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These second edition guidelines, updated from the 2007 version (Marchiondo et al., 2007),
are intended to assist the planning and conduct of laboratory and clinical studies to assess
the efficacy of ectoparasiticides applied to dogs or cats for the purpose of treating, pre-
venting and controlling flea and tick infestations. Major revisions to this second edition
include guidelines on the assessment of systemic flea and tick products, an update of the
geographical distribution of the common fleas and ticks species on dogs and cats, determi-
nation of flea and tick efficacy based on geometric versus arithmetic means with respect
to geographic regulatory agencies, modification of tick categorization in the assessment
of efficacy, expanded guidelines on repellency and anti-feeding effects, enhanced practi-
cal field study guidance, and considerations on the ranges of flea and ticks for infestations
in laboratory studies. The term ectoparasiticide includes insecticidal and acaricidal com-
pounds, as well as insect growth regulators. The range of biological activities from animal
treatment that are considered include: repellency and anti-feeding effects, knockdown,
speed of kill, immediate and persistent lethal effects, and interference with egg fertility

and subsequent development of off-host life cycle stages. Information is provided on the
selection of animals, dose determination, dose confirmation and field studies, record keep-
ing, interpretation of results and animal welfare. These guidelines are also intended to assist
regulatory authorities involved in the approval and registration of new topical or systemic

nd to f
ectoparasiticides, a

. Introduction
These second edition guidelines updated from the
007 version (Marchiondo et al., 2007), for evaluating the
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acilitate the worldwide adoption of harmonized procedures.

effectiveness of parasiticides against flea and tick infesta-
tions on dogs and cats follows similar publications from
the World Association for the Advancement of Veterinary
Parasitology (W.A.A.V.P.) for evaluating anthelmintics in a

variety of species (Powers et al., 1982; Düwel et al., 1986;
Jacobs et al., 1994; Wood et al., 1995; Duncan et al., 2002;
Yazwinski et al., 2003), detection of anthelmintic resistance
in nematodes of veterinary importance (Coles et al., 1992),

dx.doi.org/10.1016/j.vetpar.2013.02.003
http://www.sciencedirect.com/science/journal/03044017
http://www.elsevier.com/locate/vetpar
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anticoccidials in chickens and turkeys (Holdsworth et al.,
2004) and ectoparasiticides on ruminants (Holdsworth
et al., 2006a, 2006b, 2006c, 2006d; Vercruysse et al., 2006).

The 2007 guidelines (Marchiondo et al., 2007) aimed
to address the most current rationale and methodologies
in evaluating the efficacy of flea and tick parasiticides
leading to verbatim adoption, in some cases, by many
regulatory agencies globally. But, with the passage of
time, advancements in topical and systemic pulicidal and
acaricidal chemistry, the use of combinations of active
ingredients to expand claims, and the progress in method-
ologies have necessitated this revision. The major revisions
to this second edition include guidelines on the assess-
ment of systemic flea and tick products, an update of the
geographical distribution of the common fleas and ticks
species on dogs and cats, determination of flea and tick
efficacy based on geometric versus arithmetic means with
respect to geographic regulatory agencies, modification of
tick categorization in the assessment of efficacy, expanded
guidelines on repellency and anti-feeding effects, enhanced
practical field study guidance, and considerations on the
ranges of flea and tick infestations in laboratory stud-
ies. As emphasized in the original guideline (Marchiondo
et al., 2007), if in a particular circumstance an alter-
native approach to those listed herein is deemed more
fitting, a reasoned argument for its employment should
be prepared and discussed with appropriate regulatory
authorities before initiation of the study program.

The present guidelines collate methodologies from
numerous sources with the objective of providing a basis
for the rationalization, simplification and harmonization
of studies required for the evaluation and licensing of
small animal ectoparasiticides in different countries. These
methods reflect standards and principles commonly rec-
ognized by the scientific community as appropriate and
necessary for collecting robust scientific data for this pur-
pose. It is hoped that they will (1) serve as models for
regulatory officials responsible for developing meaningful
efficacy registration requirements within their countries,
(2) assist investigators in preparing basic plans for effective
definition of the efficacy of a new investigational mate-
rial, and (3) reduce the number of study animals used in
testing for cost saving and animal welfare considerations.
The last point is of particular significance because, with a
few exceptions such as in vitro tick repellency studies, the
evaluation of ectoparasite treatment and control cannot be
realistically achieved without the use of host animals.

2. Overview

Fleas and ticks are obligate blood-feeding ectoparasites
with complex life-histories involving on- and off-host life-
cycle stages. Depending upon circumstances, infestations
can result in blood-loss, irritation, hypersensitivity and
transmission of pathogens (viruses, bacteria or parasites).
The purpose of individual treatments may  be to provide
short-term relief or longer term control. For example,

ectoparasiticides may  be used therapeutically to alleviate
discomfort and/or halt blood-loss, or prophylactically to
prevent or reduce bites thereby averting associated clinical
manifestations and transmission of pathogens. To achieve
rasitology 194 (2013) 84– 97 85

these objectives, animal treatments can be employed to:
(1) kill the parasites already on the animal at the time of
treatment; (2) repel new host-seeking arthropods and/or
prevent/reduce biting; (3) kill parasites newly-acquired
by the host for a period of time after treatment (persistent
(or residual) activity); and (4) progressively reduce or
eliminate off-host life-cycle stages in the environment.
The latter can be achieved by treatment programs that (1)
stop parasite-infested animals disseminating eggs into the
environment, (2) render infertile eggs that are produced,
or (3) interfere with the development of off-host life-cycle
stages by the transfer of biologically significant amounts
of active material from the treated animal to its immediate
surroundings.

Active substances that kill adult fleas are known as
insecticides, pulicides or adulticides, while those killing
ticks are termed acaricides. The biological activity of a
pulicide or acaricide cannot be described fully by a sin-
gle ‘efficacy’ value. Commonly used criteria for different
aspects of pulicidal activity include: ‘knockdown’, ‘imme-
diate efficacy’, ‘therapeutic efficacy’ and ‘speed of kill or
action’ to define the effect of treatment against pre-existing
or challenge infestations; ‘short-term persistent efficacy
(or prophylactic efficacy)’, which refers to the period over
which the establishment of new infestations is prevented
(typically up to 4–6 weeks); and ‘long-term persistent effi-
cacy’ which is usually applied to sustained release devices
or systemic formulations providing control for extended
periods (typically ≥ 3 months).

Pulicidal or acaricidal activity per se does not neces-
sarily prevent flea bites or tick attachment before they
succumb to the lethal effect of the active material. Some
compounds, however, have repellent and/or anti-feeding
effects. These may  be manifested by fleas or ticks avoiding
or leaving their host, or by failing to bite, attach or feed.
These attributes contribute obvious benefits in the man-
agement of flea allergic dermatitis and in preventing the
transmission of tick-borne pathogens.

Molecules that exert their action by interfering with the
development of the egg or other off-host life-cycle stages
are called insect growth regulators (IGRs) or insect devel-
opment inhibitors (IDIs). The efficacy of each molecule is
judged by its effect on the hatchability of eggs and/or sub-
sequent survival of off-host life-cycle stages, and by the
duration of those effects.

Definitions of these terms are given in the Glossary at
the end of these revised guidelines and further discussion
of these terms and their significance in the design of con-
trol programs may  be found, for example, in Marchiondo
et al. (1990),  Marchiondo (1993), Dryden and Rust (1994),
Carlotti and Jacobs (2000),  Rust (2005),  and Halos et al.
(2012).

3. Fleas and ticks on dogs and cats

The cat flea, Ctenocephalides felis felis, is a near ubiqui-
tous problem globally in both cats and dogs, whereas C.

canis is largely confined to dogs and more restricted in
its distribution (Table 1). Cats and dogs may  occasionally
harbor other flea species that normally parasitize other
hosts such as rabbits, hedgehogs, and poultry. Cat fleas are
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Table  1
Main flea species on cats and/or dogs.

Flea species Australia Europe Japan USA South Africa South America
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Ctenocephalides felis felis X X 

Ctenocephalides canis – X 

sually troublesome because of the intense irritation and
llergy they can cause, but they also transmit the tapeworm
ipylidium,  and the filarial parasite Acanthocheilonema

Dipetalonema), as well as many microbial agents (Bar-
onella, Rickettsia,  Mycoplasma). Eggs laid in the pelage fall
o the ground where the flea larvae develop and pupate.
he life-cycle is completed when the adult emerges from
he cocoon and jumps onto a host. If this happens to be a
uman, consequences include annoyance, papular urticaria
nd the possibility of zoonotic disease hazards such as tape-
orm infection, cat scratch fever (caused by B. hensellae) or
ea-borne spotted fever (caused by R. felis).

Ticks generally have specific environmental require-
ents that limit their geographical distribution and local

mpact (Table 2). For example, H. elliptica is of particular
mportance in South Africa and I. holocyclus is restricted
o the east coast of Australia. Rhipicephalus turanicus is
nother important tick species infesting cats and dogs in
outh Africa and various countries in Southern Europe
Walker et al., 2000; Estrada-Peña et al., 2004). Rhipi-
ephalus sanguineus collected from cats in Mediterranean
arts of Europe may  actually be R. turanicus. Rhipicephalus
anguineus is the one tick that has adapted well to indoor
onditions, especially kennels, and is widely distributed
hroughout the world. Typically, each life-cycle stage
larva, nymph, adult) takes a single protracted blood-meal
nd drops to the ground to molt. An exception is R. bursa

hose larva molts and stays on its first host. Some species,
articularly Amblyomma spp., produce deep painful bites
hat can become secondarily infected. Several tick species
ransmit serious microbial and protozoan diseases of

able 2
he main ixodid tick species that feed on dogs and cats.

Tick species Australia Europe Ja

Amblyomma americanum – – – 

Amblyomma cajennense – – – 

Amblyomma aureolatum – – – 

Amblyomma ovale – – – 

Amblyomma triguttatum X – – 

Dermacentor variabilis – – – 

Dermacentor reticulatus – X – 

Haemaphysalis ellipticaa – – – 

Haemaphysalis longicornis X – X
Haemaphysalis flava – – X
Ixodes  hexagonus – X – 

Ixodes  holocyclus X – – 

Ixodes  ovatus – – X
Ixodes  ricinus – X – 

Ixodes  scapularis – – – 

Ixodes  pacificus – – – 

Rhipicephalus sanguineus X X X
Rhipicephalus bursa – X – 

Rhipicephalus turanicusb,c – X – 

a Apanaskevich et al. (2007). Until recently, H. elliptica was  reported in South A
b Walker et al. (2000).
c Estrada-Peña et al. (2004).
X X X
– X X

animals and humans such as Lyme disease, Rickettsia
spotted fever, tularemia, Q fever, piroplasmosis, hepa-
tozoonosis, and cytauxzoonosis. Some others, such as A.
americanum and D. variabilis in North America and I. holo-
cyclus in Australia, are of considerable clinical importance
because toxins injected with their saliva induce ascending
paralysis.

In laboratory studies, dogs are routinely infested with
selected tick species, for example R. sanguineus and D.
variabilis, under controlled conditions (Estrada-Pena
and Ascher, 1999). In contrast, laboratory infestations
of cats can be problematic. A naturally lower rate of
parasite attachment and more meticulous host grooming
habits lead to high variability in establishment. Cats
can, however, be naturally parasitized with A. ameri-
canum (larvae, nymphs and adults), D. variabilis (nymphs
and adults), D. andersoni (nymphs), and I. scapularis
(nymphs) in the USA (Dryden and Payne, 2004). For South
Africa, H. elliptica and R. turanicus infest both cats and
dogs.

4. Evaluating efficacy against fleas and ticks

4.1. Introduction

In vitro techniques are often used in the discovery
and preclinical phases of the development of potential

insecticides and/or acaricides. Determination of the “least
sensitive” tick species for use in dose determination studies
also can be conducted using in vitro techniques. Methods
are available to determine LC50 values (Finney, 1971) by

pan USA South Africa South America

X – X
– – X
– – X
– – X
– – –
X – –
– – –
– X –

 – – –
 – – –

– – –
– – –

 – – –
– – –
X – –
X – –

 X X X
– – –
– X –

frica as H. leachi.
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exposure, for example, of appropriate flea or tick life-cycle
stages to a range of concentrations of the active chemical in
or on liquid or solid media such as whole blood or impreg-
nated filter papers (Stone and Haydock, 1962; Anon, 1971;
Drummond et al., 1973; Tatchell, 1974; Rust and Reierson,
1989). Such studies can provide useful data, for example,
on the spectrum of potential insecticidal/acaricidal activ-
ity, on synergistic activities (Prullage et al., 2011a),  or on
resistance profiles (by exposing defined flea or tick strains),
but they rarely give more than a broad indication of the
dosage required for topical or systemic application to an
animal.

Laboratory studies using experimentally induced ani-
mal  infestations are still required to establish the optimum
dose-rate of an investigational formulation, and to con-
firm its immediate and persistent efficacy profile. Clinical
field studies are subsequently needed to confirm activ-
ity against natural infestations under a wide range of
conditions. There are many potential interactions in
actual usage that laboratory testing cannot always antic-
ipate or adequately replicate. For example, the degree
or duration of efficacy of a particular investigational
product could be influenced by infestation pressure and
the natural specific susceptibility of the parasite pop-
ulation used, by the host breed, coat type, behavior
and husbandry of treated animals; by exposure to sun-
light, rain, swimming, bathing, or even water pH; as
well as by other climatic and geographical considera-
tions.

It cannot be assumed that investigational formulations
will give the same results on dogs and cats (or other pet
animals such as rabbits and ferrets) even if they harbor
the same parasite species. Separate studies are therefore
necessary for each host species.

The number, and nature, of laboratory and clinical
studies is dependent on the required label claims, the avail-
ability and accessibility of infested animals, and aspects of
the biology of the target ectoparasite. Four factors deter-
mine the strength and nature of the efficacy label claim: (1)
the parasite species and life cycle stages that are controlled,
(2) the degree of control, (3) the anatomical coverage of
the investigational compound, and (4) the duration of the
control afforded.

Regarding the parasites themselves, various factors
such as the specific laboratory population used, physiologi-
cal condition, and age may  result in intraspecific variations
in susceptibility to insecticides and acaricides.

Pulicides, acaricides, IGRs, and IDIs may  exert their
action topically or systemically and can be administered
in a variety of ways, for example: orally, by injection,
or as spot-ons, line-ons, sprays, shampoos or collars. In
the case of topically applied non-systemic products, study
designs should allow a period of time, which may  be
up to or longer than 24 h depending on formulation,
for spreading and distribution of the active ingredient
from the high concentration at the site of application
to lesser concentrations at distal regions on the body

of the host animal. In the case of systemic products,
applied topically or given orally, the time to reach the
plasma EC90 or more and the duration of the concen-
tration (area under the curve) over the threshold will
rasitology 194 (2013) 84– 97 87

define the potential curative and the persistent effica-
cies.

4.2. Animal studies

4.2.1. Controlled study design
Controlled studies are advocated for the laboratory

assessment of efficacy against both fleas and ticks. In this
type of study, the efficacy of the test material is deter-
mined by comparing parasite numbers on groups of treated
and untreated (negative control) animals under carefully
standardized conditions at specific time points during the
study. Acclimatization of the animals to the conditions
(environmental) and factors (physical housing conditions,
social housing conditions, dietary, experimental and hand-
ling procedures) they are likely to experience while in
the study is important for optimization of animal wel-
fare as well as to minimize interanimal variation, thereby
strengthening the quality of data for in vivo studies. No set
of firm guidelines are available on the period of acclima-
tization, but flexibility and professional judgment of the
investigator, IACUC, and sponsor are needed in determin-
ing the duration and how the animals will be prepared for
research (Schapiro and Everitt, 2006). After an acclimatiza-
tion period of at least 7 days (in case animals are transferred
to new facilities, otherwise a shorter period may  be appro-
priate), animals are ranked according to the number of
parasites that establish on each individual after a pre-
allocation infestation (Section 5.4), and are then randomly
allocated to study groups. The pre-allocation infestation
is eliminated preferably by combing or alternatively by
chemical treatment (for example, nitenpyram) before the
study commences. Animals are observed at appropriate
intervals during and after treatment to record adverse reac-
tions and clinical side effects. Parasite counts following
subsequent infestation(s) (as detailed in Sections 4.2.2 and
4.2.3) are used for efficacy calculations.

If the distribution of parasite counts within each group
is skewed the geometric mean is generally considered to
be a better estimate of central tendency for comparison
than the arithmetic mean. There is, however, an alterna-
tive view that the arithmetic mean is the only appropriate
tool for estimating ectoparasiticidal efficacy against ticks
and fleas on dogs and cats based on the calculations done
by Dobson et al. (2009) and applied to tick and flea study
evaluations (EMEA/CVMP/005/00-Rev 2, 2011). Therefore
both geometric and arithmetic means should be recorded
to be aligned with regional regulatory requirements. For
example, a global development program will require effi-
cacy studies determined on geometric means for the USA
Environmental Protection Agency (USA-EPA) and The Cen-
ter of Veterinary Medicine (CVM) of the United States Food
and Drug Administration (FDA) as opposed to arithmetic
means for The European Medicines Agency (EMA).

Appropriate statistical methods should be used for
assessing the significance of observed differences between
groups. In general, the percentage efficacy is calculated

from the following formula:

E = Mc − Mt

Mc
× 100
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Table 3
Categorization of ticks for thumb or comb counting.

Survival status Attachment status Interpretation

Live Free or attacheda Acaricidal effect NOT
demonstrated

Dead Free or attached Acaricidal effect
demonstrated
8 A.A. Marchiondo et al. / Veter

here E is percent efficacy, Mc and Mt refer to the number
f live parasites on the control and treated animals, respec-
ively. For ticks, the formula is applicable for topically
pplied contact acaricides but for systemically delivered
caricides, the use of live attached ticks may  be more appro-
riate to assess efficacy. Efficacy will only occur if the tick
ttaches and ingests a toxic dose of the drug, thus counting
nly the number of live attached ticks provides the best
ethod to assess activity for a systemic acaricide. If the

icks are live and free at 48 h post-infestation, they proba-
ly did not attach (which is rare after this amount of time)
nd, thus, these live free tick counts should not be used in
he efficacy calculation. This is even more relevant for male
xodes species that do not readily attach. Mode of action
nd tick biology should also be considered, especially with
ovel compounds and combinations, and the rationale for
he tick category selection should be justified. A large num-
er of live free ticks on treated animals could be due to an
nti-feedant/detachment effect interfering with acaricidal
fficacy.

.2.2. Efficacy against fleas
The initial flea infestation (∼100 fleas on dogs and

50–100 fleas on cats) is usually applied ∼24–72 h prior
o treatment to assess immediate curative efficacy. The
dequate retention rate of fleas for inclusion of animals
n the study should be defined in the protocol, but gener-
lly, pre-treatment and non-treated animals should retain
t least 25% of the applied flea infestation. The percentage
f fleas remaining on a host after each experimental infes-
ation can be highly variable and typically may  be higher on
ogs than cats because of more intense grooming in cats.
hus, cat infestations may  require higher numbers of fleas
r restriction of grooming.

The immediate therapeutic efficacy of the investiga-
ional material is evaluated at a pre-determined time
ost-treatment (typically ∼24 up to ∼72 h) by combing off
nd counting the surviving fleas (Appendix A.2). Groups of
nimals, each with its appropriate negative control group,
an be flea counted at, for example, ∼4, 8, 12 and 24 h
ost-treatment to provide additional data on speed of kill
Appendix A.2). The short-term persistent efficacy is mea-
ured by re-infesting the animals in each study group at
7-day intervals and counting the fleas ∼24–72 h later.
imilar re-infestations at four-weekly intervals, reducing to
wo-weekly during the last month of expected protection,
re used to monitor long-term persistent efficacy.

For specific label claims such as aids in or prevents
he transmission of flea-borne pathogens, studies designed
pecifically to determine such a claim should be performed.

Flea species.  The cat flea, C. felis felis, is cosmopolitan and
he predominant species on both dogs and cats in most
ountries (Dryden and Rust, 1994) and may  therefore be the
nly species necessary to be tested. It cannot be assumed,
owever, that other species such as C. canis are equally

usceptible and, consequently, supporting data may  be
equired for a label claim. Mixed flea populations may  be
sed for testing provided that an adequate flea infestation is
stablished on the test animal and that the fleas of different
pecies are identified, counted and recorded.
a If justified, only live attached tick counts may  be used to assess efficacy
for systemically acting acaricides.

4.2.3. Efficacy against ticks
The design of controlled studies for measuring acari-

cidal efficacy against ticks is similar to that described for
fleas (Section 4.2.2) except that the unfed tick numbers
used for infestation (∼50) is generally fewer for dogs or cats
due to animal welfare issues defined by skin irritation and
damage of repeated infestations by a specific tick species,
e.g., A. americanum, and that parasite numbers are assessed
by palpation, combing and visual inspection (Appendix
A.3). Mixed tick populations (species) may  be used for
testing, in particular when trying to determine the least
susceptible tick species, provided that an adequate tick
infestation of each species is established on the test ani-
mals and that the ticks of different species are identified,
counted and recorded. The retention rate of experimental
tick infestations on the animal are generally ∼20–50% of the
infestation number but interspecific variations may  occur.
A tick retention rate of at least 20% on non-treated animals
is generally acceptable for inclusion of animals in a study.
However, lower retention rates can be used as justified
in the protocol and with regional regulatory concurrence.
Ticks placed on an animal previously treated with an effec-
tive compound usually detach from and then may die off
the host within ∼24–48 h without having taken a complete
blood meal, but some may  remain attached. Thus, the ticks
on the animal can be alive (recommend assessment of ticks
as alive by confirmation of movement after gentle touch-
ing with a probe, CO2 exposure, and/or warming) or dead,
attached or non-attached (Table 3). The mean numbers
of live free and attached live ticks from topically treated
and control animals should be used to calculate efficacy
values by using the formula given in Section 4.2.1. For ani-
mals treated with systemically acting acaricides, the use of
only live attached tick counts may  be the most appropriate
measure of efficacy for some species. This should be sup-
ported by pharmacokinetic/pharmacodynamic data and/or
by assessment of the relative numbers of live free ticks on
nontreated and treated animals (these should be equiva-
lent; a greater number of free ticks on treated animals could
indicate that the treatment may  have an expellent effect).
The assessment of ticks as alive by confirmation of move-
ment should be similarly performed as for topically applied
acaricides. The methodology used for the assessment of
efficacy should be defined and justified in the study proto-
col. For specific label claims such as ‘aids in’ or ‘prevents the
transmission of tick-borne pathogens’, studies specifically
designed to demonstrate such a claim should be performed.

Reliable models have been developed (McCall et al., 2011;
Jongejan et al., 2011) to assess the efficacy of compounds
in preventing the transmission of tick-borne pathogens.
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As for fleas, the short-term persistent efficacy is mea-
sured by re-infesting the animals in each study group at
∼7-day intervals and counting the ticks ∼48 h later. If a
longer period of attachment can be justified, e.g., a sys-
temic mode of action and/or taking into account potential
transmission of pathogens, counting ticks ∼72 h or longer
post-infestation may  be acceptable. However, the period of
attachment and physiological effects on ticks during this
period should also be considered and described.

In long-term evaluation studies, the interval between
each re-infestation should be no less than 4 weeks as
more frequent application of ticks may  induce a sufficiently
strong immune response to reduce parasite establishment
and provoke skin reactions. For greater precision, a final
infestation after ∼2 weeks may  be indicated.

Tick species.  Species of ticks common to dogs and cats
within geographical regions (Table 2) should be tested to
demonstrate sufficient biological control activity to sup-
port label claims. For a restricted (single species) claim,
data to support a single tick species is adequate in the USA
and certain geographical regions. Generally the tick species
controlled should be determined by the laboratory data and
specified in the claims, however, some authorities like the
USA-EPA may  allow a general “tick control” claim. In this
case, laboratory data using animals should be provided for
the Brown Dog tick (R. sanguineus)  and at least one other
tick species common on that host, for example, the Amer-
ican Dog tick (D. variabilis) in the USA, the European dog
tick (D. reticulatus)  in Europe, the Asian Bush tick (Haema-
physalis longicornis)  for Asia and Japan, or the Yellow Dog
tick (H. elliptica) in Southern Africa.

4.2.4. Repellency and anti-feeding effects
Two types of repellency are defined: “sensu stricto”  for

repellency characterized by an irritant effect, causing the
tick to move away from the treated animal or leading it to
fall off soon after contact with the treated haircoat within
∼6–8 h and “sensu lato” for all other tick repellency (or
expellency) up to ∼24 h. The first, repellency sensu stricto,
may  be attributed to the vapor phase of a compound or
irritant effect through direct contact (for example, oil of Cit-
ronella but also some synthetic pyrethroids), while the sec-
ond repellency (or expellency) causes inhibition of attach-
ment or detachment of already attached ticks, (for example,
some synthetic pyrethroids or amitraz). Some insecti-
cides/acaricides may  act both ways. This distinction should
be reflected in the design of in vitro techniques to test
whether newly emerged unfed adult fleas or ticks become
randomly scattered within an experimental apparatus, or if
their spatial distribution can be significantly influenced by
the presence of the investigational compound. Flea repel-
lent in vitro test systems include Y- or T-tube olfactometers
as well as the four-arm airflow olfactometer (Vet et al.,
1983). Useful reviews on tick repellents (Bissinger and Roe,
2010; Halos et al., 2012) and in vitro test systems for tick
repellents (Carroll et al., 2003; Dautel, 2004) should be
consulted for testing compounds and formulations for tick

repellency. The Moving-object bioassay (Dautel et al., 1999;
Dautel, 2004) allows ticks to display host seeking behavior
more closely related to the natural situation and has been
used successfully to evaluate products (Schwantes et al.,
rasitology 194 (2013) 84– 97 89

2008: Dautel and Cranna, 2006). Further regulatory testing
guidelines for the evaluation of repellency against fleas and
ticks can be found in the USA-EPA OPPTS810.3700 Insect
Repellents for Human Skin and Outdoor Premises, 712-C-
99-369, December 1999, and EMEA/CVMP/005/00-Rev 2.

Various approaches have been employed in the past to
gain an in vivo estimate of repellency (Endris et al., 2002).
Recently, tick control terminology with respect to repel-
lency has been proposed (Halos et al., 2012) along with an
in vivo study design to measure the effects (early expellency
and repellency sensu stricto,  disruption of attachment, and
acaridical ‘killing’ effect) based on the status of the tick over
a time course of 48 h post-treatment on dogs. With refer-
ence to the effect/efficacy of an acaricide on pre-existing
tick infestations, it can either cause detachment, expellency
which results in detachment and disengagement (leaving
the host), and lastly killing, in which case attached ticks
may  die in situ. A very specific approach will be required
to determine repellency sensu stricto.  A proposed method
would be to place sedated treated and control dogs in
infestation crates and to release ticks in the crates (not
on the dogs) and conduct assessments ∼30 min–1 h later
(only counts of ticks remaining in crates) (Fourie, personal
communication). A modification of this methodology was
used to assess prevention of tick attachment of a fipronil,
amitraz and (S)-methoprene topical combination by plac-
ing ticks on the bottom of a crate, placing the treated dog
in the crate for 2 h, removing the dog to a second crate
for 2 h, and then thumb counting the attached ticks on
the dog (Prullage et al., 2011b). Ticks will move toward
a potential host over short distances attracted by host
odors, radiant heat and other stimuli (Ixodes, Dermacen-
tor and Amblyomma spp.), but this approach may  differ
from the natural encounter where in some tick species
appetence takes the form of preparing an ambush. To
determine repellency/expellency stricto lato, ticks can be
placed directly on the sedated animals in the infestation
crates and assessments can be made for periods up to
∼24 h.

With specific reference to an anti-feeding effect of a
compound, 97% of cat fleas will normally have fed within
1 h of arriving on their host (Cadiergues et al., 2000).
The anti-feeding effect of an investigational product can
be evaluated from as early as ∼15 min  post-infestation
for topical contact products by collecting all on-host
live/moribund/dead fleas from treated and untreated ani-
mals. For systemically active compounds that require the
flea to ingest the compound, as early as ∼15 min  post-
treatment or post-infestation can be evaluated, but effects
on feeding in the case of nitenpyram was  not observed
until 1 h post-dosing (McCoy et al., 2008). To quantify
flea feeding, a Real-Time PCR assay can be used to deter-
mine the amount of host DNA in the fleas collected from
treated and untreated animals allowing for the appropri-
ate comparative statistical analysis (Wang et al., 2012).
Other quantitative methods include Drabkin’s reagent and
radionuclides (51Cr-ethyrocyte and 125I-albumin) which

have been used to measure blood consumption (Dryden
and Gaafar, 1991). Simple hemoglobin test strips or viewing
crushed fleas under a microscope can provide qualitative
information on flea blood feeding.



9 inary Pa

c
e
b

4

4

d
t
t
a
r
q
o
c
c
E
s
t
i
fl
t
n
a

i
l
I
fl
a
t
fi
m
b
m
r
b
a
b
t
u
g
o
m
t

t
e
c
t
a
o

4

w
b
w
s

0 A.A. Marchiondo et al. / Veter

The anti-feeding effect of a compound against ticks
an be determined in a similar manner with the
xception of microscopic confirmation as the blood cells
ecome hemolyzed and difficult to identify.

.3. Clinical phase in vitro tests

.3.1. Flea eggs – enumeration and ovicidal effects
Flea egg studies might be indicated, for example, to

emonstrate that eggs produced by fleas after exposure
o an IGR or IDI are infertile, or that a residual pulicidal
reatment prevents flea-egg output (i.e. by killing newly-
cquired fleas before they start to lay eggs). In both cases,
esidual activity is likely to decline with time and conse-
uently data should include observations made at the end
f the claimed period of persistency. Extraneous factors
an influence egg-production and fertility and so statisti-
al comparisons should be made with untreated controls.
ggs from non-treated hosts may  also be collected as a
ource of material for conducting larvicidal studies (Sec-
ion 4.3.2). Should eggs be required for this purpose from
nsecticide-treated animals, large infestations (∼50–200
eas per animal, dependent on the sensitivity of the fleas
o the adulticide), may  be necessary to generate adequate
umbers. Fleas from untreated controls should be removed
t the earliest opportunity on welfare grounds.

The eggs which are collected for up to ∼24–96 h post-
nfestation provide for a determination of the ovicidal,
arvicidal and prevention of new emergence activities.
nfested animals are placed in individual cages with a mesh
oor that allows eggs and other debris to pass through and
ccumulate on a paper-lined tray. Precautions are needed
o prevent food, water and urine from soiling the tray. Suf-
cient eggs are collected up to ∼24 h and counted under
agnification using a needle or fine-tipped camel’s hair

rush to manipulate the eggs. Hatchability can be esti-
ated by placing known numbers of eggs onto flea-larval

earing media in glass Petri dishes, incubating as described
elow and counting the number of resulting larvae. If there
re sufficient eggs, two or more replicate dishes should
e prepared as these biological processes are very sensi-
ive to ambient effects. As flea larvae will sometimes eat
nhatched eggs, enhanced accuracy can be obtained by
luing the eggs to the Petri dish lid so that they are out
f reach of the hatched larvae that drop down into the
edium below. This enables hatched and unhatched eggs

o be counted by direct observation (Rust et al., 2002).
A model of assessing the efficacy of an IGR in an adul-

icide plus IGR combination has been published (Franc
t al., 2007) wherein actively reproducing fleas (50 per
at, approximately 50:50 sex ratio) from untreated cats are
ransferred to treated cats. The eggs produced provides for

 determination of the ovicidal, larvicidal and prevention
f new flea emergence activities.

.3.2. Flea larvicidal effects
Flea larvicidal activity may  result from (1) interference
ith egg-development within the adult flea, (2) ingestion
y larvae of active compound adhering to or contained
ithin debris falling from a treated animal (such as skin

cales or flea feces), and (3) direct transfer of active material
rasitology 194 (2013) 84– 97

from the animal’s coat to in-contact surfaces (such as the
pet’s bedding). The basic experimental design described
below can be modified to test any of the above circum-
stances and to accord with local established practices. The
resulting in vitro ‘efficacies’ do not necessarily provide a
quantitative indication of performance in the field as this
may  be affected by extraneous factors. Coat debris, for
example, may  be scattered over variable areas affecting the
amount of active material falling on flea habitats.

Equal numbers of freshly collected eggs (usually
∼20–100, if available) are counted into replicate glass
Petri dishes containing flea-larval rearing medium (Moser
et al., 1991; Richman et al., 1999). Control and test dishes
will have weighed quantities of debris from untreated
or treated animals, respectively, mixed into the medium.
Stringent precautions are necessary to prevent transfer of
active material to control dishes, work surfaces, instru-
ments or equipment as trace amounts can often have
measurable effects on larval development. The containers
are incubated at ∼21–29 ◦C and ∼70–90% relative humid-
ity. After ∼72 h, the numbers of hatched larvae are recorded
and the dishes replaced in the incubator. After a further
9 days, the contents of each dish are poured through a
40-mesh (425 �m)  sieve to separate the pupae from the
rearing medium. These are counted and placed in new con-
tainers with sealed lids to prevent the escape of emerging
adult fleas. Approximately ∼28–35 days after egg col-
lection, the containers are removed from the incubators,
shaken, and adult fleas immobilized with CO2, by freez-
ing or by pouring into hot water, before being counted.
Remaining pupae are dissected and any normally devel-
oped adults added to the total flea count.

Comparisons of the mean numbers of hatched eggs,
larvae, pupae or newly-emerged adult fleas in replicated
control and treatment dishes may  be made with the
formula given in Section 4.2.1. Another approach is to cal-
culate an ‘efficacy’ value based on the relative proportions
of eggs that eventually give rise to adult fleas by application
of the formula of Abbott (1925):

Efficacy (%) = (C − T)
C

× 100

where C and T are the percentages of adult emergence for
the control and treated dishes, respectively.

4.3.3. Tick in vitro tests
Several disposable pipette, vial or Petri dish methods

can be used to evaluate the susceptibility of ticks to aca-
ricides and establish lethal concentration values (Barnard
et al., 1981; Prullage et al., 2011a, 2011c).  The inner surface
of the containers is treated with acaricide/acetone solu-
tions and air-dried for ∼24 h. Mature or immature ticks are
placed into treated and control pipettes and incubated in
a Bell jar for ∼24 h or ∼7 days (residual activity) at ∼21 ◦C
and ∼90% relative humidity. The viability of the ticks based

on movement, normal posture, and leg coordination are
evaluated after the incubation period. Egg hatch reduction
bioassays can be conducted on replete female ticks to eval-
uate the effect of acaricides and IGRs (Donahue et al., 1997).
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4.4. Simulated home environment studies

In the case of pets that are mainly confined to the
environs of the home, the longer-term clinical benefits
of a pulicidal, IGR or IDI treatment are to a large extent
attributable to the impact of that treatment on the off-host
parasite population (‘on-animal environmental control’).
This comes about because stopping flea-egg output or
inhibiting flea fertility will eventually lead to a general
reduction in the number of host-seeking fleas in the domes-
tic environment. This effect will be accelerated if there is
any additional direct or indirect lethal effect on off-host
life-cycle stages. Although not an essential step in prod-
uct evaluation, laboratory models have been developed
to demonstrate this accumulative impact on the total flea
population using dogs (Blagburn et al., 1995) or cats (Fisher
et al., 1996; Jacobs et al., 2001). In these studies, the pen
(rather than the animal) is the experimental unit as ani-
mal  flea-counts are used as an (imperfect) indicator of the
magnitude of the total flea population (i.e.  all on- and off-
animal life-cycle stages). Animals are assigned to treated
and untreated control groups, as indicated in Section 4.2.1,
and placed in partly carpeted pens. Purpose built facili-
ties may  be constructed to allow animal’s access to both
indoor and outdoor components to further simulate the
household environment. Fleas are placed on the animals
and flea-larval rearing medium may  be dusted on the car-
pet. The flea life cycle is thereby established in each pen.
Animals can be treated and assessed for fleas at appropriate
intervals, so that a comparison can be made of the build-up
of the flea populations in the two sets of pens.

The simulated home environment model can be used
to replicate two clinical scenarios: (1) prevention, and (2)
management of existing flea problems. In the former case,
animals in the treated group will receive their first treat-
ment prior to initiation of the flea life cycle. In the second
instance, the flea population is allowed to establish before
the first treatment is given. Since this model evaluates the
success of a flea population allowed to complete its life-
cycle, the method of assessment of flea burdens should
be designed to have least impact on the fleas. Options
include thumb counting (using a rigorous and well-defined
method); or remove-and-replace flea comb counting.

After a period of acclimation and buildup of flea infes-
tations, flea counts are performed to (1) verify that the
infestations have built up to sufficient levels, and (2) to
provide data used to allocate animals/pens to groups on
the basis of pre-treatment flea burdens. Since the exper-
imental unit is the pen and animal, this design requires
that animals are not relocated from their pens when the
allocation procedures are performed.

Investigators should be aware that reinfestation pres-
sure in these studies can become extremely high and they
must be vigilant to protect the welfare of the untreated
controls. If necessary, parasite challenge can be lowered
by reducing the carpet size and/or combing off adult fleas
from the animals, or raised, by introducing flea pupae or

re-infesting the animals. Any such interventions should be
documented, as they will of course influence the statistical
interpretation of these data. Another approach is to allow
for “salvage” treatments with a short-acting non-residual
rasitology 194 (2013) 84– 97 91

pulicide to be used when flea numbers reach a threshold
(high) level on individual animals. The number of salvage
treatments required can then be used as an inverse mea-
sure of the success of flea control, additional to flea count
results. Flea counts in these studies can be high and it is
acceptable to terminate flea counts at the threshold level
(attributing a count of e.g. “>200”), perhaps in combination
with salvage treatment.

4.5. Efficacy thresholds against flea and tick species

The acceptable level of efficacy for a label claim is an
arbitrary figure that will depend on the intended use of
the product (i.e. the control objective) and local regula-
tory requirements. Generally, a reduction in flea or tick
numbers of 90% or more may  be expected to provide imme-
diate relief from irritation and blood-loss, to ameliorate
clinical signs in hypersensitive cases and, in closed environ-
ments, to bring further benefits by reducing future parasite
challenge. A higher level of control may, however, be indi-
cated in particular circumstances such as the management
of flea allergic dermatitis in highly sensitive individuals;
to protect against dangerous paralysis-inducing ticks such
as I. holocyclus;  and to reduce transmission of pathogenic
organisms.

Label claims should specify the time interval (min, h,
days, weeks or months) over which the stated degree of
efficacy is maintained.

4.6. Statistical analysis

Appropriate statistical methods should be used to ana-
lyze data. These should be documented in the protocol
giving details of methodology, references and calculations.
Any questions regarding the selected procedures should
have been discussed with statisticians and if relevant, to
the appropriate authority, in the early stages of protocol
development.

5. Types of study

5.1. Dose determination studies

The purpose of this type of study is to determine the
minimum effective point dose to be recommended. Ide-
ally, the final formulation of inert ingredients (carriers,
emulsifiers, etc.) with the exception of the varying con-
centrations of the active ingredient should be used. In
exceptional cases, where justified, data generated with an
equivalent formulation may  be accepted. The effectiveness
of the investigational product should be evaluated using
appropriate studies such as the controlled test with the
major parasite species (Sections 4.2.1–4.2.3).  Ideally, four
groups, each consisting of a sufficient number of animals
to allow statistical analysis, may  be administered at 0, 0.5,
1 and 2 times the anticipated recommended dose. Each
group should harbor or be uniformly infested with ade-

quate numbers of each species of ectoparasite. Single or
mixed tick/flea infestations may  be used. Groups should
be held under the same study conditions and husbandry
practices should be described in the protocol. The route and
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echnique of administration should be the same as that pro-
osed for marketing. The time intervals for parasite counts
hould be justified, especially with regard to the biology
f the ectoparasite(s). Data obtained for each parasite at
he recommended dose in the dose determination study(s)
hould be acceptable as one of the dose confirmation stud-
es provided that: the formulation used was equivalent to
he formulation intended for marketing, the investigational
roduct was applied according to the labeling, adequate

nfestation of ectoparasite species was established, and the
umber of study animals was adequate.

.2. Dose confirmation studies

At least two controlled studies, wherever possible with
ifferent isolates of the target parasite, are recommended
o demonstrate the efficacy of an investigational product
gainst each ectoparasite species and stage of develop-
ent as indicated on the investigational product labeling.
n adequate number of treated and control animals are
ecessary for each study and group sizes should be jus-
ified. Studies should be conducted using the formulation
nd administration technique intended for marketing and
sing the recommended unit doses for the weight ranges
f animals to be treated. Studies should be conducted
ith different laboratory isolates genetically enriched with
arasites from field isolates (∼every 3 years). The history
f the isolate of flea and tick should be well documented.
f resistance problems are widespread in an ectopar-
site species for which efficacy is claimed, additional
ontrolled dose confirmation studies may  be necessary
sing defined resistant strains of that parasite, particu-

arly if the new active ingredient has a similar mode of
ction or is a close chemical analog to that of existing
ctoparasiticides.

Studies should also be undertaken to evaluate the effect,
f any, of shampooing or wetting of animals on the effective-
ess of the topically applied investigational product against
he target flea and tick species. If studies permit, access to
pen runs allows the photostability of the investigational
roduct on the animal to be evaluated.

.3. Field studies

The off-host life-cycle stages of both fleas and ticks are
ffected by climatic fluctuations. Studies should be con-
ucted with contemporary field populations of flea or tick
pecies, and performed in different geographic and climatic
egions. Clinical studies should be conducted at a time
ncluding the usual peak parasite season for the region.
ome parasites such as R. sanguineus and C. felis felis, how-
ver, are affected to a lesser extent as they can thrive
ithin heated housing. Field studies may  be used as dose

onfirmation or confirmatory field efficacy and safety eval-
ations.

.3.1. Field studies – fleas

Field studies involve privately owned pet animals living

n households. The investigators must take into account the
ncreased risks and responsibilities of conducting research
tudies in this environment.
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Field studies should be conducted in the final stages
of the development program after the investigational
product has been used in pen studies confirming the
efficacy of the product at the intended dose and for-
mulation, its safety in the target animal has been
confirmed, and the label treatment method has been
decided.

By their nature, field studies involve a high degree of
variability between cases and often inconsistencies in com-
pliance and study management by owners. To maximize
the quality of data it is important to recruit animals and
households which, as much as possible, have a consistent
history with respect to factors affecting flea populations;
and which are likely to remain consistent with factors
affecting the flea population apart from the imposition
of the study treatment. Well-considered selection crite-
ria should be employed to ensure the enrolment of cases
which are acceptable with respect to key criteria such
as flea burden, flea treatment history, duration of prior
residency at premises (depending on the claim to be inves-
tigated), likelihood of exposure to flea burden (e.g., visiting
other flea-infested sites), washing/hydrobathing, clipping
and grooming and so on.

Clinical field studies are required primarily for follow-
up evaluation of the performance of the investigational
product as employed by the user in the field, and to gain
experience on the efficacy and safety of the investigational
product when applied under various clinical conditions.
Depending on the target claim and product, studies should
normally be performed for at least 1 month, but 2–3 months
(∼8–12 weeks) during the “flea season” in varying geo-
graphical regions, which should include, as scientifically
indicated, regions with different husbandry practices, envi-
ronmental conditions and ectoparasite resistance profile,
are often indicated. Enrolled animals should have a con-
firmed naturally acquired infestation (minimum of 5 fleas)
and include a variety of breeds kept under different condi-
tions.

Carefully managed multi-centric, randomized and
blinded (masked) studies may  allow data to be pooled
for this purpose. The recruited animals should be treated
according to proposed/actual label directions. In multi-pet
households, all dogs and cats should, wherever possible,
be treated with the same product since the longer-term
benefits of treatment are associated with a reduction in
environmental infestation pressure (Section 4.4). How-
ever, only one animal per host species (1 dog and/or
1 cat, if different statistical analysis population) may
serve as the representative of the household as the sta-
tistical unit. It should be noted, however, that not all
dog products can be used safely on cats. In studies
where the test product cannot be used on cats, jus-
tifiable options include: (1) selecting only households
which have no cats; (2) selecting households with cats
and treating them with another product, on the condi-
tion that the cats and dogs do not contact each other
or share resting places; or (3) selecting households with

cats and not treating them, on the condition that the
cats and dogs do not live in the same environments (for
example, dog lives only outside and the cat lives only
inside).
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Flea treatment history criteria require careful consider-
ation. Owners will have used products with vastly differing
efficacies; some of which have negligible efficacy or persis-
tence, and others which have more than one month of high
efficacy. This may  influence both efficacy and safety. The
flea treatment history of each enrolled animal needs careful
consideration and it should justify the inclusion based on
the efficacy characteristics of the particular products cur-
rently and previously used, and the consistency of use of
these products.

Protocols also need to stipulate conditions during the
study which promote management of a stable environ-
ment with respect to flea population influences (e.g. control
over animal incursions and excursions and chemical use).
The timing of flea counts will be determined by the
nature of the label claim and the results of the ear-
lier laboratory studies. Flea burdens should be quantified
in a methodical standardized manner using a recog-
nized method such as comb counting (Appendix A.2).
Numerical counts are recommended for analytical pur-
poses.

Other approaches such as area and thumb counting
methods are quicker and easier but are markedly less
accurate (Dryden et al., 1994; Heckenberg et al., 1994).
Consequently, they should only be used for recruiting flea-
infested animals.

The percentage of animals in a group on which no evi-
dence of flea infestation is found is known as the “zero flea”
or “flea free” value. While this is a useful descriptive mea-
sure of product performance, it should not be used as the
only means of evaluating field efficacy.

Collected fleas can be identified to species level if
required.

5.3.2. Field studies – ticks
Clinical field studies should be conducted during

periods of peak seasonal activity of the tick species
under investigation and should be performed in more
than one geographical region. All enrolled animals should
be tick infested and the initial intensity of infestation
should be documented. Well-controlled field studies with
a total number of individual animal cases to satisfy
regional regulatory requirements should be available for
efficacy confirmation and to evaluate administration in
conjunction with other frequently used veterinary prod-
ucts, such as vaccines, anthelmintics, antibiotics, steroids,
flea and tick control products, anesthetics, NSAIDs, anti-
histamines, alternative/herbal remedies, shampoos, and
prescription diets. The animals should belong to a variety
of breeds with different husbandry. Furthermore, animals
exposed to a high risk of infestation (e.g. hounds, hunt-
ing dogs, etc.) should be included if possible. The final
unit dose formulation intended for marketing should be
used at the recommended dose and route of administra-
tion.

The number of ticks per host animal should be deter-

mined by a reliable standardized method (e.g. by use of a
comb, thumb counting and/or forceps). All or a subsample
of ticks may  be collected to identify to species level and
then numerically counted by species.
rasitology 194 (2013) 84– 97 93

5.4. Selection, preparation and welfare of animals

The choice of study animals for laboratory studies
should be justified based on breed characteristics, sex,
age, size, behavior, husbandry, hair coat length and source.
Study animals should be properly vaccinated and treated
for internal parasites including heartworm prevention
medication in heartworm endemic areas as long as the
product does not have any flea or tick efficacy that may
adversely affect the establishment of flea or tick infesta-
tions and confound interpretation of the efficacy results.
For studies utilizing paralysis-inducing ticks, hyperim-
mune dogs from commercial suppliers and lower tick
infestation rates are recommended for animal welfare rea-
sons. Animals treated with experimental or commercial
topical or systemic endo- and/or ectoparasiticides and/or
endectocides should not be considered for studies until an
adequate time has passed since treatment was given. The
number of animals should be large enough to permit good
statistical evaluation. The validity of the results of the test-
ing program is directly related to the degree of variability
within the study. Therefore, increasing the number of study
animals increases the reliability of the study results. In gen-
eral, a minimum of 6 animals per group is recommended
for laboratory based dose determination and confirmation
studies. Six animals is typically the minimum number to
have adequate statistical power to determine significant
differences against the control at a 90% level of efficacy.
Higher numbers of animals can be used and should be used
in products with high animal to animal variability in flea
and tick counts.

Candidate animals for laboratory studies may  be
infested with ∼50–100 cat fleas and/or target species ticks
(≤50) per animal to determine their suitability as a host
for these parasites and their ability to tolerate the effects
of infestation. Such pre-study parasite counts may  serve to
select animals for a study and to allocate them to homoge-
nous groups based on the criterion “capable to harbor flea
and/or tick burdens” (Section 4.2.1). Any animal display-
ing more than minimal signs of flea-bite allergy or reaction
to tick-bites should be excluded from the study. Animals
with hair coat characteristics that do not allow thorough
and complete comb counting should not be considered
for use. Animals may  be washed with water and a mild
non-insecticidal shampoo ∼7–14 days prior to treatment.
Bathing may  facilitate combing during flea counts, but may
also remove important skin oils that could influence the
duration of parasiticide activity. All animals selected for
study should be weighed prior to treatment (between ∼Day
−3 and 0) in order to calculate the treatment dosage and to
serve as another criterion for allocation purposes, if neces-
sary.

The welfare of animals used in efficacy studies must be
a prime consideration. Proper supervision by qualified per-
sonnel must ensure parasite infestations do not reach levels
causing undue stress, and such studies should not extend
for unnecessarily prolonged periods. Individual animals

unduly affected should be withdrawn from the study and
treated. Where treatments under evaluation are obviously
not achieving a satisfactory control level, studies should be
terminated.
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.5. Allocation of animals

Flea and tick numbers on dogs and cats are influenced
y grooming behavior, which varies considerably between
pecies and individuals. In controlled laboratory tests, a
re-allocation infestation with fleas and/or ticks is there-
ore necessary to determine the parasite-carrying capacity
f each animal (Section 5.4). Animals can then be ranked
y pre-allocation flea or tick counts and, if necessary, by
ex or body weight to form replicates (blocks). Within each
eplicate, animals are then randomly allocated to treated or
ontrol groups. If dogs are co-infested with both fleas and
icks in the same study then either parasite counts can be
sed for allocation purposes. In field studies, infested ani-
als can be allocated completely at random to treatment or

ontrol groups, or randomly based on order of recruitment
ithin each study site.

.6. Housing of animals

In laboratory studies, all animals should be housed
r confined under similar environmental and husbandry
onditions. If cross-contamination with active compound
s a potential problem, for example in some IGR or IDI
tudies, treated and control animals may  be housed in sep-
rate areas or rooms, providing that ambient conditions
re identical. Otherwise, pen allocation should be random
r determined by study and/or statistical design. A dia-
ram of the building and placement of the animals should
e provided. Water and food sources should be free of
ny potential contaminants that might interfere with the
tudy and provided to maintain proper body weight and
utritional requirements. For animals housed over long
eriods of time, exercise and socializing routines should
e included to meet animal welfare requirements. Care
eeds to be taken in the selection of plastic toys, if supplied

or environmental enrichment, as many contain phthalic
cid ester plasticizing agents with documented arthropod
epellency properties (Hartley and West, 1969). Caging and
uns for the housing of animals should be of adequate
ize to comply with regulatory and local animal welfare
uidelines. Health observations should be conducted for
ach animal starting on the first day of acclimatization or
n accordance with the protocol requirements and con-
inuing until the end of the in-life animal phase of the
tudy.
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Appendix A.

A.1. Methods of flea and tick infestation

Flea infestations should be established using newly
emerged unfed adults from an established colony main-
tained on cats or dogs. Fleas obtained from an artificial
membrane system should not be used for laboratory stud-
ies, as they will have become adapted to that feeding
system. Adult ticks are recommended for infestation stud-
ies and should be unfed and relatively uniform in age. As
a general rule, animals should be infested with ∼50–100
fleas and/or ∼25–50 ticks. The sex ratio of the fleas should
be ∼1:1 or weighted in favor of females ( ≥ 2:1), espe-
cially for the evaluation of IGRs or IDIs. The sex ratio for
ticks should be approximately balanced, but appropriate
for the biology of the species, i.e.,  Ixodes.  Flea and tick
infestation is done by spreading the parasites over the
body of the animals but avoiding the application site of
any topical product. Tick infestations may  be facilitated
by holding the vials of ticks in the test area of the con-
trol animals for ∼12–18 h prior to infestation and by lining
the grated flooring of the test animal cage with carpet-
ing during the infestation period (∼12–18 h) (Marchiondo,
personal communication). Anesthesia and/or Elizabethan
collars may  be used to facilitate infestation of the ani-
mal  and for testing the repellency activity of a compound.
Anesthesia and collars may  also increase the tick infesta-
tion rate. Elizabethan collars may  be useful in facilitating
and maintaining infestations on cats. For specific design,
ticks may  be deposited on the bottom of a crate and not
directly on the animal. Attachment rates of I. ricinus can
be increased by using a higher number of ticks (60) and a
lower number of males compared to females (∼25:75) as
male I. ricinus attach only briefly or not at all (Kiszewski
et al., 2001; Kužner et al., 2012) but the presence of male
I. ricinus is sufficient to stimulate female tick attachments
and to achieve greater attachment rates. The source and
propagation history of fleas and ticks used should be doc-

umented and their known susceptibility or resistance to
major classes of ectoparasiticide/endectocide documented.
Recipient animals should be free of fleas or ticks prior to
infestation.
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A.2. Flea counting methods

The accurate assessment of the number of fleas infest-
ing an animal is paramount to generating accurate efficacy
data, but is difficult to achieve as fleas can move through
the pelage very quickly. Methods for determining the num-
ber of adult fleas on an animal include: (1) comb counts
in which an animal is combed with a fine-toothed comb
(∼11–13 teeth per centimeter) over the entire body for
a set time (usually 5–20 min  depending on the accuracy
required) or until no further fleas are recovered after 50
strokes (Dryden et al., 1994; Marchiondo, personal com-
munication), (2) total flea removal in which the animal is
sprayed thoroughly with an alcohol-based pyrethrin flea
spray, or dosed orally with nitenpyram, and then brushed
or combed until all fleas are removed, using a non-resistant
flea population to one of the actives (Baker and Farver,
1983; Dryden, 1992), and (3) thumb- or area counting
in which fleas are counted/estimated by visual inspection
over a set time period while the hair is parted manually at
predetermined locations on the animal (Fox et al., 1969).
Comb-counting has been shown to be more sensitive than
the thumb-counting method (Gregory et al., 1995). Per-
sonnel involved in combing and counting the ectoparasite
must be trained, experienced, and masked to treatment.
Changing protective clothing between treated and control
groups is highly recommended as well as the use of sepa-
rate combs for each group.

A.3. Tick counting methods

Tick counting methods include locating attached ticks,
preferably with gloved fingers, and counting while they are
still in place (thumb counting) or removing attached ticks,
preferably with gloved fingers, forceps or a flea comb. In
the latter case, the animal’s entire body is combed with
a fine-toothed (∼11–13 teeth per centimeter) comb for a
set time-period such as 5–20 min  or until no further ticks
are recovered after 50 strokes. The ears, pinna, pinnal fold,
and interdigital spaces of dogs should be carefully checked
for ticks. A flea comb is particularly effective in recovering
Brown Dog (R. sanguineus) and American Dog (D. variabilis)
ticks that are not visible or apparent by palpation (Mar-
chiondo, personal communication).

Appendix B.

A number of regulatory authorities have issued direc-
tion regarding their specific requirements. The following
section summarizes sources available at the time of publi-
cation.

B.1. Efficacy

Guidance documents for evaluating the efficacy of
parasiticides for treatment and control of fleas and
ticks on dogs and cats have been adopted by the EMA

(EMEA/CVMP/005/2000-Rev 2-as modified 12 November
2007 and Questions and Answers on the CVMP Guideline
on “Testing and evaluation of the efficacy of antiparasitic
substances for the treatment and prevention of tick and
rasitology 194 (2013) 84– 97 95

flea infestations in dogs and cats (EMEA/CVMP/055/00-
Rev 2, March 2009, November 2011). Another revision of
EMEA/CVMP/005/2000-Rev 2 is currently on going.

The USA-EPA has published evaluation guidelines that
address externally applied parasiticides not internally
absorbed by the treated pet, have been revised and har-
monized into a single set of guidelines by the Office of Pre-
vention, Pesticides and Toxic Substances (OPPTS 810.3300,
Product Performance Test Guidelines, Treatments to Con-
trol Pests of Humans and Pets, EPA 712-C-98-411, March
1998, to minimize variations among the testing procedures
that must be performed to meet the data requirements
of the EPA under the Toxic Substances Control Act (TSCA,
15 U.S.C. 2601) and the Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA, 7 U.S.C. 136, et seq.). The Australian
Pesticides and Veterinary Medicines Authority has pub-
lished two guidelines: No. 16 Guidelines for acceptable
claims based on currently approved constituents for par-
asiticides used on cats, dogs and ornamental caged birds,
May  1996, and No. 17 Guidelines for small animal ectopar-
asiticide efficacy submission, July 1996. The CVM has not
published formal guidelines for systemically active flea
and tick parasiticides. However, such products are reg-
ulated as New Animal Drug Applications (NADA) under
the Code of Federal Regulations FDA 21 CFR Part 514,
April 1, 2004 (http://www.fda.gov/cvm/). Basically, the FDA
requirements parallel the guidelines of EPA with respect
to testing procedures and efficacy evaluation criteria with
the additions of a clinical field efficacy study and target
animal safety/tolerance studies. However, the FDA  often
requires a concurred protocol that specifies the use of only
the lower half of the unit dose range in pivotal dose confir-
mation studies. In Japan, the Industrial Chemicals Control
Law (corresponding to TSCA in the USA) and the Agricul-
tural Chemicals Regulation Law (corresponding to FIFRA in
the USA) primarily address flea and tick parasiticides.

B.2. Animal welfare

All studies must comply with existing country guide-
lines governing animal studies of the countries where such
studies are conducted such as the United States Depart-
ment of Agriculture’s USDA Animal Welfare Act (9 CFR),
Public Health Service Policy on the Humane Care and Use
of Laboratory Animals, 1966, Institutional Animal Care and
Use Committee (IACUC), Directive 2010/63/EU of the Euro-
pean Parliament and of the Council (22 September 2010)
on the Protection of Animals Used for Scientific Purposes,
Good Clinical Practices, (VICH GL9, 2000), and Good Target
Animal Study Practices: Clinical Investigators and Moni-
tors, FDA, CVM, May  1997.
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Glossary of terms

Acaricide: an agent that kills members of the order Acarina, specifically
ticks and mites.

Anti-feeding effect: interference with the natural process of feeding, avoid-
ing  any blood meal.

Blinding or masking: a procedure to reduce potential study bias in which
designated personnel are kept uninformed (“blinded” or “masked”) of
the treatment assignments in a study.

Control: the overall beneficial effect of a clinical intervention. For exam-
ple, in the case of a pulicidal compound, it might be the combined
effect of the ability of the product to kill fleas on the animal and the
progressive reduction in environmental infestation pressure thereby
achieved.

Dose determination study: a controlled study, utilizing animals in pen
facilities, to determine the optimum effective dose against the tar-
get  parasite(s). This type of study is also used to determine the least
susceptible parasite species that is likely to be present in the field.

Dose confirmation study: a controlled study, utilizing animals usually in
pen facilities, to confirm the effective dose against the target para-
site(s) as determined in the dose determination study. This type of
study is also used to define the persistent efficacy against the target
parasite(s) following re-infestation.

Efficacy (=therapeutic efficacy): the actual therapeutic response produced
by  a product against an ectoparasite as determined in a number of
controlled studies using infested animals.

Engorged tick: an adult female ixodid (‘hard tick’) that has taken a single
large blood meal to produce a conspicuous filling of the alloscutum.
(Prior to feeding they are known as ‘unengorged ticks’).

Immediate or curative efficacy: the therapeutic effect of a product on a res-
ident (pre-existing) ectoparasite population within a defined period
from treatment (for example, ∼4 up to 72 h).

Knockdown: the immediate initial action of some chemicals on the ner-
vous system of arthropods, characterized by inability to move in a
coordinated fashion (immobilization). Knockdown may  be followed
by recovery or by death of the parasite.

On-animal environmental control: the application of therapeutic sub-
stances (for example, insecticides, IGRs or IDIs) to an animal for
the  purpose of progressively reducing or eliminating the num-
bers of host-seeking off-host life-cycle stages in that animal’s close
environment.

Persistent (residual or sustained) efficacy: extended therapeutic activity of
a  product measured in days or weeks after the treatment day. Some-
times referred to as prophylactic or protective effect.

Prevention: the action of stopping ectoparasitic infestations from estab-
lishing, usually for a defined post-treatment time interval.

Protective period: the time period, expressed in days or weeks after the
treatment, that a product will prevent re-infestation of the animal by
the ectoparasite. Sometimes referred to as the prophylactic period or
the  persistent efficacy period.

Pulicide: an agent that kills members of the family Pulicidae, specifically
fleas, used for flea control.

Repellency (sensu stricto): Characterized by an irritant effect, causing the
tick to move away from the treated animal leading it to fall off soon
after  contact with its hair coat (Halos et al., 2012).

Speed of kill (action): the time after therapeutic treatment for a product to
kill a stated percentage of the parasite population. It is determined by
the  rate at which the active material covers the body surface, the rate
at  which the active compound is taken up by the parasite, the mode
of action of the toxicant and the susceptibility of the target organism.

Tick expellency (=repellency “sensu lato”): causing ticks to fall off the host
animal by disrupting the mechanisms of attachment, i.e. either by
causing detachment of already attached ticks or by preventing attach-
ment of new infesting ticks (Halos et al., 2012).

Treatment (Therapeutic treatment): an intervention designed to kill (speed
of  kill or action) and/or eliminate parasites already on the animal at
the  time of treatment, i.e. an existing infestation.

‘Zero flea stage’ or “flea free stage”: Determination by a reliable evaluation
method that no evidence of flea infestation (adults, eggs or flea feces)

is  present on an animal at an evaluation time-point. The “zero flea
value” for a treatment group is a useful descriptive measure of product
performance in clinical field studies but should not be used as the only
means of evaluating field efficacy.
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