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Abstract
Background
Superficial pyoderma caused by Staphylococcus pseudintermedius is a common skin disease in dogs. In the Netherlands the first-choice antibiotic for this condition is clindamycin. 
Objectives
To assess the situation in the Netherlands regarding the resistance against the first-choice antibiotic for superficial pyoderma caused by S. pseudintermedius in dogs.
Animals
237 dogs of a variety of breeds with a superficial pyoderma were included in this study. The patients were referred to the dermatology department of the Utrecht University Clinic for Companion Animals between January 1st of 2014 to December 31st, 2018. 
Methods
A retrospective analysis regarding the incidence of clindamycin resistance was performed by using the antibiograms submitted to the Veterinary Microbiology Diagnostic Center. All previous antibiotic treatments were retrospectively analyzed until one year before presentation to the clinic by an in-depth investigation of the clinical records of the referring veterinarian. 
Results
33,5% of the S. pseudintermedius isolates in this study were clindamycin resistant. Of dogs not treated with antibiotics in the previous year 21,0% were resistant against clindamycin. Dogs with a history of antibiotic use in the previous year were clindamycin resistant in 42,3% of the cases. 
Conclusions and clinical importance
Given the high incidence of clindamycin resistance in a university hospital population it might be an idea to reconsider the use of clindamycin as a first-choice antibiotic. Instead either a topical therapy with chlorhexidine should be encouraged or first start with a bacterial culture and susceptibility test before an antibiotic treatment is started.
Introduction
Superficial pyoderma caused by Staphylococcus pseudintermedius is one of the most common skin diseases seen in dogs.(1) S. pseudintermedius is a gram-positive, coagulase-positive cocci and a commensal of the dog’s skin. Puppies acquire S. pseudintermedius within eight hours after birth, passed on from their dam.(2) However, when an underlying disease is present, S. pseudintermedius can act as an opportunistic pathogen causing secondary pyoderma. (2)  Primary causes of a bacterial skin infection can be allergic dermatitis, ectoparasites, endocrinopathy, immunosuppression, keratinization disorders and follicular dysplasia(1,3). Pustules, papules and collarets are hallmarks of a superficial pyoderma. Pruritus is often seen however it can vary from mild to intense. (1,3)  According to the Dutch formulary the first-choice antibiotic to treat a superficial pyoderma is clindamycin(4). The treatment length can be up to 28 days with an advised dosage of 11 mg/kg once daily administered orally(5), however the dosage range in the literature is wide and dosages of 5,5 mg/kg are also documented.(6)  Clindamycin is a lincosamide antibiotic and depending on the concentration it is a bactericidal or bacteriostatic antibiotic. Clindamycin binds to the 50S ribosomal unit of a bacteria which prevents the bacteria from peptide bond formation. Their spectrum includes aerobic gram-positive cocci and many anaerobic bacteria. Furthermore, clindamycin has a good distribution in to the skin(5) .
However recent research has shown a significant amount of clindamycin resistance in S. pseudintermedius. In Denmark in referral clinics up to 27% of the colonies were resistant against clindamycin. Furthermore, this Danish research shows that especially dogs treated with antibiotics in the six months prior to the antibiogram had a higher prevalence of clindamycin resistant S. pseudintermedius strains. In dogs not treated with antibiotics the prevalence of clindamycin resistance was 14%(7). Also occurring is a clindamycin susceptible result in the antibiogram while the treatment doesn’t give clinical cure. Most of these strains however showed a resistance against erythromycin. With a double-disk diffusion test and PCR detection of ermB these isolates were tested positive for inducible clindamycin resistance.(8,9) The aim of this study is to investigate retrospectively the situation regarding clindamycin resistance in the Netherlands in a university hospital population. The following hypothesis was drafted: H0 = There is no significant percentage of S. pseudintermedius resistant against Clindamycin in dogs with superficial pyoderma in the Netherlands. H1 = There is a significant percentage of S. pseudintermedius resistant against Clindamycin in dogs with pyoderma in the Netherlands. 
Material and methods
Study design
[bookmark: _Hlk10379671]A retrospective analysis of the antibiograms from patients with a superficial pyoderma presented to the dermatology department of the Utrecht University Clinic for Companion Animals (UUCCA). Only samples submitted by the four members of the Dermatology department were included in this study. To be included in the study the patients had to be referred to the dermatology department of the UUCCA between January 1st of 2014 to December 31st, 2018 and have clinical signs compatible with (papules, pustules and collarettes) and a positive cytology and bacterial culture result proving a superficial pyoderma caused by S. pseudintermedius or MRSP in a moderate to high count. 
[bookmark: _Hlk10414412]In five years, a total of 240 antibiograms with a S. pseudintermedius positive result were collected in dogs with a superficial pyoderma. These samples were all investigated by the Veterinary Microbiology Diagnostic Center (VMDC) of Utrecht University, also cytology was performed. After a Bacterial Culture the samples were analyzed with matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) analysis. Only samples with a S. pseudintermedius result of at least moderate count were included in this study. With an antibiogram the susceptibility of the S. pseudintermedius was regarded to clindamycin, amoxicillin, amoxicillin/clavulanic acid, cephalosporines, doxycycline, tmp/s and fluoroquinolones. Both a resistant as an intermediate result were regarded as resistant against clindamycin.   
In the second part of this study the amount of methicillin-resistant Staphylococcus pseudintermedius (MRSP) was reported in each year. Furthermore, it was analyzed if there were MRSP still susceptible to clindamycin. In total MRSP was found in 22 antibiograms of dogs with a superficial pyoderma during this five year.
[image: ]The antibiograms of the patients could be found in VETWARE (the administrative system of the UUCCA); the results regarding clindamycin resistance were documented in excel. The patient history is also found in VETWARE, the use of antibiotics found in the patient history was reported next to the results of the antibiogram. After all patients were inserted in excel the results were divided over the respective year the antibiogram was from. For clindamycin the use of this antibiotic sometime in this year resulted in a yes result, if clindamycin was not used in the previous year it resulted in a no result. For all other antibiotics the use of antibiotics most recent before the susceptibility test was used to determine in which time frame category the patient belonged.  Figure 1 Number of dogs with superficial pyoderma, divided in dogs affected wit S. pseudintermedius and MRSP. Further divided between their use of antibiotics in the previous year. The number of clindamycin resistant isolates are displayed per category.

Enrolled patients
237 dogs met the inclusion criteria (figure 1). All dogs with a superficial pyoderma were patients referred to the Dermatology Department of the UUCCA. A total of 271 bacterial cultures and susceptibility test were analyzed. In addition to 260 S. pseudintermedius isolates also four Staphylococcus coagulase negative, two Staphylococcus aureus, one Streptococcus group C, one Streptococcus group G, one Staphylococcus dysgalactiae, nine Staphylococcus schleiferi, ten Streptococcus canis and 22 MRSP were isolated. 
The median age of the dogs was 5,2 years, ranging from three months to 16 years old. A total of 134 males, of which 78 intact and 56 castrated, and 103 females, of which 26 intact and 77 neutered, were included in the study. The most encountered breeds were West Highland White Terrier with 16 (6,8%) dogs, Labrador Retriever with 14 (5,9%) dogs, German Shepherd with 13 (5,5%) dogs and American Staffordshire Terrier with nine (3,8%) dogs (table 1); 30 (12,7%) crossbreeds were included. The most common seen primary causes of the superficial pyoderma were allergy of unknown origin, this could be either atopic dermatitis, food allergy or a combination of the two, in 57 (24,1%) dogs, atopic dermatitis in 53 (22,4%) dogs, food allergy in 13 (5,5%) dogs and flea allergy in 8 (3,4%) dogs; the cause of the pyoderma was not yet identified in 86 (54,9%) dogs. In these dogs a total of 282 isolates of either S. pseudintermedius or MRSP were demonstrated (table 1).
24 dogs had a recurrent infection or no response to the treatment, so they had a bacterial culture multiple times, all test results were included in this study. If from a patient multiple S. pseudintermedius were sampled at the same time and the isolates had a different antibiogram all isolates were included in the study. 
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Table 1 Demographic information about the study population. Dogs are divided by the primary cause of their pyoderma.
Treatments
The use of antibiotics in enrolled patients a year prior to the antibiogram was analyzed through the patient history sent by the referring veterinarian; if the patient was already known in our clinics previous subscription of antibiotics by the UUCCA were displayed in our administrative system VETWARE. The analysis of the use of antibiotics was carried out in dogs with a resistant strain as well as in dogs with a susceptible strain. In case of incomplete patient histories, the referring veterinarians were asked to send a full patient history starting a year before they were referred to the UUCCA. For the history it was investigated which antibiotic was used, the treatment time and the dosage. The previous use of antibiotics was divided in five categories; antibiotics used less than a month ago, less than two months ago, less than a half year ago, less than a year ago and patients with no history of antibiotic use during the past year. Furthermore, it was investigated if patients received clindamycin at any point in their one-year history.
Regarding incomplete histories, depending on the set up of the patient history they were included or excluded. If the most recent months were complete and the patient used antibiotics in it, the patient histories were included. If the patient history was incomplete for the most recent months or the patient did not use antibiotics in the most recent months the patient histories were excluded. The same method was used for the patient histories regarding the specific antibiotic clindamycin. So, if a patient used some sort of antibiotic during the most recent months of the patient history but did not use clindamycin, the patient history was included in the results for general use of antibiotics but excluded in the results for use of clindamycin.
Statistical analysis
The results for clindamycin resistance were expressed in percentages; they were determined for the whole period and for every year apart. The use of antibiotics was also expressed in percentages; including yes or no for the use of clindamycin and the distribution over the time categories regarding the previous use of antibiotics.
Results
From January 1st, 2014 to December 31st, 2018 a total of 260 S. pseudintermedius isolates were demonstrated in dogs with a superficial pyoderma. 87 (33,5%) of the 260 isolates were resistant for the first-choice antibiotic clindamycin. Regarding the other antibiotics included in the antibiogram used at the VMDC, the isolates were resistant for amoxicillin in 198 (76,2%) cases, for doxycycline in 77 (29,6%), for tmp/s in 15 (5,8%), for fluoroquinolones in six (2,3%) and for cephalosporines in one (0,3%). All isolates were susceptible for amoxicillin clavulanic acid. The resistance percentages per year of the seven different antibiotics are displayed in figure 2.
Out of the 260 isolates we had a patient history regarding clindamycin available from the patients of 190 isolates. In 22 (11,6%) isolates the patient had received clindamycin in the previous year. In clindamycin resistant cases in 15 (22,7%) of the 66 isolates clindamycin was used and in clindamycin susceptible isolates this was the case in seven (5,6%) of the 124 isolates. Over the whole period we received a patient history regarding all antibiotics from the patients of 73 clindamycin resistant isolates of S. pseudintermedius and 138 clindamycin susceptible isolates. In the clindamycin resistant isolates, the patients received any sort of antibiotics less than two months 
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Figure 2 All S. pseudintermedius isolates included in this study are tested for seven antibiotics at the VMDC. The rate of resistance against these antibiotics are displayed here.
ago in 22 (30,1%) of the 73 isolates, less than six months ago in 24 (32,9%) and less than one year ago in 14 (19,2%). In 13 (17,8%) isolates the patient was not treated with antibiotics for at least a year. 
In the clindamycin susceptible isolates, the patients of 38 (27,5%) of the 138 isolates received antibiotics less than two months ago, in 32 (23,2%) less than six months ago and in 19 (13,8%) less than a year ago. In 49 (35,8%) isolates the patients had not used antibiotics for the previous year (figure 3). The results divided in years are depicted in table 2 and 3, figure 4 and 5 and in the supplementary reading.
In total 62 isolates had a patient that was not treated with antibiotics in the last year before the bacterial culture. 13 (21,0%) of them were resistant against clindamycin. 149 of the isolates had a patient that was treated with an antibiotic sometime in the last year. In 63 (42,3%) cases the isolate was resistant against clindamycin.

Figure 3 The last time the patients received antibiotics before their antibiogram included in this study is depicted here. The difference beteen clidamycin resistant and clindamycin sensitive isolates is shown.
 
[bookmark: _Hlk14730732]Figure 4 The use of antibiotics in patients with a clindamycin sensitive isolate of S. pseudintermedius is depicted in this study. The difference of the last time the patient used antibiotics before the antibiogram is shown in year.

Figure 5 The use of antibiotics in patients with a clindamycin sensitive isolate of S. pseudintermedius is depicted in this study. The difference of the last time the patient used antibiotics before the antibiogram is shown in year.
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Table 2 The number of clindamycin sensitive S. pseudintermedius isolates per year are shown. Furthermore, the number and percentage of isolates that used antibiotics in a specific time frame category are depicted.
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Table 3 The number of clindamycin resistant S. pseudintermedius isolates per year are shown. Furthermore, the number and percentage of isolates that used antibiotics in a specific time frame category are depicted.
Regarding the MRSP, a total of 22 (7,8%) isolates were demonstrated during the five-year period; four in 2014, six in 2015, seven in 2016, four in 2017 and one in 2018. Four of the MRSP isolates (18,2%) were still susceptible for clindamycin. A patient history regarding previous clindamycin treatments was available for 20 of the 22 isolates. In four of the 20 isolates (20,0%) the patient received clindamycin in the last year, these were all in clindamycin resistant isolates. Regarding all antibiotics we had a patient history available for all patients. In one case (4,5%) no antibiotics were given, in ten (45,5%) it was less than a month ago antibiotics were given, in ten (45,5%) it was less than six months ago and in one (4,5%) it was less than a year ago.
Discussion
According to this study the overall clindamycin resistance in S. pseudintermedius in the five-year period is 33,5% in dogs referred to the UUCCA with a superficial pyoderma. The clindamycin resistance reported in this study is higher but in similar range of the research previously performed in Denmark, who reported a clindamycin resistance of up to 27% in a referral population, with 346 dogs included in the study.(7) Another research performed in the United Kingdom documented a lower clindamycin resistance of 9,5%, however there was no distinction between the members of the Staphylococcus Intermedius group, including S. pseudintermedius and S. intermedius, in this research. 14.555 isolates were included from both a referral population and first line practice.(10) On the other hand it was much lower than a previous Japanese study, which reported a clindamycin resistance of 82,5% in 170 isolates in a referral population.(11) 
What was also reported was that the incidence of clindamycin resistance was 42,3% in dogs treated with antibiotic the previous year while it was 21,0% in dogs not treated with antibiotics. This was in alignment with the recent Danish study, which reported a clindamycin resistance in dogs treated with antibiotics of 27% and dogs not treated had an incidence of 14% in that study(7) .
It was interesting to note only in 11,6% of the isolates, the referred patient was treated with clindamycin. Even though, clindamycin is the first-choice antibiotic(4) for patients with a superficial pyoderma. 
Also seen is the large group of patients with an allergy of unknown origin. The main reason is that patients presented to the clinic with a superficial pyoderma are first treated for their infection and after that the allergy trajectory is started. Which presents the problem of the patient owners lack of motivation to investigate the type of allergy. In most cases owners are not willing to cook themselves for the patient or it proves to be impossible to have the animals on a strict diet without any supplements.(12) Another reason to not research a definitive diagnosis is a successful symptomatic treatment with anti-pruritic medication with either lokivetmab or oclacitinib.(13,14) 
Lastly, we noted that from the 260 isolates 7,8% was an MRSP. An earlier Dutch study noted an increasing amount of MRSP from 0,9% in 2004 to 7% in 2013, with 10.281 isolates included, however all samples of S. pseudintermedius and MRSP including skin isolates, ear isolates, isolates from arthritis and more were included.(15) The percentage of MRSP seems to be in the same range of the 7,5% reported in 2013, however slightly increased. Although we must consider that in the previous study(15)  the patients were from a combined hospital population and dogs sampled by their own first-line veterinarian. Therefore, the MRSP rate might be a bit higher in this study with only a hospital population.
Even though the documented clindamycin resistance is high in this study, we must consider this research was done in a university hospital. All patients in this study were referred to the dermatology department because there was no clinical cure with the treatment from the referring veterinarian. Since clindamycin is the first-choice antibiotic in the Netherlands (4)  and therefore should be given firstly to patients this might indicate that dogs with a clindamycin susceptible strain are more likely to recover from the pyoderma after being treated by the own veterinarian. Since those patients will not be referred to the UUCCA it is a possibility that in first line practices the incidence of clindamycin resistance may be lower. However, in our study also 21,0% of the isolates in patients without use of antibiotics were resistant against clindamycin. 
Reported in this study is a higher incidence of clindamycin resistance in S. pseudintermedius in dogs which received antibiotics in the previous year. However, since this is a retrospective study, we cannot say for certain if the S. pseudintermedius became resistant after treatment or was already resistant before the treatment started. This should be further investigated in a clinical trial. This would also resolve the issue regarding incomplete or absent patient histories, even though this was a small group (17,3%) in this study. 
[bookmark: _GoBack]Since the high amount of clindamycin resistance reported in S. pseudintermedius by this study, it might be an idea to add a supplement to the Dutch formulary and advise a bacterial culture and susceptibility test before using clindamycin as a first-choice antibiotic in dogs with superficial pyoderma. However, since a topical treatment with chlorhexidine shows just as good results as a systemic treatment with amoxicillin clavulanic acid(16) , this might be a good choice of treatment to consider in patients with a superficial pyoderma.
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Supplement
In 2014 25 isolates of S. pseudintermedius were found of which eight (32,0%) were resistant against clindamycin. Of the eight resistant isolates we had a patient history in six cases. From the clindamycin resistant isolates in three (50,0%) of the six isolates the patients were treated less than 2 months ago, one (16,7%) less than six months, one (16,7%) less than one year ago and one (16,7%) was not treated in the last year. From the 13 clindamycin susceptible isolates we had a patient history in 12 cases. Patients of five (41,7%) of the 12 isolates were treated with antibiotics less than two months ago, four (33,3%) less than six months ago and one (8,3) less than a year ago. Two (16,7%) were not treated with antibiotics in the last year.
In 2015 64 isolates of S. pseudintermedius were found of which 16 (25%) were resistant against clindamycin. Of the 16 resistant isolates we had a patient history available in 14 cases. Of the clindamycin resistant isolates, the patients of three (21,4%) were treated with any antibiotic less than two months ago, five (35,7%) less than six months ago, three (21,4%) less than a year ago and three (21,4%) were not treated with antibiotics the past year. From the 48 clindamycin susceptible isolates we received the patient history from the patients of 35 isolates. The patients of five (14,3%) of the 35 isolates were treated with antibiotics less than two months ago, 11 (31,4%) less than six months ago and seven (20,0%) less than a year ago. In 12 (34,3%) isolates the patients were not treated with antibiotics for at least a year.
In 2016 75 isolates of S. pseudintermedius were found of which 30 (40%) were resistant against clindamycin. From the patients of 23 of the 30 resistant isolates a patient history was available. In 5 (21,7%) of the 23 isolates antibiotics were used less than two months ago, in 7 (30,4%) less than six months ago, in 6 (26,1%) less than six months ago and in 5 (21,7%) it was more than a year ago they received antibiotics for the last time. From the 45 clindamycin susceptible isolates we had a patient history available in 41 cases. In 15 (36,7%) of the 41 isolates the patient was treated with antibiotics less than two months ago, in 11 (26,8%) less than six months ago and in six (14,6%) less than a year ago.  In nine (22,0%) it was more than a year ago the patient received their last treatment.
In 2017 49 isolates of S. pseudintermedius were found of which 18 (36,7%) were resistant against clindamycin. Of the 18 resistant isolates a patient history was available for 17 isolates. In 6 (35,3%) of the 17 isolates the patient received antibiotics less than two months ago, in five (29,4%) less than six months ago, in three (17,6%) less than six months ago and in three (17,6%) it was more than a year ago the patient was last treated with antibiotics. From the 31 clindamycin susceptible isolates, we had a patient history in 25 cases. In six (24,0%) of the 25 isolates the patient received their last antibiotic less than two months ago, in four (16,0%) less than six months ago and in one (4,0%) less than a year ago. In 14 (56,0%) isolates the patient did not receive antibiotics in the last year.
In 2018 47 isolates of S. pseudintermedius were found of which 15 (31,9%) were resistant against clindamycin. Of the 15 resistant isolates we had a patient history available in 13 cases. In five (33,3%) of the 15 isolates the patient was treated with antibiotics less than two months ago, in six (46,2%) it was less than six months ago, in one (7,7%) less than a year ago and one (7,7%) was not treated with antibiotics for at least a year. From the 32 clindamycin susceptible isolates we had an antibiotic history available from 25 isolates. In seven (28,0%) of the 25 isolates the patient received antibiotics less than two months ago, in two (8,0%) less than six months ago, in four (16,0%) less than a year ago. In 12 (48,0%) isolates the patient was not treated with antibiotics for at least a year.


Antibiotic use in clindamycin sensitive isolates

<	2 months	2014 (12)	2015 (35)	2016 (41)	2017 (25)	2018 (25)	0.41699999999999998	0.14299999999999999	0.36699999999999999	0.24	0.28000000000000003	<	6 months	2014 (12)	2015 (35)	2016 (41)	2017 (25)	2018 (25)	0.33300000000000002	0.314	0.26800000000000002	0.16	0.08	<	1 year	2014 (12)	2015 (35)	2016 (41)	2017 (25)	2018 (25)	8.3000000000000004E-2	0.2	0.14599999999999999	0.04	0.16	Not treated	2014 (12)	2015 (35)	2016 (41)	2017 (25)	2018 (25)	0.16700000000000001	0.34300000000000003	0.22	0.56000000000000005	0.48	



Antibiotic use in clindamycin resistant isolates

<	2 months	2014 (6)	2015 (14)	2016 (23)	2017 (17)	2018 (13)	0.5	0.214	0.217	0.35299999999999998	0.38500000000000001	<	6 months	2014 (6)	2015 (14)	2016 (23)	2017 (17)	2018 (13)	0.16700000000000001	0.35699999999999998	0.30399999999999999	0.29399999999999998	0.46200000000000002	<	1 year	2014 (6)	2015 (14)	2016 (23)	2017 (17)	2018 (13)	0.16700000000000001	0.214	0.26100000000000001	0.17599999999999999	7.6999999999999999E-2	Not treated	2014 (6)	2015 (14)	2016 (23)	2017 (17)	2018 (13)	0.16700000000000001	0.214	0.217	0.17599999999999999	7.6999999999999999E-2	



Use of antibiotics during the five-year period

Clindamycin resistant	<	2 months	<	6 months	<	1 year	Not treated	0.30099999999999999	0.32900000000000001	0.192	0.17799999999999999	Clindamycin sensitive	<	2 months	<	6 months	<	1 year	Not treated	0.27500000000000002	0.23200000000000001	0.13800000000000001	0.35499999999999998	
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Year (number of isolates) <2 months <6 months <lyear Nottreated

2014 (12) 5(41,7%) 4(33,3%) 1(83%) 2(16,7%)
2015 (35) 5(14,3%) 11(31,4%) 7(20%) 12(34,3%)
2016 (41) 15 (36,7%) 11(26,8%) 6(14,6%) 9 (22%)

2017 (25) 6(24,0%) 4(16,0%) 1(4,0%) 14(56,0%)

2018 (25) 7(28%) 2(8%)  4(16%) 12(48%)
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Diagnosis  Gender  Me an age  (range )  Main   breeds  

Al lerg y o f unknown  origin (either atopic  dermatitis or food  allergy)  34   male, 23 fem ale  5,6 years ( 10 months  –   16  years )     Wes t Highland  White Terrier      Labrador  Retriever      Pit Bull  

Atopic Dermatitis  24 male, 29 female  4,1 years ( 11 months  –   13  y ears )     Labrador  R etrieve r      West Highland  White Terrier      German  Shepherd  

Food allergy  12 male, 1 f emale  6,3 years ( 10 months  –   13  years)     Labradoodle      Rhodesian  Ridgeback  

Flea allergy  6 male,  2 female  5 ,9 years ( 2 years  –   10  years)  -  

Oth er primary cause  or  unknown primary  cause  58 male, 48 f emale  5,3 years (3 months  –   14  months)     German  Shepherd      Golden  Retriever      Bernese  Mountain Dog  

All   dogs   incl uded  134 male, 103 female  5,2 years (3 mont hs   –   16  y ears)     West  Highland  White Terrier      Labrador  Retriever      German  Shepherd  
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