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CLINICAL RELEVANCE
Four active ingredients—imidacloprid, selamectin, fipronil–(S)-methoprene, and
metaflumizone—were tested to assess the speed of flea kill against existing flea
infestations and subsequent reinfestations.Thirty flea-infested cats were allocated
to four treatment groups and one untreated control group. Flea counts were per-
formed 6, 18, and 48 hours after treatment (day 0) and 2, 4, and 24 hours after
weekly flea reinfestations. Cats were also reinfested with fleas after the 6- and 18-
hour counts on day 0 and after the 2- and 4-hour counts on subsequent count
days. Imidacloprid provided significantly greater flea kill at diverse time points. At
the 24-hour counts, all compounds showed expected and similar high efficacies.
On study day 34, imidacloprid showed the highest efficacy at 24 hours after rein-
festation, with 90.8% flea reduction compared with 55.7% to 67.4% in the other
treatment groups. A single topical application of imidacloprid provided a high effi-
cacy in the early elimination of adult fleas, limiting the risk of pathogen transmis-
sion and flea allergy dermatitis.

� INTRODUCTION
Although substantial progress in flea control

has been made during the past 15 years, fleas
are still the predominant ectoparasite in cats
and dogs, with cats being infested more often

than dogs. During a 12-month observation pe-
riod in Germany, about 5% of dogs and 14%
of cats were found to be infested with fleas.1 In
Southern Italy, an average infestation rate of
18% was found in dogs during a similar 1-year
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observation period.2 The cat flea, Cteno-
cephalides felis, is the most prevalent flea species
infesting cats and dogs.3–5 According to a sur-
vey conducted in Germany, 70% of about
1,700 small animal practitioners indicated that
they frequently diagnose fleas on pets.6 Despite
the availability of a number of highly efficient
ectoparasiticides, the prevalence of flea infesta-
tions has not been reduced considerably. On
the contrary, because of the easy administra-
tion and high efficacy of the readily available
insecticides, flea control is mainly done by pet
owners and thus has escaped the supervision
and care of veterinarians, sometimes resulting
in unsuccessful treatments.
The demand for flea control derives from

pet owners’ concern for the health of their an-
imal as well as their own well-being and that of
other family members. However, there are ad-
ditional reasons why flea control is important.
Fleas are capable of causing or transmitting a
number of diseases. They are intermediate
hosts forDipylidium caninum, a common tape-
worm in dogs that can also infect humans. Fur-
thermore, fleas are known to transmit several
bacteria and rickettsiae with zoonotic poten-
tial, such as Bartonella henselae, the pathogen
causing cat scratch fever,7–11 and Rickettsia fe-
lis.7,12 Recently, it was shown that cat fleas are
carrying feline leukemia virus after feeding on
an infected cat and probably are capable of
transmitting the pathogen during their next
blood meal.13 Apart from transmitting infec-
tious diseases, flea saliva injected during a
blood meal can cause flea allergy dermatitis.14
Therefore, adulticides used for flea control
should remove adult fleas as quickly as possible
to reduce the number of bites and blood meals
and thus reduce the chance of transmitting
pathogens and stop egg production by adult fe-
males at the earliest possible time.
Because the importance of arthropod-trans-

mitted diseases is increasingly being recog-
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TABLE 1. Study Protocol Explaining
the Treatment and Ensuing Flea Counts
and Flea Reinfestations

Study Day Action

–2 Flea infestation

–1
Flea counts, group allocation,
flea reinfestation

0–1

0 hr Treatment

6 hr Flea counts, flea reinfestation

18 hr (12 hr PI) Flea counts, flea reinfestation

42 hr (24 hr PI) Flea counts

6–7, 13–14, 20–21, 27–28, and 34–35

0 hr Flea reinfestation

2 hr PI Flea counts, flea reinfestation

4 hr PI Flea counts, flea reinfestation

24 hr PI Flea counts

PI = postinfestation.

TABLE 2. Geometric Mean Flea
Counts of Untreated Control Cats
6, 18, and 42 Hours after Treatment
and 2, 4, and 24 Hours after
Subsequent Weekly Reinfestations

Study
Day

Hours after Treatment

6 18 (12 hr PI) 42 (24 hr PI)

0–1 31.85 22.99 33.56

Hours Post-Reinfestation

2 4 24

6–7 44.25 55.17 32.92

13–14 37.14 40.86 40.09

20–21 24.99 18.48 22.87

27–28 35.03 29.33 30.64

34–35 34.18 40.98 40.50

PI = postinfestation.
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on these counts, cats were allocated to five
groups (four treatments and one untreated
control) of six cats each. After randomization,
cats were weighed and reinfested with 50 cat
fleas each.
On study day 0, cats were treated topically

with the appropriate compound (imidacloprid,
selamectin, fipronil–(S)-methoprene, or meta-
flumizone) based on group assignment. The
spot-on solutions were applied on the cat’s
neck at the base of the skull according to label
instructions, and the cats were treated accord-
ing to body weight using the recommended
dosage.
During the first week, the treatment success

was monitored by flea counts performed 6
hours (±15 minutes) after treatment to allow
the compound to be distributed on the cat’s
skin and fur. Cats were reinfested immediately
after the counting procedure, and another flea
count was performed 12 hours (±15 minutes)
later. Cats were again reinfested, and a third
flea count was performed 24 hours (±1 hour)
later.
Subsequent reinfestations and flea counts

were done in weekly intervals for 5 weeks after
treatment. Starting with the second week, in-
festation and counting cycles were performed
as follows (Table 1):

• Reinfestation
• Flea count and immediate reinfestation 2
hours (±15 minutes) later

• Flea count and immediate reinfestation 4
hours (±15 minutes) later

• Flea count 24 hours (±1 hour) later

Artificial Infestations with C. felis
On each artificial infestation, all cats were

infested with approximately 50 new fleas orig-
inating from the Institute for Parasitology,
University of Veterinary Medicine Hannover,
Germany. For flea infestation, flea containers

nized, prevention schemes using insecticides
and acaricides are recommended more fre-
quently than in the past. However, the
EMEA/CVMP guidelines15 for labeling require
that flea counts be performed 48 hours after
infestation. Therefore, none of the existing
comparative data for the various compounds
address earlier efficacy, and none of the com-
pounds has a label claim related to prevention
against transmitted agents.
This study was undertaken to investigate the

speed of efficacy of some of the most impor-
tant veterinary medicinal remedies against fleas
at earlier times than defined in the EMEA/
CVMP guidelines to evaluate the suitability of
these compounds for preventive use.
The active ingredients imidacloprid, se-

lamectin, and fipronil are widely used as ec-
toparasiticides on cats and dogs. Their efficacy
has been demonstrated in numerous studies.4,16
The active ingredient metaflumizone, a semi-
carbazone insecticide acting on the sodium
channel of fleas, has only recently been intro-
duced as a veterinary medicinal remedy,17 and
thus data on the speed of kill of fleas are not
available.
The aim of the study was to examine the

speed of kill of fleas (C. felis) by imidacloprid
(Advantage, Bayer Animal Health), selamectin
(Stronghold [EU]/Revolution [USA], Pfizer
Animal Health), fipronil–(S)-methoprene
(Frontline Combo [EU]/Frontline Plus [USA],
Merial), and metaflumizone (ProMeris for cats,
Fort Dodge Animal Health) after treatment
and reinfestation.

� MATERIALS AND METHODS
Study Design
Thirty cats were acclimated to the study fa-

cilities for 1 week before each cat was experi-
mentally infested with 50 fleas (C. felis) on
study day –2. Flea counts were performed 24
hours after infestation (study day –1). Based
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were found: head, ears, neck, lateral areas, dor-
sal strip from shoulder blades to base of tail,
tail and anal area, forelegs and shoulders, hind
legs, abdominal area from chest to inside hind
legs, feet. All fleas were removed, counted, and
collected in a 50-ml falcon tube.

Statistical Analysis
Arithmetic and geometric means of flea

counts were calculated. Efficacy was calculated

were opened in the animal’s cage and fleas were
allowed to disperse in the animal’s haircoat.
Fleas combed off the cats were counted and
stored, and cats were reinfested for subsequent
counts with new batches of fleas.

Flea Counts
The total body surface was examined in the

following sequence by intensive combing with
a fine-toothed flea comb until no further fleas

Study Day

Hours after Treatment

6
18

(12 hr PI)
42

(24 hr PI)

0–1

Imidacloprid 61.1a,b 100b 100

Selamectin 47.4 99.5 100

Fipronil–(S )-methoprene 18.8 92.8 100

Metaflumizone 8.3 0 73.9

Hours Post-Reinfestation

2 4 24

6–7

Imidacloprid 62.3 96.2a,b,c 100

Selamectin 28.4 51.9 99.2

Fipronil–(S )-methoprene 28.9 69.5 99.2

Metaflumizone 42.1 53.6 85.9

13–14

Imidacloprid 59.0b 91.0b,c 99.7

Selamectin 43.4 11.1 98.3

Fipronil–(S )-methoprene 35.1 63.2 97.6

Metaflumizone 11.3 30.6 91.2

(cont. next column)

TABLE 3. Efficacies (% Flea Reduction) of the Four Test Compounds Calculated
from Geometric Mean Flea Counts on Treated and Control Cats 6, 18, and 42 Hours
after Treatment and 2, 4, and 24 Hours after Subsequent Weekly Reinfestations

Study Day

Hours Post-Reinfestation

2 4 24

20–21

Imidacloprid 20.2 52.5c 97.4

Selamectin 25.5 0 87.6

Fipronil–(S )-methoprene 42.8 22.4 95.0

Metaflumizone 43.9 8.7 92.8

27–28

Imidacloprid 18.3 34.6c 95.7

Selamectin 24.6 0 83.2

Fipronil–(S )-methoprene 47.9 20.6 90.9

Metaflumizone 28.1 38.7 82.1

34–35

Imidacloprid 28.1 62.8c 90.8a,c

Selamectin 30.7 13.3 55.7

Fipronil–(S )-methoprene 60.1 58.9 57.8

Metaflumizone 59.2 52.4 67.4
aSignificant difference compared with fipronil–(S )-metho-
prene–treated group; see Results for P value(s).
bSignificant difference compared with metaflumizone-
treated group; see Results for P value(s).
cSignificant difference compared with selamectin-treated
group; see Results for P value(s).
PI = postinfestation.
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according to the EMEA/CVMP guidelines15
using the formula:

These calculations were performed for each treat-
ment group. Statistical differences in flea counts
between the different groups were compared us-
ing the Wilcoxon–Mann–Whitney U test.

� RESULTS
Arithmetic means of the flea counts in the

control group at the different time points var-
ied between 24 and 58. Geometric means of
the flea counts on the untreated control cats
are listed in Table 2.
At 4 hours after infestation on all but one

occasion (day 27 + 4 hours), imidacloprid
showed the lowest flea counts of all groups.
Twenty-four hours after infestation, all treat-
ments showed the expected and similar high
efficacy, with slightly increasing flea counts to-
ward the end of the study.
The group differences have been calculated

based on explorative two-sided Wilcoxon–
Mann–Whitney U test (alpha 5%). The analy-
sis showed the following statistically significant
differences between imidacloprid and the com-
parative compounds. Six hours after treatment,
flea counts in the imidacloprid group were
significantly reduced compared with the
fipronil–(S )-methoprene (P = .0152) and
metaflumizone (P = .0108) groups. There was
still a significant difference (P = .0022) be-
tween imidacloprid- and metaflumizone-treat-
ed animals 12 hours after reinfestation. Four
hours after infestation on study day 6, flea
counts in the imidacloprid group were signifi-
cantly different versus all the other groups (sel-

% Efficacy =

(Geometric Mean Flea Counts
Controls – Geometric Mean
Flea Counts Treated)

× 100
Geometric Mean Flea
Counts Controls

amectin, P = .0022; fipronil–(S )-methoprene,
P = .0065; metaflumizone, P = .0022). On
study day 13, the imidacloprid group showed
significantly different flea counts at 2 hours
compared with the metaflumizone groups (P =
.0368) and at 4 hours compared with the sel-
amectin (P = .0087) and metaflumizone (P =
.0238) groups. Four hours after infestation on
study days 20, 27, and 34, flea counts in the
imidacloprid group were significantly different
from the ones in the selamectin group (P =
.0455, .0390, and .0022, respectively).The 24-
hour insecticidal flea efficacy of imidacloprid
on study day 35 was significantly different ver-
sus selamectin (P = .0173) and fipronil–(S )-
methoprene (P = .0368).
The efficacies (% flea reduction) of the four

tested compounds on study days 0, 6, 13, 20,
27, and 34 are shown in Table 3.

� DISCUSSION
The aim of this study was to evaluate the

speed of flea kill of four ectoparasiticides regis-
tered worldwide for flea control on cats. Al-
though the EMEA/CVMP guidelines15 request
flea efficacy 48 hours after treatment and sub-
sequent reinfestation to be above 95% for a la-
bel recommendation, it is the common under-
standing that this is too long a period to avoid
cats being exposed to flea saliva or to reduce the
likelihood of pathogen transmission by fleas.
The study reported here confirmed that

most tested compounds provided a high effica-
cy at 24 hours after infestation. It is well
known that the efficacy of most compounds
against fleas decreases with time and lasts for
about 4 weeks. In the present study, efficacies
28 days after treatment were 96% for imida-
cloprid, 83% for selamectin, 91% for
fipronil–(S )-methoprene, and 82% for meta-
flumizone. Calculated efficacies are influenced
by flea counts on the controls, biologic varia-
tions, and group sizes. In this trial, cats were
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thoroughly combed for flea counts 18 times
during the study, a process that likely removed
some active compound from the fur of treated
cats. While the frequent combing of the ani-
mals in the study may be in contrast to the fate
of the active ingredients under field condi-
tions, one should consider the impact of inten-
sive grooming by cats on the pharmacokinetics
of topically applied products. The frequent
combing in this study may have contributed to
the generally lower efficacies in all treatment
groups toward the end of the study. Imidaclo-
prid maintained more than 90% efficacy until
35 days after treatment.
The chloronicotinyl imidacloprid is known

for its fast onset of efficacy against a wide range
of agricultural pests and fleas.4 This fast onset of
action against pest insects and fleas includes the
antifeeding effect reported for imidacloprid18

and the ability to quickly eliminate fleas from
an infested host to prevent the fleas from biting.
Studies evaluating the speed of flea kill of in-

secticides registered as veterinary medicinal
remedies have been recorded previously. Spray
and spot-on formulations of fipronil were eval-
uated in comparison with imidacloprid by
Marchiondo and colleagues19 and Cruthers
and associates.20 In these studies, efficacy was
evaluated 8 hours after treatment and reinfes-
tations or at 6 and 12 hours, respectively. In
another study, the speed of flea kill was record-
ed for selamectin and imidacloprid at 6, 12,
and 24 hours after treatment and reinfesta-
tion.21 All of these studies, however, were con-
ducted in dogs.
Studies evaluating the speed of flea kill on cats

are limited. In a study by Schenker et al,22 cats

were infested with 100 adult cat fleas each and
flea counts were performed 3 and 8 hours later.
The efficacies reported at the 3-hour count were
26.9% for imidacloprid and 24.3% for fipronil;
at 8 hours, efficacies were 82.8% (imidacloprid)
and 62.6% (fipronil). Because the study was
performed to compare topically applied insecti-
cides with the orally administered nitenpyram,
which is eliminated and excreted in cats within
3 days, the evaluations were done only at 3 and
8 hours after treatment.
The other recorded speed of flea kill study

conducted in cats23 compared selamectin with
imidacloprid and fipronil–(S )-methoprene us-
ing fleas from the special Kansas 1 colony
(KS1) established and maintained as a closed
colony at Kansas State University since 1990.
After infestation with 100 adult cat fleas, comb
counts were performed at 6, 12, 24, and 48

hours after treatment (day 0) and after reinfes-
tation (days 7, 14, 21, 28). On day 0, the on-
set of efficacy was fastest for imidacloprid at
86.7% versus 0% for selamectin and 28.6%
for fipronil–(S )-methoprene. At 12 hours, im-
idacloprid achieved 99.3% efficacy versus
59.7% for selamectin and 89.6% for
fipronil–(S )-methoprene.
The study presented here confirmed that

imidacloprid provides high and early efficacy.
Six hours after treatment, flea counts in the
imidacloprid group were already reduced by
more than 60%. During the first 2 weeks after
treatment, efficacy of imidacloprid was about
60% at 2 hours and exceeded 90% at 4 hours
after reinfestation. The flea reduction at the 4-
hour flea counts was significantly higher in the
imidacloprid-treated group than in most of the

Six hours after treatment, flea counts in the imidacloprid
group were already reduced by more than 60%.
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other groups during the first 2 weeks following
treatment (see Results for P values).
Mean flea counts in the control group showed

considerable variations. Newly developed pupae
were weighed, and an equivalent of 50 fleas was
used for each infestation and reinfestation, re-
sulting in flea counts ranging from 24 to 58. It
is well known that individual grooming behav-
ior, especially in cats, leads to different recovery
rates. According to the guidelines, 40% to
75%24 or 50%15 of the infestation rate should be
found on the controls. With a mean infestation
of 37 fleas per cat, these requirements were met.
The lowest infestation rate in the controls, 48%
(arithmetic means, 24 fleas), was noted on study
day 20 at 4 hours after reinfestation.

� CONCLUSION
This study demonstrated that a single topi-

cal application of imidacloprid on cats at the
recommended dosage provided a high level of
efficacy in the early elimination of adult cat
fleas. With this rapid onset of flea efficacy, im-
idacloprid is likely able to reduce flea bites and
thus limit the risk of flea-induced or flea-trans-
mitted diseases.
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