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Monitoring  of  the performance  of flea  control  products  under  conditions  of natural
challenge  is  valuable  in  assessing  continued  effectiveness  and determining  the  ongoing
relevance  of  laboratory  studies.  A  multi-clinic,  investigator-blinded  study  was  undertaken
in client-owned  dogs  to investigate  and  compare  the  flea  control  provided  by  3 consecu-
tive  monthly  treatments  of  oral spinosad  (SPN)  or fipronil/(S)-methoprene  topical  (FSM)
spot-on.  The  first  household  dog meeting  enrollment  criteria  and  with  at least  10  fleas
(whole-body  flea  count)  served  as  the  index  dog  in a household  against  which  primary
objectives  were  set.  Stratification  was  based  on  pruritus  scores  at the  enrollment  visit  and
on  single  or  multiple  pet  household.  Index  pets  were  randomized  to treatment  with  either
SPN or  FSM,  dispensed  on  day  0 for at-home  administration  by  owners.  All  other  household
dogs  and  cats,  maximum  4 pets  per  household,  were  dispensed  the  same  treatment  as  the
index dog  (spinetoram  was  dispensed  for cats  in  SPN  households).  Subsequent  treatments
were  dispensed  when  index  dogs  were  returned  for whole-body  flea  counts  and pruritus-
scoring at visits  on  days  30 and  60,  with  final  assessments  on day  90  (±5  days  on  each
occasion).  Primary  endpoints  were  the  number  of flea-free  index  dogs  in  each  group  one
month  after  the  final  treatment,  the  reduction  in  owner-reported  pruritus,  and  the  reduc-
tion  from  baseline  mean  flea  counts.  One  hundred  twenty  eight  index  dogs  were  enrolled
(65  in  the  SPN  arm;  63 in the  FSM  arm)  at 10 clinics  in  FL (6),  NC (2),  LA  (1),  and  TX  (1).  On  day
0, geometric  mean  flea  counts  were  57.7  (range:  10–1469)  and  44.8  (10–717)  for  the  SPN
and FSM  groups,  respectively.  On Day  90,  55 of 58  (95%)  and  21  of  55  (38%)  index  dogs  com-
pleting the  study  were  flea-free  in  SPN  and  FSM  groups,  respectively;  mean  SPN  pruritus

scores declined  to 0.92  (6.67  on  day  0), and  to  3.83  (6.33  on  day  0)  for  FSM;  geometric  mean
flea counts  (% control)  were 0.08 (99.9%)  and  5.19  (88.4%),  for  SPN  and  FSM  groups,  respec-
tively. Between-treatment  differences  were  highly  statistically  significant  (p <  0.0001).  In
conclusion,  SPN  provided  reliable  flea  control  in  client-owned  dogs,  regardless  of  challenge

level.
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1. Introduction
nt of owner-administered monthly treatments with oral
ling fleas and associated pruritus in dogs. Vet. Parasitol.

The Clinical Parasitology Group in the Department of
Diagnostic Medicine/Pathobiology at Kansas State Uni-
versity (KSU) has been involved in collaborations with a
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number of pharmaceutical companies in monitoring the
field performance of flea control products in Tampa. FL, a
geographic area of expected heavy challenge. The moni-
toring of flea control products under conditions of natural
challenge is valuable in assessing continued effectiveness,
in identifying any potential problems associated with flea
control, and determining the ongoing relevance of labora-
tory studies. In this paper we report on a study undertaken
in client-owned dogs to assess the performance of topical
spot-on fipronil/(S)-methoprene (FSM) (Frontline® Plus:
Merial) and orally administered spinosad tablets (SPN)
(Comfortis®: Elanco) beginning during the summer of
2011.

Fipronil first became available as a topically applied
product for dogs in the mid  1990s, and as a spot-on com-
bination with the insect growth regulator (S)-methoprene
several years later. The continuing good performance of
FSM under field conditions was shown in two  recent
reports of studies involving client-owned dogs in FL
households in which all pets (dogs and cats) received 2
consecutive monthly treatments (Dryden et al., 2011a, b).
Flea counts from traps placed in those households demon-
strated substantial reductions in flea challenge over the
60 days of observation and reductions in on-pet geometric
mean flea counts of 95.5% and 87.5%. In a few homes low
numbers of fleas were still observed on FSM-treated pets at
or beyond day 60 in the absence of substantial household
challenge. These end-of-study flea burdens were generally
attributed to external infestations from wildlife, feral cats
or visitor pets.

Spinosad first became available as an oral treatment
for the control of flea infestations on dogs in late 2007. A
USA field study enrolling client-owned dogs found that one
month after the last of 3 consecutive monthly SPN treat-
ments (30–60 mg/kg), geometric mean flea counts were
reduced by >99% from baseline and 95% of dogs were free of
fleas, with a significant reduction in clinical signs of infesta-
tion, particularly pruritus (Robertson-Plouch et al., 2008).
Similar results were reported from a European study that
used a higher SPN dose rate (45–70 mg/kg) (Wolken et al.,
2012). Those results aligned with expectations from lab-
oratory studies demonstrating that SPN was more than
95% effective against experimental flea infestations for a
month after each administration, with a corresponding
elimination of flea egg production in the face of very heavy
challenge (Blagburn et al., 2010; Snyder et al., 2007). Some-
what in contrast with those studies, a recent report of
experimental flea infestations of laboratory dogs found
efficacy of 89% at 28 days post treatment, while under
the same conditions FSM provided complete flea con-
trol (Beugnet et al., 2011). In addition other laboratory
studies have also demonstrated potential reduced efficacy
of SPN towards the end of the month. One unpublished
report involved experimental infestations of 14-week-old
Please cite this article in press as: Dryden, M.W.,  et al., Assessme
spinosad or topical spot-on fipronil/(S)-methoprene in control
(2012), http://dx.doi.org/10.1016/j.vetpar.2012.09.003

puppies,1 and another used older dogs infested with the
KS-1 laboratory strain (Dryden et al., 2011c).  In these stud-
ies it was found that a whole month of SPN activity was

1 Blagburn, B.L., et al., 2010. Proc AAVP 55th Annual Meeting, Atlanta,
GA. p. 49.
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not completely maintained. These data document that a
considerable range of efficacy may  occur in laboratory stud-
ies and that the relevance of these laboratory findings to
natural use conditions may  be difficult to determine.

Therefore, as part of the KSU approach to monitor-
ing of flea control products, and to address the questions
raised by the increasing body of literature on each of
these established and successful products, a field study was
undertaken in client-owned dogs to investigate and com-
pare the flea control provided by 3 consecutive monthly
treatments with SPN or FSM. The primary objectives were
based on the number of flea-free dogs in each group
one month after the final treatment, by the reduction in
owner-reported pruritus using a validated scale, and by the
reduction from baseline mean flea counts. Primary objec-
tive outcomes were based on the index dog population
(IDP), consisting of one qualifying dog (the index dog) per
enrolled household. Secondary objectives were based on
the flea control provided for all household dogs (secondary
analysis population [SAP]) and household cats.

2. Materials and methods

The study utilized an investigator blinded, multi-site,
clinical design, and was completed according to the
International Guiding Principles for Biomedical Research
Involving Animals. All owners were informed of trial pro-
cedures and reviewed and signed informed consent forms
prior to enrollment of any pets. Investigators were the
clinic veterinarians who provided oversight of enrollment
and informed consent, with primary responsibility for ani-
mal  examination and supervision of blinded flea counts
on pets. The investigators and flea counters, all of whom
remained blinded to treatment throughout the study, were
thoroughly trained in study procedures prior to initiating
enrollment of dogs into the study. Staff responsible for
dispensing study products were typically veterinary tech-
nicians or receptionists. Training for these unblinded staff
included instructions for ensuring that investigators and
flea counters remained blinded throughout the study.

2.1. Sizing the study

The targeted enrollment was based on an earlier study
in which day 90 flea counts were reduced by 98.9% and
99.9% following 3 monthly treatments with either topically
applied selamectin or oral SPN. In the respective groups,
69.6% and 95.4% of dogs were free of fleas, and 57% and
96% of dogs showing pruritus on day 0 were improved
in this variable on day 90 (Robertson-Plouch et al., 2008).
Assuming there would be a similar between-treatment dif-
ference in this planned study, it was estimated that for
90% power of demonstrating a significant effect (  ̨ = 0.05,
2-sided) between-treatment difference in the number of
flea-free dogs, 56 evaluable dogs would be needed per
treatment group; for reduction in owner reported pruri-
tus 30 evaluable dogs per group; for overall % reduction
nt of owner-administered monthly treatments with oral
ling fleas and associated pruritus in dogs. Vet. Parasitol.

in flea counts 618 evaluable per group. Given the practi-
cal difficulties in enrolling over 600 dogs per group, the
trial was sized at 56 dogs per group to detect differences in
the number of flea-free dogs and owner-reported pruritus.

dx.doi.org/10.1016/j.vetpar.2012.09.003
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llowing for an expected non-completion rate of 20%, the
nrollment target was set at 68 dogs per treatment arm.

.2. Study design

The experimental unit for the primary objective was
he index dog in each household meeting defined inclu-
ion/exclusion criteria (Table 1). Enrolled animals within

 household were individually numbered. The first quali-
ying household dog with ≥10 fleas was the index dog. All
ther household dogs and cats, maximum 4 pets per house-
old, were dispensed the same treatment as the index dog
spinetoram2 was dispensed for cats in SPN households).

.3. Treatment assignment and stratification

Treatment assignments were stratified and assigned
ynamically within each enrolling clinic according to the
umber of household pets and owner-reported pruritus
core, according to the following:

One household dog only. Pruritus score ≤ 4.
One household dog only. Pruritus score > 4.
Multiple pet (>1 and ≤4 pets per household), index dog
plus other dogs and/or cats. Index dog with pruritus score
≤4.
Multiple pet. Index dog with pruritus score > 4.

Treatments were dispensed for all household pets
ccording to the assignment designated by the electronic
andomization provided to the clinic. The treatments,
dministered according to label, were:

. Spinosad: oral tablets, to be administered at a dose rate
of 30–60 mg/kg.

. Fipronil/(S)-methoprene: topical solution; fipronil 9.8%;
(S)-methoprene 8.8%.

Products were dispensed from clinic supplies, using the
ackage size appropriate to the weight of the pet.

.4. Enrollment visit (visit 1) – Day 0

Upon completion of enrollment procedures, including
hole-body flea counts, weighing of pets, owner scoring of
ruritus and signing of informed consent, the owner was
ent from the exam room to the dispenser who dispensed
he assigned treatments, with package insert, per electronic
ccess to the randomization scheme provided by a cen-
rally located, blinded statistician. To ensure that the initial
reatment for all household pets was dispensed within a
ingle 7-day period, non-index pets were presented and
ispensed the allocated treatment as soon as possible, but

n no more than 7 days after enrollment of the index dog.
rial product was only dispensed for animals presented at
Please cite this article in press as: Dryden, M.W.,  et al., Assessme
spinosad or topical spot-on fipronil/(S)-methoprene in control
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he clinic.
The dispenser instructed the owner that for all future

isits, and for any contact with the investigator and

2 Assurity® , Elanco, Greenfield, IN.
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evaluator completing flea counts, no mention was to be
made of the product being used, unless the investigator
specifically asked in cases of adverse events (AEs) or acci-
dental ingestion.

One dose of the allocated treatment was  dispensed for
each pet in the household for owners to administer on
the day of enrollment, and full dosing instructions were
provided in adherence of all federal regulations. Owners
were told to administer the topical product directly to the
dog’s skin according to label directions. The tablet was to
be given with food, and if vomiting occurred within an
hour of administration, the dog was  to be re-dosed. Regard-
less of treatment assignment, owners were advised to read
and to follow label directions. No other instructions were
given, but any questions were answered with appropriate
detail. Owners were advised that there was  no need for
any modification to the pet’s routine behavior, including
no restriction on swimming or moving outdoors, including
in rain, instructions consistent with other reports of flea
studies in household pets (Dryden et al., 2000, 2011a,b).
Owners were instructed to report any AEs they observed at
any time during the study, and all AEs were recorded on a
standard form.

2.5. Clinic visits at Days 30; (visit 2), 60 (visit 3) and 90
(visit 4) (±5 days for each visit)

At all follow-up visits, the index dog’s pruritus was
scored and the dog was separated from the owner and
brought to the investigator for examination and whole
body flea comb counts. Non-index pets were assessed only
at visits 1 and 4, and only for whole body flea comb counts.
At each visit, except visit 4, the next monthly dose of prod-
ucts was dispensed. All enrolled pets returned for the final
assessment on the day scheduled for the index dog, regard-
less of whether or not there was  staggering of treatments
due to non-index pets being initiated later than the first
(index) dog enrolled.

2.6. Whole-body flea counts

No more than two  individuals at each participating
clinic were trained in the flea counting methodology at a
hands-on pre-study meeting, at which study investigators
from each clinic were also trained in study requirements.
For flea counts, one extra-fine-tooth flea comb was  used
for each pet, and each pet was  combed continually for at
least 10 min. Index pets were combed at each of the 4 study
visits. If any fleas were found, combing continued for an
additional 10 min  (20 min  total). After this period, combing
would be extended for an additional 5 min  for any addi-
tional fleas found. Flea combers were blinded to treatment
assignment.

2.7. Scoring of pruritus

At each visit, the owner rated the pruritus of the index
nt of owner-administered monthly treatments with oral
ling fleas and associated pruritus in dogs. Vet. Parasitol.

dog on a non-numeric scale which provided 6 written
descriptions of increasing severity, from “Normal dog – I do
not think itching is a problem” through “Extremely severe
itching . . .”  (Rybnícek et al., 2009). The only difference

dx.doi.org/10.1016/j.vetpar.2012.09.003


ARTICLE IN PRESSG Model

VETPAR-6501; No. of Pages 7

4 M.W. Dryden et al. / Veterinary Parasitology xxx (2012) xxx– xxx

Table 1
Inclusion and exclusion criteria for households and the pets, including index dogs, other household dogs and cats.

Inclusion criteria Exclusion criteria

Infestation of index dog with ≥10 fleas >4 household pets (dogs and cats)
Healthy dogs ≥14 weeks of age, ≥5 lbs body weight (index and
non-index dogs)

Non-eligible household pets (e.g. ferrets, young puppies and kittens)

Indoor dogs sleeping in the home Outdoor dogs
Healthy cats only if treatment was within label specification of
age/weight

Treatment with any trial product within the previous 60 days

Current  rabies vaccination Known failure of either trial product in the last 12 months
Disposition and hair coat that allow thorough assessment of flea
burdens

FAD treatment of index dog within 7 days prior to the start of the study

Signed  informed consent agreement. Index dog treatment with short-acting corticosteroids or antihistamines
within 7 days prior to the study, long-acting corticosteroids within 30 days
Preg
prov
Hou
Owner agreement to adhere to the protocol 

from a validation assessment of this technique was that
in this study owners rated their dog’s pruritus on an iPad
screen, rather than on paper. Use of the iPad allowed imme-
diate electronic scoring of the owner’s rating on a scale
of 0–10, without the owner’s awareness of the numerical
score.

2.8. Analysis

The numbers of flea-free dogs at Days 30, 60 and 90
were presented as the number and percentage by treat-
ment group. The chi-square test was applied to test for
differences between treatment groups. Additionally the
numbers of flea-free dogs at Day 90 were presented
by stratification factor for each treatment group. The
Breslow–Day test was utilized to test for homogeneity
among stratification factor.

Flea count data were transformed using natural log
of (count + 1) to account for zero values and analyzed
using repeated measures analysis of variance mixed model
methodology. The model included fixed events for treat-
ment group, study day, site, stratification factor and the
interactions of treatment group with study day, site and
stratification factor. Models were reduced in a stepwise
manner eliminating terms that were not found to be
statistically significant (p > 0.05). Geometric means and
the least squares mean difference with 95% confidence
intervals between treatment groups were obtained via
back-transformation and presented based on the final
models.

Changes in pruritus from Day 0 to each subsequent visit
were analyzed using repeated measures analysis of vari-
ance. The initial model included change in pruritus as the
dependent variable with treatment group, site, study day,
stratification factor and the interactions of treatment group
with site, study day and stratification factor as indepen-
dent fixed effects. The model was reduced in a stepwise
manner until only significant (p ≤ 0.05) terms or treatment
group and study day remained. The overall mean squared
error from the final model was utilized to calculate p-values
Please cite this article in press as: Dryden, M.W.,  et al., Assessme
spinosad or topical spot-on fipronil/(S)-methoprene in control
(2012), http://dx.doi.org/10.1016/j.vetpar.2012.09.003

that compared the treatment groups at each visit. The least
squares mean difference between treatment groups was
presented with 95% confidence intervals derived from the
final model.
nancy (whelping during the study might impact the flea control
ided)
seholds of participating clinic staff, family, or friends of clinic staff

In  assessing pruritus, a score of 0–1.9 has been described
as the best approximation of a normal range (possibly
because some owners have a central tendency bias in sco-
ring pruritus) (Rybnícek et al., 2009). Thus, improvement
in pruritus was  defined as a 50% score reduction for dogs
presenting with a Day 0 score >4. For dogs with a Day 0
score ≤4, improvement was  defined as a day 90 score <2
(i.e., falling from outside the normal range, into the normal
range). The chi-square test was  applied to test for differ-
ences between treatment groups at each visit.

Safety was  assessed by evaluation of treatment-
emergent AEs, defined as any abnormal observation
occurring after treatment, and coded by system organ class
and preferred term based on the VedDRA reporting sys-
tem. Fisher’s exact (2-tail) test was applied to test for
differences between treatment groups for each preferred
term.

3. Results

The study was conducted from June 2011 through
February 2012. One hundred and sixty-two dogs were
screened at recruiting clinics to determine eligibility for
enrollment in the study. Thirty four of these dogs did not
qualify – thirty-three because flea counts were too low
(<10) and one because the dog did not meet the inclu-
sion criterion for weight. Ten clinics – FL (6), NC (2), LA
(1), and TX (1)—successfully enrolled dogs, with a total of
65 index dogs enrolled in the SPN group and 63 in the FSM
group. The only significant between-group day 0 difference
in demographics was  in gender, due to a greater number
of intact males and females in the SPN group (p = 0.0224)
(Table 2). Seven (10.8%) SPN-treated index dogs and 8
(12.7%) FSM index dogs did not complete the study. The
most common reason for removal in the FSM group, involv-
ing 5 subjects, was  “Owner or Investigator Decision”. Four
were due to owner dissatisfaction with the flea control, 3
after one visit (enrollment) and one after two visits. One
of these dogs required treatment for FAD and was admin-
istered a non-permitted medication. One owner in each
nt of owner-administered monthly treatments with oral
ling fleas and associated pruritus in dogs. Vet. Parasitol.

group elected not to participate and returned the unopened
product dispensed at the enrollment visit. The reasons for
the remaining non-completing dogs in each group (3 in
the FSM group and 6 in the SPN group) were either owner

dx.doi.org/10.1016/j.vetpar.2012.09.003
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Table 2
Demographic characteristics of the index dog population.

Spinosad Fipronil/(S)-methoprene p-Value

Age
(years)

N 65 63 0.3356
Mean (SD) 5.18 (3.50) 4.61 (3.15)
Range 0.33–12.00 0.33–12.00

Weight
(lb)

N 62 61 0.7765
Mean (SD) 37.25 (29.16) 38.67 (26.25)
Range 5.88–124.00 5.50–100.00

Gender Female, Intact 11 (16.9%) 6 (9.5%) 0.0224
Female, Spayed 27 (41.5%) 31 (49.2%)
Male, Intact 14 (21.5%) 4 (6.3%)
Male, Neutered 13 (20.0%) 22 (34.9%)

Number of household Animals
Total 1 25 (38.5%) 24 (38.1%) 0.1535
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on-compliance in returning for visits within the sched-
led window or were lost to follow-up.

For the SAP (index dogs plus other household dogs),
here were 110 SPN dogs and 105 FSM dogs enrolled and
reated. Adverse events were observed in 8 (7.3%) SPN-
reated dogs and 26 (24.8%) FSM-treated dogs (difference

 = 0.0006). Two dogs in each group died during the study
 for SPN, a 4 month-old mix  breed died of bleeding disor-
ers subsequent to reported access to rat poison; an 11
ear-old bichon frise suffered a seizure 3.5 weeks after
nrollment and was subsequently euthanized without fur-
her investigation; for FSM, a 12 year-old mixed breed
payed female was found dead approximately one month
fter enrollment; a 4 year-old miniature schnauzer was
uthanized following a liver-related illness with a sug-
ested genetic predisposition. Investigators rated all deaths
s unrelated to trial product. There were 2 dogs with eme-
is, both in the FSM group and unrelated to treatment. For
ats (spinetoram, N = 24; FSM, N = 17), application-site hair
oss was reported in 2 treated with spinetoram, one of

hich was switched to an alternative flea control product
nd excluded from later analyses.

.1. Index dogs – flea control assessments

For the index dogs in each household, on day 90 there
ere 55 of 58 SPN group dogs (94.8%) and 21 of 55 FSM dogs

38.2%) on which no fleas were found (flea-free) (Table 3).
he flea counts in the 3 positive SPN dogs were 2, 3 and 12,
hile in the 34 FSM dogs with fleas, counts ranged from

 to 192, with 23 dogs having >10 fleas, of these 15 had
50 fleas. The number of flea-free dogs at each visit was
ignificantly greater for SPN compared to FSM (p < 0.0001).
he Breslow–Day test was not found to be statistically sig-
ificant (p = 0.5005) indicating that the stratification factor
as homogeneous among treatment groups for the num-

er of flea-free dogs. The absence of complete flea control
n dogs with fleas on day 90 did not appear to be related
Please cite this article in press as: Dryden, M.W.,  et al., Assessme
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o the day 0 flea burden. One FSM dog had a day 0 count of
35 and zero fleas at days 60 and 90. Conversely, in another
SM dog counts went from 41 on day 0, to 97, 176 and 150
n days 30, 60 and 90, respectively.
26 (41.3%)
6 (9.5%)
7 (11.1%)

On day 0, geometric mean flea counts were 57.7 (range:
10–1469) and 44.8 (10–717) for the SPN and FSM groups,
respectively. These counts were not significantly different
between groups (Fig. 1). On days 30, 60 and 90, the mean
flea counts were significantly lower (p < 0.0001) in the SPN
group than in the FSM group (Fig. 1). On day 30 in the SPN
group, counts ranged from 0 to 625 and on day 60 from
0 to 5. For the FSM group the ranges in mean counts on
days 30 and 60 were 0–425, and 0–335, respectively. Geo-
metric mean flea counts on day 90 (% control) were 0.08
(99.9%) and 5.19 (88.4%), for SPN and FSM groups, respec-
tively (Fig. 1).

Although the gender difference between groups was
significant (p = 0.0224), this did not affect the between-
treatment comparison outcomes. There was no effect of
intact versus neutered/spayed on reductions in flea counts
(or in pruritus), although the difference between intact and
neutered/spayed flea free dogs in the SPN group was  just
nt of owner-administered monthly treatments with oral
ling fleas and associated pruritus in dogs. Vet. Parasitol.

Fig. 1. Geometric mean flea counts and percent reduction in counts from
day 0 to days 30, 60 and 90 for spinosad and fipronil/(S)-methoprene treat-
ments in the index dog population (bars indicate geometric mean flea
counts; lines indicate percentage reductions from baseline).

dx.doi.org/10.1016/j.vetpar.2012.09.003


ARTICLE IN PRESSG Model

VETPAR-6501; No. of Pages 7

6 M.W. Dryden et al. / Veterinary Parasitology xxx (2012) xxx– xxx

Table 3
Flea free dogs in each group in the index dog population on each post treatment study day.

Visit Stratification Spinosad Fipronil/(S)-methoprene Chi-square p-value

Day 30 All 34/60 (56.7%) 8/57 (14.0%) <0.0001
Day  60 All 51/59 (86.4%) 18/56 (32.1%) <0.0001
Day  90 All 55/58 (94.8%) 21/55 (38.2%) <0.0001

Single household: pruritus ≤ 4 3/3 (100.0%) 0 dogs 0.0253
 (100.0%
00.0%)

 (91.4%)
Single household: pruritus > 4 16/16
Multiple household: pruritus ≤ 4 4/4 (1
Multiple household: pruritus > 4 32/35

3.2. Index dogs – pruritus assessments

For the changes in pruritus from day 0 to days 30, 60
and 90, mean scores decreased for both groups. Compared
to the FSM group, the pruritus scores on day 30 (p = 0.0002)
and days 60 and 90 (p < 0.0001) for the SPN group were sig-
nificantly reduced (Fig. 2). The difference in the proportion
of dogs showing an improvement in pruritus in the SPN
group was significantly greater (p < 0.0001) than in the FSM
group on day 90, with 95% and 49% of dogs in each group
showing improvement, respectively.

3.3. Secondary analysis population and cats

The demographics of the SAP (index dogs plus other
household dogs) and outcomes in flea counts and flea-
free dogs were similar to those in the IDP, with geometric
mean day 0 flea counts of 35.3 and 29.0 in the SPN and
FSM groups, respectively. For the final efficacy analysis, the
respective reduction from day 0 in geometric mean flea
counts was 99.8% and 84.6% (p < 0.0001). For the SPN group,
on day 90 significantly more (95.0%) (p < 0.0001) of dogs
were free of fleas than in the FSM group (38.5%).

The day 90 reduction from day 0 in geometric mean
flea counts for cats was 99.4% for spinetoram and 46.1% for
FSM (between group difference 0.0003) (24 enrolled cats
received SPN; 17 received FSM). At day 90, 20 of 23 SPN-cats
were free of fleas, as were 7 of 17 FSM-treated cats.
Please cite this article in press as: Dryden, M.W.,  et al., Assessme
spinosad or topical spot-on fipronil/(S)-methoprene in control
(2012), http://dx.doi.org/10.1016/j.vetpar.2012.09.003

4. Discussion

The effectiveness of FSM in this study is generally con-
sistent with that recently reported from two Florida studies
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Fig. 2. Mean pruritus scores and 95% confidence intervals on days 0, 30,
60  and 90 for spinosad and fipronil/(S)-methoprene treated dogs (index
dog population).
) 7/18 (38.9%) 0.0001
2/3 (66.7%) 0.2123

 12/32 (37.5%) <0.0001

in terms of on-animal flea count reductions at day 60
(30 days after the second treatment) – 86.7% in this study,
and 87.5% and 95.5% in the Florida studies (Dryden et al.,
2011a, b). The additional monthly treatment at day 60 in
this study provided 88.4% reduction in geometric mean flea
counts at day 90, and in an earlier Florida study using 3
consecutive monthly treatments, day 90 flea counts were
reduced from baseline by 96.5% (Dryden et al., 2000). At day
60 in this study, 32.1% of FSM-treated dogs were flea free,
compared with 55.6% of dogs at the same point in the one
Florida study in which this variable was reported (Dryden
et al., 2011a).

Accepting that any comparisons between different
studies in different years, different homes and different
states must be tentative, there seems to have been greater
variation and lower efficacy of FSM in this study than in
earlier reports. As dogs were randomly allocated between
treatments and the between-group difference in flea bur-
dens and numbers of flea-free dogs was  highly significant
(p < 0.0001), it appears that the observed difference in effi-
cacy between products is due to product performance
rather than to between-group differences in home circum-
stances.

A possible reason for the between-study difference in
the fipronil/(S)-methoprene performance is having owners
apply product at home, rather than being applied by study
investigators as in the previous Florida studies. Verbal
instructions given to owners in this study reinforced the
application recommendations for topicals generally – i.e.,
that they be applied directly to a dog’s skin. It has been
reported that this allows the active ingredient to spread
across the body within the skin’s sebum layer, and to
accumulate in pilo-sebaceous glands and in superficial
layers of the epidermis for gradual discharge over the post-
application period (Cochet et al., 1997; Mehlhorn et al.,
1999). Potential hurdles that accompany this recommen-
dation may  be: successfully extruding all solution from the
package; depositing the entire contents on the skin, not on
hairs, while restraining the dog sufficiently to allow proper
application; avoiding run-off from the treated pet into the
environment. Thus at-home administration by owners may
introduce an inherent variability, manifested in greater
variation in fipronil/(S)-methoprene performance in this
study than in earlier field reports.

An additional circumstance that could lead to inconsis-
tencies in the efficacy of topical products is the impact of
nt of owner-administered monthly treatments with oral
ling fleas and associated pruritus in dogs. Vet. Parasitol.

environmental factors, including wetting and sunlight. The
manufacturers of these products typically do not require
avoidance of such factors, including swimming and expo-
sure to rain. In the household studies described earlier, as

dx.doi.org/10.1016/j.vetpar.2012.09.003
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n our study, there was no restriction of pet activity during
he study period, but there may  have been some level of
etting or climatic variation.

It seems unlikely that in the interval of 1–2 years
etween the client-owned dog studies reported in 2011
nd the study reported here that flea resistance had
merged to fipronil. If resistance had been emerging over
he years, we would expect that early signs of gradually
eclining efficacy would become progressively apparent
rom studies conducted over the years in the southern
nited States. There were no patterns or other evidence in

his or earlier studies to suggest this to be the case. More-
ver, the efficacy findings reported in the earlier studies
ould suggest that when product is applied carefully by
rofessionals, the expected fipronil/(S)-methoprene effi-
acy is maintained.

One possibility for the between-group difference in this
tudy is that for SPN, reinfesting fleas may  have been
illed before counts were performed (i.e., between leaving
ome and being presented for flea counts). This might not
ave been the case for fipronil/(S)-methoprene. If true, this
ould suggest a substantially more rapid knockdown effect

or spinosad than for fipronil/(S)-methoprene at one month
ost treatment. While a rapid knockdown has been demon-
trated for spinosad against existing infestations (100% at

 h post treatment), the authors are unaware of any data
hat would validate a between-product difference against
einfesting fleas to the degree that would produce the dif-
erence observed in this study (Franc and Bouhsira, 2009;
lagburn et al., 2010). Clinics were selected for this study
ecause of their location in areas in which flea challenge
as expected to be adequate to provide a reliable indica-

ion of product effectiveness. The complete absence of fleas
n day 90 from all but 3 dogs in the SPN group, the substan-
ial reductions in pruritus, and the reductions in mean flea
ount of 99.9% verified the effectiveness of spinosad in pro-
iding flea control under conditions of natural challenge.

The success of spinosad in this study indicates that
aboratory results may  not always extrapolate to field per-
ormance of a flea product. Laboratory infestations are
ypically done with techniques that simulate but may  not
epresent real-world challenge. Such experiments apply
eas from laboratory-reared colonies that may  or may  not
e representative of the genetic varieties that occur under
atural challenge. Moreover, the dogs used in laboratory
tudies inhabit a completely different environment than
o those in the at-home situation. Thus, while laboratory
tudies are valuable for a variety of purposes including dose
anging and confirmation studies of an insecticide, results
hould be viewed with caution until performance can be
ssessed in client-owned pets.

In conclusion, both fipronil/(S)-methoprene and
pinosad were well-tolerated. Three consecutive monthly
pinosad treatments resulted in 95% of dogs being free of
eas at the end of the study, reduced geometric mean flea
Please cite this article in press as: Dryden, M.W.,  et al., Assessme
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ounts from baseline by 99.9%, and as a result of reducing
ea counts alleviated pruritus scores in 95% of dogs. Further
tudy is needed to understand the between-treatment
ifferences in flea-free dogs and between-household
 PRESS
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variation in the performance of fipronil/(S)-methoprene.
In terms of the overall objective of monitoring field perfor-
mance, these results confirm that spinosad provides a high
level of flea control at one month after a single treatment,
and maintains a high level of effectiveness under condi-
tions of natural challenge following subsequent monthly
treatments.
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