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Abstract 

Aims: To investigate the frequency of carriage of methicillin-susceptible and methicillin-resistant 

Staphylococcus pseudintermedius (MRSP) in a population of clinically normal dogs within the 

Christchurch and wider Canterbury region, an area in which MRSP has been detected. 

Methods: Buccal and perianal swabs were collected from 126 clinically normal dogs presenting at 

veterinary clinics in the Christchurch/Canterbury region for de-sexing or routine vaccination. S. 

pseudintermedius was isolated by selective culture. Isolates were tested for susceptibility to 12 

antimicrobials by disc diffusion. 

Results: S. pseudintermedius was isolated from 92/126 (73.0 (95% CI = 64.4–80.5)%) dogs, with 

38/126 (30.2 (95% CI = 22.3–39.0)%) positive dogs carrying S. pseudintermedius at both sampled 

sites. More animals (78/126; 61.9; (95% CI: 52.8–70.4)%) had positive mouth cultures than 

positive perianal region cultures (52/126; 41.3 (95% CI: 32.6–50.4)%). No MRSP was isolated from 

clinically normal dogs. However, resistance to penicillin (106/130 (85.1%) swabs) and tetracycline 

(33/130 (25.4%) swabs) was seen. 

Conclusions: The majority of the dogs in this sample were carriers of S. pseudintermedius. 

However none of these isolates were MRSP.  

Clinical relevance: While most clinically normal dogs in the studied region are likely to be carriers 

of S. pseudintermedius, only a small proportion, if any, are likely to be carriers of MRSP. Antibiotic 

stewardship practices may be important to maintain low-level circulation of drug-resistant bacterial 

lineages. 
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Abbreviations: MRSP: Methicillin-resistant Staphylococcus pseudintermedius; MSSP: Methicillin-

susceptible Staphylococcus pseudintermedius 

 

Introduction 

Staphylococcus pseudintermedius has been described as ‘the most common bacterial pathogen in 

dogs’ (Moodley et al. 2014). S. pseudintermedius may cause pyoderma (Bryan et al. 2012), otitis 

externa (Bugden 2013) and other infections, which may be clinic/hospital-associated (Lehner et al. 

2014). S. pseudintermedius may also be a zoonotic pathogen (Van Hoovels et al. 2006; Lozano et 

al. 2017). Reported carriage rates of S. pseudintermedius in healthy dogs are very broad, ranging 

between 16% in dogs from the United Kingdom (Harvey and Noble 1994) and 87% in Canadian 

dogs (Rubin and Chirino-Trejo 2011). In dogs with S. pseudintermedius-associated infections, the 

infecting strain has been reported as being genetically very similar to that being carried (Pinchbeck 

et al. 2006). Methicillin-resistant and multi-drug resistant (defined as an isolate with resistance to 

antibiotics of three or more different classes) S. pseudintermedius have been reported globally 

(McCarthy et al. 2015), including from clinically normal dogs at rates of approximately 3% 

(Grönthal et al. 2015; Kjellman et al. 2015). There is no data on rates of carriage of S. 

pseudintermedius in New Zealand. However, our previous study on S. pseudintermedius isolated 

from diagnostic samples from clinically affected dogs in New Zealand showed that only 40% of 

isolates were susceptible to all the tested antibiotics and that 38% were methicillin-resistant due to 

carriage of the mecA gene (Nisa et al. 2019). The antibiotic resistance status of an infecting S. 

pseudintermedius isolate is suggested to be unrelated to the virulence of the organism (Bryan et al. 

2012); however, resistance to antibiotics, especially to those used as first- and second-line 

treatments, is a risk for treatment failure and can result in poor clinical outcomes (Bryan et al. 

2012; Bell et al. 2016).  

The aim of this study was to investigate the carriage of methicillin-susceptible (MSSP) and 

methicillin-resistant (MRSP) Staphylococcus pseudintermedius in clinically normal dogs in 

Canterbury, New Zealand, where significant levels of MRSP have been detected (Nisa et al. 2019). 

We hypothesised that clinically normal dogs would carry S. pseudintermedius and the proportion of 

MRSP would be similar (3%) to that seen in international studies (Grönthal et al. 2015; Kjellman et 

al. 2015). 

Materials and methods 



 

Convenience sampling of dogs  

All veterinary practices in the Canterbury region of New Zealand (including the large urban centre, 

Christchurch, and smaller urban and rural areas) for whom contact details could be obtained were 

asked to invite owners of clinically normal dogs presenting for de-sexing or routine vaccination at 

veterinary clinics to participate in the study. Veterinarians were asked not to sample dogs with 

signs of skin infection or multiple dogs from the same household. The dog’s name, age and breed 

data were collected and two swabs (flocked swabs with liquid Amies; Copan, Brescia, Italy) were 

taken by the veterinarian or veterinarian paraprofessional, one from the mouth (buccal) and one 

from the perianal region. Swabs were shipped at ambient temperature to mEpiLab, (School of 

Veterinary Science, Massey University, Palmerston North, NZ). This was a cross-sectional survey 

with sampling taking place between July and November 2018. The study was approved by Massey 

University Animal Ethics Committee protocol number 18/12. 

Isolation and identification of S. pseudintermedius  

All incubations were in aerobic conditions at 35°C. Swabs were incubated overnight in mannitol 

salt broth (Fort Richard Laboratories, Auckland, NZ) and the broth was then subcultured to 

Chromagar Staph and Chromagar MRSA plates (Fort Richard Laboratories) overnight. Colonies 

resembling S. pseudintermedius (pink or pink-tinged on the Chromagar) were subcultured on 

Columbia horse blood agar (Fort Richard Laboratories) and frozen in 15% glycerol broth at -80°C. 

Up to four colonies (two from each plate if present) from each swab were subcultured. Isolates 

were identified by MALDI-TOF as previously described (Nisa et al. 2019). 

Antimicrobial susceptibility testing of S. pseudintermedius 

One S. pseudintermedius isolate from each positive swab was tested against a panel of 12 

antimicrobials by disc (Oxoid, Hampshire, UK) diffusion on three Mueller-Hinton agar plates (Fort 

Richard Laboratories) using CLSI methodologies (CLSI 2019). As recommended by CLSI (2019), 

the results of the oxacillin disc were taken as a proxy for the presence/absence of resistance to 

methicillin. 

Statistical analysis 

Prevalence was calculated by binomial CI normal approximation. Difference and agreement of 

carriage rates between sites were determined by applying the χ² test and the kappa statistic. All 

statistical and exploratory analyses were performed in R v4.2.1 (R Foundation for Statistical 

Computing, Vienna, Austria). 

Results  



 

Characteristics of practices and dogs 

Fourteen veterinary practices were approached and nine took part in this study. Six practices were 

in Christchurch and suburbs (‘urban’) while three were in smaller towns/villages (‘rural’). The urban 

practices provided swabs from 51 dogs while the rural practices sent swabs from 75 dogs. The 

most frequently sampled breeds were Labrador/Labrador crosses (17/121), followed by Bichon 

Frisé/Bichon Frisé crosses (8/121), Huntaway/Huntaway crosses (8/121) and cross-breeds 

(8/121). The median age was 5 years (min 9 weeks, max 15.25 years). 

Isolation and identification of S. pseudintermedius 

Staphlococcus pseudintermedius was isolated from 92/126 (73.0 (95% CI = 64.4–80.5)%) dogs, 

with 38/126 (30.2% (95% CI = 22.3–39.0)%) positive dogs carrying S. pseudintermedius at both 

sampled sites. Carriage rates were significantly different when comparing buccal and perianal 

swab sites (p<0.001), with more animals (78/126; 61.9 (95% CI = 52.8–70.4)%) having positive 

mouth cultures than positive perianal region cultures (52/126; 41.3 (95% CI = 32.6–50.4)%). The 

swab site test similarity kappa score was 0.177 (95% CI: =0.021–0.333) suggesting minimal 

agreement between sites. Most (239/240) S. pseudintermedius isolates were made from 

Chromagar Staph plates while one S. pseudintermedius isolate was made from the Chromagar 

MRSA plates. 

Antimicrobial susceptibilities of isolates 

Of the 130 isolates of S. pseudintermedius tested for antimicrobial susceptibility, including the 

single isolate from Chromagar MRSA plates, none (sampled population proportion 0 (95% CI =0–

2.9)%) showed the resistance to oxacillin that would be expected for MRSP. MSSP was isolated 

from 92/126 (73.0 (95% CI = 64.4–80.5)%) sampled dogs.  

Isolates resistant to penicillin (106/130; 85.1%), tetracycline (33/130; 25.4%), trimethoprim (2/130; 

1.5%), clindamycin (3/130; 2.3%), chloramphenicol (1/130; 0.8%), gentamicin (1/130; 0.8%) and 

erythromycin (3/130; 2.3%) were identified. No resistance to enrofloxacin, ciprofloxacin, 

cefpodoxime or rifampicin was detected. Two isolates were resistant to antibiotics from three 

different classes, thus were classified as multi-drug resistant. 

Discussion  

Canine pyoderma is the condition for which antimicrobials are most frequently used in small animal 

clinical practice (Guardabassi et al. 2008). We found no resistance to oxacillin or to the third-

generation cephalosporin cefpodoxime in the 130 isolates of S. pseudintermedius isolated from 

126 clinically normal dogs. This means that the first-line antimicrobials amoxicillin-clavulanate and 

cephalosporins, which are often used empirically, should be clinically efficacious in clearing 

infections caused by these wild-type S. pseudintermedius. However, the pervasiveness of 

resistance to penicillin (85%) means that use of this antimicrobial is unlikely to be clinically 



 

successful, while the frequency of resistance to tetracycline (25%) suggests antimicrobial 

susceptibility testing should be performed before use.  

Although direct comparison of two populations of staphylococci separated temporally and by 

clinical condition is beyond the scope of this study, our findings suggest that the population of S. 

pseudintermedius carried by dogs without frank skin disease may not be the same as those 

isolated from dogs diagnosed with S. pseudintermedius-associated disease (Nisa et al. 2019). 

However, a clinical history of antibiotic therapy within the last 6 months has been associated with 

the isolation of antimicrobial resistant staphylococci from dogs (Huerta et al. 2011), and genes 

associated with resistance to tetracycline may be co-located within the methicillin-resistance 

SCCmec cassette (Li et al. 2011), suggesting that antibiotic treatment may select for MRSP with 

co-selection for other antimicrobial resistance. The clinical history of dogs presenting with potential 

S. pseudintermedius-associated infections must be considered by veterinarians, and culture with 

antimicrobial susceptibility testing performed if there may have been selection for antimicrobial 

resistance. 

To further understand the mechanisms of MRSP-associated disease in dogs, a prospective case-

control study with long-term follow up of dogs with pyoderma, from their first presentation, is 

proposed, collecting multiple isolates and antimicrobial and other treatment data.  

The cross-sectional design, geographical constraints, biases involved with healthcare-seeking 

owners, possibility that dogs came from the same household, and the relatively low sample 

number are all limitations of this study, reducing the generalisability of the conclusions to dogs 

throughout New Zealand. Nevertheless, our findings on the carriage of S. pseudintermedius 

provides baseline data and supports the current advice in relation to antimicrobial stewardship for 

veterinarians. Additionally, MSSP can infect humans (Lozano et al. 2017), and the wide-spread 

carriage of these organisms by canine companion animals means vulnerable sub-populations such 

as the elderly may be at risk. A ‘One Health’ approach encompassing surveillance of S. 

pseudintermedius carriage and disease in humans and companion animals is required for analysis 

of this risk.  

Acknowledgements 

We thank all the owners who allowed their dogs to be sampled and all the dogs who cooperated 

with the swabbing. We would like to thank the numerous staff of Harewood Veterinary Hospital, Pet 

Doctors (Marshall and Pringle, Templeton and Barrington), the Hornby Veterinary Centre, OurVets 

(Riccarton and Halswell), McMaster and Heap Veterinary Practice, and Rangiora Vet Centre, who 

all participated in this project by providing swab samples. We are grateful to Sylvia McLean and 

Lee Williams for helpful discussions. This study was funded by Healthy Pets NZ (formerly the New 

Zealand Companion Animal Health Foundation) grant HPNZ 17-03. 



 

ORCID 

Anne Midwinter 0000-0001-5731-3233 

Jackie Benschop 0000-0002-7814-4341 

David Wilkinson 0000-0002-9986-6212 

References 

Bell A, Coombs G, Cater B, Douglass C. First report of a mecA -positive multidrug-resistant 

Staphylococcus pseudintermedius isolated from a dog in New Zealand. New Zealand 

Veterinary Journal 64, 253–6, 2016. https://doi.org/10.1080/00480169.2016.1146171 

Bryan J, Frank LA, Rohrbach BW, Burgette LJ, Cain CL, Bemis DA. Treatment outcome of 

dogs with meticillin-resistant and meticillin-susceptible Staphylococcus pseudintermedius 

pyoderma. Veterinary Dermatology 23, 361-e65, 2012. https://doi.org/10.1111/j.1365-

3164.2012.01034.x 

Bugden D. Identification and antibiotic susceptibility of bacterial isolates from dogs with otitis 

externa in Australia. Australian Veterinary Journal 91, 43–6, 2013. 

https://doi.org/10.1111/avj.12007 

*CLSI. Performance Standards for Antimicrobial Susceptibility Testing supplement M100. 29th 

Edtn. Clinical and Laboratory Standards Institute, Wayne, PA, USA, 2019 

Grönthal T, Ollilainen M, Eklund M, Piiparinen H, Gindonis V, Junnila J, Saijonmaa-

Koulumies L, Liimatainen R, Rantala M. Epidemiology of methicillin resistant 

Staphylococcus pseudintermedius in guide dogs in Finland. Acta Veterinaria Scandinavica 57, 

37, 2015. https://doi.org/10.1186/s13028-015-0129-8 

*Guardabassi L, House GA, Frank LA, Papich MG. Guidelines for antimicobial use in dogs and 

cats. In: Guardabassi L, Jensen LB, Kruse H (eds). Guide to Antimicrobial Use in Animals. Pp 

183–206. Blackwell, Oxford, UK, 2008 

Harvey RG, Noble WC. A temporal study comparing the carriage of Staphylococcus intermedius 

on normal dogs with atopic dogs in clinical remission. Veterinary Dermatology 5, 21–5, 1994. 

https://doi.org/10.1111/j.1365-3164.1994.tb00006.x 

Huerta B, Maldonado A, Ginel PJ, Tarradas C, Gómez-Gascón L, Astorga RJ, Luque I. Risk 

factors associated with the antimicrobial resistance of staphylococci in canine pyoderma. 

Veterinary Microbiology 150, 302–8, 2011. https://doi.org/10.1016/j.vetmic.2011.02.002 



 

Kjellman EE, Slettemeås JS, Small H, Sunde M. Methicillin-resistant Staphylococcus 

pseudintermedius (MRSP) from healthy dogs in Norway—occurrence, genotypes and 

comparison to clinical MRSP. MicrobiologyOpen 4, 857–66, 2015. 

https://doi.org/10.1002/mbo3.258 

Lehner G, Linek M, Bond R, Lloyd DH, Prenger-Berninghoff E, Thom N, Straube I, Verheyen 

K, Loeffler A. Case–control risk factor study of methicillin-resistant Staphylococcus 

pseudintermedius (MRSP) infection in dogs and cats in Germany. Veterinary Microbiology 168, 

154–60, 2014. https://doi.org/10.1016/j.vetmic.2013.10.023 

Li S, Skov RL, Han X, Larsen AR, Larsen J, Sørum M, Wulf M, Voss A, Hiramatsu K, Ito T. 

Novel types of staphylococcal cassette chromosome mec elements identified in clonal complex 

398 methicillin-resistant Staphylococcus aureus strains. Antimicrobial Agents and 

Chemotherapy 55, 3046–50, 2011. https://doi.org/10.1128/AAC.01475-10 

Lozano C, Rezusta A, Ferrer I, Pérez-Laguna V, Zarazaga M, Ruiz-Ripa L, Revillo MJ, Torres 

C. Staphylococcus pseudintermedius human infection cases in Spain: dog-to-human 

transmission. Vector-Borne and Zoonotic Diseases 17, 268–70, 2017. 

https://doi.org/10.1089/vbz.2016.2048 

McCarthy AJ, Harrison EM, Stanczak-Mrozek K, Leggett B, Waller A, Holmes MA, Lloyd DH, 

Lindsay JA, Loeffler A. Genomic insights into the rapid emergence and evolution of MDR in 

Staphylococcus pseudintermedius. Journal of Antimicrobial Chemotherapy 70, 997–1007, 

2015. https://doi.org/10.1093/jac/dku496 

Moodley A, Damborg P, Nielsen SS. Antimicrobial resistance in methicillin susceptible and 

methicillin resistant Staphylococcus pseudintermedius of canine origin: literature review from 

1980 to 2013. Veterinary Microbiology 171, 337–41, 2014. 

https://doi.org/10.1016/j.vetmic.2014.02.008 

Nisa S, Bercker C, Midwinter AC, Bruce I, Graham CF, Venter P, Bell A, French NP, 

Benschop J, Bailey KM, et al. Combining MALDI-TOF and genomics in the study of 

methicillin resistant and multidrug resistant Staphylococcus pseudintermedius in New Zealand. 

Scientific Reports 9, 1271, 2019. https://doi.org/10.1038/s41598-018-37503-9 

Pinchbeck LR, Cole LK, Hillier A, Kowalski JJ, Rajala-Schultz PJ, Bannerman TL, York S. 

Genotypic relatedness of staphylococcal strains isolated from pustules and carriage sites in 

dogs with superficial bacterial folliculitis. American Journal of Veterinary Research 67, 1337–

46, 2006. https://doi.org/10.2460/ajvr.67.8.1337 

Rubin JE, Chirino-Trejo M. Prevalence, sites of colonization, and antimicrobial resistance among 

Staphylococcus pseudintermedius isolated from healthy dogs in Saskatoon, Canada. Journal 



 

of Veterinary Diagnostic Investigation 23, 351–4, 2011. 

https://doi.org/10.1177/104063871102300227 

Van Hoovels L, Vankeerberghen A, Boel A, Van Vaerenbergh K, De Beenhouwer H. First case 

of Staphylococcus pseudintermedius infection in a human. Journal of Clinical Microbiology 44, 

4609–12, 2006. https://doi.org/10.1128/JCM.01308-06 

* Non-peer-reviewed 

 




