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Summary

Numerous arthropod species negatively affect animal and human
health through physical attacks, by generating allergic reactions and as
potential vectors of pathogens. Their control is essential to prevent
vector-borne diseases and reduce their negative direct effect. Climate

change militates for appropriate preparedness towards invasive
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species, their establishment and their involvement in new potential
vector—pathogen—host cycles. This paper reviews the main blood-
feeding arthropods of veterinary/zoonotic interest and their role in the
transmission of infections in North-western Europe. It is the first part
of an approach aimed at proposing a coherent and affordable vector
control programme for facilities housing healthy and sick animals in a
veterinary faculty, from a global health point of view. It is the first
review focusing on this topic in such a specific and at-risk
environment. Indeed, considering its multi-disciplinary and multi-
species context and the importance of animal welfare, a veterinary

faculty should attach great importance to vector control.
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Introduction

Several arthropods are involved in the transmission of pathogens to
animals and/or humans. Vector-borne diseases are causing a great deal
of concern in Western Europe (1) because the geographical
distributions of their vectors, such as mosquitoes and ticks, are
expanding in Europe (2). Climate change is partly responsible for the
expansion of important disease vectors in Europe, such as Aedes
albopictus (the Asian tiger mosquito), which can transmit, among
others, Zika, dengue and chikungunya viruses, and Phlebotomus
sandflies, the main vectors of leishmaniosis (1). Numerous vector-
borne diseases pose an additional threat to public health if they are
zoonotic. The protection of human health thus implies the protection

of animal health and the environment in a One Health approach (3).

A wide variety of haematophagous arthropods exists in North-western
Europe, and it is essential to consider all of them in order to
implement preventive and control measures to reduce the risk of
transmission of pathogens (4). The authors’ area of interest includes
eight European countries, as previously considered by Martinet et al.

in 2019 (5) in their meta-analysis of mosquitoes’ vector competence:
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Belgium, continental France (Corsica excluded), Germany, Ireland,
Luxembourg, the Netherlands, Switzerland and the United Kingdom.
These countries fall into the temperate oceanic climate (Ctb) of the
Koppen—Geiger climate classification, mainly characterised by a dry

season and a warm summer (6).

Veterinary teaching facilities house a variety of animal species, with
individuals sick and often debilitated as a result of concomitant
infections or infestations. Their immune systems may therefore be less
resistant to new infections or infestations, among them those
transmitted by haematophagous arthropods. The implementation of an
efficient control plan is an essential component of biosecurity in such
an environment. The authors present a series of three papers dealing
with vectors of infectious pathogens and suggestions for control
methods combined in an integrated management plan. Part 1 will
review the main haematophagous arthropods of veterinary/zoonotic
interest in North-western Europe, which is the preliminary step in
understanding the issue. Part 2 will describe general and vector-
specific control measures. An affordable and practical ‘arthropod
vector integrated control plan’, at the scale of a veterinary faculty
(especially clinics housing small and large animals, and an educational
farm), will be developed in Part 3.

Haematophagous arthropods of concern

The transmission of pathogens by arthropods can be either mechanical
or biological (7). Flies mostly act as mechanical vectors: they
‘transport’ the pathogen from one host to another (7). Ticks and
mosquitoes are biological vectors: the pathogen undergoes replication
and/or transformation inside the vector before transmission through
subsequent blood meals (7). The potential of a vector will also depend
on its extrinsic incubation period, which corresponds to the days
before which an infected insect becomes infective, or to a tick’s
interstadial development period (8). Haematophagous behaviour
makes these arthropods excellent vectors (9). The main vectors of
interest from a medical and/or veterinary point of view belong to two

classes: Insecta and Arachnida (10). The present review will focus on
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the main haematophagous arthropods endemic to and/or reported in

North-western Europe.
Insects
Mosquitoes (family Culicidae)

Mosquitoes are the major vectors of pathogens, especially the sub-

families Culicinae and Anophelinae (11).
Subfamily Culicinae

Culex species (spp.) are vectors of several pathogens (Tables I, IT and
IIT). Their eggs are laid as floating rafts on water surface, and hatch
two to three days later (73). Culex spp. breed in natural or artificial
still waters (11). Several Culex species, e.g. Cx. pipiens (Fig. 1), are

endemic to North-western Europe (74).

Fig. 1

Female Culex pipiens mosquito (courtesy of Nil Rahola, French

National Research Institute for Development, Montpellier, France)
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Table 1

Non-exhaustive list of viruses causing diseases affecting domestic species of concern (domestic livestock and companion animals

such as dogs, cats and rabbits) and zoonoses transmitted by targeted haematophagous arthropods

Pathogen Animal hosts Mosquitoes CuIICOI.deS biting quse Sa.nd- Bl-a ck St?ble Ticks Lice Fleas Lo.use References
midges flies flies flies flies flies

African horse sickness virus Equids * 12
African swine fever virus Pigs, wild boar ] 13,14
Akabane virus Ruminants - 12
Bluetongue virus Ruminants M 12,15
Border disease virus Small ruminants M 16
virus
Crimean—Congo .

s . Ruminants, dogs 18
haemorrhagic fever virus
Eastern equine . - .
encephalomyelits virus* Equids, wild birds Culiseta spp. > Culex spp., etc. 19
E.pIZOOtIC 'haemorrhaglc Ruminants 12,20
disease virus
Equine infectious anaemia Equids “ o1
virus
Japanese encephalitis virus* Ruminants Gl epls, Agdes SPP. 22,23

(A. koreicus)
e, Ochlerotatus spp., Aedes
La Crosse encephalitis virus Small mammals triseriatus 24
T, Sheep (mainly),
Louping ill virus equids, pigs, dogs 25
Lumpy skin disease virus Cattle M 26, 27,28
Myxoma virus Rabbits Culex spp., Anopheles spp. 29
Rift Valley fever virus* Ruminants, rodents Culex spp., Aedes spp., 30
Anopheles spp.
St. Louis encephalitis virus* Equids, birds Culex spp. 24
Schmallenberg virus Ruminants 31
Swine pox virus Pigs 32,33
Tick-borne encephalitis virus Dods 34
(European subtype)* g
Venezuelan equine Equids, rodents Culex spp., Aedes spp., M 35
Anopheles spp., etc.

encephalomyelitis virus*
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Aedes spp.
M?
Aedes spp. > Culex spp.,
Anopheles spp., Mansonia

Vesicular stomatitis virus* Equids, cattle, pigs

Wesselsbron disease virus* Sheep, goats > cattle,

equids spp
West Nile virus* Equids, birds Culex spp.
Western equine Equids, birds Culex spp. > Aedes spp.

encephalomyelitis virus*

zoonotic viruses
mechanical transmission

main vector(s) involved in transmission of the pathogen
other vector(s) reported as involved in transmission of the pathogen
secondary vector (mainly mechanical)

IIg *

virus isolated from the arthropod, but role in transmission of the pathogen not confirmed

suggested as a potential vector but not assessed in the field

36

24

37,38
35
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Table 11

Non-exhaustive list of bacteria and rickettsia causing diseases affecting domestic species of concern (domestic livestock and

companion animals such as dogs, cats and rabbits) and zoonoses transmitted by targeted haematophagous arthropods

Pathogen Disease Animal hosts Mosquitoes Culicoides biting References
Anaplasma bovis Bovine mongcytm Ruminants 39,40
anaplasmosis
Anaplasma marginale Bovine anaplasmosis Cattle 41,42
Anaplasma ovis Ovine anaplasmosis Small ruminants 43
Anaplasma Granulocytic Ruminants, equids, dogs,
- . 44,45
phagocytophilum anaplasmosis cats
Bacillus anthracis™ Anthrax Mammals M 42,46
Bartonella henselae* Cat-scratch disease Cats 47
Borrelia burgdorferi s.I.* Lyme disease Dogs, equids, cattle 25
) - Ruminants, small animals,
Coxiella bumetii Q fever equids, efc. 48,49
Dermatophilus congolensis* ~ Dermatophilosis Equids, rgmlnant's > small 50, 51, 52
animals, pigs
Ehrlichia canis* Caqlng mpnocytlc Domestic dpgs and wild 53
ehrlichiosis carnivores
Erysipelothrix rhusiopathiae*  Porcine erysipelas Pigs > sheep, poultry 37,54
Francisella tularensis* Tularaemia Rabb'ti’ cat§, dogs, sheep 7,37,55
equids, pigs
Mycoplasma (= . )
Haemobartonella) Zﬁgr:ren:r;fectlous Cats 56
haemofelis
Haemorrhagic
septicaemia Ruminants, equids, small
Pasteurella multocida* (ruminants) / . S iy 37,57
. animals, pigs, rabbits, etc.
Pasteurellosis (dogs,
cats and rabbits)
Rickettsia felis* 23:?“”6 spotied Rodents, cats 58, 59, 60
Rickettsia typhi* Murine typhus Rodents, cats 61
Yersinia pestis* Plague Rodents, cats 62,63
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IIg *

zoonotic pathogen
mechanical transmission

main vector(s) involved in transmission of the pathogen

other vector(s) reported as involved in transmission of the pathogen

secondary vector (mainly mechanical)

virus isolated from the arthropod, but role in transmission of the pathogen not confirmed
suggested as a potential vector but not assessed in the field
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Table 111

Non-exhaustive list of protozoans and helminths causing diseases affecting domestic species of concern (domestic livestock and

companion animals such as dogs, cats and rabbits) and zoonoses transmitted by targeted haematophagous arthropods

. . . Culicoides Horse Sand-  Black Stable . . Louse
Pathogen Disease Animal hosts Mosquitoes biting midges flies flies flies flies Ticks Lice Fleas flies References
Babesia caballi Equine babesiosis Equids 64
Babesia canis Canine babesiosis Dogs 41
Babesia spp. in ruminants * Bovine babesiosis Ruminants 14
Besnoitia besnoiti Besnoitiosis Cattle [ 65
Culex spp. Aedes
Dirofilaria immitis* Heartworm disease Dogs spp., Anopheles 66
spp., etc.
Subcutaneous Clishisp: Aizes
Dirofilaria repens* o Dogs, cats spp., Anopheles 67
filariasis SoD. 8ic
Habronema microstoma Horse stomach worm Equids [ ] 68
Leishmania infantum* Canine leishmaniosis Dog::i dC:tS’ -_ 69
Onchocerca cervicalis Onchocercosis Equids 10
Theileria equi (formerly A . .
Babesia equi) Equine piroplasmosis Equids 41
Trypanosoma evansi * Surra Equids, cattle 70,71
Trypanosoma vivax Nagana Rur_ninants, 72
equids, dogs
* zoonotic pathogen
M: mechanical transmission

- main vector(s) involved in transmission of the pathogen
suggested as a potential vector but not assessed in the field
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Aedes spp. are well-assessed vectors of several pathogens (Tables I, II
and III). The invasive Aedes albopictus, Ae.japonicus and
Ae. koreicus have been spotted occasionally in North-western Europe,
following the importation of egg-contaminated tyres and lucky
bamboo as early as 2002 (22, 75). Since then, the areas of
establishment of Ae. albopictus have been progressing northwards, as
shown in Figure 2. Aedes spp. lay single eggs on damp surfaces in
areas where the water level is variable (77); the eggs hatch when
immersed in water (78). Aedes mosquitoes bite throughout the day,

with peaks of activity in early morning and late afternoon (11).

- Ae. albopictus (the tiger mosquito) breeds outdoors in natural

temporary containers such as tree holes or leaf axils (79);

- Ae. japonicus develops in natural and artificial water
containers (flower vases and saucers, watering cans, buckets,
tyres, bird baths, buckets, tree holes, etc.) (80);

- Ae. aegypti is a vector of several viruses (Table I). Its current
distribution in Europe is limited, but extending (not observed
in Belgium to date [81]);

- The potential role of Ae. koreicus as a vector has not been
assessed in North-western Europe to date (82). Nevertheless, it
is competent for the transmission of Japanese encephalitis
virus and Dirofilaria immitis (83, 84, 85).
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@5 efsam Aedes albopictus, March 2021
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Fig. 2

Current known distribution of invasive mosquito Aedes albopictus
in Europe, as of 12 March 2021 (76). The invasive mosquito

A. albopictus has been expanding northwards since its first
introduction to North-western Europe in 2002. It is now established in

France and Germany, among other countries.
Subfamily Anophelinae

Several Anopheles spp., potential vectors of Plasmodium spp., are
endemic to FEurope, e.g. An. atroparvus, An. labranchiae,
An. plumbeus and An. sacharovi (Table III) (86, 87). Their larval

habitat is associated with vegetation protruding from the water (11).

Anopheles plumbeus lay eggs in water-filled tree holes and artificial
containers (tyres, rainwater-collecting pits, liquid manure, abandoned
manure tanks and uncleaned stables with broken roofing [88]). Fresh
and saline water are appropriate environments for larvae of

An. atroparvus (86).
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Biting midges (family Ceratopogonidae — genus Culicoides)

Biting midges are insects measuring 1 to 4 millimetres (mm), mostly
active near sunrise and sunset, with activity peaks in early
evening (11). Figure 3 illustrates Culicoides dewulfi. They bite
outdoors, but also possibly indoors (11). Larvae develop in warm
semi-aquatic microhabitats, especially around facilities housing
ruminants (89). Adults fly only a few hundred metres (m) away from
their emergence site, but can be dispersed passively over long
distances by winds, up to 700 kilometres (km) from infected
areas (90). Culicoides spp. transmit several viruses and nematodes
(Tables I and III).

1 mm

Fig. 3

A gravid female Culicoides dewulfi collected from a location near
bluetongue outbreaks in Belgium in 2006 (courtesy of Profs
Reginald De Deken & Maxime Madder, Institute of Tropical
Medicine, Antwerp, Belgium)
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Sandflies (family Psychodidae — subfamily Phlebotominae —
genus Phlebotomus)

Sandflies or phlebotomines are insects, 1.5-4 mm long (Fig. 4), that
usually bite after dark, mostly outdoors (11). They lay eggs on damp
soil rich in organic matter (91). Breeding sites include small cracks
and holes, animal burrows and cracks among tree roots (92). During
the day, adults rest in cool, dark and humid corners, cracks and holes,
especially in stone walls, wood piles and animal stables (11).
Sandflies are weak fliers and adults usually stay close to emergence

sites (93). Sandflies are the main vectors of leishmaniosis (69).

Fig. 4

A male sandfly (courtesy of Dr Emilie Bouhsira, Parasitology

Department, National Veterinary School of Toulouse, France)
Black flies (family Simuliidae — genus Simulium)

Black flies are biting insects (1-5 mm long) that are active only during
daylight and outdoors, especially along riverbanks (94). They deposit
eggs in fast-flowing, oxygen-rich water (11). After hatching, larvae
feed on water nutrients, attached to solid supports (95). Adults prefer
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low wind conditions (95). Black flies are distributed worldwide and
can transmit several pathogens (Tables I, IT and III). A toxic reaction
to salivary compounds, simuliotoxicosis, observed in cases after

massive attacks, has been reported in Belgian cattle, for example (96).
Horse flies (family Tabanidae)

Horse flies are especially active in bright sunshine, mostly in woods
and forests (11). They are effective mechanical vectors of several
pathogens (Tables I, II and III): because of their painful bite they are
frequently interrupted while feeding, and therefore take multiple small
meals from the same or from different hosts (7, 11). Tabanids lay eggs
under leaves, plant stems and small branches above water; emerged

larvae develop in mud and rotting vegetation (11) (Fig. 5).

Fig. 5

Philipomyia aprica, a species of tabanid (courtesy of Dr Frederic
Baldacchino, Head of Missions ‘Abattoirs’, Departmental Directorate

of Protection of northern Populations, Lille, France)
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Flies (family Muscidae — subfamily Stomoxyinae)

Adult flies are mostly involved in the mechanical transmission of
pathogens (Tables I, II and III) (7). As non-biting insects, common
houseflies and face flies will not be discussed.

Stable flies (Stomoxys calcitrans)

Larvae of stable flies develop in accumulating and undisturbed
fermenting organic matter (manure, bedding and wet feed) (97).
Adults usually feed in daytime and mostly outdoors (11, 98). Their
bites are painful and a massive infestation has an impact on an
animal’s productivity (99). They are mechanical vectors of several
pathogens (Tables I, II and III).

Horn flies (Haematobia irritans)

Horn flies require fresh, undisturbed cattle faecal pats to complete
their immature development. They spend most of their time resting or
feeding on cattle or horses (100). Their painful bites have a negative

impact on milk production in cattle (101).
Fleas (family Pulicidae)

Besides being vectors of pathogens (Tables I, II and III),
Ctenocephalides canis and C. felis, the dog and cat flea, respectively,
are stationary parasites and a source of nuisance for their primary
hosts and humans, being responsible for allergy and anaemia (102).
Adults live permanently on their hosts. Through their bites, fleas
potentially transmit Mycoplasma haemofelis (formerly
Haemobartonella felis) to cats, which is responsible for a disease
called feline haemoplasmosis (103, 104).

Haematophagous lice (order Phthiraptera — suborder Anoplura)

Host-specific, haematophagous lice infest both small and large
animals (105). As they live in the hair or feathers, they are spread

through direct contact and sharing of lice- and nit-infested
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equipment (106). Severe infestations are rare, and mostly observed in

debilitated or neglected animals (107).
Keds or louse flies (family Hippoboscidae)

Keds or louse flies are blood-feeding ectoparasites of mammals and
birds. These larviparous insects drop their third-stage larva on the
ground, deposit them in a preferred site or attach them to hosts or
substrate (108). Adults measure between 1.4 and 12 mm (108). There
is still a lack of knowledge about their vector role, but their biology
and blood-feeding behaviour could be factors favouring such a
role (108). Canids are the main hosts of Hippobosca longipennis
Fabricius (the dog louse fly) (109), a vector of Acanthocheilonema
reconditum, a non-pathogenic filarial nematode existing in Southern
Europe that may be confused, in blood smears, with D. immitis (109,
110). The sheep ked Melophagus ovinus is widely distributed in
Europe (111). Being wingless, adults spend most of their lifespan on
their hosts, mainly sheep, but can also infest goats (109). The sheep
ked 1s a mechanical vector for bluetongue and border disease viruses,
but also for Anaplasma ovis and Bartonella spp. (15, 16, 112, 113).
They are also vectors of Trypanosoma melophagium, which has been
reported in the United Kingdom (114).

Hard ticks (order Acari — family Ixodidae)

To date, the main species of ticks found in North-western Europe are
Ixodes ricinus, 1. hexagonus and Dermacentor reticulatus, while the
distribution of Rhipicephalus sanguineus and Hyalomma marginatum
is expanding, as shown in Figure 6 and Figure 7, respectively (115,
116, 117).
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Fig. 6

Current known distribution of the tick species Rhipicephalus
sanguineus in Europe, updated on 12 March 2021 (115). The tick
species Rhipicephalus sanguineus is expanding northwards. It is now
established in France, Switzerland and Germany and introductions

have been reported in the United Kingdom since 2012.
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Fig. 7

Current known distribution of the tick species Hyalomma
marginatum in Europe, updated on 12 March 2021 (116). The tick
species Hyalomma marginatum is expanding northwards. It has been
established in southern France since 2015 and its distribution seems to
be expanding northwards. Furthermore, some introductions have been

reported in the United Kingdom since 2010-2011.

Infestation by ticks is seasonal, as temperature and humidity influence
both tick activity and survival. The three stages of their life cycle are
obligate haematophages; these species are therefore biological vectors

of several pathogens all around the world (Tables I, IT and III).
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Genus /xodes

The main Ixodes species present in North-western Europe are
L ricinus and I hexagonus (the hedgehog tick) (118). The
geographical distribution of /. ricinus has expanded in recent years, as
it is now found at higher altitudes and latitudes (2). After egg
hatching, both Ixodes species go through three life stages (larva,
nymph and adult); they are three-host ticks.

Ixodes ricinus is a telotropic tick species, which means it can feed on a
wide variety of vertebrate hosts (119): larvae and nymphs feed on
small to medium-sized animals such as rodents, birds and reptiles (e.g.
lizards), while adults are more selective and feed on large animals
including deer, sheep and cattle (120, 121). This tick species often
feeds on humans (122). Ixodes ricinus, illustrated in Figure 8, is
exophilic and prefers habitats with vegetation and a high relative
humidity, for example deciduous woodland and mixed forests (123).
All stages of I hexagonus feed mainly on hedgehogs, abundant in
(sub)urban areas, and therefore are often found on dogs and cats (118,

124); they can also feed accidentally on humans (125).
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Fig. 8

A female Ixodes ricinus tick (courtesy of Dr Sarah Bonnet,
National Veterinary School of Alfort, Maisons-Alfort, France)

20
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Host infestation by 1. hexagonus peaks during summer (118). Seasonal
fluctuations in numbers of ticks collected from dogs and hedgehogs
were generally weaker compared with 7. ricinus, although a previous
study performed in Belgium reported a peak of collection during
spring (117, 126).

Ixodes ricinus transmits a large variety of pathogens of medical and
veterinary importance (Tables I, IT and III). It is a biological vector of
the European subtype of the tick-borne encephalitis (TBE) and
louping ill viruses (25). Canine cases of TBE have been reported in
Switzerland, Germany and eastern France, among others (34). It can
also transmit bacteria such as Francisella tularensis and Borrelia
burgdorferi (causing Lyme borreliosis), but also Babesia spp.,

Anaplasma spp. and Rickettsia spp. (25).

In addition to Anaplasma phagocytophilum, 1. hexagonus is a vector
of Borrelia burgdorferi, Babesia spp. and TBE virus (44).
Rickettsia spp. have been isolated from [I. hexagonus (117, 118).
Although it is very host-specific, the role of I hexagonus in the
transmission of the above-mentioned pathogens to companion animals

1s still unclear (118).
Genus Dermacentor

The two main Dermacentor ticks present in North-western Europe are
D. reticulatus and D. marginatus. They are ditropic ticks: between
meals, endophilic immature stages live inside burrows while exophilic
and hydrophilic adults generally stay on forest edges and meadows, or
on wastelands (127). Dermacentor reticulatus is more frequently
observed in regions with continental climates, and is commonly found
on dogs, ungulates and humans (127). Dermacentor marginatus 1is
more prevalent in European Mediterranean countries; these ticks are

commonly found in clearings, but also in forests (127).

Babesia canis is the most significant animal pathogen transmitted by
D. reticulatus (41). This tick species is also a vector of Theileria equi
(also transmitted by D. marginatus) and Anaplasma marginale (41).

Both Dermacentor ticks transmit causative agents of equine
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piroplasmosis (41, 128) and are relevant in central Europe as vectors
of Francisella tularensis (129) and Rickettsia spp. (41, 130).
Furthermore, they are involved in the transmission of TBE virus (127,
131) and may contribute to the transmission of Coxiella burnetii,
which causes Q fever (41).

Rhipicephalus sanguineus

Owing to its ability to survive in dry conditions, Rhipicephalus
sanguineus 1s especially abundant in Mediterranean countries, but it is
spreading to northern France and Germany with occasional
introductions to the United Kingdom (115, 132). This endophilic tick
is found in dog housing, kennels and even inside houses and may be
active throughout the year inside houses (127, 132). Rhipicephalus

sanguineus is a three-host species, but all stages feed on dogs (133).

It 1s an important vector of, among others, Ehrlichia canis, Anaplasma
platys (which causes canine anaplasmosis) and Babesia spp. (132,
134). A dog can become infected with Hepatozoon canis (the agent of

canine hepatozoonosis) after ingestion of an infected tick (135).
Genus Hyalomma

Hyalomma marginatum is the main species of this genus encountered
in North-western Europe. It prefers a climate with low to moderate
levels of humidity and a long dry summer (136). In North-western
Europe, it became established in southern France in 2015, and has
been sporadically reported in southern Switzerland, Germany (since
2006) and the United Kingdom (since 2010-2011) (116, 137, 138).
Vertebrate hosts such as migratory birds can transport it over long
distances (137, 139).

Hyalomma marginatum and H. lusitanicum prefer steppe, savannah
and scrubland hill and valley biotypes (136). Both species are
diphasic: larvae and nymphs remain on the same host (small mammals
and birds) and adults feed on a second host (136). Endophilic

immature stages remain in the nests of their hosts, while adults are
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exophilic (136, 138). In the Iberian Peninsula, H. marginatum is more

active in the summer and autumn (136).

Hyalomma spp. are involved in the transmission of several human and
animal pathogens in Eurasia and Africa, such as Theileria spp.,
Babesia spp., Coxiella burnetii, Anaplasma spp. and Rickettsia spp.,
as well as several viruses (136, 140). Hyalomma marginatum is the
main vector of the Crimean—Congo haemorrhagic fever (CCHF) virus
in Eurasia that is expanding to Central and Western Europe (18). The
CCFH virus was also isolated from another species that has not been
observed in North-western Europe to date, H. lusitanicum (139).
Occasional introductions of the latter have been reported in southern
France and in the United Kingdom (141).

Conclusions

This review illustrates the wide variety of potential haematophagous
arthropod vectors in North-western Europe. Several interesting and
pertinent free access tools provide useful information on vectors and
the pathogens they transmit. The World Animal Health Information
System (WAHIS) portal of the World Organisation for Animal Health
(OIE) (https://wahis.oie.int/#/home) gives an overview of spatio-
temporal distributions of the main animal and zoonotic vector-borne
diseases. Useful information is also available in the OIE publication
Atlas of transboundary animal diseases, written by Peter J. Fernandez
and William R. White, revised edition published in 2016
(https://oiebulletin.com/?panorama=atlas-of-transboundary-animal-

diseases). The European Food Safety Authority (EFSA)’s vector-
borne disease map journals
(https://efsa.maps.arcgis.com/apps/PublicGallery/index.html?appid=df
beac92aea944599ed1eb754aa5e6dl) provide interesting information
on several vector-borne diseases, along with vector geographical
distribution. A special version of the Method for Integrated Risk
assessment for infectious diseases in animals (MINTRISK), which
was developed jointly by Wageningen BioVeterinary Research and
Wageningen Economic Research, both part of Wageningen University

and Research, upon the request of EFSA, helps in assessing and

23/44


https://wahis.oie.int/#/home
https://oiebulletin.com/?panorama=atlas-of-transboundary-animal-diseases
https://oiebulletin.com/?panorama=atlas-of-transboundary-animal-diseases
https://efsa.maps.arcgis.com/apps/PublicGallery/index.html?appid=dfbeac92aea944599ed1eb754aa5e6d1
https://efsa.maps.arcgis.com/apps/PublicGallery/index.html?appid=dfbeac92aea944599ed1eb754aa5e6d1

Rev. Sci. Tech. Off. Int. Epiz., 39 (3) 24

ranking the risk of a large number of vector-borne diseases
(www.wecr.wur.nl/mintrisk/Default.aspx). Through the VectorNet
Initiative (www.ecdc.europa.eu/en/about-us/partnerships-and-
networks/disease-and-laboratory-networks/vector-net), the European
Centre for Disease Prevention and Control also makes available up-to-
date information on vector distribution in Europe. A wide variety of
tools is therefore available to collect as much data as possible on
vector-borne diseases and their respective arthropod vectors. This is
the preliminary step towards the understanding and selection of
appropriate control measures, to be included under an affordable and
practical ‘arthropod vector integrated control plan’, at the scale of a
veterinary faculty (especially clinics housing small and large animals,

and an educational farm).
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