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A B S T R A C T   

Otodectes cynotis is a commonly occurring surface mite that can be easily transmitted between suitable hosts, 
including dogs, causing otocariosis. The activity of the systemic insecticide afoxolaner against O. cynotis has been 
tested once under experimental conditions, showing a high efficacy. The present study aimed to i) assess the 
efficacy of two consecutive monthly oral administrations of afoxolaner (NexGard®) against O. cynotis in naturally 
infested dogs under field conditions and ii) evaluate its impact in reducing bacteria or fungal secondary in-
fections. Dogs, positive for O. cynotis (n = 20), were included in the study and allocated in two groups of ten 
animals each (G1, control group, and G2, treated group). The first group of ear mite-infested dogs was treated 
with a placebo, while afoxolaner was administered orally to the second group of dogs at Day 0 (D0) and Day 30 
(D30), following label instructions. Otoscopic assessments, deep-swab method and swab samples were performed 
on all dogs (Days 0, 30, 42) to evaluate the presence or absence of live mites and their number throughout the 
study, as well as to conduct bacterial and fungal assessments. No adverse events likely related were recorded 
throughout the study. By Day 42 (D42), all dog’s ears were flushed to recover ear mites. All treated dogs became 
negative, as well as two dogs of the control group. The treatment efficacy of afoxolaner was 100 % based on the 
arithmetic means of the live mite counts. The clinical scores did not change significantly in the control group, 
whereas they significantly improved in the treated one from D0 to D30 (p-value = 5.47 10− 5). No live mites were 
present in the afoxolaner-treated group at D42 (p-value = 0.00073). In this field study, two oral administrations 
of afoxolaner at the recommended dose allowed a complete cure of the infestation. Bacterial and Malassezia 
pachydermatis infections were detected in both groups, although no significant trend was associated to the ear 
mite treatment.   

1. Introduction 

Otodectes cynotis (Acari, Psoroptidae) is a common obligatory, non- 
burrowing mite, causing external otitis in cats, dogs, ferrets, foxes, 
and, occasionally, humans (Otranto et al., 2004). This mite lives mainly 
in the ear canal of the host, although it can rarely migrate on other parts 
of the body (e.g., head, feet, and tip of the tail) (Curtis, 2004). The life 
cycle lasts three weeks, occurs entirely within the animal’s ear, and 
includes four developmental stages (i.e., egg, larvae, proto- and deuto-
nymph, and adult) (Sweatman, 1958). The ear-mite infestation (i.e., 
“otocariosis”) is a very contagious and worldwide distributed parasitosis 
mainly affecting young individuals (Taenzler et al., 2017), commonly 

diagnosed during routine veterinary physical examinations. Ear-mites 
primarily feed on desquamated epithelial cells and aural exudates, and 
eventually pierce the ear lining and feed on tissue fluids (Mullen and 
Oconner, 2002). The consequent otitis is characterized by vertical and 
horizontal ear canal erythema with a characteristic dark brown, ceru-
minous auricular exudate (Taenzler et al., 2017). Papulocrustous lesions 
(miliary dermatitis) may be also found on the head, feet, and tip of the 
tail (Scott and Horn, 1987). The intense pruritus may result in 
self-mutilation, bleeding, and aural haematoma development (Kraft 
et al., 1988; Baker, 1999). Occasionally, the infestation leads to sec-
ondary bacterial infection, possibly resulting in purulent external otitis 
(Arther et al., 2015). Indeed, pathogens that may be involved and, 
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consequently, complicate the otocariosis are bacteria of the genera 
Staphylococcus spp., Streptococcus spp., Proteus spp., Pseudomonas spp. 
and Escherichia coli, as well as yeasts belonging to Malassezia genus 
(Nardoni et al., 2014). However, the ear-mite treatment may pay a role 
in balancing the host immune-response, by eliminating the major 
pathogen (i.e., ear mites) and allowing the self-cure of the animal from 
secondary yeast and bacteria infections (Tarallo et al., 2009; Nardoni 
et al., 2014). Treatment of otocariosis includes the mechanical cleaning 
of the ear canal followed by either the application of topical products 
containing acaricides, antibiotics, and synthetic corticosteroids (Pappas 
and Kartz, 1995; Scherk-Nixon et al., 1997) or the use of systemic 
acaricidal formulations of macrocyclic lactones (e.g., eprinomectin, 
moxidectin, selamectin) or isoxazolines (e.g., esafoxolaner, fluralaner, 
sarolaner) (Shanks et al., 2000; Beugnet et al., 2014; Tielemans et al., 
2021). Recent efficacy studies, especially concerning isoxazolines, have 
been conducted in cats, and an esafoxolaner formulation is registered to 
treat ear mange in cats in European Union (Tielemans et al., 2021). Few 
data are available regarding their use in ear mite infested dogs. The oral 
administration of afoxolaner at the minimum dose of 2.5 mg/kg (Nex-
Gard®, Boehringer Ingelheim Animal Health) showed its efficacy in 
protecting dogs against flea, tick and mite (i.e., Sarcoptes scabiei and 
Demodex canis) infestations (Halos et al., 2014; Shoop et al., 2014; 
Beugnet et al., 2016a, b; Hampel et al., 2018; Lebon et al., 2018). Only a 
single study using experimentally infected dogs assessed its efficacy 
against ear mites (Carithers et al., 2016). Therefore, based on these 
observations, the present study was undertaken to i) assess the efficacy 
of two consecutive oral monthly administrations of afoxolaner following 
label recommendations in dogs naturally infested with O. cynotis, and ii) 
evaluate the effect of the ear mite treatment in reducing bacterial or 
fungal secondary infections. 

2. Material and methods 

2.1. Animals 

Twenty privately-owned dogs (≥2 kg and ≥8 weeks old), presenting 
ear mange (≥1 live mite in at least one ear) were included in the study. 
Any dogs with an inappropriate health status, in pregnancy or lactation, 
or treated with an ecto- or endoparasiticide product within its efficacy 
duration were excluded. 

2.2. Study design 

This study was a multi-site (i.e., Apulia region) negative control, 
blinded, clinical efficacy field trial, using a randomized block design 
based on the order of animal inclusion, and all evaluations of efficacy 
were performed by personnel in blinded conditions. The day of enrol-
ment represented by Day 0 (D0) was different for each animal. Each dog 
was considered as an experimental unit and its allocation in the treat-
ment or control group was performed by the treatment dispenser. To 
prevent potential bias or unmasking, the treatment assessments were 

conducted in a non-systematic order. The ratio between untreated 
(Control Group, G1) and treated (Treated Group, G2) animals was 1:1 
(Table 1). Health status and otoscopic examinations followed by a semi- 
quantitative deep swab method and ear swab samples for mycological 
and bacteriological analyses were performed for all dogs of both groups 
at D0, D30 ± 2 (+30 days post-enrollment) and D42 ± 2 (+42 days post- 
enrolment). In addition, during the whole study period, all dogs were 
clinically observed by their respectively owners for possible adverse 
events due to the product administration. 

2.3. Treatment 

Animals in G1 and G2 were treated at D0 and D30 ± 2 with a sham 
dose (i.e., animals were handled as they were going to be treated), or a 
chew of NexGard® (afoxolaner oral formulation, delivering a minimum 
of 2.5 mg/kg) according to the label instructions, respectively. Any dog 
still positive for O. cynotis on D42 ± 2 were treated with afoxolaner at 
the end of the study. Dogs were weighed before each treatment for 
appropriate dosage determination. 

2.4. Ear mite assessments 

A qualitative evaluation of the ear mite infestation status was per-
formed by otoscopic examination for each dog at each time point (i.e., 
D0, D30, D42) to determine the presence or absence of visible live ear 
mites (adult or immature). At the same time, semi-quantitative assess-
ments by deep swab method were also conducted to quantify them. After 
sampling, the swabs were placed in 60 × 15 mm Petri dishes and 
immediately delivered to the laboratory. The mites were counted and 
identified, following the morphological description of Sweatman 
(1958). Data regarding number of mites for each ear, sign of pruritus and 
quality/quantity of cerumen were recorded, and the clinical ear scores 
were calculated as shown in Table 2. Each score was assessed for left and 
right ears and then the sum was calculated. 

2.5. Bacterial and fungal analyses 

Ear swab samples were cultured onto Sabouraud dextrose agar me-
dium with 0.5 % chloramphenicol and on Dixon agar and incubated at 
32 ◦C for 10 days for yeast isolation, whereas on Columbia blood agar 
(CBA), Mannitol Salt Agar (MSA) and MacConkey agar (MCK), 

Table 1 
Untreated control group and afoxolaner-treated group (2.5 mg/kg on Days 0 and 30): dog details at the enrolment (D0).  

Dog N Breed Age (Months) Sex Weight (Kg) Dog N Breed Age (Months) Sex Weight (Kg) 

1 Pointer 84 F 19.0 1 English Setter 132 F 14.0 
2 Breton 36 F 15.0 2 Pointer 72 F 18.0 
3 Breton 120 F 15.3 3 Breton 5 F 15.0 
4 Segugio 3 F 7.7 4 Segugio 54 M 16.1 
5 Segugio 3 F 7.4 5 Segugio 60 F 16.1 
6 Segugio 6 F 12.6 6 Segugio 30 M 15.0 
7 Barboncino 6 F 3.1 7 Segugio 6 F 14.7 
8 Barboncino 60 F 3.9 8 Segugio 6 F 14.4 
9 Barboncino 48 F 3.5 9 Barboncino 36 F 2.3 
10 Barboncino 36 F 4.2 10 Barboncino 24 F 3.3 
Arithmetic mean 37.9  8.8   42.5  12.5  

Table 2 
Evaluation scales employed for the clinical signs.  

Grade Signs of Pruritus Presence of Cerumen 

1 Absent Absent 
2 Mild without external skin alteration Clear with low volume 
3 Moderate with mild skin alterations of 

the external ear 
Brown cerumen with medium 
sized volume 

4 Severe with marked skin alterations of 
the external ear 

Dark cerumen, large volume  
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incubated at 35 ◦C for 48 h in aerobic conditions, for bacteria isolation. 
The colonies were counted and expressed as colony-forming units per 
sample (CFU). For each sample positive to yeasts (>20 CFU), the col-
onies were examined microscopically after Gram staining and identified 
by microscopical features (e.g., urea hydrolysis, the ability to assimilate 
Tween, growth on PEG-35 castor oil, and β-glucosidase activity), and 
sugar assimilation system (Cafarchia et al., 2011). For bacteria after a 
Gram staining, the colonies were biochemically identified by means of 
API-system (Biomérieux, Marcilly-le-Châtel, France) (Lyskova et al., 
2007). 

2.6. Ear flushing 

A quantitative assessment of live (motile) ear mites by ear-duct 
flushing (Fig. 1), mite collection and live mite count was performed 
on D42 ± 2 on all dogs. Clinical alterations were evaluated prior to ear 
flushing to ensure that the clinical presentation was unbiased. 

The ear-ducts were flushed with an appropriate ear cleaning solution 
(i.e., 5% aqueous solution of docusate sodium) and massaged lightly 
externally until obtaining a sufficient melting of the ear-duct content. 
The melted solution was collected and drained into a 38 μm sieve, fol-
lowed by 2 mL of a warm saline solution flush of the ear duct into the 
same sieve and collected into a 50 mL labelled tube, separately for each 
ear. Then, both ears were otoscopically examined and the flushing 
procedure was repeated until both ear-ducts were judged clean, thus, 
without persistent cerumen deposits and/or mites observed. The con-
tents of both tubes were immediately examined and stored in labelled 
1.5 mL tubes. All collected material was observed on the same day at the 
stereomicroscope, and all the live mites (adult and immature) were 
morphologically identified (Sweatman, 1958), counted and recorded for 
each ear. 

2.7. Assessment of efficacy and Statistical analyses 

The primary criterion for the assessment of the efficacy was the live 
(motile) ear mite counts in animals on D42. The study was considered 
valid if at least 75 % of dogs in the negative Control Group were still 
positive for live (motile) O. cynotis in at least one ear. Arithmetic mean 
for each group was calculated. Efficacy for the treated group was 
determined by calculating the percent efficacy as 100 X [(C-T)/C], 
where C is the mean among untreated controls and T is the mean 
among the treated animals. The counts of the treated group were 
compared to the counts of the untreated control group at each time point 
using a non-parametric Wilcoxon sum rank test. The two groups listed as 
a fixed effect, and the allocation blocks listed as a random effect. All 
testing were two-sided at the significance level α = 0.05. The number of 
mite-free dogs were compared using a Fisher exact test. The secondary 
criterion for the assessment of the efficacy were the clinical lesion 

scores, the semi-quantitative ear mite counts, and the assessment of 
bacterial and fungal populations (i.e., D0, D30, D42). Data regarding ear 
mite, bacterial and fungal infections at each time point were recorded in 
a Microsoft Excel spreadsheet. The groups were compared using non- 
parametric (Kruskall Wallis test) and two-sided with continuity correc-
tion (Wilcoxon sum rank test) tests through “R”. The success rate was 
determined for each time point as the percentage of dogs in the treated 
group that showed lower clinical scores versus the pre-treatment and a 
clinical score of “1” or “2”. Results of bacteriological and mycological 
examination were processed using chi-squared test, with significance 
specified at 0.05. 

3. Results 

3.1. Antiparasitic efficacy 

At D0, the total count of ear mites for each dog, ranged from 1 to 21 
and 1 to 24 for the control group and treated group, respectively, while 
at D42, all treated dogs became negative, whereas the untreated ones 
remained positive, except for two. 

Based on arithmetic means, an average of 4.1 live mites (adults and 
immatures) per control dog, and an average of 0 live mites per 
afoxolaner-treated dogs, was recorded after ear flushing (Table 4). Based 
on the ear-mite counts, no live mites were present in the afoxolaner- 
treated group compared to the control group at D42 (p = 0.00073), 
the significant difference between the two group was obtained using the 
Wilcoxon rank sum test. The antiparasitic efficacy of the tested product 
against O. cynotis was 100 %. The comparison of mite free dogs between 
D0 and D42 was significant (p = 0.00071), using the Fisher’s Exact Test. 

3.2. Clinical examinations and health observations 

None of the clinical signs associated with the mite infestations was 
observed during the clinical examinations, except for five cases at D0, 
two dogs in the control group and three dogs in the treated group with 
sum scores >2. The veterinarian carefully examined and judged all 
enrolled dogs to be fit to continue at each assessment throughout the 
study (D0, D30 and D42). No serious health issues were recorded during 
the study, with only mild signs consistent with O. cynotis infestation 
observed. No adverse events related to the administration of afoxolaner 
were observed. 

The clinical scores did not significantly change within the control 
group during the whole study period (p = 0.24), whereas they improved 
significantly in the treated group: p = 9.798 10− 7 and p = 5.47 10-5 (D0/ 
D30 score) with Kruskal-Wallis and Wilcoxon rank sum tests, respec-
tively (Table 3). 

3.3. Bacterial and fungal assessments 

Dogs in control and treated groups showed a positivity at D0 for 
Malassezia pachydermatis (n = 12; 60 %) that decreased to (n = 7, 35 %) 
after the whole period of study. In particular, 4 dogs of the treated group 
were positive for M. pachydermatis at D0. Of these, 3 dogs became 
negative at D42, while out of 8 positive dogs for M. pachydermatis in the 
control group, only 2 became negative at D42. The difference in dogs 
becoming negative at the end of the study for the fungal infection is not 
statistically significant between the two groups (OR = 0.11; χ2 = 2.74; p 
= 0.097). 

Dogs were also positive to bacterial infections due to Bacillus spp. (n 
= 3; 15 %), Staphylococcus sciuri (n = 1; 5%), Staphylococcus chromogenes 
(n = 3; 15 %), Staphylococcus lentus (n = 1; 5%), Staphylococcus pseu-
dointermedius (n = 1; 5%); Proteus spp. (n = 3; 15 %); Staphylococcus spp. 
(n = 1; 5%). One dog was also coinfected by S. chromogenes and S. sciuri. 

Fig. 1. In detail, the ear flushing procedure in a dog of the untreated control 
group at the D42 post-enrolment. 
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4. Discussion 

The administration of two oral monthly doses of afoxolaner, at 
minimum dose of 2.5 mg/kg, was effective in rapidly eliminating ear 
mites, which resulted in 100 % of antiparasitic efficacy against O. cynotis 
infestations, as assessed 42 days after the first administration. 

This efficacy was higher than that observed in the study published by 
Carithers et al. (2016; 98 % efficacy based on mite count with 2 out of 8 
dogs still infested at D28), although the dogs in that trial were infested 
by a higher number of ear mites and treated just once with afoxolaner. 
On the other hand, our partial results at D30, before the second 
administration of the systemic insecticide, showed that all the treated 
dogs were negative for the presence of ear mites at the otoscopic 

examination and deep swab method. The high efficacy of afoxolaner 
against ear mites, herein described, may be explained by the number of 
doses administrated and the difference in time between the last product 
administration (D30) and the final ear mite count (D42), compared to 
the aforementioned study. Indeed, in another similar trial, in which the 
difference in efficacy of two different treatments against the ear mite 
infestation (i.e., 10 % imidacloprid + 2.5 % moxidectin and selamectin) 
was evaluated, there was an increase in the mite clearance rate from the 
final administration of the products (i.e., up to 71 % at D28) to the last 
ear mite count evaluation (i.e., up to 82 % at D56) (Arther et al., 2015). 
Therefore, the treatment efficiency improves the ear mite clearance rate 
in the infested dogs gradually after administration. The acaricidal effi-
cacy of afoxolaner has also been observed for other mite species 
infesting dogs, namely Sarcoptes scabiei (i.e., 100 % efficacy; Beugnet 
et al., 2016a) and Demodex spp. (i.e., 99.2 % efficacy after the second 
dose at D28; Beugnet et al., 2016b). This study confirmed the wide 
applicability of this systemic insecticide in the treatment of different dog 
mange infestations. 

The clinical scores showed a low number of dogs with marked signs 
at D0. However, the low mite count intensity in the dogs may explain 
this lack of clinical severity. Nevertheless, the treatment with afoxolaner 
induced a significant improvement with disappearance of any signs at 
D30. This result demonstrates that the parasitological cure from the ear 
mange infestation may be positively related to the resolution of its 
clinical signs, as shown also in a previous study (Becskei et al., 2018). 
Furthermore, Otodectes infestation is usually accompanied by bacterial 
and fungal infections (Nardoni et al., 2014). In the present study, 
although a decrease in the number of dogs positive for M. pachydermatis 
infection was observed at D42 in the treated group, no statistically sig-
nificant difference was found in the treatment effect on the yeast 
infection between the two groups. This could be related to the limited 
sample of dogs infected with Malassezia spp.. Further analysis should be 
conducted to assess the impact of ear mite treatment to the ear micro-
biote recovery as suggested in a previous work (Tarallo et al., 2009). 
Most of the cases of bacterial infections were due to Staphylococcus spp. 
and Bacillus spp., which are well-known to be opportunistic pathogens 
and normal contaminants of the skin (Nardoni et al., 2014). In addition, 
in three cases (i.e., one dog of G2 and two dogs of G1), a specific 
treatment of Proteus spp. infection was advocated considering the 
non-opportunistic role of this pathogen (Lyskova et al., 2007). However, 
all the above-mentioned bacteria have already been associated to the ear 
infections in dogs (Nardoni et al., 2014). 

5. Conclusion 

The high efficacy achieved with NexGard® (afoxolaner) under nat-
ural field conditions confirms the results of experimental ear mite 
infestation. It confirms the possibility to use isoxazolines to treat ear 
mange in dogs, as it has been recently demonstrated in cats for NexGard 
Combo® (Tielemans et al., 2021). 
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Table 3 
Evolution of the clinical ear scores from D0 to D42 in both untreated control 
group and afoxolaner-treated group (2.5 mg/kg on Days 0 and 30).   

D0 D30 D42 

Untreated control group 2 2 6  
1 2 2  
1 4 4  
1 2 0  
2 1 0  
5 3 2  
1 2 0  
1 2 2  
2 2 1  
1 2 4 

Mean 1.7 2.2 2.1  

Afoxolaner-treated group 2 0 0  
1 0 0  
5 0 0  
3 0 0  
2 0 0  
1 0 0  
4 0 0  
2 0 0  
2 0 0  
2 0 0 

Mean 2.4 0 0  

Table 4 
Evolution of the ear mite counts from D0 to D42 in both untreated control group 
and afoxolaner-treated group (2.5 mg/kg on Days 0 and 30). The ear mite counts 
were performed by deep swab method at D0 and D30, whereas ear flushing for 
the final count at D42.   

D0 D30 D42 

Untreated control group 2 6 11  
1 2 0  
3 9 9  
2 5 1  
2 1 1  
21 7 8  
2 3 0  
1 5 1  
1 4 4  
4 4 6 

Mean 3.9 4.6 4.1  

Afoxolaner-treated group 2 0 0  
1 0 0  
18 0 0  
10 0 0  
4 0 0  
1 0 0  
24 0 0  
6 0 0  
3 0 0  
5 0 0 

Mean 7.4 0 0  
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