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ARTICLE INFO ABSTRACT

Keywords: These guidelines are intended to provide an in-depth review of current knowledge and assist the planning and
Dog implementation of studies for evaluating the efficacy of parasiticides in reducing transmission of vector-borne
Cat

pathogens (VBPs) to dogs and cats. At present, the prevention of VBP transmission in companion animals is
generally achieved through the administration of products that can repel or rapidly kill arthropods, thus pre-
venting or interrupting feeding before transmission occurs. The present guidelines complement existing guide-
lines, which focus on efficacy assessment of parasiticides for the treatment, prevention and control of flea and
tick infestations, but also give guidance for studies focused on other vectors (i.e. mosquitoes and phlebotomine
sand flies). The efficacy of parasiticides in reducing VBP transmission can be evaluated through laboratory or
field studies. As such, the present guidelines provide recommendations for these studies, representing a tool for
researchers, pharmaceutical companies and authorities involved in the research, development and registration of
products with claims for reducing VBP transmission in dogs and cats, respecting the overall principles of the 3Rs
(replacement, reduction and refinement). Gaps in our current understanding of VBP transmission times are
herein highlighted and the need for further basic research on related topics is briefly discussed.

Parasiticide
Vector-borne pathogen
Guidelines

1. Introduction and keds) may cause direct damage (e.g., skin injuries, blood loss and
allergic reactions) to their hosts, and can also inoculate neurotoxins and

Ticks, fleas, phlebotomine sand flies, mosquitoes, lice and, to a lesser transmit a range of pathogens, including bacteria, protozoa, viruses and
extent, other arthropods (e.g., black flies, biting midges, triatomine bugs helminths. Vector-borne diseases (VBDs) threaten the health and
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welfare of dogs and cats globally (Beugnet, 2013), with many
vector-borne pathogens (VBPs), including Bartonella spp., Dirofilaria
spp., Leishmania spp. and Rickettsia spp., being of zoonotic concern
(Colwell et al., 2011; Dantas-Torres et al., 2012; Kilpatrick and Ran-
dolph, 2012; Otranto et al., 2013).

The existing World Association for the Advancement of Veterinary
Parasitology (W.A.A.V.P.) guidelines for evaluating the efficacy of par-
asiticides for the treatment, prevention and control of flea and tick in-
festations on dogs and cats (Marchiondo et al., 2013) are not focused on
VBP transmission, prevention or treatment. Consequently, the present
W.A.A.V.P. guidelines are intended to provide researchers, pharma-
ceutical companies and authorities with recommendations for studies
evaluating the efficacy of parasiticides in reducing the risk of VBP
transmission in dogs and cats. Moreover, the existing guidelines do not
include some insects of veterinary significance (e.g., mosquitoes and
phlebotomine sand flies), which are vectors of pathogens to dogs and
cats. In principle, the transmission of pathogens can be reduced either by
repelling (i.e. repellent effect), disrupting feeding or by rapidly killing
arthropod vectors (i.e. killing effect) before pathogen transmission oc-
curs. There is a need to harmonize studies evaluating efficacy of para-
siticides in reducing the risk of VBP transmission to dogs and cats, as
indicated by the recently drafted European Medicines Agency (EMA)
guidelines for veterinary medicinal products for the prevention of
transmission of VBDs in dogs and cats (EMA, 2018).

Traditionally, W.A.A.V.P. guidelines have targeted eukaryotic path-
ogenic organisms falling within the classical definition of ‘parasite’. In
addition to ‘classical’ vector-borne parasites (e.g., Dirofilaria spp.,
Leishmania spp. and Babesia spp.), the present guidelines also encompass
vector-borne bacteria (e.g., Anaplasma spp., Borrelia spp., Ehrlichia spp.
and Rickettsia spp.), which may be transmitted to dogs and cats by ticks
or fleas (Table 1). Conversely, vector-borne viruses (e.g., tick-borne
encephalitis virus) are not considered within these guidelines due to
the limited hazard they pose, at present, to the health of dogs and cats
(Reperant et al., 2016). In this context, the present guidelines provide
recommendations for studies evaluating the efficacy of parasiticides in
reducing VBP transmission in dogs and cats. They will represent a tool
for researchers, pharmaceutical companies and authorities involved in
the research, development and registration of products with claims for
reducing VBP transmission in dogs and cats and concurrently respecting
the overall principles of the 3Rs (replacement, reduction and
refinement).

2. Aspects that may affect VBP transmission

While scientific knowledge on the biology of VBPs and their vectors
has increased in recent decades (Schorderet-Weber et al., 2017; Otranto,
2018), there is still a need to translate much of this knowledge into
effective prevention tools and strategies for preventing VBP trans-
mission. Indeed, several aspects of the vector-pathogen-host interaction
do influence the efficacy of parasiticides in reducing VBP transmission in
dogs and cats. Therefore, relevant aspects, like route of transmission,
feeding behaviour and duration of the vector’s feeding and pathogen
transmission rates and times, migration paths and incubation time of
pathogens in their vectors, must be considered when designing efficacy
studies.

Regarding routes of transmission, some pathogens are inoculated (e.
g., Babesia spp., Leishmania spp. and Rickettsia spp.) during blood feeding
(Schorderet-Weber et al., 2017), whereas others (e.g., Dirofilaria immitis)
are deposited onto the skin and penetrate actively through the bite
wound (Venco et al., 2011). In contrast, other pathogens are transmitted
through ingestion of vectors (e.g., Hepatozoon canis and Dipylidium
caninum) or paratenic hosts (e.g., Hepatozoon americanum) (Baneth,
2011). Additionally, the transmission by dog bites (e.g., Babesia gibsoni),
vertical (e.g., H. canis and Leishmania infantum), venereal (e.g.
L. infantum) and blood transfusion transmission (e.g., Anaplasma phag-
ocytophilum, Anaplasma platys, Babesia spp., Ehrlichia canis and
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L. infantum) have also been demonstrated for a range of VBPs of dogs and
cats.

Feeding behaviour of vectors and pathogen transmission times are
governed by a number of variables related to the vectors, the pathogens
and the susceptible vertebrate hosts (de la Fuente et al., 2017; Otranto,
2018). Overall, the duration of the blood-feeding period is shorter in
insects (e.g., sand flies, mosquitoes and black flies) as compared to
ixodid ticks (Petric et al., 2012; Bates, 2017). Arthropod vectors may be
attracted by different host stimuli and use different strategies to locate
and approach the host. Accordingly, some may land (e.g., flying insects),
while others crawl (e.g., ticks) or jump (e.g., fleas) on the host. For
instance, mosquitoes and other flying insects (e.g., sand flies) are highly
mobile and, once landed on the host, they feed rapidly, thus having a
short-lasting contact with their hosts (Gingrich and Williams, 2005;
Faraji et al., 2014). With regard to fleas, many cat fleas (Ctenocephalides
felis) will begin feeding within minutes of arriving on their host, with the
majority of them completing the blood meal within 1 h (h) of arrival
(Cadiergues et al., 2000). Hard ticks (Ixodidae), however, are slow
feeders and may feed for several hours or days, thus having a relatively
long-lasting contact with their hosts (Sonenshine and Roe, 1993; Dan-
tas-Torres et al., 2012). Consequently, transmission times of bacterial
and parasitic pathogens are usually shorter with insect vectors (from
seconds to minutes) as compared to ticks (from a few hours to several
days).

Pathogen transmission is influenced by several factors, including
pathogen pre-activation times (Kidd and Breitschwerdt, 2003; Otranto,
2018). In fact, some tick-borne pathogens require a pre activation
period, resulting in a longer transmission time. An example is repre-
sented by Borrelia burgdorferi spirochetes causing Lyme disease, which
are usually transmitted by infected ixodid ticks within 24-48 h following
their attachment to the host (Hajdusek et al., 2013). Although the de-
terminants affecting pathogen pre-activation times are not completely
understood, the ingestion of blood is reputed to play a role in this pro-
cess (Socolovschi et al., 2009). For instance, interrupted feeding may
reduce the transmission time of Rickettsia rickettsii by Amblyomma aur-
eolatum from more than 10 h to 10 min (min) (Saraiva et al., 2014) and
Babesia canis by male Dermacentor reticulatus from 48 h to 8 h (Varloud
et al., 2018). In addition to the speed of transmission of VBPs by ticks,
establishment of infections may be dependent on a minimum inocula-
tion dose for bacterial pathogens like A. phagocytophilum (Fourie et al.,
2019). While the transmission times and their influencing factors may be
considered in the design of laboratory studies, they cannot be easily
assessed and controlled under field conditions. In any case, all factors
potentially affecting VBP transmission should be considered when
designing efficacy studies.

3. Parasiticides and their role in preventing VBP transmission

Theoretically, the transmission of VBPs can be prevented either by
completely impeding feeding by arthropods or by ensuring that
arthropod vectors are killed before pathogens are transmitted to the
hosts. The efficacy of a parasiticide against a given arthropod vector
does not imply a significant reduction of the risk of VBP transmission per
se and therefore specific studies are required by authorities in order to
pursue label claims in this respect. As a result of the lack of specific
guidelines, until now the approval of a parasiticide as efficacious in
reducing the risk of VBP transmission has been handled on a case-by-
case basis by regulatory authorities and respective registrant com-
panies (Bobey, 2015).

A number of pyrethroids (e.g., permethrin, deltamethrin and flu-
methrin) with repellent and anti-feeding effects have been proven effi-
cacious to reduce the risk of transmission of VBPs (e.g., B. canis, E. canis
and L. infantum) in both laboratory and field studies (Jongejan et al.,
2011, 2015, 2016; Fourie et al., 2013b, ¢; Brianti et al., 2014). Other
chemical compounds, by virtue of their fast killing effect, may also
reduce the risk of VBP transmission in dogs and cats. For example,
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Table 1

Pathogens causing vector-borne diseases in dogs and cats, the disease they cause, their arthropod vectors, transmission times. The desired features of a product to
prevent pathogen transmission to dogs and cats are described, but do not replace the need for specific VBP prevention studies. N/A indicates that no literature is

available.

Pathogen Disease Vector Minimum reported Theoretical desired effect of a Supporting
transmission time * parasiticide for preventing transmission  reference for
b transmission time
studies
Acanthocheilonema Non-pathogenic Fleas (Ctenocephalides felis) Immediate Repellent or fast killing effect (all fleas N/A
reconditum and lice (Heterodoxus and lice killed as soon as possible after
spiniger) coming in contact with the host)
Anaplasma Canine granulocytic Ticks (Ixodes spp.) Within hours Repellent or fast killing effect (all ticks Fourie et al. (2019)
phagocytophilum anaplasmosis (establishment after 48 h,  killed in <48 h)
to dogs)
Anaplasma platys Canine cyclic Unknown (ticks are Unknown Unknown N/A
thrombocytopenia suspected vectors)
Babesia canis Canine babesiosis Ticks (Dermacentor 36 h (8 h in interrupted Repellent or fast killing effect (all ticks Varloud et al.
reticulatus) feeding experiment) (to killed in <36 h) (2018)
dogs)
Babesia conradae Canine babesiosis Unknown (ticks are Unknown Repellent or fast killing effect (all ticks N/A
suspected vectors) killed in <36 h); based on minimal
transmission time for B. canis
Babesia felis Feline babesiosis Unknown (ticks are Unknown Repellent or fast killing effect (all ticks N/A
suspected vectors) killed in <36 h); based on minimal
transmission time for B. canis
Babesia gibsoni Canine babesiosis Ticks (Haemaphysalis Unknown Repellent or fast killing effect (all ticks N/A
longicornis) killed in <36 h); based on minimal
transmission time for B. canis
Babesia rossi Canine babesiosis Ticks (Haemaphysalis Unknown Repellent or fast killing effect (all ticks N/A
elliptica) killed in <36 h); based on minimal
transmission time for B. canis
Babesia vogeli Canine babesiosis Ticks (Rhipicephalus Unknown Repellent or fast killing effect (all ticks N/A
sanguineus sensu lato) killed in <36 h); based on minimal
transmission time for B. canis
Babesia vulpes Canine babesiosis Unknown (ticks are Unknown Repellent or fast killing effect (all ticks N/A

Bartonella henselae

Borrelia burgdorferi
Cytauxozoon felis

Dipylidium caninum

Dirofilaria immitis

Dirofilaria repens

Ehrlichia canis

Hepatozoon canis

Leishmania infantum

Rangelia vitalii

Rickettsia conorii

Rickettsia felis

Feline bartonellosis

Canine Lyme disease
Feline cytauxzoonosis

Canine dipylidiosis

Canine and feline
heartworm disease

Canine and feline
subcutaneous dirofilariosis

Canine monocytic
ehrlichiosis
Canine hepatozoonosis

Canine and feline
leishmaniosis

Canine rangeliosis

Canine spotted fever
rickettsiosis or canine
Mediterranean spotted
fever

Feline flea-borne
rickettsiosis

suspected vectors)

Fleas (C. felis)

Ticks (Ixodes spp.)

Ticks (Amblyomma
americanum)

Fleas (C. ides felis,
Ctenocephalides canis) and
lice (Trichodectes canis,
Felicola subrostratus)

Mosquitoes (several genera
and species)

Mosquitoes (several genera
and species)

Ticks (Rh. sanguineus s.L)
Ticks (Rh. sanguineus s.1.,
Rhipicephalus turanicus,
Amblyomma ovale)

Sand flies (several genera
and species)

Ticks (Amblyomma
aureolatum)

Ticks (Rh. sanguineus s.1.,

Rh. turanicus)

Fleas (C. felis)

Immediate via contact
with flea faeces (but after
fleas feed and digest the
blood)

24 h (to hamsters)

48 h (to cats)

Immediate after the

ingestion (via ingestion of
the arthropod vector)

Immediate

Immediate

within hours (3 h) (to
dogs)

Immediate (via ingestion
of infected ticks)

Immediate

Unknown

Unknown

Immediate

killed in <36 h); based on minimal
transmission time for B. canis
Repellent or fast killing effect (all fleas
killed as soon as possible after coming in
contact with the host)

Repellent or fast killing effect (all ticks
killed in <24 h)

Repellent or fast killing effect (all ticks
killed in <48 h)

Repellent or fast killing effect (all fleas
and lice killed as soon as possible after
coming in contact with the host);
parasiticides with additional larvicial
and ovicidal effiacy are more effective
in reducing the overall risk transmission
Repellent (all mosquitoes killed as soon
as possible after coming in contact with
the host)

Repellent (all female mosquitoes killed
as soon as possible after coming in
contact with the host)

Repellent or fast killing effect (all ticks
killed in <3 h)

Repellent or fast killing effect (all ticks
killed as soon as possible after coming in
contact with the host) which result in
the reduction of tick population
Repellent or fast killing effect (all
female sand flies killed as soon as
possible after coming in contact with the
host)

Repellent or fast killing effect (all ticks
killed in <36 h); based on minimal
transmission time for B. canis

Repellent or fast killing effect (all ticks
killed in <10 h); based on minimal
transmission time for R. rickettsii

Repellent or fast killing effect (all fleas
killed as soon as possible after coming in
contact with the host)

Bouhsira et al.
(2013a)

Piesman et al.
(1987)
Thomas et al.
(2018)

N/A

N/A

N/A

Fourie et al.
(2013a)
N/A

Soares et al (2018)

N/A

Wedincamp and
Foil (2002)

(continued on next page)
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Table 1 (continued)

Theoretical desired effect of a
parasiticide for preventing transmission

b

Pathogen Disease Vector Minimum reported

transmission time °

Supporting
reference for
transmission time

studies
Rickettsia rickettsii Canine spotted fever Ticks (several genera and 10 h (10 min in an Repellent or fast killing effect (all ticks Saraiva et al.
rickettsiosis or canine species) interrupted feeding killed in <10 h) (2014)
Rocky Mountain spotted experiment with Am.
fever aureolatum) (to dogs)

# The transmission time is defined here as the minimum period required from blood feeding initiation by the arthropod vectors to actual pathogen transmission to the
vertebrate host. In all studies with ticks, transmission times are shortened if ticks are initially placed on a host to start feeding and then removed from this host and
placed on a second host (=interrupted feeding experiments). Moreover, the transmission efficiency by ticks increases with time (the longer the feeding period, the
higher is the proportion of animals infected) as well as the establishment of infections in dogs, being dependent on the minimum inoculation dose. Unless otherwise
stated, pathogen transmission occurs by bite. Within this column, ‘immediate’ means within few minutes.

b Based on data currently available from studies conducted with dogs or cats. In some cases, transmission times using other animal models may be shorter than those
using dogs or cats (e.g., A. phagocytophilum needs 48 h to establish infection in dogs, but only 24 h in mice). When the specific transmission time is unknown, theoretical
desired effects of parasiticides are inferred from data obtained with phylogenetically close organisms (e.g., desired effects of parasiticides against Babesia spp.

transmission are inferred from data obtained with B. canis).

isoxazolines (e.g., afoxolaner, fluralaner, lotilaner and sarolaner) might
be indicated for the prevention of the transmission of several tick-borne
(e.g., A. phagocytophilum, B. canis and Bo. burgdorferi) and flea-borne
pathogens (e.g., Acanthocheilonema reconditum and D. caninum) (Beug-
net et al., 2014; Taenzler et al., 2015; Baker et al., 2016; Honsberger
et al., 2016; Geurden et al., 2017; Gopinath et al., 2018).

Insecticides and acaricides are available as topical (i.e. spot-on, spray
or collar) or oral (i.e. chewables or hard tablets) formulations. These
products may act by killing (i.e. insecticidal and acaricidal products,
formulated for topical or oral applications) or repelling (i.e. repellent
products, formulated for topical application only) arthropods. There-
fore, these products can prevent arthropod feeding or interrupt the
feeding process in its early phases, ultimately reducing the risk of VBP
transmission to dogs and cats (Otranto and Wall, 2008) and potentially
reducing the ingestion of vectors while these animals are scavenging and
grooming (Baneth, 2011). Some active ingredients like pyrethroids have
the unique feature of possessing dual killing (insecticidal, acaricidal, or
both) and repelling effects, whose efficacy may vary depending on the
active ingredient, formulation and target arthropod (Beugnet and Franc,
2012). On the other hand, the combination of several active ingredients
with different modes of action within the same formulation enables
certain products to attain a broad spectrum of activity targeting several
arthropods (e.g., fleas, ticks, mites, lice, mosquitoes and sand flies).

Once administered to the host, parasiticides can act before the target
arthropods start feeding, as soon as they begin to feed or following a
certain lag time from the initiation of feeding. This depends mainly on
the intrinsic properties and mode of action (i.e. acting via contact,
ingestion, or both) of each parasiticide, and is independent (or less
dependent) on the route of administration (i.e. topical versus oral). For
instance, some products display a pronounced volatility (e.g., dieth-
yltoluamide - DEET, which is not available for use in dogs and cats),
enabling the repellency of certain arthropod vectors prior to (e.g.,
mosquitoes and sand flies) or soon after (e.g., ticks and fleas) their
contact with the host (Bissinger and Roe, 2010). Other products display
a lower volatility (e.g., pyrethroids, which are available for use in dogs
and cats) and require the contact between the arthropods and the host,
only after which arthropods are repelled (Bissinger and Roe, 2010). The
killing effect can be achieved either through external contact (i.e. the
arthropod dies after coming into contact with the parasiticide on the fur
or the skin of the treated host) or ingestion (i.e. the arthropod dies after
ingesting the parasiticide, with the blood of the treated host). Therefore,
depending on the active ingredient(s) present in the formulation, a
product may prevent attachment (i.e. repellent effect), disrupt an
already existing contact between the arthropod and the host (also
referred to as expellent effect), cause the close to or immediate death of
the arthropod (killing effect), or interfere with egg fertility and subse-
quent development of the arthropod (i.e. growth inhibition) (Halos

et al., 2012).

The mode of action of different active compounds should be evalu-
ated regarding their impact on the biology, ecology and parasitic
behaviour of each arthropod and VBP. Parasiticides licensed for pre-
venting or treating ectoparasite infestations on dogs and cats belong to
several chemical families, namely formamidines (e.g., amitraz), neon-
icotinoids (e.g., dinotefuran and imidacloprid), phenylpyrazoles (e.g.,
fipronil), indoxacarb (oxadiazine), macrocyclic lactones (MLs) of the
spinosyn group (e.g., spinosad) and MLs of the avermectin/milbemycin
group (e.g., selamectin), and synthetic pyrethroids (e.g., deltamethrin,
flumethrin and permethrin) (Beugnet and Franc, 2012). Recently, iso-
xazoline class molecules have been successfully introduced as parasiti-
cides for dogs and cats (Pfister and Armstrong, 2016; Weber and Selzer,
2016; Wright, 2018). When administered to dogs, these molecules
display a fairly rapid onset of action against existing infestations (i.e.
curative effect), starting from 4 h and reaching >90 % of killing effect in
about 12 h, with the highest efficacy in killing ticks displayed within 24
h (Beugnet et al., 2014; Pfister and Armstrong, 2016; Geurden et al.,
2017; Murphy et al., 2017). Fluralaner and afoxolaner were found also
to kill up to 100 % of Aedes (e.g., Aedes aegypti), Anopheles (e.g.,
Anopheles gambiae) and Culex (e.g., Culex pipiens) mosquitoes, and Lut-
zomyia (e.g., Lutzomyia longipalpis) and Phlebotomus (e.g., Phlebotomus
argentipes) sand flies, 24 h after artificial feeding on blood containing
different concentrations of these compounds (Miglianico et al., 2018).

Isoxazolines in oral formulations were successfully used in dogs for
the prevention of the transmission of B. canis by D. reticulatus (afox-
olaner, Beugnet et al., 2014; fluralaner, Taenzler et al., 2015; lotilaner,
Cavalleri et al., 2017; sarolaner, Geurden et al., 2017) as well as of Bo.
burgdorferi and A. phagocytophilum by Ixodes scapularis (sarolaner,
Honsberger et al., 2016). Considering the toxicity of most synthetic
pyrethroids to cats, the efficacy of an isoxazoline (e.g., sarolaner in as-
sociation with selamectin) has been recently proposed for preventing
feline VBDs (Otranto and Little, 2017). A fast-killing spot-on combina-
tion of fipronil, amitraz and (S)-methoprene was demonstrated to inhibit
the transmission of B. canis by De. reticulatus (Jongejan et al., 2011) and
of Bo. burgdorferi and A. phagocytophilum by I. scapularis (McCall et al.,
2011); however, this combination is no longer commercialized. The
efficacy of any product in blocking VBP transmission is however also
dependent on the pathogens’ transmission times; quickly transmitted
pathogens such as E. canis (transmitted by Rh. sanguineus sensu lato (s.1.)
in about 3 h, in in vitro conditions) (Fourie et al., 2013a) are better
targeted by synthetic pyrethroids than isoxazolines (Jongejan et al.,
2016). In fact, pyrethroids have been proven efficacious in preventing
the transmission of rapidly transmitted VBPs, such as E. canis (Jongejan
et al., 2011; Fourie et al., 2013a, c; Stanneck and Fourie, 2013) and
L. infantum (Brianti et al., 2014), as well as slower transmitted VBPs such
as Bo. burgdorferi, A. phagocytophilum (Blagburn et al., 2004) and B. canis
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(Jongejan et al., 2011; Fourie et al., 2013b; Navarro et al., 2015), under
laboratory or field conditions.

The efficacy requirements for a parasiticide to be registered may vary
according to national and regional regulatory authorities. For instance,
to be licensed in Europe, a parasiticide should have efficacies of >95 %
within 24 h and >90 % within 48 h post-treatment against existing flea
and tick infestations, respectively (i.e. curative or immediate efficacy).
Likewise, a parasiticide should have efficacies of >95 % within 24 h and
>90 % within 48 h post subsequent infestations by fleas and ticks,
respectively, to assess the persistent efficacy (Marchiondo et al., 2013;
EMA, 2016a; Pfister and Armstrong, 2016). In the USA, the product
should have an efficacy of >90 % against both fleas and ticks (Pfister and
Armstrong, 2016). However, thus far neither the evaluation time points
nor the required efficacy thresholds for such time points have been
validated for their relevance in the reduction of the VBP transmission
risk. In any case, studies on the speed of kill (SOK) and persistent effi-
cacy may indicate the potential of reducing the risk of VBP transmission.
Accordingly, products with a rapid onset of action and sustained SOK
throughout the treatment duration have the potential to reduce this risk
(Dantas-Torres and Otranto, 2016; Schorderet-Weber et al., 2017), as
demonstrated by a number of studies in dogs and cats (Stanneck et al.,
2012; Tielemans et al., 2014; Fourie et al., 2015; Geurden et al., 2017).

While laboratory studies are important for assessing the efficacy of a
product in reducing the risk of VBP transmission, a spectrum of potential
confounding factors (e.g., interrupted feeding and co-infection with
multiple pathogens) can occur under field conditions. As such, field
studies are beneficial to confirm the data obtained in the laboratory.
Even if study data generally confirm the efficacy of repellents and fast-
killing parasiticides in reducing the risk of VBP transmission, none of the
available products can ever ensure a total protection. Therefore, inte-
grated control strategies are advocated by the scientific community for
VBP prevention (e.g., association of ectoparasiticides and MLs for the
prevention of heartworm disease in dogs and cats).

4. Evaluation of efficacy in reducing VBP transmission

The label claim ‘reduction of the risk of infection with < name of VBP
> via transmission by < name of the vector> ‘needs to be requested from
the regulatory authority [e.g., the Food and Drug Administration (FDA)
in the USA, the European Medicines Agency in the European Union
(EMA) and the Ministry of Agriculture, Livestock, and Food Supply
(MAPA) in Brazil], as an extension of an existing label claim, and should
be based on laboratory and/or field studies. While experimental studies
are considered mandatory by the FDA and EMA, field studies are
generally acknowledged as ‘supportive’. However, regulatory agencies
may issue a preventive indication based on well-designed field studies,
which are conducted according to the Good Clinical Practice (GCP)
guidelines (VICH, 2000).

For all studies involving the use of animals, utmost care must be
given to the welfare of any animals used and all procedures must be
approved by regulatory authorities and an animal ethics committee
(EMA, 2016D). The life cycle and pathogenicity of the VBP of interest
should be also considered to avoid unnecessary suffering of infected
animals, which should be treated or humanely euthanized after use,
based on the recommendation of the study director/investigator and
approval of an animal ethics committee.

The principle of the 3Rs (replacement, reduction and refinement)
should be taken into account when clinical studies are designed and
conducted. The use of animal-free in vitro methods can help to better
understand some phenomena such as vector-VBP relationships or
feeding behaviour of vectors prior to the use of animals, thus enabling
the comprehensive set-up of meaningful animal studies. Suitable study
conditions (e.g., care of animal and study procedures) should be used to
avoid pain, suffering or distress of the animals as much as possible and to
minimize the number of animals used (EMA, 2016b).
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4.1. In vitro studies: artificial feeding systems

Artificial feeding systems have been increasingly used to infect ar-
thropods with pathogens, assess transmission times of pathogens (Fourie
et al., 2013a, 2019) and to test the efficacy of systemic parasiticides
(Kroeber and Guerin, 2007) as well as the efficacy of parasiticides in
preventing VBP transmission. However, such in vitro efficacy data are
usually regarded only as ‘supportive’ by authorities. Different artificial
feeding systems have been implemented for fleas (C. felis) (Bouhsira
et al., 2013a, b), mosquitoes (Luo, 2014), sand flies (Ghosh, 1994) and
some tick species (e.g., Rh. sanguineus s.l.) (Fourie et al., 2013a). To
assess the efficacy and SOK, parasiticides are solubilized in a blood
medium and fed to the arthropods through a silicone membrane (i.e.
Parafilm® or Nescofilm) or skin derived from 1 to 5 day-old chicks
(Ghosh, 1994; Bouhsira et al., 2013a, b; Luo, 2014). Exposure time will
vary according to arthropod vectors.

The successful implementation of these systems is assessed based on
the feeding rates of arthropods, which in the case of ticks, is also
conditioned by the size of these parasites’ mouthparts (e.g., artificial
feeders have thus far yielded higher feeding rates in Ixodes spp. than in
Rhipicephalus spp.) (Fourie et al., 2013a, 2019). One limitation of arti-
ficial feeders is the lack of innate and adaptive immune responses from
the host, which may play a role in arthropod feeding and VBP trans-
mission (Cantillo et al., 2014; Kamhawi et al., 2014; Shaw et al., 2016;
de la Fuente et al., 2017). Therefore, results obtained from studies using
artificial feeders should be interpreted cautiously. Indeed, a recent study
showed that while the presence of A. phagocytophilum deoxyribonucleic
acid (DNA) could be detected in blood samples taken from artificial
feeders on which infected Ixodes ricinus ticks had fed for only 6 h, the
establishment of infection in dogs required 48 h to occur under exper-
imental conditions (Fourie et al., 2019); hence, the transmission to dogs
was assumed to be dependent on a minimum inoculation dose (Fourie
et al., 2019).

Artificial feeding systems are of limited use for testing compounds
acting only by contact following topical administration on dogs and cats.
Moreover, further research is needed to validate the use of these systems
in studies evaluating the efficacy of parasiticides in the prevention of
VBP transmission.

4.2. In vivo studies

In vivo studies to demonstrate efficacy of parasiticides in reducing
VBP transmission in dogs and cats can be conducted under both labo-
ratory and/or field conditions. In both cases, studies should follow GCP
guidelines (VICH, 2000) if the results are intended to be submitted to a
regulatory authority. The study design must be adequate for the inten-
ded purpose and may be different from studies solely evaluating the
efficacy of parasiticides for the treatment, prevention and control of flea
and tick infestations on dogs and cats (Marchiondo et al., 2013).

Laboratory studies should include an untreated control group and be
designed to test final formulations as close to the minimum recom-
mended dose as possible using the approved commercial product, if
available. Field studies usually involve privately owned pets, which
makes the use of a negative control group less feasible, except if the
disease is not highly pathogenic and is relatively easy to treat. While in
other geographic regions field studies still frequently include a negative
control (Coura-Vital et al., 2018), there is currently a growing concern in
using untreated control groups in studies conducted in the EU. When the
inclusion of a negative control group is not feasible, the investigational
product should be compared to an established treatment (i.e.
non-inferiority clinical studies), available for the targeted label claim.
Products should be used at the registered/intended dose and adminis-
tered according to label recommendations.

The set-up of studies to evaluate the prevention of VBP transmission
differs from the classical designs for the evaluation of efficacy against
the arthropods themselves. As an example, in laboratory studies
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evaluating the efficacy against tick-borne pathogen transmission, the
design might foresee tick counts and removals only several days after the
artificial infestation (Cavalleri et al., 2017), to ensure sufficient time for
transmission to occur in the control group. On the other hand, in studies
evaluating the efficacy of parasiticides for the treatment, prevention and
control of tick infestations on dogs and cats, the tick count and removal
is usually done at 48 h, or at earlier time-points (e.g., 6, 12 and 24 h) in
the case of SOK studies (Marchiondo et al., 2013).

The duration and frequency of follow-ups of infestations and moni-
toring of animals and the diagnosis of infection depend on the pathogens
and models under investigation (see section ‘5. Specific study designs’
for details). The transmission of pathogens to hosts can be detected by
several means, varying according to the target pathogen, including
cytology, serology, molecular biology (e.g., polymerase chain reaction
(PCR)) and, to a much lesser extent, by culturing (Bouhsira et al., 2013a,
b; Fourie et al., 2013a, 2019). Usually several diagnostic methods are
used in combination, including serology (to assess the presence of an-
tibodies against the pathogens or even pathogen antigens), PCR (to
detect the pathogen’s DNA), cytology, histology and culture (to detect
the pathogen itself). Animals should be followed-up for a sufficiently
long period, which usually corresponds to the prepatent period of each
pathogen, to allow detection of the target pathogen by one or more
diagnostic tests. Relevant clinical parameters for the respective VBD
should also be considered to assess the patency of infections and to allow
for rescue treatments in a timely manner. Study protocols should define
the identified ‘rescue treatments’ and the specific laboratory or clinical
criteria that trigger their use (for details, see ‘5. Specific study designs’).

While the level of exposure to the vectors may be pre-determined in
laboratory studies, this is unfeasible in field studies, where the number
of arthropods infesting and/or biting each individual animal as well as
the pathogen load in the arthropods is unpredictable. As such, gener-
ating baseline prevalence data is imperative to estimate the risk of
infection with the target pathogen(s) in the study area.

4.2.1. Laboratory studies

Laboratory studies require an untreated control group. Whenever
possible, a pre-inclusion testing of a slightly larger number of animals
should be done to evaluate their attractiveness to the parasitic arthro-
pods being used. This will allow the randomization of animals by group
allocation according the respective pre-inclusion counts and exclusion of
the surplus animals with lowest attractiveness. Each laboratory study
design may vary according to the vectors under investigation (e.g.,
flying versus non-flying insects), VBPs (e.g., transmission time and
prepatent period) and investigational product (e.g., mode of action and
formulation). Moreover, the study design will also depend on the
intended claim (e.g., repellent versus killing efficacy).

In laboratory studies, animals should be challenged with infective
arthropods at least at the beginning and the end of the claim duration.
For instance, for a 1-month claim, animals need to be challenged within
the first 2 days post-treatment and not earlier than day 28 post-
treatment. Arthropods used in experimental studies must be infected
by the pathogen of interest and, animals should be followed up beyond
the actual challenge time points for a period that is equal or longer than
the prepatent period of the infection caused by the pathogen (e.g., at
least 5 months for Di. immitis), to allow its detection by one or more
diagnostic tests. Usually, it is advisable to combine different diagnostic
methods in order to increase the probability of detection of pathogens
with both short (e.g., Babesia spp. and A. phagocytophilum) and long (e.
g., Dirofilaria spp. and E. canis) prepatent periods (Otranto et al., 2010a).

4.2.1.1. Preparation of arthropods to be used in laboratory studies. Lab-
oratory studies evaluating the efficacy of parasiticides for the prevention
of VBP transmission depend on the successful establishment of labora-
tory colonies of infected arthropod vectors. As an alternative, pop-
ulations of naturally infected arthropods can also be used (e.g.,
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L scapularis naturally infected with Bo. burgdorferi), provided that the
level of infection in the vector population is sufficiently high to allow
experimental challenge. Moreover, it is fundamental to properly confirm
the identity of the target arthropods that will be used in the studies,
either based on morphology or genetics, which is particularly recom-
mended for some species groups (e.g., Rh. sanguineus s.1.) (Nava et al.,
2018).

The successful infection of ticks and fleas with a specific VBP de-
pends on their feeding on either an infected animal or an artificial
feeding system containing infected blood (either blood from a naturally
infected animal or originally non-infected blood mixed with cultured
pathogens). The isolates used to experimentally infect the arthropods
should belong to a known strain, but if not, the isolates should ideally be
genotyped. If an infected animal is used as a source of infection for the
arthropods, the animal should be a naive, purposed-bred dog or cat,
though other animals may be used as a source of infection, such as
infected sheep as a source of A. phagocytophilum for I ricinus (Fourie
et al, 2019). The presence of co-infections should be excluded.
Depending on the infectivity, pathogenicity and immunogenicity of the
VBP of interest, special measures (e.g., administration of corticoids or
splenectomy) may be required to enhance pathogen multiplication in
the animal, thus facilitating the infection of the arthropod vector.

The species and life stage of arthropods to be used should be based on
vector competence and the biology of the VBP. For example, one should
consider whether the pathogen is passed transovarially and/or trans-
stadially in the specific vector. Since the successful infection of any
vector depends on their acquisition of pathogens during feeding on an
infected host, special attention should be given to the timing of infes-
tation, which should coincide with the expected period of parasitaemia/
bacteraemia. This is especially relevant for ticks, which need to feed up
to repletion on a parasitaemic/bacteraemic animal, which, depending
on the tick species and developmental stage, may take from a few to
several days. Moreover, it is important to consider that three-host ticks
feed only once during each developmental stage (i.e. larva, nymph and
adult). Therefore, it is important to consider the pre-moulting and
moulting periods (from larva to nymph and from nymph to adult), while
preparing infected ticks to be used in future challenges.

Successful infection of the arthropods with the VBP of interest should
be confirmed by dissection followed by microscopic examination or by
molecular techniques (e.g., PCR) on a representative number of in-
dividuals. The minimal sample size to be tested should be calculated
using expected infection rates in the vectors based on data obtained from
previous field and/or laboratory studies. It is imperative to confirm that
arthropods are infected by the pathogen of interest and also to assess the
presence of other related pathogen species, which might be also present
in the arthropods. If co-infections are confirmed, the arthropods may
still be used, provided that diagnostic tools used to detect the infections
in the experimentally challenged animals are able to distinguish be-
tween target and non-target VBPs. Highly specific serological tests,
specific PCR protocols or generic PCR followed by DNA sequencing
should be used for this purpose. For obvious reasons, arthropods
ingesting an infected blood meal will immediately become DNA positive
(due to carry-over of DNA), which, however, does not mean that the
infection is successfully established in the arthropod vector. Thus, in the
case of ticks, in which some VBPs may be passed transstadially or
transovarially, testing should be done using subsequent developmental
stages that will be used for the experimental transmission to ensure that
the infection is actually established. When the same developmental
stage of the arthropod will be used (e.g., female sand flies), testing
should be done after a certain period of time to allow blood meal
digestion and to ensure that the infection is established and the patho-
gen’s infective forms have developed (e.g., metacyclic promastigotes of
Leishmania spp. take usually 5-7 days to develop). Once the infection
rate has been established, whenever feasible, vector competence should
be validated prior to use in a pivotal study, by challenging naive animals
with a batch of infected vectors.
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The infection rates in the vectors vary widely according to pathogen
and vector species. For instance, a study showed that 10-60 % of the
nymphs of Amblyomma sculptum (reported as Amblyomma cajennense)
were infected with R. rickettsii after feeding as larvae on infected guinea
pigs, whereas 80-100 % of the nymphs of Am. aureolatum and Rh. san-
guineus s.1. were infected with the same pathogen (Labruna et al., 2008).
Since vector challenge models aim at simulating natural exposures in a
standardized and controlled manner in the laboratory, the infection
rates in arthropods to be used in laboratory studies should generally
reflect rates found in the field (Fourie et al., 2019). Therefore, it is not
possible to define a precise minimal infection rate that would be
required for laboratory studies. In theory, only one infected arthropod is
necessary to infect a susceptible host. Thus, the most important thing is
to demonstrate that most (if not all) untreated control animals become
infected after experimental challenge, regardless of the infection rate
detected in the infesting arthropods. Accordingly, the higher the infec-
tion rate that is detected in the infesting arthropods, the higher will be
the chances to provide both treated and untreated animals with an
actual “challenging’” situation. Therefore, the infection rates found in
the arthropods used in laboratory studies should always be reported in
the study dossier submitted to the regulatory authority.

4.2.2. Field studies

As for laboratory studies, specific care should be taken to mitigate
the risk of adverse events and any clinical signs related to the specific
infection in exposed animals. Pet owners involved in the study should be
aware of the study objective and design, any potential adverse events
and of the limited liability of the sponsor and of the investigator. In
addition, they should provide their written consent for the inclusion of
their animals in the study and should be given the possibility to consult
the investigator at any time. A rescue treatment, if any is available, must
be clearly specified in the protocol in cases of infection detected in study
animals. Field studies must be performed according to GCP guidelines if
the results are intended to be submitted to a regulatory authority.

Due to the risk of infection and disease development in privately-
owned pets the use of an untreated group in field studies may not al-
ways be feasible. Whenever the inclusion of an untreated group is not
possible, the inclusion of a treated control group (animals treated with
an established treatment) is necessary. Under field conditions, the
infection challenges are natural and baseline prevalence data should be
generated prior to the study initiation. Knowing prevalence and,
whenever possible, the incidence of the infection caused by the VBP
under investigation, will allow the estimation of the sample size to be
included in the study (see section ‘4.4. Sample size and methods for
calculating the efficacy’). If treated and untreated groups are located in
different areas (e.g., in pair matched-cluster randomized controlled
studies) (Courtenay et al., 2019), baseline prevalence data are manda-
tory, also to guarantee that both groups are at similar levels of exposure
to the risk of infection. The study design should consider several aspects
that are inherent to the vector-pathogen system under study (e.g., vector
seasonality pathogen transmission time and prepatent period) and
intended product claim.

4.3. General recommendations for diagnosing VBP infections in dogs and
cats

Various diagnostic methods are available to infer or to confirm VBP
infection in dogs and cats. Each pathogen may be more reliably detected
by a test or a group of tests at different times considering specific factors
such as their prepatent periods and any possible effects of seasonality in
the infection dynamics (e.g., seasonal and circadian variation of
microfilaraemia of Dirofilaria spp.) (Ionica et al., 2017). For antibody
testing, the time needed for seroconversion must be considered when
defining the earliest meaningful testing time point. In both laboratory
and field studies, animals should be tested before the inclusion, in order
to assess their negativity at the beginning of the study and at following
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time-points. Hence, according to the peculiarities of specific pathogens
and diagnostic tests used, the frequency of testing varies largely (for
specific recommendations see Section 5). For tick-borne pathogens, a
combination of tests aiming at different targets (e.g., pathogen DNA
detection by PCR and pathogen antibody detection by serological test)
should be used. The direct visualization of some pathogens (e.g., Ana-
plasma spp., Babesia spp. and Ehrlichia spp.) in peripheral blood smears
may be extremely challenging due to the low parasitaemia, which is a
frequent occurrence in chronically infected dogs. However, the level of
parasitaemia is also dependent on individual host factors and whenever
possible, cytological examinations of buffy coat, bone marrow and
lymph node smears should be performed, particularly in field studies
when mixed vector-borne infections may occur. When co-infections
occur, a diagnosis based on clinical signs is challenging considering,
for example, the similar alterations occurring in animals co-infected by
tick-borne pathogens or L. infantum. In that case, different PCR pro-
tocols, various target genes and distinct clinical samples (e.g., bone
marrow, lymph nodes, skin, buffy coat and blood) have been shown to
be useful for the diagnosis of multiple VBPs, with different degrees of
sensitivity and specificity among protocols (Otranto et al., 2009) and
should be used according to the most recent literature. In addition,
molecular tools have advanced the diagnosis of many VBPs overcoming
difficulties in culturing some pathogens (e.g., Bartonella spp.),
enhancing the sensitivity and specificity, accelerating the time between
sample collection and test result, and allowing a rapid expedition of the
appropriate chemotherapy. Where necropsy results are used for worm
counts in laboratory studies (e.g., in experimental infections with
D. caninum or Di. immitis) the correct timing post-infection must be
observed (usually around 5-6 months for Di. immitis and 1-3 months for
D. caninum). For recommendations on specific pathogens, see Section 5.

4.4. Sample size and methods for calculating the efficacy

Laboratory studies typically require a smaller sample size in com-
parison with field studies, in which the level of exposure to vectors and
pathogens may vary widely. The number of animals in each group
should be sufficient to demonstrate successful infection in the control
animals and obtain a significant difference (typically p < 0.05) when
compared to the treated group. In most laboratory studies, a minimum
of 6-10 animals per group is sufficient. The number of animals included
in field studies is usually higher than in laboratory studies. The calcu-
lation of the appropriate sample size for detecting a difference between
two proportions requires data on the expected proportion in the treated
and untreated groups (defined either theoretically or based on existing
prevalence/incidence data), confidence level (typically 95 %) and
desired power (usually 80 %). The sample size calculation method
should be clearly reported in the study dossier. The number of animals
per group should also account for potential losses (e.g., owner unwill-
ingness to continue in the study, non-allowed concomitant treatments,
death and collar loss in case of studies with collars). Though it is com-
mon to include 50-100 animals per group, a smaller number of animals
might be accepted according to the minimum sample size calculation.
Non-inferiority studies also require defining the non-inferiority limit
(Wang and Chow, 2007). In this case, it should be usually assumed that
the percentage of protection in both standard and experimental treat-
ment groups is the same.

Different methods can be used to calculate the efficacy of parasiti-
cides in preventing VBP transmission in laboratory and field studies.
These methods may vary according to study design and the VBP of in-
terest. In long-term studies, the efficacy calculation can consider the
number of infected animals at a given time point, with animals not
completing the study being not usually considered in the efficacy
calculation. Nonetheless, results from animals removed during the
course of the study, according to pre-defined post-inclusion removal
criteria, can still be included in the statistical assessment (e.g., using the
‘last observation carried forward’ approach). Alternatively, the
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incidence density rate (IDR) (also known as ‘animal-time incidence
rate’) can be used, allowing the inclusion of data from animals that did
not complete the study in the efficacy calculation (Otranto et al., 2010a).
In either case, animals tested only once in long-term studies do not
contribute to the efficacy calculation.

In laboratory studies, in which VBPs can be counted at necropsy (e.
g., D. caninum and Di. immitis) at the end of the observation period,
preventive efficacy is usually calculated using Abbott’s formula based on
parasite counts:

Mc — M
Preventionefficacy(%) = (LTl>xlOO 1)
¢

where Mc and Mt are the arithmetic mean of parasites found at necropsy
in animals in the control and treated groups, respectively.

When VBPs cannot be precisely counted (e.g., in laboratory studies
dealing with bacteria and protozoa) or when necropsy is not an option
(e.g., in field studies), the preventive efficacy is usually calculated using
the following formula based on number of infected animals or IDR:

Tc — Ti
Preventionefficacy(%) = ( CT t)xlOO 2)
¢

where Tc and Tt are either the number of infected animals or the IDR in
control and treated groups, respectively.

An alternative approach proposed to calculate the percentage of

protection of parasiticides against VBP transmission is based on number
of challenges until an animal is successfully infected in a laboratory
study (Jongejan et al., 2015). According to the authors, this approach
provides a better view of the reduction of risk infection provided by the
treatment:
Protection(%) = (%)xl()o 3)
where IcC is the number of infective tick challenges conducted in the
control group that lead to positive infection and IcT, the number of
infective tick challenges in the treated dogs that lead to infection.

In non-controlled studies, the efficacy cannot be calculated using the
above-mentioned formulae. In this case, the authors should report the
percentage of protection conferred by the product to treated animals
providing supportive evidence to show that the product protected the
animals from VBP transmission. For instance, an uncontrolled field
study on heartworm prevention conducted in Brazil provided evidence
by reporting prevalence data obtained from untreated animals living in
the study area, at baseline and at the end of the study (Labarthe et al.,
2015). Nonetheless, it is important to emphasize that this is supportive
evidence and does not confirm the efficacy of the investigational prod-
ucts. Therefore, protection data from uncontrolled field studies cannot
be used for registration purposes.

Differences in the calculated prevention efficacy between control
and treatment groups should be shown to be statistically significant
(typically p < 0.05) using a suitable statistical test. For non-inferiority
studies, the protection in the experimental group should not be signifi-
cantly less efficacious than the treatment standard.

5. Specific study designs
5.1. Prevention of flea-borne pathogen transmission

The efficacy of a parasiticide against fleas can be evaluated as early
as 15 min post-infestation by collecting all on-host live, moribund and
dead fleas from treated and untreated animals (Marchiondo et al.,
2013). In the case of parasiticides acting topically through contact as
well as parasiticides acting systemically, which require fleas to ingest
the active compound(s) with the host’s blood, the effects on the feeding
depend on the nature, mechanism of action and SOK of the active

Veterinary Parasitology 290 (2021) 109369

ingredient(s). To quantify flea feeding, a real-time PCR assay can also be
used to determine the amount of host DNA in the fleas collected from
treated and untreated animals, allowing for appropriate comparative
statistical analysis (Wang et al., 2012). Simple haemoglobin strips or
simply viewing fleas under a light microscope can also provide quali-
tative information on flea blood feeding. The vast majority of fleas
usually feed within 1 h of infestation and each flea usually takes several
blood meals on the same host (Cadiergues et al., 2000). This implies the
need for very rapid control of flea infestations to reduce the risk of
pathogen transmission, especially in the light of limited available
knowledge on transmission times of Rickettsia felis and Bartonella hen-
selae (Eisen and Gage, 2012). Therefore, independent of the VBP species,
the best approach to prevent flea-borne infections is minimizing the
establishment of flea infestations on dogs and cats. Accordingly, the
approach for preventing flea-borne pathogen transmission should aim at
killing the majority (>95 %) of fleas as quickly as possible, ideally
within 1 h of infestation. However, considering that fleas usually start
laying eggs within 24 h from the initiation of their blood feeding (Akin,
1984), the 24 h time point has been considered as critical to demonstrate
satisfactory efficacy (>95 % in Europe and >90 % in the USA) of
parasiticide products against fleas in Europe (Marchiondo et al., 2013;
EMA, 2016a). So far, no laboratory or field studies have been conducted
for assessing the efficacy of parasiticides in preventing flea-borne
transmission of R. felis in cats, but the design of such studies should
generally follow the design adopted for Ba. henselae studies, as described
in the following section.

5.1.1. Prevention of Bartonella henselae transmission

Bartonella henselae is a widespread vector-borne bacterium, usually
associated with cats. It is the aetiological agent of ‘cat scratch’ disease in
humans. Laboratory studies to assess the prevention of Ba. henselae
transmission to cats have used fleas infected either via feeding on
experimentally infected cats (Bradbury and Lappin, 2010; Lappin et al.,
2013) or via artificial feeding systems (Bouhsira et al., 2015). The use of
artificial feeding systems to infect fleas is more ethically acceptable and
provides a more homogeneous source of infected fleas. Laboratory
studies using fleas infected on cats need three groups (at least six cats per
group): a group of experimentally infected Ba. henselae positive cats as
source of infection, flanked by a group treated with the investigational
product and an untreated group in a way that allows spreading of the
flea infestation. The Ba. henselae positive cats are experimentally infes-
ted with fleas and the cats in all groups are followed up weekly or
biweekly for the duration of the study (Bradbury and Lappin, 2010;
Lappin et al., 2013). In laboratory studies using fleas infected via arti-
ficial feeding the two groups of animals needed are directly infested with
the thus infected fleas (Bouhsira et al., 2015).

Field studies should include treated and untreated cats, with a higher
number of cats per group (for sample size calculation, see Section 4.4)
and a longer follow up (at least 1 year) than laboratory studies. The
preventive efficacy in both laboratory and field studies is calculated
using the formula (2) based on number of infected animals as described
in Section 4.4.

For laboratory studies with Ba. henselae in cats, serology, blood
culture and PCR are recommended, with testing being performed weekly
or biweekly for 42-252 days, depending on the efficacy period of the
investigational product (Bradbury and Lappin, 2010; Lappin et al., 2013;
Boubhsira et al., 2015). Cats included in field studies targeting Ba. hen-
selae should be tested monthly or every 2-3 months, for at least 1 year.

5.1.2. Prevention of Dipylidium caninum transmission

The control of D. caninum infection must primarily rely on regular
deworming of dogs and cats with a product containing a cestocidal
molecule (e.g., praziquantel) (CAPC, 2018; ESCCAP, 2017). The added
preventive effect of parasiticides against the intermediate hosts of this
tapeworm (primarily fleas but also lice) aids in the control as frequency
of deworming may be insufficient. The parasiticide should rapidly kill
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>95 % fleas to stop the development of the D. caninum cysticercoid into
the infective stage (Pugh and Moorehouse, 1985), thus preventing
D. caninum transmission, even if killed fleas are eventually ingested.

To obtain adult fleas to infest dogs and cats, flea larvae should be
exposed in vitro to proglottids and eggs of D. caninum (Fourie et al., 2012,
2013e). Prior to each host infestation, the prevalence and mean intensity
of infection with cysticercoids and degree of development of cysticer-
coid need to be determined by microscopic dissection of batches of the
adult fleas (~100) (Fourie et al., 2012, 2013e; Gopinath et al., 2018).

Dogs and cats have to be infested with unfed infected fleas of mixed
sex, with flea numbers ranging from 100 to 250 specimens, depending
on the infection intensity determined; higher numbers of fleas should be
used if infection intensity is relatively low. Infestations start on day
0 and continue usually weekly after treatment (e.g., on day 7 onwards),
depending on the aspired duration of efficacy.

The efficacy evaluation is normally based either on necropsy counts
of scolexes in the small intestine or macroscopic examination of faeces
for shed proglottids. For necropsy counts, dogs and cats have to be
euthanized at the end of the prepatent period (i.e. at least 4 weeks after
the last flea infestation in cats and dogs) although necropsy examination
for scolex detection should not be too delayed compared to the prepatent
period, as self-cure may also occur (Craig et al., 1991). Scolexes of
D. caninum are then counted allowing the efficacy calculation using the
mean of adult worms in treated and untreated animals (see Section 4.4.).
An alternative approach could be the daily examination of study animals
(Beugnet et al., 2013; Gopinath et al., 2018) from the end of the pre-
patent period, to detect proglottids in freshly shed faeces or around the
anal and perianal regions, in their fur or in their cages as described
elsewhere (Fourie et al., 2012, 2013e; Beugnet et al., 2013). The reli-
ability of recovering proglottids in the faeces is however affected by the
inconsistent shedding of D. caninum proglottids in patent animals, which
is not directly related to the degree of infection. A critical test, such as
treatment with praziquantel and recovery of worms from faeces could be
a valid alternative for evaluating the efficacy of the product. The pre-
ventive efficacy is then calculated using either the formula based on
parasite counts (1) (i.e. when necropsy is feasible) or on infested animals
(2) (i.e. when necropsy is unfeasible), as described in Section 4.4.

5.2. Prevention of tick-borne pathogen transmission

Tick repellency can be assessed in vitro and in vivo as described
elsewhere (Marchiondo et al., 2013). Products that repel or rapidly kill
ticks have the potential to reduce the risk of tick-borne pathogen
transmission, with the transmission time of the specific pathogen tested
largely determining the SOK needed to successfully prevent trans-
mission. Nonetheless, transmission efficiency by ticks as well as the
establishment of infections in dogs increases with time (i.e. the longer
the feeding period, the higher is the probability of successful trans-
mission), for some pathogens being apparently dependent on a mini-
mum inoculation dose. The efficacy of an investigational product in
preventing tick-borne pathogen transmission can be assessed under
laboratory conditions by infesting treated and untreated animals (usu-
ally from 6 to 10 per group) with ticks infected by a given pathogen. The
number and developmental stages of ticks may vary widely according to
tick species, developmental stage, pathogen species and infection rate in
ticks. Ticks can be applied directly on the animals or placed next to the
animals in infestation crates or cages to mimic natural challenges.
Ideally ticks should be left on the animals until completely engorged.

Following the first tick challenge, animals should be monitored daily
for the appearance of clinical signs potentially related to the infecting
pathogen. Rectal body temperature, mucous membrane colouration,
capillary refill time and haematocrit are amongst the most common
parameters to be checked. Tick-borne pathogens should be detected by
cytology, blood culture, serology or PCR. In most cases, cytology and
culture are not sensitive enough and PCR on blood samples is the
preferred technique. Serology can be used whenever available, but
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cross-reactions between closely related pathogens are frequent and
should be accounted for. In laboratory studies, testing of animals is
usually performed before experimental challenge and then weekly or
biweekly for around 2-3 months or longer, according to specific path-
ogens (Fourie et al., 2013d; Honsberger et al., 2016; Taenzler et al.,
2016; Geurden et al., 2017). In field studies, considering the seasonality
of tick infestation (Lorusso et al., 2010), the variable prepatent periods,
the transient parasitaemia/bacteraemia and the uncertainty regarding
the exact day (or days) of exposure to infected ticks, dogs and cats
should be tested every 2-3 months, for at least 1 year (Otranto et al.,
2010b; Dantas-Torres et al., 2013). While the number and timing of
follow ups may be adapted to the needs of each study, animals should be
tested at least before inclusion, at the end efficacy period of the inves-
tigational product and at the end of an observational period. The pre-
ventive efficacy in both laboratory and field studies targeting tick-borne
pathogens is calculated using a formula based on number of infected
animals (2) or number of challenges up to successful infection (3) as
described in Section 4.4.

5.2.1. Anaplasma spp. Ehrlichia spp. and Rickettsia spp.

In laboratory studies, competent tick vectors should be used to
transmit Anaplasma spp., Ehrlichia spp. and Rickettsia spp. to dogs and
cats. The vector of A. platys is still unknown, and no laboratory studies
have successfully achieved transmission of this bacterium by ticks, but
field studies have suggested that tick repellents are efficacious in
reducing the risk of A. platys transmission to dogs (Dantas-Torres et al.,
2013). Transmission times are variable but might occur in less than 3 h
(E. canis) to 10 h (R. rickettsii). Therefore, the preventive efficacy should
be assessed at different time points, depending on the intended claim,
being at least 3 h for E. canis, 10 h for R. rickettsii and 48 h for
A. phagocytophilum, for instance.

Rickettsial pathogens infecting dogs and/or cats are found in
mononuclear leukocytes (E. canis, Ehrlichia chaffeensis), granulocytes
(A. phagocytophilum, Ehrlichia ewingii), platelets (A. platys), or endothe-
lial cells of small blood vessels (R. rickettsii), appearing in circulating
blood within a few weeks after transmission by ticks. As such, diagnosis
may be confirmed by cytology of blood smears, which is usually rec-
ommended only in the acute phase due to the short-lasting bacteraemia;
inclusion may be difficult to find even in the acute phase. Analogously,
PCR on blood samples may result in false negative results in the chronic
phase whereas it is highly sensitive in the acute phase, even considering
that these organisms are not consistently present or detected in circu-
lation. Serological tests, including indirect fluorescent antibody (IFA)
and enzyme-linked immunosorbent assays (ELISA), are available to
confirm exposure to those agents, although cross-reactions are common
and should be considered. Because dogs are often seronegative during
the initial clinical disease, serology should be repeated every 2-3 weeks.
In addition, a four-fold increase in IgG titre or a single IgG titre >1024
on IFA are usually considered diagnostic. Culture of these organisms are
not usually attempted.

5.2.2. Borrelia spp.

Borrelia burgdorferi is passed transstadially from a developmental tick
stage to another. Nymphs and adults, experimentally infected as larvae
and nymphs, respectively, may be used as a source of infection. Trans-
mission of Borrelia spp. spirochetes by infected ixodid ticks occurs from
24 to 48 h following attachment to the host (Hajdusek et al., 2013) and
therefore, the prevention efficacy should be assessed from 24 h. The
diagnosis may be confirmed by serological tests, including
whole-cell-based IFA or ELISA, which are commercially available for the
diagnosis of Bo. burgdorferi. Since Bo. burgdorferi spirochetes enter the
connective tissue upon tick inoculation, cytology of synovial fluid using
dark-field microscopy is more effective than cytology of circulating
blood and blood smear. Other diagnostic methods include culture
isolation (though rather challenging and requiring relatively low density
of organisms present in chronic infections), and molecular detection of
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Bo. burgdorferi DNA in affected tissues.

5.2.3. Babesia spp.

Infective unfed or partially infected ticks (males and females but also
nymphs) should be used for the experimental infection. For most of the
Babesia spp. the transmission times are unknown but, considering data
available for B. canis (transmitted about 36 h but only 8 h in interrupted
feeding experiments) (Varloud et al., 2018), the preventive efficacy
should be assessed from 24 h. The diagnosis may be performed by blood
smear cytology from approximately 1-3 weeks, by molecular tests (both
conventional and quantitative PCR are available) from 7 to 10 days and
or by serology after 3-4 weeks. Blood samples should be collected for
serum analysis at two, three, up to four or more weeks following
exposure to infected ticks. Serology (IFA and ELISA assays are available)
may not be useful in detecting acute infections and cross-reactions be-
tween different Babesia spp. may occur and should be considered in field
studies, in areas where more than one Babesia spp. may circulate among
dog and cat populations.

5.2.4. Cytauxzoon spp. and Hepatozoon spp.

In laboratory studies with Cytauxzoon spp. (typically Cytauxzoon
felis), the transmission should be done by exposing cats to the bites of
infected ticks (nymphs, males and/or females). Since transmission oc-
curs within 48 h, the preventive efficacy should be assessed within 48 h
after treatment or infestation. Diagnosis should be confirmed by iden-
tification of Cytauxzoon spp. inclusions in blood smears and/or fine
needle aspirates from the liver, spleen and lymph nodes and the obser-
vation of schizont-infected myeloid cells confirms acute disease. Since
the sensitivity of blood smears may be low, fine needle aspirates and
cytology of liver, spleen, lymph nodes and lungs are indicated if blood
smears are not diagnostic in a suspected case. Importantly, Cytauxzoon
spp. inclusions in erythrocytes cannot be reliably distinguished from
Babesia spp. inclusions in cats. Hence, PCR assays, which are more
sensitive and specific than the cytological observation, should be
employed to confirm the infection in both laboratory and field studies.

In laboratory studies with Hepatozoon spp., the transmission is per-
formed by feeding dogs with infected nymphs, males and/or females.
Considering that the transmission of Hepatozoon spp. is immediately
following ingestion of ticks, reducing the tick infestation levels in the
environmental is probably the only effective way to reduce the risk of
infection in dogs (Dantas-Torres et al., 2013). The diagnosis of H. canis is
achieved via blood smear cytology by detecting typical gamonts in
mononuclear cells from 28 days post-infection, whereas that of
H. americanum is also based on the finding of meronts in muscle biopsy
samples (Baneth, 2011). Molecular tests (both conventional and quan-
titative PCR are available) on blood samples are the most sensitive
methods for diagnosing H. canis even in low parasitaemic individuals.

5.3. Prevention of pathogen transmission by flying insects

A high repellent efficacy (typically inferred from the anti-feeding
effect) of a parasiticide is the main desired feature for the prevention
of the disease transmission of VBPs by flying insects. While a high killing
efficacy cannot protect an individual animal from becoming infected, it
may contribute to control the infection rate in the vector population,
thus interrupting the propagation of a VBP, as demonstrated for Di.
immitis (McCall et al., 2017b). Previous W.A.A.V.P. guidelines (March-
iondo et al., 2013) did not consider flying insects and the assessment of
the repellent and killing efficacy for this group of arthropod vectors is
briefly described below.

5.3.1. Assessing the repellent and killing efficacy against flying insects
Without specific guidelines such as those available for fleas and ticks
(Marchiondo et al., 2013), laboratory studies conducted from 1997 to
2018 to assess the repellent and killing efficacies of topical formulations
against sand flies (reviewed by Fondati et al., 2018) have progressively
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tended to reach a consensual, not yet definitive, protocol. Groups typi-
cally consist of 6-8 animals. The number of female sand flies (4-8 days
old or older) used for each challenge ranges from 75 to 200, and a few
males are included in the cages to promote biting. Exposure of dogs to
sand flies typically lasts for 1-2 h (Fankhauser et al., 2015). Dogs may
eventually be tested for natural attractiveness to sand flies, because of
the wide individual variation detected in these animals (Bongiorno
et al., 2013). In this case, allocation to treated and untreated groups is
made by ranking dogs according to their individual pre-treatment sand
fly engorgement test results (Bongiorno et al., 2013; Bouhsira et al.,
2018), and the least attractive dogs are discarded. A properly sized cage
should prevent accidental contacts between sand flies and treated dogs,
which may occur in smaller cages. Ideally, a cage should be at least 100
cm in length, 75 cm in width and 90 cm in height if medium-size Beagle
dogs are used. After exposure time, female sand flies should be carefully
collected using mouth aspirators, avoiding unwanted damage of these
delicate insects. This must be done by careful observation of the expo-
sure cage for any visible flies, prior to and after removal of the dog.
Additionally, compressed air can be blown into the dog’s hair to help
recover any remaining insects lodged in the fur. Infestations should start
when the efficacy is supposed to start (day 1 or 2 or even later) after
treatment (day 0) and continue after treatment (e.g., weekly or biweekly
from day 7 onwards), depending on the aspired duration of efficacy.
Repellent efficacy against flying insects (e.g., mosquitoes and sand
flies) is usually inferred from the anti-feeding effect produced by the
investigational product. In practice, the repellent efficacy can be eval-
uated by exposing treated animals to the insects for 1-2 h, after which
insects are counted and categorized as ‘fed’ or ‘unfed’. Female sand flies
or mosquitoes with red enlarged abdomens are considered as ‘fed’ (or
‘engorged’), while those with no evidence of blood in their abdomen are
considered as ‘unfed’. Then, the repellent/anti-feeding efficacy (%)
should be calculated based on feeding status, using the formula:

Cf —1Tj
Repellentefficacy(%) = ( A 7] f)xlOO

where Cf and Tf are the arithmetic mean of fed females in control and
treated groups, respectively.

The repellent efficacy calculated using arithmetic means from un-
treated and treated groups (EMA, 1994) may not be sufficient for the
appraisal of persisting and homogeneous repellent effect on sand flies
over time, as a result of the highly variable feeding data from control
dogs. The recommended EMA formula can eventually be complemented
by longitudinal sets of fed-to-unfed female ratios as described elsewhere
(Bouhsira et al., 2018).

The insecticidal efficacy of flying insects should not only be assessed
shortly after exposure to treated animals, but for up to 24-72 h following
exposure (WHO, 2005), when insects are counted and categorized as
‘live’, ‘moribund’ or ‘dead’. Insects are considered as ‘live’ when they
exhibit normal behaviour and are capable of flying, ‘moribund’ when
they are unable to move normally and are incapable of coordinated
locomotion or flight upon external stimuli, and ‘dead’ when they are
incapable of any behaviour and lacking any movement upon external
stimuli. The killing efficacy (%) can be then calculated at different time
points (e.g., 1, 2, 4 or even 20 h after exposure) (Killick-Kendrick et al.,
1997; Paulin et al., 2018), using the formula as follows:

1—TI
Killingefficacy(%) = <C i )xlOO

where Cl and TI are the arithmetic mean of live females in control and
treated groups, respectively.

5.3.2. Prevention of Dirofilaria spp. transmission

Though most of data about the prevention of Dirofilaria spp. refer to
Di. immitis, they should be considered equally valid for Dirofilaria repens,
which has a very similar biology in relation to the extrinsic incubation
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period in the vector and prepatent period in the definitive host. Over the
past 3 decades, dirofilariosis, especially heartworm disease prevention
in both dogs and cats has essentially been based on the chemoprophy-
lactic use of MLs (i.e. ivermectin, milbemycin oxime, moxidectin and
selamectin) targeting the third- and fourth-stage migrating larvae (L3s
and L4s) of Di. immitis (Bowman and Atkins, 2009).

However, repelling mosquitoes constitutes an important component
in the control of Di. immitis, as proven in a laboratory study showing that
repelling and killing mosquitoes prevented the transmission of this
parasite to dogs (McCall et al., 2017a). The use of this ‘double defence’
strategy using a permethrin-containing product together with an ML was
more efficacious than the monotherapy (with the same ML) in protecting
dogs from becoming infected with a Di. immitis isolate with reduced
susceptibility to the same ML (McCall et al., 2017a). This integrated
prevention strategy is now also included in the Guidelines of the
American Heartworm Society (AHS, 2018). However, environmental
stressors not normally applied under laboratory conditions, like sunlight
and bathing, may reduce the overall duration of efficacy of repellent
products (Blagburn et al., 2015), potentially limiting the added repel-
lency benefit of integrated strategies (American Heartworm Society,
2018). This, once again, emphasizes the need for field studies.

In order to demonstrate the efficacy of a parasiticide in preventing
transmission of Di. immitis L3s, a study should employ infected female
mosquitoes and assess the presence/absence of adult worms in exposed
animals 5-6 months after the challenge (McCall et al., 2017a). Female
mosquitoes can be infected in vitro by feeding on blood with micro-
filariae (McCall et al., 2017a). The estimated number of L3 transmitted
to each dog should be calculated before each exposure by dissecting
individual mosquitoes (at least three mosquitoes from each batch). Dogs
or cats should be exposed to not less than 50 mosquitoes for 1 h, under
sedation, within individual mosquito-proof containers. Using infected
mosquitoes not older than 21 days is therefore advisable as, as in older
mosquitoes the feeding behaviour is impaired and can therefore appear
as disrupted (Gleave et al., 2016).

Calculating the efficacy of a product in preventing the transmission
of Di. immitis requires dogs or cats to be humanely euthanized and
necropsied from 5 to 6 months after the mosquito challenge (i.e. after
worms reach pulmonary arteries but before they reach maximum size
and increase risk of clinical signs). At necropsy, all (presumably adult)
worms should be collected from the heart and associated pulmonary
arteries, but also the pleural and peritoneal cavities, and enumerated.
The preventive efficacy in laboratory studies involving experimental
infection and necropsy is calculated using the formula (1) described in
Section 4.4.

Field studies conducted so far assessing the efficacy in killing L3s and
L4s of Di. immitis by means of MLs in dogs have adopted distinct designs
(Boy et al., 2000; Genchi et al., 2002; Moraes-da-Silva et al., 2016).
Animals positive to adult antigens 120 days post-infection should be
removed from the study, as previous exposure cannot be ruled out
(Carmichael et al., 2017). Treated and untreated groups should include a
representative number of animals, which depends on the force of
infection in the study area (see Section 4.4 for sample size calculation).
Animals should be followed up for at least 1 year and testing should be
performed at least before inclusion, on days 120, 180 and 360. When-
ever feasible, animals can be followed up monthly or every 2-3 months
from day 120 until the end of the observational period. For Di. immitis,
the modified Knott test and serological tests targeting antigens of adult
female worms can be used (Knott, 1939). However, these only show
reliable results from 180 to 190 days after infection, when Di. immitis
adults are formed and females are producing the first microfilariae. The
preventive efficacy in field studies should be calculated using the for-
mula (2) as described in Section 4.4.

5.3.3. Prevention of Leishmania spp. transmission
The assessment of the L. infantum prevention efficacy under labora-
tory conditions is not an easy task. Tests employing sand flies
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experimentally infected with L. infantum are usually impracticable, as
under laboratory conditions only a small proportion of these vectors will
survive after the first infectious blood meal, and an even smaller pro-
portion will be willing to feed again (Aslan et al., 2016). Therefore, the
only parameters that can be reliably calculated in laboratory studies are
repellent and killing efficacies against sand flies (Bouhsira et al., 2018).

In the absence of a feasible laboratory model, field studies are pivotal
to assess the efficacy of an investigational product in preventing
L. infantum transmission in dogs and cats (Otranto and Dantas-Torres,
2013). Several field studies using topical formulations containing py-
rethroids were performed from 2001 to 2016 (reviewed by Fondati
et al., 2018). Studies should be conducted in areas where competent
sand fly vectors are known to occur. Stringent inclusion criteria should
be used to diminish the probability of including already infected dogs.
The use of naive purpose-bred dogs may overcome this problem
(Papadopoulos et al., 2020), but this is not always feasible. In areas
where L. infantum transmission is seasonal (e.g., in the Mediterranean
region), this problem may also be overcome by including young dogs
that were born during the winter season. Data on the prevalence and/or
incidence of canine Leishmania infection in the study area is necessary
for sample size calculation purposes (see Section 4.4). If the study is
performed within a large territory (e.g., hilly to coastal level or rural to
urban areas), control and treated dogs should be equally distributed over
the different environmental conditions within the territory, to ensure
that study animals are challenged with an equivalent level of L. infantum
transmission risk. Randomization and allocation of animals to treated
and control groups should be done by household, as treated and control
animals should not be co-housed.

For L. infantum, dogs may become positive (e.g., cytology, culture,
PCR and/or serology) 1-2 months after being bitten by infected sand
flies, but the prepatent period and the time required for seroconversion
may vary widely. Therefore, dogs and cats involved in field studies
targeting L. infantum should be followed up for at least 1 year. The
frequency of testing may be flexible, but animals should be assessed at
least before inclusion, at the end efficacy period of the investigational
product and at the end of an observational period. However, whenever
feasible, it is advisable to test animals every 3-4 months in order to
detect early positivity in exposed animals, though it may be more
difficult in some field studies, particularly with cats (Brianti et al.,
2017). The preventive efficacy in both laboratory and field studies is
calculated using the formula (2) as described in Section 4.4. For field
studies using a positive control group, a non-inferiority approach should
be used. Considering the low sensitivity of cytology and culture, the
combined use of serology and PCR is recommended. Serology should
preferentially be performed using quantitative methods and PCR using
reliable tissue samples (e.g., bone marrow, lymph nodes or conjunctival
swabs). Blood may be the only convenient sample type to be used in
large-scale field studies, but in this case the use of a highly sensitive
real-time PCR assay validated for this type of sample is recommended.
Cross-reactions with other Leishmania spp. (e.g., Leishmania braziliensis
in Latin America) and other trypanosomatids are common and should be
considered when interpreting serological results. In the same way, most
PCR assays designed for targeting L. infantum will also amplify DNA
from other Leishmania spp. (Dantas-Torres et al., 2017). Therefore,
serological and PCR results should be interpreted with cautious in field
studies, where different trypanosomatids may coexist.

6. Conclusions

The increasing importance and expanding distribution of VBDs in
companion animals highlight the need for safe parasiticides with proven
efficacy against VBP transmission. Efficacy against arthropods might not
per se imply a reduction of the risk of VBP transmission by these ar-
thropods. In fact, the current requirements for such claims (e.g., treat-
ment and control of flea and tick infestations) (Marchiondo et al., 2013)
do not allow any a priori conclusion in this sense. Therefore, even



D. Otranto et al.

products with proven efficacy against arthropod vectors need to be
tested for their specific potential to reduce the risk of VBP transmission
to achieve respective label claims. The present guidelines provide rec-
ommendations for studies evaluating the efficacy of parasiticides in
reducing VBP transmission in dogs and cats. Considering the variability
in VBP transmission patterns, strict efficacy threshold requirements in
either laboratory or field studies cannot be requested by regulatory
authorities. Nonetheless, products should display statistically significant
efficacy in the overall prevention of VBP transmission in treated animals
compared to untreated controls, or non-inferiority to an already
approved product when the inclusion of an untreated control group is
unfeasible.

There are still significant gaps in our understanding of many aspects
of VBP transmission, such as transmission times of several VBPs (e.g.,
A. platys, B. gibsoni, Ba. henselae, Rangelia vitalii and R. felis) or even the
vector identity of some agents (e.g., A. platys and Onchocerca lupi). We
therefore advocate for future studies to increase such knowledge and to
allow a continuous advancement as well as widening of these recom-
mendations to include further relevant pathogens.

Declaration of Competing Interest

The authors declare no conflict of interest. JJF is employed by
Clinvet USA, VL by Vetoquinol, France, MV by Ceva Santé Animale,
France, JD by Elanco Animal Health, USA, BS and MP by Bayer Animal
Health GmbH an Elanco Animal Health Company, Germany, TG by
Zoetis, Belgium, RK by ParaC-consulting for Parasitology and Drug
Discovery, Germany, ARH, by MSD Animal Health Innovation GmbH,
Germany, FB by Boehringer-Ingelheim Animal Health, France and PH,
PAH Consultancy Pty Ltd, Australia. No author received funding for her/
his contribution to the article.

All authors have potential commercial interests (but none to specif-
ically declare at the time of drafting or submitting this paper) but the
paper represents the whole spectrum of scientific opinion and best
practice. To create a guideline such as this the authors need to be
experienced and well versed in the discipline, thus it is unexpected that
they are within pharmaceutical companies or companies providing
services to such companies.

Additionally, and very importantly, the draft paper was indepen-
dently reviewed by 6 peer reviewers who offered independent and
anonymous assessments. As such, considering all this, the WAAVP
guideline sub-committee is satisfied on the objectivity and indepen-
dence of the guidance offered up in this paper.

References

Akin, D.E., 1984. Relationship between Feeding and Reproduction in the Cat Flea,
Ctenocephalides felis (Bouche). M.S. Thesis. University of Florida, Gainesville, FL,

p. 125.

American Heartworm Society, 2018. Prevention, Diagnosis, and Management of
Heartworm (Dirofilaria immitis) Infection in Dogs. https://d3ft8sckhngim2.cloudfron
t.net/images/pdf/2018-AHS-Canine-Guidelines-181114.pdf?1542248135.

Aslan, H., Oliveira, F., Meneses, C., Castrovinci, P., Gomes, R., Teixeira, C., Derenge, C.
A., Orandle, M., Gradoni, L., Oliva, G., Fischer, L., Valenzuela, J.G., Kamhawi, S.,
2016. New insights into the transmissibility of Leishmania infantum from dogs to sand
flies: experimental vector-transmission reveals persistent parasite depots at bite sites.
J. Infect. Dis. 213, 1752-1761.

Baker, C.F., McCall, J.W., McCall, S.D., Drag, M.D., Mitchell, E.B., Chester, S.T.,
Larsen, D., 2016. Ability of an oral formulation of afoxolaner to protect dogs from
Borrelia burgdorferi infection transmitted by wild Ixodes scapularis ticks. Comp.
Immunol. Microbiol. Infect. Dis. 49, 65-69.

Baneth, G., 2011. Perspectives on canine and feline hepatozoonosis. Vet. Parasitol. 181,
3-11.

Bates, P.A., 2017. Transmission of Leishmania metacyclic promastigotes by phlebotomine
sand flies. Int. J. Parasitol. 37, 1097-1106.

Beugnet, F. (Ed.), 2013. Guide to Vector Borne Diseases of Pets. Merial, Lyon, 425 pp.

Beugnet, F., Franc, M., 2012. Insecticide and acaricide molecules and/or combinations to
prevent pet infestation by ectoparasites. Trends Parasitol. 28, 267-279.

Beugnet, F., Delport, P., Luus, H., Crafford, D., Fourie, J., 2013. Preventive efficacy of
Frontline® Combo and Certifect® against Dipylidium caninum infestation of cats and
dogs using a natural flea (Ctenocephalides felis) infestation model. Parasite 20, 7.

12

Veterinary Parasitology 290 (2021) 109369

Beugnet, F., Halos, L., Larsen, D., Labuschagné, M., Erasmus, H., Fourie, J., 2014. The
ability of an oral formulation of afoxolaner to block the transmission of Babesia canis
by Dermacentor reticulatus ticks to dogs. Parasit. Vectors 7, 283.

Bissinger, B.W., Roe, R.M., 2010. Tick repellents: past, present, and future. Pestic.
Biochem. Phys. 96, 63-79.

Blagburn, B.L., Spencer, J.A., Billeter, S.A., Drazenovich, N.L., Butler, J.M., Land, T.M.,
Dykstra, C.C., Stafford, K.C., Pough, M.B., Levy, S.A., Bledsoe, D.L., 2004. Use of
imidacloprid-permethrin to prevent transmission of Anaplasma phagocytophilum from
naturally infected Ixodes scapularis ticks to dogs. Vet. Ther. 5 (3), 212-217.

Blagburn, B.L., Butler, J., Barnett, S., Allen, L., Kordick, D., Drake, J., 2015. Effects of
shampooing, water, and sunlight on the efficacy of topical and systemic treatments
against adult and immature fleas (Ctenocephalides felis) on dogs. In: The 25th
International Conference of the World Association for the Advancement of
Veterinary Parasitology. Liverpool, United Kingdom, p. 315.

Bobey, M.C., 2015. Harmonization of regulatory guidelines on efficacy of
ectoparasiticides for companion animals: status and missing points. Vet. Parasitol.
208, 48-55.

Bongiorno, G., Paparcone, R., Foglia Manzillo, V., Oliva, G., Cuisinier, A.M., Gradoni, L.,
2013. Vaccination with LIESP/QA-21 (CaniLeish®) reduces the intensity of infection
in Phlebotomus perniciosus fed on Leishmania infantum infected dogs — a preliminary
xenodiagnosis study. Vet. Parasitol. 197, 691-695.

Boubhsira, E., Ferrandez, Y., Liu, M., Franc, M., Boulouis, H.J., Biville, F., 2013a.
Ctenocephalides felis an in vitro potential vector for five Bartonella species. Comp.
Immunol. Microbiol. Infect. Dis. 36, 105-111.

Bouhsira, E., Franc, M., Boulouis, H.J., Jacquiet, P., Raymond-Letron, 1., Liénard, E.,
2013b. Assessment of persistence of Bartonella henselae in Ctenocephalides felis. Appl.
Environ. Microbiol. 79, 7439-7444.

Boubhsira, E., Franc, M., Lienard, E., Bouillin, C., Gandoin, C., Geurden, T., Becskei, C.,
Jacquiet, P., Thomas, A., Boulouis, H.J., 2015. The efficacy of a selamectin
(Stronghold®) spot on treatment in the prevention of Bartonella henselae
transmission by Ctenocephalides felis in cats, using a new high-challenge model.
Parasitol. Res. 114 (3), 1045-1050.

Boubhsira, E., Deuster, K., Lienard, E., Le Sueur, C., Franc, M., 2018. Evaluation of the
anti-feeding and insecticidal effects of a topically administered combination of
imidacloprid and permethrin (Advantix®) against Phlebotomus (Larroussius)
perniciosus (Newstead, 1911) in dogs following monthly administration. Parasit.
Vectors 11, 120.

Bowman, D.D., Atkins, C.E., 2009. Heartworm biology, treatment, and control. Vet. Clin.
North Am. Small Anim. Pract. 39 (6), 1127-1158.

Boy, M.G., Six, R.H., Thomas, C.A., Novotny, M.J., Smothers, C.D., Rowan, T.G.,
Jernigan, A.D., 2000. Efficacy and safety of selamectin against fleas and heartworms
in dogs and cats presented as veterinary patients in North America. Vet. Parasitol. 91
(3-4), 233-250.

Bradbury, C.A., Lappin, M.R., 2010. Evaluation of topical application of 10%
imidacloprid-1% moxidectin to prevent Bartonella henselae transmission from cat
fleas. J. Am. Vet. Med. Assoc. 236, 869-873.

Brianti, E., Gaglio, G., Napoli, E., Falsone, L., Prudente, C., Solari Basano, F., Latrofa, M.
S., Tarallo, V.D., Dantas-Torres, F., Capelli, G., Stanneck, D., Giannetto, S.,
Otranto, D., 2014. Efficacy of a slow-release imidacloprid (10%)/flumethrin (4.5%)
collar for the prevention of canine leishmaniosis. Parasit. Vectors 7, 327.

Brianti, E., Falsone, L., Napoli, E., Gaglio, G., Giannetto, S., Pennisi, M.G., Priolo, V.,
Latrofa, M.S., Tarallo, V.D., Solari Basano, F., Nazzari, R., Deuster, K., Pollmeier, M.,
Gulotta, L., Colella, V., Dantas-Torres, F., Capelli, G., Otranto, D., 2017. Prevention
of feline leishmaniosis with an imidacloprid 10%/flumethrin 4.5% polymer matrix
collar. Parasit. Vectors 10, 334.

Cadiergues, M.C., Hourcq, P., Cantaloube, B., Franc, M., 2000. First bloodmeal of
Ctenocephalides felis felis (Siphonaptera: Pulicidae) on cats: time to initiation and
duration of feeding. J. Med. Entomol. 37, 634-636.

Cantillo, J.F., Fernandez-Caldas, E., Puerta, L., 2014. Immunological aspects of the
immune response induced by mosquito allergens. Int. Arch. Allergy Immunol. 165,
271-282.

CAPC - Companion Animal Parasite Council, 2018. Dipylidium Caninum. https://ca
pevet.org/guidelines/dipylidium-caninum.

Carmichael, J., McCall, S., DiCosty, U., Mansour, A., Roycroft, L., 2017. Evaluation of
Dirofilaria immitis antigen detection comparing heated and unheated serum in dogs
with experimental heartworm infections. Parasit. Vectors 10 (Suppl 2), 486.

Cavalleri, D., Murphy, M., Seewald, W., Drake, J., Nanchen, S., 2017. Two randomized,
controlled studies to assess the efficacy and safety of lotilaner (Credelio™) in
preventing Dermacentor reticulatus transmission of Babesia canis to dogs. Parasit.
Vectors 10 (1), 520.

Colwell, D.D., Dantas-Torres, F., Otranto, D., 2011. Vector-borne parasitic zoonoses:
emerging scenarios and new perspectives. Vet. Parasitol. 182, 14-21.

Coura-Vital, W., Leal, G., Marques, L.A., Pinheiro, A., Carneiro, M., Reis, A.B., 2018.
Effectiveness of deltamethrin-impregnated dog collars on the incidence of canine
infection byLeishmania infantum: a large scale intervention study in an endemic area
in Brazil. PLoS One 13 (12), e0208613.

Courtenay, O., Bazmani, A., Parvizi, P., Ready, P.D., Cameron, M.M., 2019. Insecticide-
impregnated dog collars reduce infantile clinical visceral leishmaniasis under
operational conditions in NW Iran: a community-wide cluster randomised trial. PLoS
Negl. Trop. Dis. 13 (3), e0007193.

Craig, T.M., Mercer, S.H., Wade, C.G., Lynn, R.C., 1991. Efficacy of nitroscanate against
naturally acquired infection with Ancylostoma caninum, Dipylidium caninum, and
Trichuris vulpis in dogs. Am. J. Vet. Res. 52, 574-575.

Dantas-Torres, F., Otranto, D., 2016. Best practices for preventing vector-borne diseases
in dogs and humans. Trends Parasitol. 32, 43-55.


http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0005
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0005
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0005
https://d3ft8sckhnqim2.cloudfront.net/images/pdf/2018-AHS-Canine-Guidelines-181114.pdf?1542248135
https://d3ft8sckhnqim2.cloudfront.net/images/pdf/2018-AHS-Canine-Guidelines-181114.pdf?1542248135
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0015
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0015
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0015
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0015
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0015
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0020
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0020
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0020
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0020
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0025
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0025
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0030
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0030
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0035
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0040
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0040
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0045
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0045
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0045
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0050
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0050
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0050
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0055
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0055
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0060
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0060
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0060
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0060
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0065
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0065
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0065
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0065
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0065
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0070
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0070
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0070
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0075
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0075
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0075
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0075
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0080
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0080
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0080
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0085
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0085
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0085
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0090
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0090
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0090
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0090
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0090
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0095
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0095
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0095
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0095
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0095
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0100
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0100
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0105
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0105
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0105
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0105
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0110
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0110
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0110
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0115
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0115
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0115
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0115
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0120
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0120
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0120
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0120
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0120
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0125
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0125
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0125
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0130
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0130
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0130
https://capcvet.org/guidelines/dipylidium-caninum
https://capcvet.org/guidelines/dipylidium-caninum
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0140
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0140
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0140
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0145
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0145
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0145
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0145
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0150
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0150
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0155
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0155
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0155
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0155
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0160
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0160
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0160
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0160
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0165
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0165
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0165
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0170
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0170

D. Otranto et al.

Dantas-Torres, F., Chomel, B.B., Otranto, D., 2012. Ticks and tick-borne diseases: a one
health perspective. Trends Parasitol. 28, 437-446.

Dantas-Torres, F., Capelli, G., Giannelli, A., Ramos, R.A., Lia, R.P., Cantacessi, C., de
Caprariis, D., De Tommasi, A.S., Latrofa, M.S., Lacasella, V., Tarallo, V.D., Di
Paola, G., Qurollo, B., Breitschwerdt, E., Stanneck, D., Otranto, D., 2013. Efficacy of
an imidacloprid/flumethrin collar against fleas, ticks and tick-borne pathogens in
dogs. Parasit. Vectors 6 (1), 245.

Dantas-Torres, F., da Silva Sales, K.G., Gomes da Silva, L., Otranto, D., Figueredo, L.A.,
2017. Leishmania-FAST15: a rapid, sensitive and low-cost real-time PCR assay for the
detection of Leishmania infantum and Leishmania braziliensis kinetoplast DNA in
canine blood samples. Mol. Cell. Probes 31, 65-69.

de la Fuente, J., Antunes, S., Bonnet, S., Cabezas-Cruz, A., Domingos, A.G., Estrada-
Pena, A., Johnson, N., Kocan, K.M., Mansfield, K.L., Nijhof, A.M., Papa, A.,
Rudenko, N., Villar, M., Alberdi, P., Torina, A., Ayllén, N., Vancova, M.,
Golovchenko, M., Grubhoffer, L., Caracappa, S., Fooks, A.R., Gortazar, C., Rego, R.O.
M., 2017. Tick-pathogen interactions and vector competence: identification of
molecular drivers for tick-borne diseases. Front. Cell. Infect. Microbiol. 7, 114.

Eisen, R.J., Gage, K.L., 2012. Transmission of flea-borne zoonotic agents. Annu. Rev.
Entomol. 57, 61-82.

EMA - European Medicines Agency, 1994. Directive 81/852/EEC, 7AE17a Volume 7,
Demonstration of Efficacy of Ectoparasiticides, September.

EMA - European Medicines Agency, 2016a. Guideline for the Testing and Evaluation of
the Efficacy of Antiparasitic Substances for the Treatment and Prevention of Tick and
Flea Infestation in Dogs and Cats. EMEA/CVMP/EWP/005/2000 - Rev.3.14 2016.

EMA - European Medicines Agency, 2016b. Guideline on the Principles of Regulatory
Acceptance of 3Rs (replacement, Reduction, Refinement) Testing Approaches. EMA/
CHMP/CVMP/JEG-3Rs/450091/2012. https://www.ema.europa.eu/en/documen
ts/scientific-guideline/guideline-principles-regulatory-acceptance-3rs-replacemen
t-reduction-refinement-testing-approaches_en.pdf.

EMA - European Medicines Agency, 2018. Guideline on Data Requirements for
Veterinary Medicinal Products for the Prevention of Transmission of Vector-Borne
Diseases in Dogs and Cats. EMA/CVMP/EWP/278031/2015. Current Draft under
Consultation. http://www.ema.europa.eu/docs/en_GB/document_library/Scientific
_guideline/2018/07/WC500252666.pdf.

European Scientific Counsel Companion Animal Parasites, 2017. Worm Control in Dogs
and Cats. ESCCAP Guideline 01, Third edition. July, last accessed 07 Sept 2019. htt
ps://www.esccap.org/uploads/docs/0x007jda_ESCCAP_Guideline_01_Third_Editio
n_July_2017.pdf.

Fankhauser, B., Dumont, P., Hunter 3rd, J.S., McCall, J.W., Kaufmann, C., Mathis, A.,
Young, D.R., Carroll, S.P., McCall, S., Chester, S.T., Soll, M.D., 2015. Repellent and
insecticidal efficacy of a new combination of fipronil and permethrin against three
mosquito species (Aedes albopictus, Aedes aegypti and Culex pipiens) on dogs. Parasit.
Vectors 8, 64.

Faraji, A., Egizi, A., Fonseca, D.M., Unlu, 1., Crepeau, T., Healy, S.P., Gaugler, R., 2014.
Comparative host feeding patterns of the Asian tiger mosquito, Aedes albopictus, in
urban and suburban Northeastern USA and implications for disease transmission.
PLoS Negl. Trop. Dis. 8, 3037.

Fondati, A., Gradoni, L., Lubas, G., Paltrinieri, S., Roura, X., Zatelli, A., Zini, E.,
Maroli, M., 2018. Leishmaniasis prevention: what should be known before
recommending a topical product against sand fly bites in dogs? Veterinaria
(Cremona) 32, 101-112.

Fourie, J.J., Crafford, D., Horak, I.G., Stanneck, D., 2012. Prophylactic treatment of flea-
infested cats with an imidacloprid/flumethrin collar to forestall infection with
Dipylidium caninum. Parasit. Vectors 5, 151.

Fourie, J.J., Stanneck, D., Luus, H.G., Beugnet, F., Wijnveld, M., Jongejan, F., 2013a.
Transmission of Ehrlichia canis by Rhipicephalus sanguineus ticks feeding on dogs and
on artificial membranes. Vet. Parasitol. 197, 595-603.

Fourie, J.J., Stanneck, D., Jongejan, F., 2013b. Prevention of transmission of Babesia
canis by Dermacentor reticulatus ticks to dogs treated with an imidacloprid/
flumethrin collar. Vet. Parasitol. 192, 273-278.

Fourie, J.J., Luus, H.G., Stanneck, D., Jongejan, F., 2013c. The efficacy of Advantix® to
prevent transmission of Ehrlichia canis to dogs by Rhipicephalus sanguineus ticks.
Parasite 20, 36.

Fourie, J.J., Ollagnier, C., Beugnet, F., Luus, H.G., Jongejan, F., 2013d. Prevention of
transmission of Ehrlichia canis by Rhipicephalus sanguineus ticks to dogs treated with a
combination of fipronil, amitraz and (S)-methoprene (Certifect®). Vet. Parasitol. 193
(1-3), 223-228.

Fourie, J.J., Crafford, D., Horak, I.G., Stanneck, D., 2013e. Prophylactic treatment of flea-
infested dogs with an imidacloprid/flumethrin collar (Seresto®, Bayer) to preempt
infection with Dipylidium caninum. Parasitol. Res. 112, 33-46.

Fourie, J.J., Horak, I.G., de Vos, C., Deuster, K., Schunack, B., 2015. Comparative speed
of kill, repellent (anti-feeding) and acaricidal efficacy of an imidacloprid/flumethrin
collar (Seresto®) and a fipronil/(S)-methoprene/eprinomectin/praziquantel spot-on
(Broadline®) against Ixodes ricinus (Linné, 1758) on cats. Parasitol. Res. 114,
109-116.

Fourie, J., Evans, A., Labuschagne, M., Crafford, D., Madder, M., Pollmeier, M.,
Schunack, B., 2019. Transmission of Anaplasma phagocytophilum (Foggie, 1949) by
Ixodes ricinus (Linnaeus, 1758) ticks feeding on dogs and artificial membranes.
Parasit. Vectors 12, 136.

Genchi, C., Rossi, L., Cardini, G., Kramer, L.H., Venco, L., Casiraghi, M., Genchi, M.,
Agostini, A., 2002. Full season efficacy of moxidectin microsphere sustained release
formulation for the prevention of heartworm (Dirofilaria immitis) infection in dogs.
Vet. Parasitol. 110 (1-2), 85-91.

Geurden, T., Six, R., Becskei, C., Maeder, S., Lloyd, A., Mahabir, S., Fourie, J.,
Liebenberg, J., 2017. Evaluation of the efficacy of sarolaner (Simparica®) in the
prevention of babesiosis in dogs. Parasit. Vectors 10 (1), 415.

13

Veterinary Parasitology 290 (2021) 109369

Ghosh, K.N., 1994. A modified artificial membrane feeding method for the study of the
transmission dynamics of leishmaniasis. Trans. Roy. Soc. Trop. Med. Hyg. 88 (4),
488-489.

Gingrich, J.B., Williams, G.M., 2005. Host-feeding patterns of suspected West Nile virus
mosquito vectors in Delaware, 2001-2002. J. Am. Mosq. Control Assoc. 21,
194-200.

Gleave, K., Cook, D., Taylor, M.J., Reimer, L.J., 2016. Filarial infection influences
mosquito behaviour and fecundity. Sci. Rep. 6, 36319.

Gopinath, D., Meyer, L., Smith, J., Armstrong, R., 2018. Topical or oral fluralaner
efficacy against flea (Ctenocephalides felis) transmission of Dipylidium caninum
infection to dogs. Parasit. Vectors 11, 557.

Hajdusek, O., Radek, S., Nieves, A., Jaloveckd, M., Perner, J., de la Fuente, J.,
Kopacek, P., 2013. Interaction of the tick immune system with transmitted
pathogens. Front. Cell. Infect. Microbiol. 3, 26.

Halos, L., Baneth, G., Beugnet, F., Bowman, A.S., Chomel, B., Farkas, R., Franc, M.,
Guillot, J., Inokuma, H., Kaufman, R., Jongejan, F., Joachim, A., Otranto, D.,
Pfister, K., Pollmeier, M., Sainz, A., Wall, R., 2012. Defining the concept of ‘tick
repellency’ in veterinary medicine. Parasitology 139, 419-423.

Honsberger, N.A., Six, R.H., Heinz, T.J., Weber, A., Mahabir, S.P., Berg, T.C., 2016.
Efficacy of sarolaner in the prevention of Borrelia burgdorferi and Anaplasma
phagocytophilum transmission from infected Ixodes scapularis to dogs. Vet. Parasitol.
222, 67-72.

Tonica, A.M., Matei, I.A., D’Amico, G., Bel, L.V., Dumitrache, M.O., Modry, D.,
Mihalca, A.D., 2017. Dirofilaria immitis and D. repens show circadian co-periodicity in
naturally co-infected dogs. Parasit. Vectors 10 (1), 116, 28.

Jongejan, F., Fourie, J.J., Chester, S.T., Manavella, C., Mallouk, Y., Pollmeier, M.G.,
Baggott, D., 2011. The prevention of transmission of Babesia canis canis by
Dermacentor reticulatus ticks to dogs using a novel combination of fipronil, amitraz
and (S)-methoprene. Vet. Parasitol. 179, 343-350.

Jongejan, F., de Vos, C., Fourie, J.J., Beugnet, F., 2015. A novel combination of fipronil
and permethrin (Frontline Tri-Act®/Frontect®) reduces risk of transmission of
Babesia canis by Dermacentor reticulatus and of Ehrlichia canis by Rhipicephalus
sanguineus ticks to dogs. Parasit. Vectors 8, 602.

Jongejan, F., Crafford, D., Erasmus, H., Fourie, J.J., Schunack, B., 2016. Comparative
efficacy of oral administrated afoxolaner (NexGardTM) and fluralaner (BravectoTM)
with topically applied permethrin/imidacloprid (Advantix®) against transmission of
Ehrlichia canis by infected Rhipicephalus sanguineus ticks to dogs. Parasit. Vectors 9,
348.

Kamhawi, S., Aslan, H., Valenzuela, J.G., 2014. Vector saliva in vaccines for visceral
leishmaniasis: a brief encounter of high consequence? Front. Public Health 2, 99.

Kidd, L., Breitschwerdt, E.B., 2003. Transmission times and prevention of tick-borne
diseases in dogs. Comp. Cont. Educ. Pract. Vet. 10, 742-751.

Killick-Kendrick, R., Killick-Kendrick, M., Focheux, C., Dereure, J., Puech, M.P.,
Cadiergues, M.C., 1997. Protection of dogs from bites of phlebotomine sandflies by
deltamethrin collars for control of canine leishmaniasis. Med. Vet. Entomol. 11 (2),
105-111.

Kilpatrick, A.M., Randolph, S.E., 2012. Drivers, dynamics, and control of emerging
vector-borne zoonotic diseases. Lancet 380, 1946-1955.

Knott, J., 1939. A method for making microfilarial survey on day blood. Med. Hyg. 33,
191-196.

Kroeber, T., Guerin, P.M., 2007. An in vitro feeding assay to test acaricides for control of
hard ticks. Pest Manage. Sci. 63, 17-22.

Labarthe, N.V., Willi, L.M., Paiva, J.P., Miranda, M.G., Zoreck, K., Almeida, F.M., 2015.
Chemoprophylaxis of Dirofilaria immitis (Leidy 1856) infection at a high challenge
environment. Parasit. Vectors 8, 523.

Labruna, M.B., Ogrzewalska, M., Martins, T.F., Pinter, A., Horta, M.C., 2008.
Comparative susceptibility of larval stages of Amblyomma aureolatum, Amblyomma
cajennense, and Rhipicephalus sanguineus to infection by Rickettsia rickettsii. J. Med.
Entomol. 45 (6), 1156-1159.

Lappin, M.R., Davis, W.L., Hawley, J.R., Brewer, M., Morris, A., Stanneck, D., 2013.

A flea and tick collar containing 10% imidacloprid and 4.5% flumethrin prevents
flea transmission of Bartonella henselae in cats. Parasit. Vectors 6, 26.

Lorusso, V., Dantas-Torres, F., Lia, R.P., Tarallo, V.D., Mencke, N., Capelli, G.,

Otranto, D., 2010. Seasonal dynamics of the brown dog tick, Rhipicephalus
sanguineus, on a confined dog population in Italy. Med. Vet. Entomol. 24 (3),
309-311.

Luo, Y.P., 2014. A novel multiple membrane blood-feeding system for investigating and
maintaining Aedes aegypti and Aedes albopictus mosquitoes. J. Vector Ecol. 39,
271-277.

Marchiondo, A.A., Holdsworth, P.A., Fourie, L.J., Rugg, D., Hellmann, K., Snyder, D.E.,
Dryden, M.W., 2013. World Association for the Advancement of Veterinary
Parasitology (W.A.A.V.P.) second edition: guidelines for evaluating the efficacy of
parasiticides for the treatment, prevention and control of flea and tick infestations on
dogs and cats. Vet. Parasitol. 194, 84-97.

McCall, J.W., Baker, C.F., Mather, T.N., Chester, S.T., McCall, S.D., Irwin, J.P., Young, S.
L., Cramer, L.G., Pollmeier, M.G., 2011. The ability of a topical novel combination of
fipronil, amitraz and (S)-methoprene to protect dogs from Borrelia burgdorferi and
Anaplasma phagocytophilum infections transmitted by Ixodes scapularis. Vet. Parasitol.
179, 335-342.

McCall, J.W., Varloud, M., Hodgkins, E., Mansour, A., DiCosty, U., McCall, S.,
Carmichael, J., Carson, B., Carter, J., 2017a. Shifting the paradigm in Dirofilaria
immitis prevention: blocking transmission from mosquitoes to dogs using repellents/
insecticides and macrocyclic lactone prevention as part of a multimodal approach.
Parasit. Vectors 10, 525.

McCall, J.W., Hodgkins, E., Varloud, M., Mansour, A., DiCosty, U., 2017b. Blocking the
transmission of heartworm (Dirofilaria immitis) to mosquitoes (Aedes aegypti) by


http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0175
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0175
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0180
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0180
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0180
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0180
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0180
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0185
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0185
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0185
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0185
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0190
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0190
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0190
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0190
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0190
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0190
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0195
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0195
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0200
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0200
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0205
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0205
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0205
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-principles-regulatory-acceptance-3rs-replacement-reduction-refinement-testing-approaches_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-principles-regulatory-acceptance-3rs-replacement-reduction-refinement-testing-approaches_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-principles-regulatory-acceptance-3rs-replacement-reduction-refinement-testing-approaches_en.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2018/07/WC500252666.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2018/07/WC500252666.pdf
https://www.esccap.org/uploads/docs/0x0o7jda_ESCCAP_Guideline_01_Third_Edition_July_2017.pdf
https://www.esccap.org/uploads/docs/0x0o7jda_ESCCAP_Guideline_01_Third_Edition_July_2017.pdf
https://www.esccap.org/uploads/docs/0x0o7jda_ESCCAP_Guideline_01_Third_Edition_July_2017.pdf
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0225
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0225
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0225
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0225
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0225
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0230
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0230
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0230
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0230
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0235
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0235
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0235
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0235
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0240
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0240
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0240
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0245
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0245
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0245
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0250
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0250
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0250
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0255
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0255
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0255
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0260
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0260
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0260
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0260
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0265
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0265
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0265
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0270
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0270
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0270
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0270
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0270
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0275
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0275
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0275
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0275
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0280
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0280
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0280
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0280
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0285
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0285
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0285
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0290
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0290
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0290
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0295
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0295
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0295
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0300
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0300
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0305
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0305
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0305
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0310
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0310
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0310
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0315
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0315
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0315
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0315
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0320
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0320
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0320
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0320
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0325
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0325
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0325
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0330
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0330
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0330
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0330
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0335
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0335
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0335
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0335
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0340
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0340
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0340
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0340
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0340
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0345
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0345
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0350
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0350
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0355
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0355
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0355
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0355
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0360
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0360
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0365
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0365
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0370
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0370
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0375
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0375
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0375
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0380
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0380
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0380
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0380
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0385
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0385
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0385
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0390
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0390
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0390
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0390
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0395
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0395
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0395
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0400
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0400
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0400
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0400
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0400
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0405
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0405
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0405
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0405
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0405
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0410
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0410
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0410
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0410
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0410
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0415
http://refhub.elsevier.com/S0304-4017(21)00029-7/sbref0415

D. Otranto et al.

weekly exposure for one month to microfilaremic dogs treated once topically with
dinotefuran-permethrin-pyriproxyfen. Parasit. Vectors 10, 511.

Miglianico, M., Eldering, M., Slater, H., Ferguson, N., Ambrose, P., Lees, R.S., Koolen, K.
M.J., Pruzinova, K., Jancarova, M., Volf, P., Koenraadt, C.J.M., Duerr, H.-P.,
Trevitt, G., Yang, B., Chatterjee, A.K., Wisler, J., Sturm, A., Bousema, T.,
Sauerwein, R.W., Schultz, P.G., Tremblay, M.S., Dechering, K.J., 2018. Repurposing
isoxazoline veterinary drugs for control of vector-borne human diseases. Proc. Nat.
Acad. Sci. U. S. A. 115, E6920-E6926.

Moraes-da-Silva, M., Mendes-de-Almeida, F., Abdalla, L., Merlo, A., Paiva, J.P.,
Labarthe, N.V., 2016. Selamectin for the prevention of canine Dirofilaria immitis
infection: field efficacy in client-owned dogs in a high risk area. Parasit. Vectors 9
(1), 407.

Murphy, M., Cavalleri, D., Seewald, W., Drake, J., Nanchen, S., 2017. Laboratory
evaluation of the speed of kill of lotilaner (Credelio™) against Ixodes ricinus ticks on
dogs. Parasit. Vectors 10, 541.

Nava, S., Beati, L., Venzal, J.M., Labruna, M.B., Szabd, M.P.J., Petney, T., Saracho-
Bottero, M.N., Tarragona, E.L., Dantas-Torres, F., Silva, M.M.S., Mangold, A.J.,
Guglielmone, A.A., Estrada-Pena, A., 2018. Rhipicephalus sanguineus (Latreille,
1806): Neotype designation, morphological re-description of all parasitic stages and
molecular characterization. Ticks Tick. Dis. 9 (6), 1573-1585.

Navarro, C., Reymond, N., Fourie, J., Hellmann, K., Bonneau, S., 2015. Prevention of
Babesia canis in dogs: efficacy of a fixed combination of permethrin and fipronil
(Effitix®) using an experimental transmission blocking model with infected
Dermacentor reticulatus ticks. Parasit. Vectors 8, 32.

Otranto, D., 2018. Arthropod-borne pathogens of dogs and cats: from pathways and
times of transmission to disease control. Vet. Parasitol. 251, 68-77.

Otranto, D., Dantas-Torres, F., 2013. The prevention of canine leishmaniasis and its
impact on public health. Trends Parasitol. 29, 339-345.

Otranto, D., Little, S., 2017. Tradition and innovation: selamectin plus sarolaner. A new
tool to control endo- and ectoparasites of cats - a European perspective. Vet.
Parasitol. 238, S1-S2.

Otranto, D., Wall, R., 2008. New strategies for the control of arthropod vectors of disease
in dogs and cats. Med. Vet. Entomol. 22, 291-302.

Otranto, D., Dantas-Torres, F., Breitschwerdt, E.B., 2009. Managing canine vector-borne
diseases of zoonotic concern: part two. Trends Parasitol. 25 (5), 228-235.

Otranto, D., Testini, G., Dantas-Torres, F., Latrofa, M.S., Diniz, P.P., de Caprariis, D.,
Lia, R.P., Mencke, N., Stanneck, D., Capelli, G., Breitschwerdt, E.B., 2010a. Diagnosis
of canine vector-borne diseases in young dogs: a longitudinal study. J. Clin.
Microbiol. 48 (9), 3316-3324.

Otranto, D., de Caprariis, D., Lia, R.P., Tarallo, V., Lorusso, V., Testini, G., Dantas-
Torres, F., Latrofa, S., Diniz, P.P., Mencke, N., Maggi, R.G., Breitschwerdt, E.,
Capelli, G., Stanneck, D., 2010b. Prevention of endemic canine vector-borne diseases
using imidacloprid 10% and permethrin 50% in young dogs: a longitudinal field
study. Vet. Parasitol. 172 (3-4), 323-332.

Otranto, D., Dantas-Torres, F., Brianti, E., Traversa, D., Petri¢, D., Genchi, C., Capelli, G.,
2013. Vector-borne helminths of dogs and humans in Europe. Parasit. Vectors 16 (6),
16.

Paulin, S., Frénais, R., Thomas, E., Baldwin, P.M., 2018. Laboratory assessment of the
anti-feeding effect for up to 12 months of a slow release deltamethrin collar
(Scalibor®) against the sand fly Phlebotomus perniciosus in dogs. Parasit. Vectors 11
(1), 529.

Papadopoulos, E., Angelou, A., Madder, M., Lebon, W., Beugnet, F., 2020. Experimental
assessment of permethrin-fipronil combination in preventing Leishmania infantum
transmission to dogs under natural exposures. Vet. Parasitol X. 18 (3), 100026
https://doi.org/10.1016/j.vpoa.2020.100026. PMID: 32904766; PMCID:
PMC7458379.

Petri¢, D., Zgomba, M., Bellini, R., Becker, N., 2012. Surveillance of mosquito
populations: a key element to understanding the spread of invasive vector species
and vector-borne diseases in Europe. In: Dragutin, M. (Ed.), Essays on Fundamental
and Applied Environmental Topics. Nova Sci. Pub., United States, pp. 193-224.

Pfister, K., Armstrong, R., 2016. Systemically and cutaneously distributed
ectoparasiticides: a review of the efficacy against ticks and fleas on dogs. Parasit.
Vectors 9, 436.

Piesman, J., Mather, T.N., Sinsky, R.J., Spielman, A., 1987. Duration of tick attachment
and Borrelia burgdorferi transmission. J. Clin. Microbiol. 25 (3), 557-558.

Pugh, R.E., Moorhouse, D.E., 1985. Factors affecting the development of Dipylidium
caninum in Ctenocephalides felis felis (Bouché, 1835). Z. Parasitenkd. 71, 765-775.

Reperant, L.A., Brown, L.H., Haenen, O.L., de Jong, M.D., Osterhaus, A.D.M.E., Papa, A.,
Rimstad, E., Valarcher, J.-F., Kuiken, T., 2016. Companion animals as a source of
viruses for human beings and food production animals. J. Comp. Pathol. 155,
S41-S53.

Saraiva, D.G., Soares, H.S., Soares, J.F., Labruna, M.B., 2014. Feeding period required by
Amblyomma aureolatum ticks for transmission of Rickettsia rickettsii to vertebrate
hosts. Emerg. Infect. Dis. 20, 1504-1510.

Schorderet-Weber, S., Noack, S., Selzer, P.M., Kaminsky, R., 2017. Blocking transmission
of vector-borne diseases. Int. J. Parasitol. Drugs Drug Resist. 7, 90-109.

Shaw, D.K., McClure, E.E., Wang, X., Pedra, J.H.F., 2016. Deviant behavior: tick-borne
pathogens and inflammasome signaling. Vet. Sci. 3 (4), E27.

Soares, J.F., Costa, F.B., Girotto-Soares, A., Da Silva, A.S., Franca, R.T., Taniwaki, S.A.,
Dall’Agnol, B., Reck, J., Hagiwara, M.K., Labruna, M.B., 2018. Evaluation of the
vector competence of six ixodid tick species for Rangelia vitalii (Apicomplexa,
Piroplasmorida), the agent of canine rangeliosis. Ticks Tick. Dis. 9 (July (5)),
1221-1234.

14

Veterinary Parasitology 290 (2021) 109369

Socolovschi, C., Mediannikov, O., Raoult, D., Parola, P., 2009. The relationship between
spotted fever group Rickettsiae and ixodid ticks. Vet. Res. 40 (2), 34.

Sonenshine, D.E., Roe, R.M. (Eds.), 1993. Biology of Ticks, Vol. 1. Oxford University
Press, Oxford, p. 560.

Stanneck, D., Fourie, J.J., 2013. Imidacloprid 10% flumethrin 4.5% collars (Seresto®,
Bayer) successfully prevent long-term transmission of Ehrlichia canis by infected
Rhipicephalus sanguineus ticks to dogs. Parasitol. Res. 1, 21-32.

Stanneck, D., Kruedewagen, E.M., Fourie, J.J., Horak, I.G., Davis, W., Krieger, K.J., 2012.
Efficacy of an imidacloprid/flumethrin collar against fleas and ticks on cats. Parasit.
Vectors 5, 82.

Taenzler, J., Liebenberg, J., Roepke, R.K., Heckeroth, A.R., 2015. Prevention of
transmission of Babesia canis by Dermacentor reticulatus ticks to dogs treated orally
with fluralaner chewable tablets (Bravecto™). Parasit. Vectors 8, 305.

Taenzler, J., Liebenberg, J., Roepke, R.K., Heckeroth, A.R., 2016. Prevention of
transmission of Babesia canis by Dermacentor reticulatus ticks to dogs after topical
administration of fluralaner spot-on solution. Parasit. Vectors 9 (1), 234.

Thomas, J.E., Ohmes, C.M., Payton, M.E., Hostetler, J.A., Reichard, M.V., 2018.
Minimum transmission time of Cytauxzoon felis by Amblyomma americanum to
domestic cats in relation to duration of infestation, and investigation of ingestion of
infected ticks as a potential route of transmission. J. Fel. Med. Surg. 20 (2), 67-72.

Tielemans, E., Prullage, J., Knausc, M., Visser, M., Manavella, C., Chester, S.T.,

Young, D., Everett, W.R., Rosentel, J., 2014. Efficacy of a novel topical combination
of fipronil, (S)-methoprene, eprinomectin, and praziquantel, against the ticks, Ixodes
ricinus and Ixodes scapularis, on cats. Vet. Parasitol. 202, 59-63.

Varloud, M., Liebenberg, J., Fourie, J., 2018. Early Babesia canis transmission in dogs
within 24h and 8h of infestation with infected pre-activated male Dermacentor
reticulatus ticks. Parasit. Vectors 11, 41.

Venco, L., Genchi, M., Genchi, C., Kramer, L., 2011. Can heartworm prevalence in dogs
be used as provisional data for assessing the prevalence of the infection in cats? Vet.
Parasitol. 176, 300-303.

VICH - GL9 Good Clinical Practices (GCP), 2000. Implemented in July 2001. June, last
accessed 02 Jan 2019. https://vichsec.org/guidelines/pharmaceuticals/phar
ma-efficacy/good-clinical-practice.html.

Wang, H., Chow, S.C., 2007. Sample Size Calculation for Comparing Proportions. Wiley
Encyclopedia of Clinical Trials.

Wang, C., Mount, J., Butler, J., Gao, D., Jung, E., Blagburn, B.L., Kaltenboeck, B., 2012.
Real-time PCR of the mammalian hydroxymethylbilane synthase (HMBS) gene for
analysis of flea (Ctenocephalides felis) feeding patterns on dogs. Parasit. Vectors 5, 4.

Weber, T., Selzer, P.M., 2016. Isoxazolines: a novel chemotype highly effective on
ectoparasites. Chem. Med. Chem. 11, 270-276.

Wedincamp, J.Jr., Foil, L.D., 2002. Vertical transmission of Rickettsia felis in the cat flea
(Ctenocephalides felis Bouché). J. Vector Ecol. 27 (1), 96-101.

World Health Organization, 2005. Guidelines for Laboratory and Field Testing of
Mosquito Larvicides. WHO/CDS/WHOPES/GCDPP/2005.13, Geneva.

Wright, I., 2018. Lotilaner - a novel formulation for cats provides systemic tick and flea
control. J. Parasitol. Vector Biol. 11, 407.

Glossary

Vector: an organism (especially an arthropod) that carries and transmits a pathogen from
one host to another

Anti-feeding effect: the action of a product that causes ectoparasites to fail to feed on the
host

Control of ticks and fleas: the act of reducing the population of arthropods (both on animals
and environment) or pathogen transmission by means of different approaches (e.g.,
the use of chemical insecticides and acaricides, vaccination or biological control)

Curative efficacy: the efficacy of an ectoparasiticide product to solve a pre-existing, already
established infestation. Applicable to ‘permanent’ ectoparasites such as adult fleas,
ticks, mites and lice

Efficacy: the extent to which a product achieves its intended effect under ideal circum-
stances (e.g., controlled clinical studies)

Incidence density rate: the number of new cases of disease during a defined period of time,
divided by the sum of individual-time of the population at risk

Interrupted feeding: when an arthropod feeding process on a vertebrate host is interrupted
after the initiation of the blood meal

Killing effect: the action of a product that causes the death of ectoparasites

Non-inferiority studies: studies designed to demonstrate that the test product is not inferior
to the comparator (i.e. a product with proven efficacy). These studies require defining
the non-inferiority limits

Persistent (residual) efficacy: extended activity of a product measured in days or weeks after
initial treatment

Pre-activation: The time a pathogen requires in the vector to complete its development into
a transmissible state

Prepatent period: the time between infection of the host and the earliest time at which
parasitic immature forms (usually infective to the arthropod vectors) occur

Prevention: the act of preventing something, including ectoparasitic infestation and path-
ogen transmission

Repellent effect: the action of a product that causes ectoparasites to avoid or leave the host

Speed of kill: the time required for a product to kill a stated, non-negligible percentage
(usually between 90 and 95 %) of ectoparasites

Transmission time: the time required from initiation of feeding by the arthropod vector to
actual pathogen transmission to the host
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