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The main objective of this review is to provide a brief in-
troduction to the components of transmission cycles for 
common vector-borne diseases in the temperate Northern 
Hemisphere (Table 23.1) and the potential mechanisms 
regulating vector-pathogen-host interactions (Table 23.2). 

Transmission Cycle Components

For vector-borne diseases, the greatest burden is from 
tropical protozoans, based on either mortality or disabil-
ity-adjusted life years (Hill et al., 2005). For example, 
malaria causes 1.1 million deaths/year, leishmaniasis 
51,000 deaths/year, trypanosomiasis 48,000 deaths/year, 
and Chagas disease 14,000 deaths/year. In contrast, 
bacteria and viruses usually have a lower mortality toll 
(e.g. Borrelia, Rickettsia and flaviviruses) (Dobson and 
Foufopoulos, 2001; Morens et al., 2004).

In the United States, the primary re-emerging and 
emerging vector-borne diseases are Lyme disease and 
West Nile virus (WNV), although occasional focal out-
breaks of equine encephalitis, California group encepha-
litis, babesiosis, ehrlichioisis, anaplasmosis and dengue 
do occur (Gubler, 1998). The clinical cases of Lyme dis-

ease outnumber those of WNV, but the number of people 
at risk to exposure and the case fatality rates are heavily 
weighted toward the flavivirus (Hayes et al., 2005). The 
2002 and 2003 outbreaks of WNV in the United States 
were each the largest reported epidemic of neuroinvasive 

Figure 23.1. Diagrammatic representation of factors influencing the 
temporal dynamics and intensity of vector-borne pathogen transmis-
sion. Source: Author.
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Table 23.1. Emerging vector-borne diseases in North America and Europe. Source:  Author.

Disease/Pathogen Classification Vector Primary Vertebrate Reservoir

Bunyavirus

LaCrosse, California Group (Orthobunyavirus) Aedes triseriatus Squirrels, chipmunks

Tahyna (Orthobunyavirus) Aedes cinerus, Aedes vexans Hares, rodents, small mammals

Rift Valley fever (Phlebovirus) Aedes spp., Culex spp. Cattle, sheep, goats

Flavivirus

West Nile virus Culex pipiens complex, Cx. tarsalis, Cx. univit-
tatus, Cx. modestus, Culex spp.

Birds (corvids with high mortality in USA 
to WNV99), reservoirs include passerines 
(robins, cardinals, sparrows)

Japanese encephalitis Cx. tritaeniorhnchus, 
other Culex and Aedes spp.

Swine, aquatic birds

Tick-borne encephalitis, 
Louping Ill, Central European TBE, 
Russian spring-summer encephalitis

Ixodes ricinus, I. persulcatus Primarily rodents, but also deer, birds, me-
dium-sized mammals

Dengue/DHF Aedes aegypti, some areas Ae. albopictus Human to human transmission may be a syl-
vatic cycle with non-human primates similar 
to Yellow Fever

Togavirus

Eastern equine encephalitis Culiseta melanura, Coquillettidia perturbans, 
Aedes spp.

Wild birds, passerines associated with cedar 
swamps

Ross River Culex annulirostris (inland), 
Aedes spp. (coastal)

Kangaroos, macropods, cattle, horses?

Chikungunya virus Aedes aegypti, Ae. albopictus Monkeys, baboons?

Sindbis virus Culex spp. Birds, songbirds

Reovirus

Colorado tick virus Dermacentor andersoni Ground squirrels, chipmunks, rodents?

Bacteria/Rickettsia-

Rocky Mountain spotted fever, 
Rickettsia rickettsia

Dermacentor variabilis, D. andersoni, 
Amblyomma spp., Rhipicephalus spp.

Rabbits, field mice

Human ehrlichiosis, Ehrlichia chafeensis, 
Ehrlichia spp.

Amblyomma americanum, 
Ixodes scapularius

Rodents, deer

Anaplasmosis, Anaplasma phagocytophilum Ixodes scapularis and I. pacificus Domestic and wild ruminants (deer, elk), 
rodents

Relapsing fever, Borrelia hermsii, Borrelia spp. Ornithodorus hermsi, Ornithodorus spp Squirrels, rodents

Lyme borreliosis, Borrelia burgdorferi Ixodes scapularis USA, I. ricinus in Europe Mice, rodents (deer not competent)

Protozoa

Human babesiosis, 
Babesia microti (USA)/B. divergens (Europe)

Ixodes scapularis, Ixodes ricinus Rodents
cattle, horses, deer, dogs, cats, rodents

Chagas disease, Trypanosoma cruzi Triatominae bugs (conenose or assassin bugs) Rodents

Malaria, 
Plasmodium falciparum, P. vivax, P. ovale and 
P. malariae

Anopheles spp., varies between countries Humans; great apes or birds?
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Component of  
Transmission Cycle

Potential Biological  
and Environmental Drivers

Example or Possible Consequence

Change in composition of patho-
gens and vectors
 --Introduction of novel pathogen 
by infected vector or host
--Introduction of competent vector
--Range expansion of pathogen 
and/or vector 
--Ecological succession

Legal and illegal global travel and trade; movement of 
livestock, humans, pets and arthropods on planes and 
ships; hitchhikers in trade goods (e.g. tyres) or contain-
ers, tarps, ship ballast, etc.
Climate change
Meteorological change

Malaria, West Nile virus, Yellow fever virus, Dengue
Aedes albopictus, Aedes aegypti, Aedes (Ochlerotatus) 
japonicus, Anopheles gambiae

Invaders that become vectors of 
indigenous pathogens

Arthropods on planes and ships; hitchhikers in trade 
goods (e.g. tyres) or containers, tarps, ship ballast, etc.

Aedes albopictus, Aedes aegypti, Aedes (Ochlerotatus) 
japonicus, Anopheles gambiae

Abundance of vector and hosts Appropriate habitats (e.g. aquatic for mosquito larvae); 
presence of food; nesting, and resting sites; meteorologi-
cal conditions, ecological changes (landscape prefer-
ences), irrigation, breakdown sanitation or control 
measures (natural and human), water management

Aquatic habitats for mosquitoes, vegetation for questing 
ticks, animal host availability

Infection rate 
Contact rate between vector and 
reservoir hosts 

Interaction of reservoir host and vector species; vector 
feeding pattern; fidelity of vector and hosts to an area

Host preference and host availability; infection rates vary 
geographically, seasonally and between vector species of 
mosquitoes; exceedingly high in some areas

Transmission or incidence rates 
Contact rate between vector and 
incidental hosts 

Human demographics and behaviour; mosquito manage-
ment; vector feeding pattern

Outdoor activities, personal protection

Feeding pattern on hosts Seasonal change, host availability, landscape ecology Shift to mammals in some Culex spp. with host composi-
tion change; multiple feeding per cycle; co-feeding infection 
between infectious and uninfected feeding co-feeding vec-
tors; change with age of vector, landscape ecology (search 
near larval habitats)

Species composition 
Vectors and hosts

Climate and meteorological conditions, landscape ecol-
ogy, photoperiod

Cx. restuans early season, Cx. pipiens, ‘dilution effect’ with 
hosts of different competency

Vector developmental times, survi-
vorship, flight/search activity

Temperature, precipitation, windspeed, moonlight and 
electric light, predators/parasites, host cues (attractants)

Faster development, shorter longevity; greater flight range, 
greater dispersal; biotic mortality and morbidity factors

Competency (vector and host); 
pathogen titres

Temperature, animal physiological status, genetics Increasing temperature may increase titre and shorten 
incubation periods; lower amount needed in viraemic host 
to infect vector

Susceptibility; immune status; reser-
voir and incidental hosts

Movement of hosts causing decline in viraemic animals 
or increase in susceptibles, acquired immunity, health/
physiological status

Sensitive species such as corvids and equines; ‘herd im-
munity’ or change in probability of finding susceptibles, 
especially as season progresses; first-year hosts may 
provide naïve source

Spatial and temporal overlap of 
vector, pathogen and host

Demographics, urbanisation, irrigation, deforestation and 
reforestation, climate change, weather patterns

Association of humans with vectors based on work, recrea-
tion and home exposure

Virulence and resistance Genetic diversity; exposure to selection agents (antibi-
otics and chemoprophylactics); changes during animal 
passage, adaptation to new vectors and hosts

Ratio of Plasmodium falciparum to P. vivax; chloroquine, 
mefloquine, etc. antimalarial resistance; shift in virulence 
from one host species to another

Geographical distribution Climate, landscape, habitats for vectors and host Temperature ranges and patterns of precipitation; biotic 
and physical patterns necessary for life cycle

Winter survival/maintenance Host or vector hibernacula, transstadial transmission, 
ability to survive seasonal temperature/wet-dry periods

Urban-created hibernacula (stormwater tunnels), leaf 
debris, animal burrows, vertebrate infection (?)

Vertebrate migration/movement Local and long distance movement of pathogen, timed 
to photoperiod, temperature and availability of food

Chronic infections, animals shedding virus in exudates, 
movement may disrupt or initiate cycles

Table 23.2. Components of vector-borne transmission cycles, biological and environmental determinants, and comments. Source:  Author.
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arboviral disease in the Western Hemisphere and the larg-
est worldwide epidemic of neuroinvasive WNV. 

A recent assessment of potential rodent- and arthropod-
borne diseases with the greatest risk to humans in Europe 
included Crimean-Congo haemorrhagic fever, dengue, 
chikungunya, tick-borne encephalitis, leishmaniasis and 
hantavirus (Senior, 2008). A search of the Medline data-
base for zoonotic pathogens in Europe found 15 emerg-
ing pathogens, of which nine were potentially arthropod-
borne (i.e. Rickettsiae spp., Anaplasma phagocytophilum, 
Borrelia burgdorferi, Bartonella spp., Crimean Congo 
haemorrhagic fever virus, Toscana virus, tick-borne en-
cephalitis virus group, West Nile virus and Sindbis virus) 
(Vorou et al., 2007). Southern Europe continues to see a 
large number of malaria cases, whereas tick-borne bor-
reliosis and encephalitis are more common in wooded ar-
eas of northern Europe (Matuschka et al., 1998; Hubálek 
and Halouzka, 1999; Wielinga et al., 2006; Gratz, 2006; 
Greer et al., 2008). 

The primary arthropod vectors, based on the number 
of humans and animals at risk worldwide from patho-
gens they transmit, are mosquitoes (e.g. Anopheles, 
Culex and Aedes, including Ochlerotatus) and hard 
ticks (e.g. Hyalomma and Haemaphysalis, Ixodes, 
Amblyomma, Rhipicephalus and Dermacentor) (Gratz, 
1999). Approximately 10% of the described tick species 
in Europe are zoonotic vectors and many, like Ixodes rici-
nus, are infected with more than one pathogen (Jongejan 
and Uilenberg, 2004). Globally, mosquitoes are the main 
group of human vectors in terms of cases and mortality, 
but in North America and Eurasia, tick species historical-
ly infect more humans and domestic animals with patho-
gens (Jensenius et al., 2006). Although the incidence of 
many tropical vector-borne diseases (e.g. malaria) has 
been greatly reduced in parts of northern and eastern 
Europe and North America, re-emergence remains possi-
ble because competent vectors (e.g. Anopheles spp.) and 
susceptible hosts (e.g. humans) still exist and interna-
tional travel and trade virtually guarantee re-introduction 
through an infected vector or host (Childs et al., 1999; 
Mellor and Leake, 2000). 

Hard ticks (Ixodidae) are an important group of 
zoonotic vectors (e.g. Lyme disease, various rickettsia 
diseases and tick-borne encephalitis), although some soft 
ticks (Argasidae) are also important to humans (e.g. tick-

borne relapsing fever). Many of the unique differences 
in the life history of ticks and mosquitoes, particularly 
their mobility and longevity, shape the characteristics of 
transmission dynamics.

Other insect vectors that may be involved with region-
al resurgences of pathogens include tsetse flies (Glossina 
spp.), sandflies (Phlebotomus), black flies (Simulium), 
biting midges (Culicoides), lice (Pediculus humanus), 
fleas (Pulex, Xenopsylla, Ctenocephalides, Tunga), and 
true bugs (Triatoma). This review focuses on mosquitoes 
and ticks.

Drivers or Determinants of Outbreaks 

The causal factors or drivers of emerging infectious dis-
eases (EIDs) have been widely discussed (Morse, 1994; 
Gratz, 1999; Sutherst, 2004; Jones et al., 2008) and can 
be arbitrarily divided into three broad categories: bio-
logical (i.e. changes in host susceptibility or immunity, 
geographical and seasonal variability in competency of 
vectors and hosts, and inherent variation in the virulence/
pathogenicity of etiological agents); anthropogenic (i.e. 
human activities that modify either the abundance, dis-
tribution or probability of interaction of pathogens with 
vectors or hosts); and abiotic (i.e. perturbations in the en-
vironment, particularly those related to climate and me-
teorological conditions). Outbreaks of vector-borne dis-
eases may be due to any factor or combination of factors 
that increases the likelihood of a pathogen being trans-
mitted to a human host or a change in the intensity of 
response to the pathogen (Daszak et al., 2000; Harrus and 
Baneth, 2005). Global trade and transportation of humans 
and livestock have been major factors in the distribution 
of exotic pathogens and vectors. For example, Aedes al-
bopictus and Aedes japonicus were introduced to Europe 
and North America via trade in tyres with Asian markets 
(Lounibos, 2002). The control of malaria and other mos-
quito-borne diseases in some northern areas by synthetic 
pesticides such as DDT was often used as justification for 
shifting funds away from vector biology and vector man-
agement expertise, which in some cases facilitated the 
re-emergence of malaria (Novak and Lampman, 2001; 
Shiff, 2002; Gubler, 2002). Furthermore, in some stable 
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endemic conditions, changes in vector control may affect 
the benefits of herd immunity or alter the resistance of 
human populations (Bodker et al., 2006).

Common Arthropod-borne Diseases in 
North America

A partial list of arthropod-borne diseases reported from 
North America and Europe is presented in Table 23.1 
with their pathogens, vectors and common reservoir 
hosts (adapted from Novak and Lampman, 2001; van der 
Weijden et al., 2007). The ecological similarity in patho-
gens from the temperate zones of Eastern and Western 
Hemispheres is well recognised (Childs et al., 1999). For 
the majority of this review, the discussion centres on mos-
quito- and tick-borne pathogens (arthropods), the major 
vectors of pathogens to humans and animals (Kalluri et 
al., 2007). Most arthropod-borne zoonotic diseases have 
an obligatory transmission cycle between an arthropod 
and an animal reservoir (definitive) host. Humans are 
generally incidental hosts, not important for maintaining 
transmission; however, for malaria, dengue and yellow 
fever, humans can serve as a definitive reservoir host dur-
ing outbreaks. 

The major pathogens transmitted by mosquitoes in the 
US are arboviruses that cause encephalitis (i.e. inflam-
mation of the brain). This includes viruses in three virus 
families (Togaviridae, Flaviviridae and Bunyaviridae) 
(Calisher, 1994). Flaviridae are positive-sense, sin-
gle-stranded RNA viruses that include West Nile virus 
(WNV), St. Louis encephalitis virus (SLEV), tick-borne 
encephalitis virus (TBEV) and dengue virus (DENV). 
The Togaviridae (genus Alphavirus) are positive-sense, 
single-stranded RNA viruses that include Eastern equine 
(EEEV) and Western equine encephalitis (WEEV) virus. 
Within the Bunyaviridae, there are three genera associat-
ed with vector-borne pathogens of animals (Phlebovirus, 
Orthobunyavirus and Nairovirus). The genome of this 
family consists of three segments of negative-sense 
RNA, except for the genus Phlebovirus (e.g. Rift Valley 
Fever Virus), which has a segment that is ambisense. The 
California sero-group viruses (e.g. LaCrosse encephalitis 
virus, California encephalitis, Snowshoe hare virus) are 

in the genus Orthobunyavirus (=Bunyavirus) (http://www.
ncbi.nlm.nih.gov/ICTVdb/index.htm). The sandfly fever 
group of bunyaviruses (Phlebovirus) are transmitted by 
phlebotomines (sandflies), mosquitoes or ceratopogonids 
in the genus Culicoides. Phlebovirus also has a subgroup 
of viruses transmitted by ticks, which includes tick-borne 
Crimean-Congo haemorrhagic fever virus. Equine vac-
cines are available for EEEV, WEEV and WNV, but 
human vaccines are largely restricted to yellow fever, 
Japanese encephalitis virus and TBEV, although avail-
ability differs by country (Nalca et al., 2003).

It has been argued that Lyme disease and human 
babesiosis in North America shifted from enzootic ro-
dent-tick cycles to zoonotic transmission because of the 
rapid increase in white-tailed deer populations and the 
encroachment of humans and housing into typical tick 
habitats (Spielman et al., 1993). Lyme disease is the most 
common vector-borne disease in the United States, al-
though its distribution is primarily in the eastern forest 
biome (http://www.cdc.gov/ncidod/dvbid/Lyme/). Over 
93% of the 64,382 cases between 2003-2005 occurred 
in the northeastern, mid-Atlantic and north-central states 
(i.e. Connecticut, Delaware, Maryland, Massachusetts, 
Minnesota, New Jersey, New York, Pennsylvania, Rhode 
Island and Wisconsin). These areas also tend to have a 
high incidence of babesiosis, anaplasmosis and ehrli-
chiosis (McQuiston et al., 1999; Demma et al., 2005; 
Chapman et al., 2006). Ixodes scapularis (the black-leg-
ged tick or deer tick) can transmit Borrelia burgdorfeii, 
Anaplasma phagocytophila and Babesia microti, and 
multiple pathogens have been isolated from an individ-
ual tick (Magnarelli et al., 1995, Herwalt et al., 2003). 
In 2005, there were 786 cases of anaplasmosis and 506 
cases of ehrlichiosis reported to the CDC.

Common Arthropod-borne Diseases in 
Europe

The endemic arboviruses transmitted by mosquitoes in 
Europe include Sindbis virus (Alphavirus, Togaviridae), 
West Nile virus (Flavivirus, Flaviviridae), and sev-
eral California and Bunyamwera sero-group pathogens 
(Orthobunyavirus = Bunyavirus, Bunyaviridae) including 
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Tahyna virus, Snowshoe hare virus, Inkoo virus and Batai 
virus (http://www.umweltbundesamt.de/gesundheit-e/ve-
ranstaltungen/vector-borne-diseases/06_%20Hubalek.
pdf; WHO, 2004). Sindbis virus caused outbreaks of fe-
ver, rash and arthralgia in northern Europe during 1981-
1982, 1988 and 1995 seasons. West Nile virus is widely 
distributed in southern and central Europe, with rela-
tively few outbreaks until the late 1990s when Romania 
had 500 cases with a 9% case fatality rate (Hubalek and 
Halouska, 1999). Tahyna virus is most common in central 
Europe, Snowshoe hare virus occurs in northern Europe 
and Batai virus of the Bunyamwera group primarily in 
central Europe. Many of these viruses do occur over most 
of Europe and the potential for outbreaks exists. A rela-
tively high seroprevalence among reservoir hosts in Great 
Britain suggests that enzootic activity may occur for West 
Nile, Sindbis and Tahyna virus, but transmission to hu-
mans may be inhibited by either herd immunity in hosts 
or the absence of a human biting vector (Gould et al., 
2006; Medlock et al., 2007).

Imported viruses detected in Europe include chikun-
gunya (Alphavirus, Togarviridae) and dengue and yellow 
fever (Flavivirus, Flaviviridae). These viruses are trans-
mitted by Aedes aegypti and Ae. albopictus in human-
mosquito-human cycles during outbreaks. Humans de-
velop viraemia for 2-5 days, which is sufficient to infect 
the mosquito vector. Chikungunya is typically in Africa, 
India and Asia, but an outbreak occurred in Western 
Europe in 2006-2007 (Enserink, 2007). Dengue and yel-
low fever are tropical diseases that are largely restricted to 
areas where Ae. aegypti or Ae. albopictus are established, 
which can vary seasonally and may change dramatically 
with climate change and human transportation of vectors 
(Monath, 2007).

Malaria in northern and southern Europe is a compli-
cated system of imported, autochthonous and established 
endemic cases (Jelinek, 2008). In many areas of southern 
Europe, endemic malaria was essentially eradicated by 
pesticide use and source reduction of vector habitats as 
in North America (de Zulueta, 1973; Hay et al., 2004). 
However, several resurgences have occurred due to 
shifts in human movements and the public health focus 
(Martens and Hall, 2000). 

Ticks are currently considered the main vectors of hu-
man infectious diseases in Europe and North America 

(Spach et al., 1993; Parola and Raoult, 2001; Brouqui et 
al., 2004; Vorou et al., 2007). In Europe, these include 
borrelioses such as Lyme and tick-borne relapsing fever, 
Mediterranean spotted fever (MSF) due to Rickettsia 
conorii, other spotted fever rickettsioses, human anaplas-
mosis by Anaplasma phagocytophilum, (=human granu-
locytic ehrlichiosis or HGE) and tick-borne encephalitis 
(TBE) virus, also known as Central European encepha-
litis or Russian spring-summer encephalitis. Control of 
ticks by habitat modification (landscape management), 
exclusion of vertebrate hosts, host-targeted acaricides 
and space sprays around homes are effective for reducing 
exposure, but sylvatic reservoirs remain and ticks readily 
reinvade (Stafford, 2007).

Tick-borne encephalitis virus (TBEV) is endemic in 
temperate regions of Europe and Asia and is found in 
discontinuous woodland areas and along the ecotone of 
trees and trails in wooded areas and parks. The European 
subtype is transmitted by Ixodes ricinus and the Asian 
(Far Eastern and Siberian) subtypes by I. persulcatus. 
Infections with the European subtype by I. ricinus usu-
ally occur in early fall and with the Eastern subtypes by 
I. persulcatus in spring (http://wwwn.cdc.gov/travel/yel-
lowBookCh4-Tickborne.aspx). Although partially due to 
improved surveillance, TBEV has increased in incidence 
by over 400% in the past 30 years, with over 10,000 cas-
es each year in Europe (Vorou et al., 2007). Tick-borne 
encephalitis is the most widespread arbovirus in Europe 
and cases increased 2- to 30-fold in Central and Eastern 
European countries about the same time as the end of the 
former Soviet rule (1992-1993) (Randolph, 2001). For 
example, TBEV infection rates in I. ricinus in central 
Europe vary depending on geographical location and time 
of year from less than 0.1% to approximately 5%, while 
rates of up to 40% have been reported in I. persulcatus 
in Siberia (http://wwwn.cdc.gov/travel/yellowBookCh4-
Tickborne.aspx). The virus is increasing in incidence and 
distribution, extending into western Europe, Scandinavia 
and across the Russian Federation to the Pacific. Overall, 
9,000 to 12,000 TBEV cases are reported annually from 
the European countries and the Russian Federation 
(WHO, 2004). Small rodents (e.g. field-mice and voles) 
are the primary vertebrate hosts, ungulates are amplifiers 
of adult ticks and migratory birds may disperse infected 
ticks (Waldenström et al., 2007). In southern regions of 
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the Czech Republic, infection rates vary between 0.2 and 
1.3% in nymphs and between 5.9 and 11.1% in adult ticks 
(Danielova et al., 2002). The risk of transmission is re-
lated to tick habitat, so it is negligible for individuals who 
remain in urban or unforested areas, except for a slight 
chance of infection through unpasteurised dairy products. 
Although there are no TBEV vaccines available in the 
United States, inactivated TBEV vaccines are available 
in Europe.

Lyme borreliosis is the most commonly reported tick-
borne infection in Europe and North America. The spiro-
chete bacteria, B. burgdorferi s.l., can be divided into sev-
eral species, but only three, Borrelia burgdorferi s.s., B. 
garinii and B. afzelii, have been associated with clinical 
cases of disease in Europe (Brouqui et al., 2004). In 1995, 
the incidence rate (per 100,000 head of population) and 
annual number of cases were estimated to be low in the 
United Kingdom (0.3 and 200, respectively), but many 
orders of magnitude higher in Slovenia (120 and 2,000, 
respectively) and Austria (130 and 14,000, respectively) 
(WHO, 2004). Increases in the incidence of borreliosis 
from 2001-2005 have been noted for Poland, eastern 
Germany, Slovenia, Bulgaria, Norway, Finland, Belgium, 
Britain and the Netherlands (Smith and Takkinen, 2006). 
Ixodes persulcatus and I. ricinus are the main vectors and 
Borrelia prevalence is typically higher in I. persulcatus. 
In some areas, the incidence of infection in tick popula-
tions is extremely high (e.g. 45% of ticks in Croatia tested 
positive for B. burgdorferi). The transmission cycle is 
similar to that previously described for Lyme borrelio-
sis in North America. Small rodents such as the house 

mouse are the most common reservoirs of Borrelia spp., 
amplifying infection rates in younger ticks, while larger 
animals serve as hosts for amplifying the abundance of 
adult ticks. Ungulates are not reservoir hosts, but may 
amplify the number of ticks. In Europe, migrating birds 
may contribute to the spread of tick vectors infected with 
Borrelia or Ehrlichia (Olsen et al., 1995; Bjoersdorff et 
al., 2001). Early detection in humans is crucial, as the 
earlier a person is treated with antibiotics the less severe 
the later stages of the disease tend to be.

About 10% of the tick species in Europe are zoonot-
ic vectors, often infected with more than one pathogen. 
In North America and Eurasia, tick species historically 
transmit pathogens to more humans and domestic ani-
mals than other arthropods (Jongejan and Uilenberg, 
2004; Jensenius et al., 2006). However, recent outbreaks 
of Culex-borne West Nile virus in the US and parts of 
Europe demonstrate the potential rapid dispersal of a 
mosquito-bird transmission cycle into a naïve host popu-
lation. Furthermore, the reduced incidence of tropical 
vector-borne diseases (e.g. malaria) in parts of Europe 
and North America is seldom due to the eradication of 
competent vectors (e.g. Anopheles spp.) and susceptible 
hosts (e.g. vertebrates), and thus re-emergence remains a 
possibility. The more that is known about the components 
of the transmission cycle and the impact of environmen-
tal drivers for a particular vector-borne disease, the better 
interventions can be designed to target disruption of the 
cycle. 

Table 23.3. General factors reported to increase the risk of disease transmission among people, wildlife and domestic animals in fragmented habi-
tats in the Baltic and Great Lakes watersheds. Source:  Author.

Human factors
 Direct agonistic interactions with wildlife, such as removal of ‘pests’ 
 Forest clearing, extractive forestry and encroachment into wildlife habitats
 Utilising water sources located within wildlife home ranges

Wildlife factors
 Direct encounters with people and domestic animals as a result of home range overlap
 Crop raiding and incursions into human settlements
 Movement across landscapes frequented by livestock

Domestic animal factors
 Hunting of wildlife (dogs)
 Grazing at the edges of, between or in habitat fragments
 Contamination of physical environment with environmentally persistent pathogens 
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Conclusions

The greatest burden of vector-borne diseases is in the 
tropics, but the majority of hotspots for outbreaks tend 
to be in western Europe, northeastern United States, 
Japan and southeastern Australia. The major emerging/
re-emerging pathogens are viruses, protozoa and bacte-
ria/rickettsia, and about 30% of these are vector-borne. 
For every emerging or re-emerging pathogen detected, it 
is likely that even larger numbers of pathogens go unde-
tected because transmission cycles are unable to become 
established from one season to the next or because the 
diseases arising remain hidden in foci with little human 
involvement. 
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