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“There is such a thing as the poetry of a mistake, and when you say, "Mistakes were 
made," you deprive an action of its poetry, and you sound like a weasel.” 
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4 Norsk sammendrag 
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5 Synopsis 
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5.1 Introduction 

5.1.1 One Health 
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5.1.1.1 Zoonotic diseases 
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Table 1. List of selected bacterial zoonotic diseases, agents, and some of their main 
host spectra. Based on the European Union One Health 2020 Zoonoses Report 
(European Food Safety�
���	., 2021). 
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5.1.2 Antimicrobials and antimicrobial resistance 
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Figure 1. Modes and sites of action for antimicrobial drugs. 
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5.1.2.2 Antimicrobial resistance 
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Figure 2. Timeline of antimicrobial deployment and the evolution of antimicrobial 
resistance. The year the antimicrobials were deployed is indicated above the timeline, 
and the year resistance to each antimicrobial first was observed is indicated below the 
timeline. Reprinted by permission from Springer Nature, Nature Chemical Biology, 
(Clatworthy 
���	1* 2007). 
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5.1.2.3 Resistance mechanisms 
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Figure 3. Mechanisms for antimicrobial resistance (Gullberg, 2014) 
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5.1.3 Horizontal gene transfer 
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Figure 4. Horizontal gene transfer between bacteria. a) Transformation occurs when 
another bacterium takes up naked DNA from a lysed bacterium. The antimicrobial 
resistance gene (ARG) can be integrated into the chromosome or plasmid of the 
recipient cell. b) In transduction, ARGs are transferred from a donor to a recipient cell 
through bacteriophages and can be incorporated into the recipient cell's chromosome. 
c) Conjugation occurs by direct contact between two bacteria. The plasmids form a 
mating bridge across the bacteria, and DNA is exchanged. Adapted with permission 
from Springer Nature, Nature Reviews Microbiology (Furuya and Lowy, 2006).  
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5.1.4 Methods for detecting resistance and resistance genes 
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5.1.4.1 Phenotypic testing 
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Figure 5: Illustration of agar disk diffusion (A), test strip coated with antimicrobials 
(B), and broth dilution (C). Methods B and C determine minimum inhibitory 
concentrations (MICs) for the bacteria tested.   
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5.1.4.2 Genotypic testing 
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5.1.4.3 Illumina sequencing and workflow 
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5.1.5 Reservoirs of resistance 
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5.1.5.1 The gut as an AMR reservoir 
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5.1.5.2 The skin as an AMR reservoir 
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5.1.5.3 The environment as an AMR reservoir 
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5.1.6 Staphylococci 

5.1.6.1 Historical perspective 
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5.1.6.2 Differentiation of staphylococcal species 
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Figure 7. Microscopy picture of  �����	��������
���
������1�Cells appear singly, in 
pairs, tetrads, chains, and clusters. 
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5.1.6.3 Staphylococci in humans 
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5.1.6.4 Staphylococci in companion animals 
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5.1.6.5 Staphylococci in the environment 
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5.1.6.6 Virulence factors 
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Virulence factors in S. aureus 
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Figure 8. Simplified schematic overview of selected virulence factors in  1����
��1�
Adapted with permission from Fergestad (2021) 
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Cell wall-anchored proteins 
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Virulence factors in S. pseudintermedius and CoNS 
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5.1.7 Resistance in staphylococci 
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Table 2. Overview of frequently found antimicrobial resistance genes in staphylococci.  

 
Antimicrobial 

class 
 

Gene Phenotypic resistance  Mechanism 

 
Aminoglycoside 

aac(6’)-
aph(2’) 

Amikacin, Gentamicin, Tobramycin, Kanamycin 
 

Drug inactivation ant4’ Amikacin, Tobramycin, Isepamicin, Dibekacin 
sat Nourseothricin 
str Streptomycin 

Amphenicol 
cat genes Chloramphenicol Drug inactivation 

fexA Chloramphenicol, Florfenicol Efflux 

Beta-lactam 
blaZ Amoxicillin, Ampicillin, Penicillin, Piperacillin Drug inactivation 
mecA Beta-lactam antimicrobials Target modification 

Folate pathway  
antagonist 

dfr genes Trimethoprim Target replacement 

Macrolide, 
 Lincosamide,  

Streptogramin B 

 
erm genes 

Erythromycin, Lincomycin, Clindamycin, Quinupristin, 
Pristinamycin IA, Virginiamycin S 

Target modification 

lnuA Lincomycin, Clindamycin Drug inactivation 

lsa 
Lincomycin, Clindamycin, Dalfopristin, Pristinamycin IIA, 

Virginiamycin M, Tiamulin 
Target protection 

mef Erythromycin, Azithromycin Efflux 
msrA Erythromycin, Spiramycin, Telithromycin Target protection 
mphC Erythromycin, Spiramycin, Telithromycin Drug inactivation 

vga 
Lincomycin, Clindamycin, Dalfopristin, Pristinamycin IIA, 

Virginiamycin M, Tiamulin 
Target protection 

Tetracycline 
tetM Doxycycline, Tetracycline, Minocycline Target protection 
tetK Doxycycline, Tetracycline 

Efflux 
tetL Doxycycline, Tetracycline 

Steroid 
antibacterial 

fus genes Fusidic acid Target protection 

Multidrug 
cfr 

Chloramphenicol, Florfenicol, Clindamycin, Lincomycin, 
Linezolid, Dalfopristin, Pristinamycin IIA, Virginiamycin M, 

Tiamulin 
Target modification 

norA Fluroquinolones, disinfecting agents, acridine dye Efflux 
�
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Figure 9. Basic structures of SCC�
��elements. Red arrowheads indicate integration 
site sequences. Adapted with permission from IWG-SCC, 2009, American Society for 
Microbiology. 
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5.1.8 Epidemiology of methicillin-resistant staphylococci 
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5.1.9 Antimicrobial resistance in companion animals 
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5.1.10 Aims 
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5.2 Materials and methods 
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5.2.2 Bacterial cultivation 
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Figure 10. ORSAB plate with MRSP�cultured on the upper half and MR  1���������on 
the lower half. 
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5.2.3 Species identification 
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5.2.4 Antimicrobial susceptibility testing 
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5.2.5 PCR and qPCR 
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5.2.6 Whole-genome sequencing 
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5.2.7 Bioinformatical analyses 
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Figure 11. Workflow and analyses made in papers II and III. Light green: Input data. 
Gold: Steps from reads to assembly and respective tools. Orange: Input data analyses. 
Blue: Analyses and respective analysis tools. 
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5.3 Results/Summary of papers 
Paper I: Antimicrobial resistance- Do we share more than companionship with 
our dogs? 
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Paper II: Transmission of methicillin-resistant Staphylococcus sp. from 
infected dogs to the home environment and owners. 
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Paper III: The home environment is a reservoir for methicillin-resistant 
coagulase-negative staphylococci and mammaliicocci. 
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5.4 Discussion 

5.4.1 Methodological considerations 
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5.4.2.2 The infected pet as a reservoir for AMR 
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5.4.2.3 The home environment as a reservoir for AMR 
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5.4.2.4 Transmission of AMR 
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