of SIVgsn and SIVrcm (Bailes et al., 2003). The geo-
graphic region of these two monkey species overlaps that of the chimpanzee and it
is known that chimpanzees hunt smaller monkeys for food. The founder chim-
panzee most likely was infected by one of the ancestor SIVs and thereafter became
superinfected by the other ancestor virus, leading to recombination in a doubly
infected cell.

The hybrid origin of SIVcpz, in contrast to SIVsm (from which HIV-2 is de-
rived), has several important implications. First, it provides evidence that, in ad-
dition to humans, another primate species can acquire cross-species transmission
under natural conditions. Second, the hybrid virus had adapted to the host and
established substantial secondary spread within the species. Third, the chimpanzee
virus was capable of spreading to humans. Moreover, the chimpanzee most likely
acquired SIV-infection relatively recently, subsequent to the split of the chimpanzee
into two subspecies, since SIVcpz has not been found in the third chimpanzee
subspecies, P. troglodytes verus.

Retrovirus superinfection and recombination—potential emergence of new viruses
Two biological properties of retroviruses make them particularly likely candidates

for the generation of new emerging viruses. One is the integration of the reversely
transcribed provirus into the cellular genome, causing a life-long infection. Another
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is the potential for superinfection, in which recombination may occur when a cell
becomes infected with two genetically distinct viruses. During reverse transcription,
the reverse transcriptase can switch from one RNA template to the other, thereby
generating a progeny that is a mosaic of the parent viruses (Preston et al., 1988).
HIV-1 genomes with this kind of mosaic structure are called circulating recom-
binant forms (CRFs). There are an increasing number of such CRFs identified;
CRF 01_AE is mainly responsible for the HIV epidemic in Southeast Asia (Takebe
et al., 2003; Watanaveeradej et al., 2003). These CRFs now constitute 10-20% of
newly characterized circulating strains (Perrin et al., 2003).

The recent cross-species transmission of retroviruses like SFV and the recog-
nition of two new HTLYV retroviruses (HTLV-3 and HTLV-4) open wider pos-
sibilities of superinfection. Concomitant HIV-1 and HIV-2 infections have been
documented in Africa, India, and Greece (Georgoulias et al., 1988; Rubsamen-
Waigmann et al., 1994; Esteves et al., 2000). However, recombination between
HIV-1 and HIV-2 has not been reported so far. Although recombination frequently
takes place in HIV-1, certain genetic barriers may exist to recombination with HIV-
2 or other retroviruses such as SFV, HTLV, etc.

Prevention and control

Efficient and cost-effective prevention and control of viral zoonoses necessitates an
understanding of the nature of zoonoses and their ecology. The emergence of a new
viral zoonosis and its further development into a pandemic can be conceptualized
as a series of steps leading from initial contact to global spread and depends largely
on three factors: (1) The prevalence of a potential zoonotic virus in animal pop-
ulations and the frequency of human contact with these animal reservoirs. (2)
Successful transmission of the zoonotic virus from the animal reservoir to humans,
establishment of a productive infection in humans, and further direct transmission
between humans. (3) The movement of the zoonotic virus into the global popu-
lation.

The prevention and control of viral zoonoses share many common aspects, but
in all cases the animal reservoir must be considered in the risk-analysis framework.
It is thus important to integrate medical, veterinary, ecological, and other sciences
in interdisciplinary teams (Daszak et al., 2004, FAO, WHO, and OIE, 2004). The
role of bats in the etiology of many viral zoonoses illustrates the challenges of
prevention and control (Dobson, 2005). Bats represent a reservoir of rabies, Hen-
dra, Menangle, and Nipah viruses. Furthermore, there is strong evidence that bats
may be the wildlife reservoir of Ebola virus and one of the reservoirs of SARS-CoV
(Leroy et al., 2005; Li W. et al., 2005). Although SARS-CoV isolated from humans
appeared to derive from a nearly identical virus circulating in masked palm civets
and racoon dogs (Guan et al., 2003; Song et al., 2005), subsequent studies did not
reveal widespread infection in wild or farmed civets, and experimental infection of
civets with human SARS-CoV resulted in overt clinical symptoms suggesting that
they are not the reservoir. A recent large study of different bat species from four
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locations in China showed a high prevalence and wide distribution of SARS-
CoV-seropositive bats (Lau et al., 2005; Li W. et al., 2005). Although horseshoe
bats appear to be the natural reservoir of a SARS-like corona virus (SL-CoV), it is
not clear how this virus could have got from the bat or another reservoir to
humans. The human and civet isolates of SARS-CoV are phylogenetically located
within the spectrum of these SL-CoVs. One possibility is that bats passed the virus
to civets or to other animals in the wild or in the live animal markets of southern
China.

In the wild, bats can transmit viruses to other species from the fruit they spit
out after extracting the juice and sugars. This could explain how gorillas and
chimpanzees might acquire Ebola virus during seasonal fruiting events when bats
and primates feed among the same fruit-bearing trees. In the near future, zoonotic
transmission of viruses from bats to humans must be given greater attention.

In order to increase the capability of recognizing viral zoonoses, there is a need
for better national surveillance systems both in humans and animals, and better
international sharing of information from such surveillance systems. Improved
notification systems and screening programs for human infections, including the
application of syndromic surveillance, are warranted in order to detect new and
emerging zoonoses. Efficient surveillance is dependent upon a laboratory system
that is capable of identifying and characterizing the pathogens in question. More
research is needed to understand better the epidemiology and pathogenesis of var-
ious zoonoses, to improve diagnostic methods, and to develop cost-effective vaccines
and drugs. Training and education are prerequisites in order to enable the personnel
involved at the various stages, from field to laboratory personnel, to detect zoo-
noses. Information and communication are key components in any prevention and
control strategy, and this should also involve the general public. The importance of
public education and behavioral change are critical factors for successful interven-
tion. The implementation of restrictions of animal movements caused by human
activity is another important preventive measure. For vector-borne zoonoses, vector
control should be an integral part of any intervention strategy.

Interdisciplinary and international collaboration are crucial for the rapid iden-
tification and effective management of viral zoonoses. The pivotal role of inter-
national organizations such as the World Health Organization, the Food and
Agricultural Organization, and the Office International des Epizooties is exempli-
fied by the response to the current avian influenza outbreak in Asia and Europe.
Containment of viral zoonoses relies on efficient national, regional, and interna-
tional cross-sectional networks to improve data sharing and enable a timely and
effective response to disease outbreaks.
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