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Summary
Over the past few decades, the geographical distribution of arthropod-borne
zoonoses has dramatically expanded. The influence of human-induced or
ecological changes on the risk of disease outbreaks is undeniable. However, few
hypotheses have been proposed which address the re-emergence of these
diseases, the spread of these viruses to previously uninfected areas and their
establishment therein. Host and vector movements play an important role in the
dissemination of pathogens, and the ability of these diseases to colonise
previously uninfected areas may be explained by the diversity of hosts and
vectors, the presence of favourable ecological conditions, and the successful
adaptations of vectors or pathogens to new ecosystems.
The objective of this paper is to describe the epidemiological processes of the
vector-borne diseases Rift Valley fever, West Nile fever, Japanese encephalitis
and Crimean-Congo haemorrhagic fever.
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Introduction
Over the past few decades, significant changes in the
distribution and intensity of major vector-borne zoonotic
diseases have been recorded. While some of these diseases
have been described in endemic areas, little is known
about the epidemiological processes involved in the 
re-emergence of zoonotic arboviruses or the spread of
these viruses to previously uninfected areas. This lack of
knowledge combined with an absence of specific
treatments and, in some cases, the lack of a vaccine (there
is no vaccine for West Nile fever or Crimean-Congo
haemorrhagic fever, and vaccines against Rift Valley fever
may cause females to abort) may explain the difficulties
affected countries have in forecasting outbreaks and
controlling the diseases.

Many vector-borne zoonotic diseases have a complex
epidemiology. Although transmission is strongly linked to
local ecological parameters, i.e. vector dynamics, host

distribution and vector-host contact, long distance
transportation of arboviruses has also been described. It
has recently been observed that once arboviruses reach
previously uninfected areas they may have the capacity to
settle and spread. In light of these observations,
epidemiologists have undertaken investigations to
determine why these recent changes in distribution are
taking place now, what the influencing factors are, and for
how long such changes will continue to occur.

The aim of this paper is to present a study of the
epidemiological processes involved in the transmission of
vector-borne zoonotic diseases using, as models, four
current emerging arboviruses: Rift Valley fever (RVF), West
Nile fever (WNF), Japanese encephalitis (JE) and Crimean-
Congo haemorrhagic fever (CCHF). The first part of the
study will describe the influence of ecological and human-
induced changes on the occurrence of outbreaks in



endemic areas. Mechanisms involved in long distance virus
dissemination and factors influencing the ability of a
disease to survive and colonize previously uninfected areas
will then be examined. The final section will review the
factors and processes that determine the evolution of
arthropod-borne diseases in areas where the virus was not
previously present. As stated above, four current emerging
arboviruses will be used as examples throughout this
paper; these diseases are briefly described below.

Rift Valley fever
Rift Valley fever virus, belonging to the genus Phlebovirus
(family Bunyaviridae), can be transmitted to humans and
other ruminants by several arthropods, although
mosquitoes of the genera Aedes and Culex are considered to
be the most common vectors of the disease. Human
infections may also result from contact with the tissues and
body fluids of infected ruminants during slaughter or the
abortus of infected animals. The disease, which is often
clinically inapparent or mild in adult sheep or cattle, may
cause abortion in pregnant adults and death in young
animals. Infections in humans are characterised by a severe
influenza-like syndrome, although some patients can
develop complications during the later stages of the
disease, i.e. encephalitis, retinitis or fatal haemorrhagic
fever (161). Restrictions on the trade of domestic animals
and animal products from infected areas can have severe
economic impacts. Rift Valley fever is endemic in many
African countries and has recently spread to Saudi Arabia
and Yemen (3, 132).

West Nile fever
West Nile fever virus, belonging to the genus Flavivirus
(family Flaviviridae), is categorized, along with Japanese
encephalitis virus (JEV), Saint Louis encephalitis virus
(SLEV), and Murray Valley encephalitis virus, as part of the
JEV complex (54, 136). The basic transmission cycle
involves wild and domestic birds that act as the main hosts
and mosquitoes (mainly from the genus Culex) that act as
vectors. In favourable ecological conditions the basic cycle
may be amplified by transmission of the virus to humans
and horses, both of which act as dead-end hosts (12). Most
infections in humans and horses are asymptomatic or
cause non-specific mild febrile signs; however, potentially
fatal cases of meningitis or encephalitis may develop, with
mortality rates reported of between 26% to 43% in humans
and 9% to 16% in horses.

The natural history of WNF varies considerably between
regions and continents. For example:

– the virus is widespread and endemic in Africa and Asia

– in Europe, waves of outbreaks have occurred over the
past two decades
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– WNV has recently reached North America and is rapidly
spreading across the continent.

Japanese encephalitis
Japanese encephalitis virus, belonging to the genus
Flavivirus (family Flaviviridae), is considered to be the most
common cause of encephalitis worldwide. The first severe
outbreak of disease was reported in Japan in 1924,
followed by a series of outbreaks occurring between 1931
and 1948 (128, 149) (Fig. 1). The virus is now endemic
throughout much of Southeast Asia (93) and is responsible
for over 50,000 clinical cases annually. Symptoms range
from a mild fever to acute meningomyeloencephalitis, with
permanent neurological damage reported in 50% of
recovered cases (137). Fatality rates are high (reaching up
to 25%) in young children (13). The virus is maintained in
a zoonotic cycle via the transmission between rice field-
breeding mosquitoes (mainly from the genus Culex),
domestic pigs and/or water birds, and humans (as
incidental hosts). Although JE continues to spread in Asia,
vaccination campaigns coupled with an improvement in
living conditions have significantly reduced the impact of
the disease in Japan.

Crimean-Congo haemorrhagic fever
Crimean-Congo haemorrhagic fever virus, belonging to the
genus Nairovirus (family Bunyaviridae), is a tick-borne
zoonosis that is a public health concern in many regions of
the world including Africa, the Middle East, southern and
eastern Europe, and western Asia. Clinical disease in
humans is initially manifested as an acute febrile illness
followed by a fatal haemorrhagic syndrome with mortality
rates of up to 50% (141). The virus is transmitted to
reservoir mammals and humans through the bite of hard
ticks (mainly of the genus Hyalomma). Humans may also
become infected through direct contact with blood or
tissues of infected humans or livestock (139). The highly
pathogenic nature of the virus occasionally results in
serious nosocomial outbreaks (111). Since the first
outbreak of CCHF described in Europe in 1945 (56),
several subsequent outbreaks have been reported
worldwide in newly discovered foci as well as in foci where
the virus has been previously recognized (165).

Epidemiological processes in
endemic areas
In endemic areas, the epidemiology of the aforementioned
diseases is characterised by the immunological background
and density of vertebrate hosts, vector abundance, and the
local environment. The temporal expression of these
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diseases is based on a natural rhythm balanced by host
immunity and vector population dynamics. External
events, such as unusual rainfalls or human induced
changes, may affect this balance and lead to outbreaks.

Impacts of biological factors
Rift Valley fever virus has been recorded across the
continent of Africa (including Madagascar) with recent
spread into Saudi Arabia. The virus is capable of inhabiting
a variety of different bioclimatic conditions including wet
and tropical areas, e.g. the Gambia (146), hot and arid
areas, e.g. Yemen (3) or Chad (119), and irrigated regions,
e.g. the Senegal River valley (66, 67, 77) and the Nile Delta
(57, 130).

The presence of vectors and their population dynamics are
strongly linked to land cover patterns. For example, the
annual rainfall at Lake Nasser in Egypt is very low,
resulting in minimal amplification of the mosquito

Fig. 1
The spread of Japanese encephalitis in Asia and in Australia
(1924-2003)
Source: WHO website 2003 
http:// www.who.int/ith/chapter05-m07-japencepha/html (128, 149)
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population. However, high densities of Culex spp.
(consisting of 93% of Cx. pipiens and 4.5% Cx. univittatus)
were observed during outbreaks of RVF in this area in
1977 and 1978, and were believed to be associated with
local irrigation practices. Evidence supporting Cx. pipiens
as the main vector in these outbreaks included:

– the bioecology of Cx. pipens (population dynamics,
biting activity and host preference)

– a decrease in the number of RVF human cases
corresponding with a decrease in the Cx. pipiens
population, occurring at the beginning of the cold season

– isolation of the virus from non blood-fed field
specimens (57, 97, 130).

Conversely, a variety of mosquito species, some of which
had previously been confirmed experimentally as vectors
for RVF (i.e. Cx. pipiens, Ae. caspius and Cx. perexiguus)
(151), were associated with an outbreak of disease in the
same region in 1993 (4).

Vector presence and population dynamics are also strongly
linked to climatic factors. In East Africa, the occurrence of
outbreaks has been clearly correlated to unusually heavy
rainfall associated with El Niño (31, 32, 83, 138), such as
the December 1997 outbreak in Kenya which occurred
following a rainfall of 60 to 100 times the average level.
The outbreak then rapidly spread to Somalia and Tanzania
resulting in an estimated 89,000 human cases (124). The
primary vectors involved in this outbreak were floodwater
mosquitoes belonging to the Aedes genus, 
(i.e. Ae. cumminsii, Ae. circumluteolus, Ae. mcintoshi), with
Cx. zombaensis acting as secondary vectors. Hypotheses
regarding the processes involved in the transmission of
RVF within the breeding habitats (referred to in Kenya as
dambos) of these mosquitoes have been derived through
studies of mosquito ecology (82). As shown by 
Ae. mcintoshi, female mosquitoes of the floodwater 
Aedes spp. transmit the virus to their descendents by
vertical transmission (82). The eggs are laid in the wet soil
of temporary ponds where they are capable of surviving for
several years once the soil dries (110, 148). Subsequent
flooding of these areas results in a mass hatching of
mosquito eggs (51, 102), some of which are infective,
which then leads to a new outbreak of disease. To a lesser
extent, the transmission cycle also involves 
Culex mosquitoes; however, they require a semi-permanent
body of water to persist (7).

The correlation between outbreaks of RVF and periods of
heavy rainfall observed in East Africa is not relevant to
West Africa. For instance, outbreaks of RVF were observed
during the drought periods of 1982 to 1985 in Mauritania
(125) and 1987 in Senegal (107), while outbreaks in the
Senegalian cities of Matam and Podor in 2002 (146)
occurred during a dry season. Likewise, a high incidence

of RVF was recorded in the Ferlo sahelian area, north of
Senegal, during the 2003 rainy season, which was marked
by a significant reduction in the average rainfall 
(Chevalier et al., in preparation).

In West Africa, where climatic factors have not been
implicated in outbreaks of RVF, other factors, such as herd
immunity, may be important determinants in the temporal
pattern of disease outbreaks. A cyclical pattern of disease
emergence, with virus circulation recorded every five to six
years during the past 20 years, has been observed in
northern Senegal and southern Mauritania 
(Mauritania 1987 [68], Mauritania and Senegal 
1993 [167], Mauritania 1998 [106]). More recently, in
2002-2003, RVF led to severe animal losses in Mauritania,
Senegal, the Gambia and Mali (146). A similar periodicity
has also been observed in Egypt. The interepizootic period
coincides with the time when the herds are renewed (145).
Following an outbreak, it has been demonstrated that herd
immunity may reach 80% (146) with a subsequent
decrease in immunity occurring over the following years. If
additional exposure does not occur, the herd immunity
will decrease over subsequent years resulting in an
increasing susceptibility of the herds once again.

How the virus is able to survive the interepizootic period
remains unclear. In wet or irrigated areas, low level virus
circulation may persist all year round as a result of
permanent Culex populations. In more arid areas, such as
Ferlo, it has been proven that the virus is capable of
circulating at a low level without the appearance of clinical
signs during the rainy season (167). In the dry season,
there are no vectors, which means that there is no
mosquito transmission during this season. There are
several different hypotheses as to how the virus is
maintained during the dry season, as follows:

– the presence of reservoir animals such as rodents, i.e.
antibodies to RVF have been detected in the African grass
rat (Arvicanthis niloticus) and the Guinea multimammate
mouse (Mastomys erythroleucus) in Senegal (44), while the
Namaqua rock rat (Aethomys namaquensis) is believed to be
a reservoir of RVF in South Africa (114)

– vertical transmission by floodwater Aedes spp., as
described previously.

Human-induced risk parameters
History provides numerous examples of the potential
impact of human induced changes on vector-
borne diseases.

Crimean-Congo haemorrhagic fever

During World War Two enemy occupation of Crimea
(autonomous republic of the Ukraine) (1941-1944),



traditional agriculture activities and the hunting of
European hares, an important amplifying host of CCHF,
were disrupted resulting in a marked increase in hare and
tick (Hyalomma marginatum) population densities.
Reoccupation of this area in 1944 by Russian troops, which
had not been previously exposed to the disease, resulted in
the first recorded outbreak of CCHF in Crimea. The
outbreak stopped when elevated rainfalls led to high tick
mortality, and traditional hunting and agricultural
practices were reinitiated.

Nine years later a new outbreak took place in Astrakhan
Oblast (southern Russia) where vertebrate host and tick
vector populations were normally regulated by seasonal
inundations of the Volga River. In the early 1950s,
however, the river flow was regulated in order to develop
new agricultural areas. The tick population consequently
exploded leading to the first appearance of CCHF in
Astrakhan in 1953 (56).

Rift Valley fever

Human development activities have also been implicated in
outbreaks of arboviruses, such as RVF. The flooding of the
Aswan dam in Egypt in 1971, and the subsequent irrigation
of vast areas used for cultivation provided local mosquitoes
with ideal breeding habitats and resulted in high numbers of
Culex mosquitoes during the following summer. In addition,
increases in grassy areas attracted breeders from foreign
regions leading to a very high density of ruminants in the
region. Ruminants from infected southern areas may have
introduced the virus into this new favourable ecosystem.
This combination of events led to the first reported outbreak
in this region in 1977 to 1978 (57, 130). At present this area
is still considered endemic, with outbreaks or evidence of
circulating virus recorded in 1993 (4), 1997 (1) and 2003
(163). A similar sequence of events was associated with the
building of the Diama dam in the western African countries
of Senegal and Mauritania, although, in this case, the virus
was believed to have been present prior to the construction
of the dam (125, 167).

West Nile fever, Saint Louis encephalitis virus and
Japanese encephalitis virus

Changing human demographics, resulting in an
intensification of urbanisation and increasing levels of
poverty, have also been associated with an increased risk of
some arbovirus outbreaks (e.g. WNV and SLEV). For the
past four decades WNV circulation has been recorded in
Romania and Russia, particularly during the hot summer
months (58, 113). In Bucharest, deteriorated urban and
suburban conditions combined with flooding of the
basements of many structures, has favoured a high density
of Cx. pipiens mosquitoes in human settlements and
domestic bird breeding grounds.

Climatic conditions also have an effect on disease
emergence. Dry and hot climatic conditions (129) will
increase the concentration of organic materials in standing
water, while variations in temperature are known to
influence vector capacities (29, 35, 69). In Romania, it is
likely that the combination of these factors induced the
urban outbreak of 1996 in the city of Bucharest (129). This
correlation between poor urban infrastructure, drought
induced vector amplification and WNV outbreaks is
reminiscent of some SLEV epidemics that have occurred in
the United States of America (USA) (53, 131). West Nile
virus and SLEV (both of which are included in the JEV
serocomplex) have a strong antigenic and genetic
relatedness and many epidemiological similarities.

On the other hand, changes in human demographics may
sometimes have a positive impact. In Asia, for instance, the
demographic explosion in the 1980s promoted the
development of rice cultivation and pig breeding 
(138, 149) (as previously mentioned, rice fields are good
mosquito breeding sites and pigs are amplifying hosts of
JE), consequently, the number of amplifying hosts
dramatically increased, provoking the geographical spread
of JE. Alternatively, in Japan and Taiwan, the demographic
explosion was coupled with an increase in urbanisation, an
improvement in living conditions, the shrinkage of rice
fields, the implementation of vaccination campaigns and
the intensification and relocation of pig farms far from
residential areas. In Japan and Taiwan, the incidence rate of
confirmed cases has dropped dramatically in the last 
20 years, with fewer than 100 cases reported per year in
Japan (118, 164). Unfortunately this is not the case in the
People’s Republic of China, where traditional pig breeding
remains predominant and residential areas are located
close to the pig flocks. Consequently, despite large
vaccination campaigns, JE continues to spread, leading to
more than 10,000 cases each year (118).

Changes in disease distribution
during the last few decades
Significant changes in the distribution of arboviruses have
been observed recently. In this review, three major
mechanisms by which arboviruses and their vectors are
disseminated will be discussed.

Virus dissemination associated with domestic
animal movements
During the last few decades the distribution of RVF has
expanded from the southeastern to the northern countries
of Africa. The first major outbreak of RVF was recorded
close to Lake Naivasha in Kenya in 1930-1931 (99). Up
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until 1977, the disease seemed to be limited to southern
Africa with infections reported in northeastern South
Africa in 1950 (103), Namibia in 1955 (100) and South
Africa in 1952-1953, 1955-1959, 1969-1971, 
1974-1976, 1981 and 1999 (6, 88, 89, 91, 140, 142).
After 1977, the disease spread to the northern and western
countries of Africa, causing severe human cases and
substantial livestock losses, i.e. Egypt in 
1977-1978 (57, 130) and the Senegal River valley
(southern Mauritania and northern Senegal) in 1987-1988
(66, 67, 77). A severe outbreak was recorded in Kenya,
Tanzania and Somalia in 1997-1998 (162). In 
2000 the disease spread to the Arabic peninsula and
caused the death of 224 people (3, 132) (Fig. 2).

The dissemination of RVF virus has, in many cases, been
attributed to livestock movements. In Saudi Arabia 
(20, 21) six strains of RVF isolated from mosquitoes in the
Jizan region were shown to be very genetically similar to
those isolated from the 1997-1998 outbreak in Kenya,

suggesting that the disease spread from Africa to 
Saudi Arabia via the introduction of viraemic animals (124,
134). The trade of infected sheep and camels between
Sudan and Egypt was believed to be responsible for the
1977 RVF outbreak near Lake Nasser in Egypt, an area
known to be involved in the trade of sheep and camels
with northern Sudan (1). Outbreaks of disease had 
been reported in irrigated regions of Sudan since 
1971. The detection of antibodies to RVF in samples
collected from camels crossing the border from Sudan into
Egypt lends further support to this hypothesis (96). 
The presence of mosquito vectors (Cx. pipiens, 
Cx. univittatus and Cx. antennatus) in northern Egypt 
(the Nile Delta region) (143) further contributed to the
spread of RVF and resulted in a substantial number of
human deaths (598 deaths out of a total of 
200,000 human cases) and severe livestock losses 
(80, 95). In Senegal, the Ferlo region is a common
gathering area for nomadic herds from infected
neighbouring regions (Senegal River valley, Oriental
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Rift Valley fever outbreaks in the world since 1930
In bold, outbreaks in the last five years





– the presence of dead-end hosts, such as wallabies and
cattle (73, 92)

– the co-circulation of flaviviruses which are genetically
similar to JEV and provide cross-protection to infection
with JEV (92)

– the long distances between pig breeding farms and
residential areas (unlike the Torres Strait where the close
proximity of pig breeding farms and residential areas may
have contributed to the outbreaks in this area) 
(48, 155, 156).

Variations in the transmission of JEV, based on
observations from several study sites in India, were
attributed to differences in the availability of pigs and
alternative hosts (117).

Crimean-Congo haemorrhagic fever
Crimean-Congo haemorrhagic fever virus is present in over
30 countries which are situated in a range of ecologically
diverse regions (Fig 5). The virus has been isolated from 
28 species and sub-species of hard ticks, comprising seven
genera, each of which may contribute differently to the
transmission, amplification and maintenance of the virus

(133). The wide geographic distribution of each of these tick
species can be attributed to:

– the ecological adaptability of the tick species

– the dissemination of ticks that are in the immature
stages of development through the movement of local birds

– the ability of adult ticks to parasitise numerous
domestic animals (56).

The number of potential hosts for CCHF is high and
reflects the diverse feeding preferences of the immature
and adult tick vectors. Antibodies against CCHF virus have
been detected in domestic and wild animals including
hares, hedgehogs, rodents, chiropters, and large mammals
such as giraffes and rhinoceroses. On each continent
dozens of bird species serve as hosts to the nine or ten
species of ticks which feed on birds during their immature
stages of development. Despite the observation that the
level of viraemia in birds is usually low to unnoticeable, it
has been shown that the virus can be replicated and
transmitted by infected birds (166), suggesting that the
role of birds in the epidemiology of the virus is two-fold
(i.e. transportation of infected ticks and local/long distance
dissemination of the virus by infected birds).
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Fig. 5
Countries in which Crimean-Congo haemorrhagic fever virus has been isolated and countries at risk of infection
Source: WHO website http://www.who.int/csr/disease/crimean_congoHF/en/
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