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Abstract 
Fleas that infest pets are considered important parasites of both animals and 
humans. These insects cause irritation and can also transmit zoonotic diseas-
es. Research has led to a rapid expansion in the development of flea control 
products. In the face of a market that offers dozens of commercial ectoparasi-
ticides for dogs and cats, pet owners and veterinarians must be provided with 
evidence to support their decision to select a product to control fleas. To 
compare the efficacy of three commercially available products against com-
panion animal fleas, a trial was conducted on naturally-infested dogs in order 
to validate their pulicidal activity. Thirty-two flea-infested dogs with fleas 
were divided into 4 groups (n = 8) for each treatment. Group 1 received one 
pipette of permethrin as a spot-on dose of 650 mg/ml. The second group re-
ceived 9.7% fipronil as a spot-on formulation. Group 3 was treated with a 
spot-on formulation of permethrin 7.40% plus piperonyl butoxide at 7.40%. 
Group 4 remained as the untreated control. Fleas of all experimental dogs 
were examined and counted on days 0, 3, 7, 14, 21 and 28 to determine the 
percentage of flea reduction. Results showed a 100% efficacy for all tested 
products. Identified species were: Ctenocephalides felis (75.7%), Ctenocepha-
lides canis (15.9%) and Pulex irritans (9.5%). Based on these results, it was 
concluded that the three anti-flea products evaluated under the conditions of 
this study, produced an excellent efficacy as from the third day after treat-
ment. 
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1. Introduction 

Despite the discovery and development of newer-generation topical (Spot-on) 
ectoparasiticides for dogs and cats, practitioners and researchers continue to 
search for products that provide increased duration and spectrum of activity. 
Dog and cat fleas, for example, can be a serious source of both animal and hu-
man irritation, which has led to a rapid expansion in the development of flea 
control products [1]. Today, veterinarians can select from several options, in-
cluding combinations of topical and oral insecticides and acaricides for control-
ling fleas and other ectoparasites in pets. Combination products with pulicidal 
activity can increase efficacy by managing variations in parasite susceptibility 
[2]. The efficacy of topical products that control insect infestations in dogs has 
been previously demonstrated, for example, the combination of permethrin and 
fipronil showed a significant acaricidal and insecticidal repellent effect against 
bites on dogs [3] [4]. This combination has also been proved as safe and effective 
for the treatment and prevention of Ctenocephalides canis and C. felis [5]. Non-
etheless, pyrethroid resistance has been reported due to a single nucleotide subs-
titution in the Vssc gene that encodes the voltage-sensitive sodium channel pro-
tein and involves sensitivity to pyrethroids; hence pre-exposure to a cytochrome 
P450 monooxygenase inhibitor such as piperonyl butoxide, significantly in-
creases the effect of pyrethroids [6].  

The present trial aimed to evaluate the effectiveness of three commercial an-
ti-flea products on naturally-infested dogs, compared to untreated dogs, under a 
controlled environment. These combinations were selected because these prod-
ucts are the most frequently sold compounds against fleas in Mexico, and the 
veterinarians and pet owners need to have information that supports their effi-
cacy and safety. 

2. Materials and Methods 
2.1. Experimental Animals 

The work was carried out adhering to the guidelines of the Institutional Com-
mittee for Use and Care of Experimental Animals of the institution, according to 
the Mexican Official Regulation NOM-062-ZOO-1999. The study was per-
formed during the flea season in Mexico, i.e., in late summer 2018. Thirty-two 
flea-infested dogs out of 124 animals were selected on day-8 based on the highest 
count of fleas. Dogs of different ages and breeds that harbored infestations over 
50 fleas were included in this trial. They were provided by an animal control 
center. No medications or vaccinations had been given seven days prior to the 
initiation of the experimental procedures. After an acclimation period of 8 days, 
animals were ranked according to the number of parasites and were allocated to 
study groups. Dogs were fed a commercial, dry, pelleted diet according to their 
age and size. Water was provided ad libitum. Each animal was individually iden-
tified with a numbered tag and a colored collar.  
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2.2. Assessment of Efficacy 

The efficacy of the treatment of flea infestation on dogs was performed accord-
ing to the World Association for the Advancement of Veterinary Parasitology 
guidelines [7] [8]. 

On day 0 (day of treatment) the 32 dogs were divided into four groups of 8 
animals each, using a randomized design. Dogs were weighed prior to treatment. 
Group 1 was treated with one pipette of 65% permethrin (Zinpar, Halvet, Mex-
ico), applied once on the skin from the scapulae to the sacral region as a spot-on 
treatment. Pipette size was selected according to the individual body weight (1 
ml/15 kg/bw) and applied following manufacturer’s instructions. Group 2 received 
fipronil at 9.7% (Frontline, Merial, Mexico) applied similarly as in the first 
group. Group 3 was treated with 7.40% permethrin plus 7.40% piperonyl butox-
ide (Lomo-pon-S, Lapisa, Mexico) applied once as in the permethrin and fi-
pronil treatment groups. The infested and untreated control group received only 
water at a volume of 1.0 ml per dog. Fleas were removed and counted by tho-
roughly combing animals with fine-tooth flea combs for at least 10 minutes. 
Fleas were considered dead if no movement was observed, thus fleas displaying 
abnormal movement were considered and counted as live [9]. The whole body of 
all the experimental animals was combed and carefully examined for flea counts 
and movement on day 3 to determine the percentage of flea reduction as com-
pared with fleas present in the untreated control, according to the following 
formula [7] [8]:  

( ) ( )
( )

Arithmetic mean number of flea counts Control Arithmetic mean of flea counts Treated
Efficacy 100

Arithmetic mean of flea counts Control
−

= ×  

A removal of fleas was done at day 3 on all dogs. The short-term prophylactic 
efficacy was measured by re-infesting all animals in each study group on days6, 
13, 20 and 27 with a mixed population of 100 fleas C. felis and C. canis per dog. 
All dogs were combed off and fleas were counted on days 14, 21, and 28 after 
re-infestation. Dogs were observed constantly during and after treatments to 
record adverse reactions or clinical side effects. After day 28, fleas were removed 
from the control group to prevent a higher level of infestation that may have 
caused clinical signs.  

2.3. Statistical Analysis 

The primary efficacy calculations were based on arithmetic mean values with 
geometric mean values considered secondary. For calculation of geometric 
means, flea counts for each animal were transformed to the natural logarithm of 
(count + 1). Differences between treated and control groups were analysed sta-
tistically by an analysis of variance (ANOVA) with a treatment effect on both 
untransformed and logarithmic transformed data. For flea counts, a significance 
level of 0.05 was used and all testing was two-sided, in a two-step procedure; 
pair-wise comparisons were made only if the overall test of treatments was sig-
nificant at a p value of 0.05. 
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3. Results and Discussion 

Dogs treated with each of the three products had a more significant (p < 0.05) 
reduction of fleas compared with the untreated controls at each re-infestation 
through day 28 and a 100% anti-flea efficacy was achieved from day 3 until the 
end of the study, in contrast to untreated controls, which remained infested 
throughout the experiment. It was clearly seen that the observations made on the 
third day after treatment, showed only a few remaining parts of fleas or fecal de-
tritus, but no eggs or live fleas were recorded during the trial. A 100% anti-flea 
efficacy was achieved at the end of the experiment in all the treated groups. 
Three days after treatments were applied, statistical differences were observed 
between the treated groups with respect to the untreated control (p < 0.01); yet 
the statistical analysis showed no difference among the treated groups (p < 0.01) 
(Table 1). 

A comparison made regarding sex and weight on the experimental groups 
showed no statistical differences among them (Table 2).  

Taxonomical identifications carried out on the specimens collected from the 
untreated control group showed that species of identified fleas were: Ctenoce-
phalides felis (84.08%) and Ctenocephalides canis (15.92%). Even though lice 
treatment was not the aim of the current trial, a light infestation with Tricho-
dectes canis was also recorded on day 3, yet these insects were completely re-
moved after treatment.  
 
Table 1. Flea counts and percentage reduction after treatment three commercial ectopa-
rasiticides in naturally-infested dogs. 

Day 
Untreated Control  

(n = 8) 
Permethrin* Fipronil** 

Permethrin + Piperonyl 
Butoxide*** 

  Mean (% Efficacy) 

−8 61 53.4 (0) 54.8 (0) 59.5 (0) 

0 41 50.7 (0) 50.7 (0) 52.8 (0) 

3 57.3 0 (100)¥ 0 (100)¥ 0 (100)¥ 

7 44.6 0 (100)¥ 0 (100)¥ 0 (100)¥ 

14 49.2 0 (100)¥ 0 (100)¥ 0 (100)¥ 

21 37 0 (100)¥ 0 (100)¥ 0 (100)¥ 

28 62 0 (100)¥ 0 (100)¥ 0 (100)¥ 

¥ Significantly different from untreated control (p < 0 - 0.5); *65%; **9.7%; ***7.4% + 7.4%. 

 
Table 2. Flea counts related to sex for the experimental groups on day 0. 

Group Male (n) Female (n) Total 

Permethrin 52.6 ± 4.2 (3) 47.9 ± 4.1 (5) 49.4 ± 4.1 

Fipronil 42.1 ± 5.1 (5) 54.2 ± 5.8 (3) 45.5 ± 4.9 

Permethrin + Piperonyl Butoxide 55.8 ± 3.6 (4) 47.9 ± 3.5 (4) 51.5 ± 3.5 

Untreated control 56.9 ± 4.4 (2) 46.1 ± 3.8 (6) 47.9 ± 4.1 

*Arithmetic mean ± standard deviation. 
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The sale and use of ectoparasiticides for the control of arthropod parasites of 
domestic animals constitute a major sector of the global animal health market 
and their control still relies heavily on the use of chemicals of whatever origin.  

Since the resistance problem to all chemical insecticides available is becoming 
more and more evident, new alternatives to control these parasites are prompt-
ed. However, the development of new drugs is a tough task mainly due to the 
high costs to develop a new anti-flea compound, hence pharmaceutical compa-
nies are trying to optimize the use of the currently available compounds. Among 
these products, fipronil, cypermethrin, permethrin and tetramethrin have been 
proved to be highly effective contact insecticides [10]. Nonetheless, clinical signs 
of toxicity, such as ataxia and hypersalivation, have been observed in dogs and 
cats treated with different amounts of a formulation containing these com-
pounds [11].  

Most commercially available brands of permethrin “spot-on” products are la-
beled for “use in dogs only” and may be obtained over-the-counter. Permethrin 
toxicity usually occurs when the owner applies the dog spot-on product in cats 
that are in close physical contact with recently treated dogs [11]. Nevertheless, it 
has been stated that large pets are less severely affected by permethrin-containing 
products than small-sized dogs, as both body mass and hair density increase 
poisoning due to the great surface area created by the hair. Moreover, if these 
pets are accidentally sprayed in the mouth, the risk of poisoning increases 60 - 
150-fold [12]. 

Fipronil is a phenylpyrazole compound that blocks the transmissions of sig-
nals by the inhibitory neurotransmitter, GABA that is present in arthropods [13] 
[14]. It has been used worldwide for the treatment and control of flea, mite and 
tick infestations on dogs and cats [15] [16] [17]. Fipronil is highly lipophilic and 
diffuses into the sebaceous glands of hair follicles that then act as a reservoir, 
which confers the compound a long-term protection activity [18]. Fipronil effec-
tiveness on other parasites has been demonstrated, namely, against Sarcoptes 
scabiei [17] [19], the ear mite Otodectes cynotis [19] [20] [21], as well as other 
mite species, such as Trombicula and Cheyletiella spp. [22].  

The potential benefits of a combination of products are numerous, such as 
prolonging the duration of activity and broadening the ectoparasiticide spec-
trum, hence providing a convenient single administration to treat multiple para-
sites at the same time. However, considering that the present study was aimed 
solely at determining the efficacy against fleas on naturally infested dogs, the 
advantage of using a combined formulation of permethrin plus piperonyl bu-
toxide was not demonstrated since other ectoparasites from dogs and cats were 
not included. 

In the present study, no clinical signs were observed after the treatment of 
dogs with either fipronil or permethrin or permethrin + piperonyl butoxide. 
Further studies should then be conducted to demonstrate the advantage(s) of 
this combined formulation. 

Previous research [23] [24] determined the therapeutic and residual efficacy of 
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a topically applied combination of cyphenothrin (40%) and pyriproxyfen (2%) 
against the tick Haemaphysalis elliptica and the flea Ctenocephalides felis on 
dogs. The product had a therapeutic efficacy of 83.1% against H. elliptica and 
97.5% against C. felis two days after treatment. 

In another study, 20 cats and seven dogs living in 16 homes, were topically 
treated according to label directions with spot-on formulations containing either 
fipronil (9.8%, w/w) combined with (S)-methoprene (11.8%, w/w) or fipronil 
(9.8%, w/w) combined with (S)-methoprene (8.8%, w/w). A single application 
reduced flea populations by 88.44%, within 7 days [25]. 

It must be highlighted that in the current trial, all ectoparasiticides proved to 
100% control fleas after three days. Even after re-infestation, no fleas were found 
on counts performed on day 28. Likewise, no adverse effects observed on adults 
or puppies; demonstrating that they are safe when administered at the recom-
mended dosing levels. It is important to highlight that no side effects of adverse 
reactions were observed. Moreover, at the end of the study, the physical appear-
ance and health conditions of the treated dogs improved, as healthy-looking skin 
and shiny coat were observed. Besides, dogs recovered energy after treatment 
and remained playful. In contrast, dogs of the untreated group seemed depressed 
and even aggressive, hence, handling of these animals was difficult before treat-
ment was administered at the end of the experiment. Regarding public and ani-
mal health issues, a previous report [26] specified that Ctenocephalides canis 
and C. felis are considered the most important ectoparasites of dogs and cats all 
over the world and can infest humans. Consequently, it is suggested to strategi-
cally treat fleas on pets. It would be a mistake to see the current study as defini-
tive, as one major limitation was findings were not based on an artificial infesta-
tion. It is also important to mention that after the original patent of the first ap-
proved fipronil formulation expired (Frontline, Merial), several generic products 
were introduced into the veterinary preventive medicine market worldwide. 
Considering the importance of flea infestations in veterinary medicine, reports 
that compare pulicidal efficacy of generic preparations help screen key pharma-
codynamic parameters that are required to fully declare a generic drug as effica-
cious as the reference one. 

4. Conclusion 

It can therefore be concluded from our findings that, under the conditions of the 
current trial, the three commercially available anti-flea products exerted a high 
and persistent efficacy during a month in naturally-infested dogs. This study can 
be a useful tool to ease the selection of an efficacious pulicide for dogs. 
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