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1 INTRODUCTION  
The introduction of antibiotics for human therapy stands as one of the greatest 

achievements in medical history. While the impact of antibiotic use on human pathogens has 

been well documented, these pathogens, once susceptible to antibiotics, have progressively 

developed resistance over recent decades. This evolution is particularly concerning for the 

treatment of bacterial infections and for medical practices that rely on antibiotics to prevent 

infections (Martinez and Baquero 2009). The rise of treatment failures caused by resistant 

bacteria is leading to an estimated 4.71 million deaths in 2021, posing a major challenge for 

both human and veterinary medicine (Naghavi et al. 2024). According to Jim O’Neill’s review 

on antimicrobial resistance (AMR), it is projected that by 2050, AMR could result in 10 million 

deaths annually unless a coordinated global response is implemented (O’Neill 2014). 

Effectively combating AMR requires a unified effort across multiple sectors, as it cannot be 

addressed on a small scale. Alert to this, the World Health Organization (WHO) launched the 

Global Action Plan on Antimicrobial Resistance in 2015, acknowledging that 'Antimicrobial 

resistance is a crisis that must be managed with the utmost urgency' (World Health 

Organization 2015). Countries are expected to develop their own national action plans on AMR 

in alignment with the global strategy. A key objective is to enhance awareness and 

understanding of AMR through research and surveillance (World Health Organization 2015).  

AMR surveillance is necessary to keep track of AMR trends and resistance patterns in all 

sectors involved, including veterinary and human medicine. In the human sector, the European 

Center for Disease Prevention and Control (ECDC) monitors AMR in invasive bacteria from 

hospitalized patients through the European Antimicrobial Resistance Surveillance Network 

(EARS-Net) (European Centre for Disease Prevention and Control and World Health 

Organization 2022). It is the largest publicly funded system for monitoring AMR in Europe and 

was launched in 1998 as The European Antimicrobial Resistance Surveillance System 

(EARSS), the predecessor of EARS-Net. In the animal sector, however, only AMR in 

commensal and zoonotic bacteria from healthy food-producing animals at slaughter and food 

thereof is monitored and coordinated by the European Food Safety Authority (EFSA) 

(European Centre for Disease Prevention and Control et al. 2024). A significant gap remains 

in the form of a coordinated European program for AMR surveillance in bacterial pathogens 

affecting diseased animals. In response to the need for a harmonized, continent-wide 

approach to monitor AMR in animal pathogens across Europe, an initiative has been launched 

to build the European AMR Surveillance network in veterinary medicine (EARS-Vet) (Lagrange 

et al. 2023). This initiative aims to be designed in a way that complements and integrates with 

existing ECDC and EFSA monitoring systems (Mader et al. 2021). In Germany, the national 

AMR monitoring system of animal pathogenic bacteria GERM-Vet provides EARS-Vet data for 
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cats, cattle, dogs, and swine. Additional data on companion animals is sourced from Laboklin, 

a major private veterinary diagnostic laboratory (Lagrange et al. 2023). One of the first efforts 

to analyze AMR data from animal clinical isolates at a European level was presented in 2023 

(Lagrange et al. 2023), but representative analyses on a national scale in Germany remain 

scarce. Such analyses are crucial for assessing the impact of measures like stewardship 

programs and legislation aimed at combating AMR. A notable example is Regulation (EU) 

2019/6, which seeks, among other goals, to reduce AMR and has been in effect across all 

member states since January 2022 (European Parliament and Council of EU 2019). The 

Regulation (EU) 2019/6 mandates the recording of antimicrobial use (AMU) across various 

animal species, aiming to promote more responsible antibiotic practices and prevent the use 

of antibiotics reserved for human medicine (European Parliament and Council of EU 2019). In 

response, Germany's Federal Ministry of Food and Agriculture (BMEL) sought decision-

making assistance to develop a continuous monitoring system for AMU in companion animals 

and horses.  

As a result, the project HKP-Mon (Hund-, Katze-, Pferd-Monitoring), which ran from March 

2021 to July 2024, was initiated to create a framework for monitoring AMU in cats, dogs, and 

horses, alongside strategies for evaluating and comparing the amounts of AMU. Additionally, 

it sought to explore methods for continuous resistance monitoring in companion animals, 

ideally enabling the linkage of AMU to resistance trends. Since the legal requirements for AMU 

data collection were not fully defined at the time of the project, it was not feasible to implement 

AMU monitoring in collaboration with practice management software (PMS) providers. 

However, through a partnership with Laboklin laboratory, we were able to focus on AMR 

monitoring in companion animals. As part of this effort, routine laboratory data for dogs and 

cats from 2019 to 2021 were analyzed. While the aim of this study was to assess the feasibility 

of such passive AMR monitoring, special attention was given to the pathogens methicillin-

resistant Staphylococcus aureus (MRSA) and methicillin-resistant Staphylococcus 

pseudintermedius (MRSP) due to their significance in veterinary medicine and their zoonotic 

potential in human health. The study aimed to establish the first baseline data on the 

prevalence of MRSA and MRSP in dogs and cats in Germany, providing a reference point for 

future comparisons to monitor the impact of legislations such as Regulation (EU) 2019/6 on 

AMR trends in veterinary medicine.  
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2 LITERATURE  

2.1 Antimicrobial Resistance (AMR) 
AMR is recognized as one of the most pressing global public health challenges. It presents 

a significant and immediate threat to animal and plant health, food security, and economic 

development (United Nations Environment Programme 2023). In 2021, AMR was associated 

with approximately 4.71 million deaths globally, with at least 1.14 million of those deaths 

directly caused by drug-resistant infections (Naghavi et al. 2024). Deaths associated with AMR 

include those where drug resistance played a role, even if it wasn't the direct cause, while 

deaths directly attributable to AMR are those where drug resistance led to ineffective treatment, 

resulting in death. Globally, methicillin-resistant Staphylococcus aureus (MRSA) showed the 

greatest increase in both deaths associated with and deaths attributable to AMR. The number 

of associated deaths rose from 261,000 in 1990 to 550,000 in 2021, while attributable deaths 

increased from 57,200 to 130,000 over the same period (Naghavi et al. 2024). Looking at 

Germany in 2019, 9,650 deaths were directly attributed to AMR, meaning a mortality rate of 5 

per 100,000, with Escherichia (E.) coli and Staphylococcus (S.) aureus being the top leading 

pathogens causing mortality associated with AMR (Antimicrobial Resistance Collaborators et 

al. 2022).  

AMR is an evolutionary phenomenon and emerges in microorganisms through Darwinian 

selection, allowing them to develop mechanisms to protect against other bacteria or evade 

antimicrobial drugs (Holmes et al. 2016). This selective advantage may happen by 

spontaneous mutation in a microbe's chromosomal genes, which is essential for the evolution 

and diversification of resistance genes and can be passed on vertically when the cell 

undergoes proliferation (Woodford and Ellington 2007). Moreover, these resistance genes can 

be spread horizontally from one bacterium to another (Levy and Marshall 2004). This 

movement of AMR genes occurs at two levels: intracellular and intercellular. At the intracellular 

level, genes move within the genome, such as between the chromosome and plasmids or 

phages, with transposons and integrons facilitating this process through recombination. At the 

intercellular level (horizontal gene transfer), AMR genes spread through three main 

mechanisms: transformation (uptake of free DNA), transduction (transfer by bacteriophages), 

and conjugation (transfer by plasmids and other conjugative elements) (Martinez and Baquero 

2009; Boerlin and Reid-Smith 2008). Antimicrobials play a dual role in this process: they not 

only apply selective pressure that drives the emergence of resistant strains but also promote 

the transfer of resistance genes between microorganisms (Holmes et al. 2016). Human, animal, 

and agricultural use of antimicrobials is therefore a key driver of resistance to both natural and 

synthetic antimicrobials (Van Duijkeren et al. 2018; Holmes et al. 2016).  
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2.2 Antimicrobial Use (AMU)  
The discovery of arsphenamine (Salvarsan) in 1910, used to treat syphilis, marked the 

beginning of the antibiotic era. This was followed by Alexander Fleming's groundbreaking 

discovery of penicillin in 1928, which revolutionized the treatment of bacterial infections (Zaffiri 

et al. 2012). In subsequent years, other antibiotics like sulfonamides and cephalosporins were 

introduced, significantly reducing mortality from infections. However, the widespread use of 

antibiotics has led to the emergence of resistant strains, such as MRSA (Zaffiri et al. 2012). 

The rise of AMR has significantly limited treatment options for many life-threatening infections 

(Powers 2004). Since the 1960s, most newly introduced antibiotics have been modifications 

of existing drugs, reflecting the difficulty in discovering novel agents. Additionally, antimicrobial 

development is less profitable than other drug classes, and the process remains complex, with 

drug sponsors often facing challenges in conducting clinical trials for diseases caused by 

resistant pathogens (Powers 2004). Today, most drugs used in veterinary medicine belong to 

the same classes as those used in human medicine (Prescott 2017).  

With their discovery, antibiotics began to be widely used not only in human and veterinary 

medicine for disease prevention but also in animal agriculture, where they were administered 

to livestock, poultry, and other food animals to promote growth and enhance feed efficiency 

(Peng et al. 2014; Prescott 2017). The use of antibiotics in animals, particularly at low doses 

for growth promotion, has contributed to the selection of antibiotic-resistant bacteria, including 

foodborne pathogens that can be transmitted to humans, raising serious public health 

concerns (Peng et al. 2014; Prescott 2017). To address this, recent restrictions, particularly in 

Europe, have aimed to reduce this practice (Prescott 2017). The European Union (EU) began 

phasing out antibiotics for growth promotion in 1999 (Prescott 2008), culminating in a full ban 

in 2006 (Regulation (EC) No, 1831/2003) (Hoelzer et al. 2017). However, concerns over AMR 

are not limited to food animals (Prescott 2008). Companion animals in close contact with 

humans can act as reservoirs for resistant bacteria, increasing the risk of zoonotic transmission 

(Hackmann et al. 2021). While AMU in companion animals is less regulated than in food 

animals, it still requires careful attention due to the potential for resistant pathogens to spread 

between animals and humans (Prescott 2008). Any use of antimicrobials, even when 

considered appropriate, can contribute to the selection of resistance in both the treated species 

and potentially others through transmission of resistant pathogens (Weese et al. 2015). This 

highlights the importance of prudent AMU, which involves selecting the appropriate drug, dose, 

and treatment duration to minimize unnecessary exposure and reduce the risk of resistance. 

Culture and susceptibility testing are encouraged to guide treatment decisions (Weese et al. 

2015). Additionally, certain antibiotics are restricted in veterinary medicine to prevent the 

selection of resistance that could compromise their effectiveness in human medicine, thereby 

protecting the efficacy of critical, life-saving treatments (Caneschi et al. 2023).  
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2.3 Medically Important Antimicrobials  
The WHO published a List of Medically Important Antimicrobials (MIA) as a risk 

management tool to address the growing concern of AMR resulting from the non-human use 

of antimicrobials (World Health Organization 2024a). This list categorizes antimicrobials based 

on their importance to human medicine and the potential risk posed by their use in sectors 

such as veterinary medicine, agriculture, and aquaculture. It is designed to guide countries in 

developing strategies for the responsible use of antimicrobials to minimize the spread of AMR.  

MIAs are grouped by their authorized use into two main categories: antimicrobials that are 

authorized for use in humans only and those authorized for use in both humans and animals. 

Antimicrobials authorized for human use are considered the most critical, carrying the highest 

AMR risk, as many of these drugs, such as glycopeptides (e.g., vancomycin) and 

oxazolidinones (e.g., linezolid), are last-resort or sole therapies for treating severe multidrug-

resistant (MDR) infections in humans (World Health Organization 2024a). Antimicrobials 

authorized for both human and animal use are further categorized into four groups based on 

their importance to human health and the risk of resistance from non-human use: Highest 

Priority Critically Important Antimicrobials (HPCIA), Critically Important Antimicrobials (CIA), 

Highly Important Antimicrobials (HIA), and Important Antimicrobials (IA). HPCIAs, which 

includes third- and fourth-generation cephalosporins, quinolones, polymyxins, and phosphonic 

acid derivatives, pose the highest risk for resistance transmission, while IAs present the lowest 

(World Health Organization 2024a).  

The WHO encourages countries and regions to develop their own CIA lists based on 

antibiotics relevant to human health in their area, resulting in various approaches to address 

antibiotic use in food animal agriculture. The European Medicines Agency (EMA) introduced a 

ranking system in 2014 (European Medicines Agency 2024), while the Appendix A in FDA’s 

2003 Guidance for Industry #152 (U.S. Department of Health and Human Services Food and 

Drug Administration and Center for Veterinary Medicine 2023) provides a U.S.-specific 

equivalent to the WHO CIA list, and countries like Japan and Australia have also developed 

their own CIA lists (Scott et al. 2019). The complexity of harmonizing these lists across regions 

with different criteria highlights the need for more precise data on AMU, along with the 

promotion of alternative disease prevention strategies (Scott et al. 2019). Targeted 

interventions, such as data-led prescription benchmarking with educational support, can 

effectively reduce the prescription of HPCIAs in veterinary practices (Singleton et al. 2021). A 

key tool in informing veterinarians and promoting optimized antimicrobial prescribing practices 

is educational resources. Several strategies support this effort, including antimicrobial 

stewardship (AMS) programs, guidelines promoting the responsible use of antibiotics, and 

legislation that regulates and restricts antibiotic usage (Klinker et al. 2021; World Health 

Organization 2015). 



Literature 6 

2.4 Antimicrobial Stewardship (AMS), guidelines, and legislation on AMR / AMU 
AMS is defined as a coherent set of actions aimed at promoting responsible AMU to 

balance individual patient needs with the societal goal of preserving antimicrobial effectiveness 

(Dyar et al. 2017). AMS programs in veterinary medicine are advancing (Lloyd and Page 2018; 

Prescott 2017), with various online educational resources tailored to different veterinary 

sectors (e.g., companion animals, farm animals) and knowledge levels (Allerton and Russell 

2023). However, AMS in veterinary practice could be improved through mandatory AMS 

policies, restrictions on antibiotic sales without formal consultations, and providing more 

accessible AMS training and resources. Additionally, establishing guidelines and monitoring 

tools would further support responsible antibiotic use in veterinary settings (Hardefeldt et al. 

2018). The 'Guidelines for the Prudent Use of Antimicrobials in Veterinary Medicine' (2015) 

outline the EU's strategy to combat AMR in animals through responsible AMU (European 

Commission 2015). Key principles include restricting AMU to essential cases, prioritizing 

narrow-spectrum antibiotics, and reserving CIAs for cases with no alternatives. EU member 

states are encouraged to integrate these principles into national policies and adapt protocols 

to address local resistance patterns, allowing specific antibiotic choices to be guided by 

regional authorities and veterinarians based on local AMR data and infrastructure (European 

Commission 2015). In Germany, the 2015 "Guidelines for the Prudent Use of Antimicrobial 

Agents in Veterinary Medicine" provide veterinarians with recommendations that emphasize 

general principles of responsible antibiotic use rather than prescribing specific treatment 

regimens (Bundestierärztekammer 2015). While the guidelines provide recommendations, 

multiple laws regulate antibiotic usage and seek to control AMR. 

Since January 2022, Regulation (EU) 2019/6 has been in effect in all EU member states, 

aimed at strengthening EU efforts to combat AMR. Among its key goals is further restriction on 

the use of antibiotics in animals to limit the development and spread of AMR. It mandates that 

veterinarians report their use and dispensing of antimicrobial agents, with reporting 

requirements for food-producing animals starting in 2027 and for other bred or kept animals in 

2030 (European Parliament and Council of EU 2019). At a national level, Germany, under the 

Veterinary Medicinal Products Act (TAMG), will begin requiring this reporting for cats and dogs 

as early as 2026 (Bundesministerium der Justiz 2023). 

Germany also implements the Veterinary House Dispensary Ordinance (TÄHAV), which 

governs veterinarians' handling of animal medications, including acquisition, documentation, 

dispensing, and prescribing (Bundesministerium der Justiz 2024). The 2018 amendment to 

TÄHAV specifically targets antibiotic resistance by restricting antibiotic treatments to essential 

cases, particularly preserving third- and fourth-generation cephalosporins and 

fluoroquinolones. This amendment mandates bacterial culture and susceptibility results before 

prescribing these antibiotics, promoting informed and responsible use (Bundesministerium der 
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Justiz 2024). Research such as Moerer et al. demonstrates the impact of these measures, 

showing that veterinarians are prescribing HPCIA less frequently, consciously choosing 

alternative antimicrobials, and consulting antimicrobial susceptibility test (AST) results more 

often (Moerer et al. 2022). 

Additionally, the German Antimicrobial Resistance Strategy (DART), initiated in 2008 and 

updated as DART 2020 in 2015, seeks to minimize AMU in livestock, particularly in fattening 

animals like cattle, pigs, chickens, and turkeys (Federal Ministry of Health 2023). The 16th 

AMG (Medicinal Products Act) amendment, effective since 2014, introduced the Antibiotics 

Minimization Concept, focusing on reducing AMU, promoting responsible treatment practices, 

and enabling authorities to effectively manage AMU on farms (Federal Ministry of Food and 

Agriculture 2019). Evaluation data from 2011 to 2017 indicates a 57% reduction in antibiotics 

dispensed to veterinarians, with a marked decline from 2014 to 2017. AMU by livestock 

dropped by 31.6% during this period, accompanied by a rise in antibiotic-sensitive bacterial 

isolates across livestock categories, signaling a positive trend in resistance management 

(Federal Ministry of Food and Agriculture 2019). The DART 2030 strategy, adopted by the 

Federal Cabinet in April 2023, aims to build on these achievements, broadening its scope to 

include companion animals as well as livestock (Federal Ministry of Health 2023).  

Across all European countries, the European Surveillance of Veterinary Antimicrobial 

Consumption (ESVAC) project, coordinated by the EMA, collects and analyzes data on the 

sales of veterinary antimicrobial agents (European Medicines Agency 2023). This initiative 

ensures standardized data collection across European countries to enable meaningful 

comparisons of antimicrobial consumption. They aim to help countries achieve reductions in 

antimicrobial sales and usage in line with EU targets, such as those outlined in the EU Farm 

to Fork Strategy, which aims for a 50% reduction in antimicrobials used in farm animals and 

aquaculture by 2030 (European Medicines Agency 2023).  

According to the fourth joint report by ECDC, EFSA, and EMA, antimicrobial consumption 

in food-producing animals fell by 44% between 2014 and 2021 (European Centre for Disease 

Prevention and Control et al. 2024). The report highlights that trends in AMU are influenced by 

factors such as national policies, veterinary guidelines, and public health initiatives, 

underscoring the impact of targeted interventions. While the report primarily focuses on AMU 

and AMR in humans and food-producing animals, it briefly acknowledges that companion 

animals, which are not part of statutory AMR monitoring, may play a role in AMR transmission 

due to their close contact with humans. The report emphasizes that certain regulations for 

food-producing animals do not extend to companion animals, potentially resulting in different 

patterns of AMU and resistance in this group (European Centre for Disease Prevention and 

Control et al. 2024). Enhanced monitoring and data collection on AMU and resistance trends 

are recommended to inform and refine AMR strategies (Hoelzer et al. 2017; European 
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Commission 2015). Effective surveillance plays a crucial role in mitigating the zoonotic 

transmission of multi-resistant pathogens, such as MRSA and MRSP, by closely monitoring 

both livestock and particularly companion animals. Current small-scale monitoring programs, 

however, remain insufficient to address this challenge comprehensively (Wieler et al. 2011). 

 
2.5 AMR Surveillance Systems and One Health  

Across Europe, numerous AMR monitoring systems have been established to generate 

valuable data on resistance in both human and animal populations. These systems vary 

significantly in scope, methodology, and focus. While most address resistance in food-

producing animals, some also incorporate companion animals, highlighting the diversity in their 

approaches (Mader et al. 2022).  

In Finland, FINRES-Vet, active since 2002, tracks antibiotic resistance in zoonotic, animal 

pathogens, and indicator bacteria, as well as the use of veterinary antibiotics and feed 

additives. It is coordinated by the Finnish Food Authority, with contributions from the Finnish 

Medicines Agency and the University of Helsinki’s Faculty of Veterinary Medicine, which has 

collected resistance data from pet animals since 2012. The program follows both EU legislation 

and national regulations to ensure comprehensive resistance monitoring. Results of the 

program are published at regular intervals, and reports are available online (Finnish Food 

Authority et al. 2022).  

In Sweden, Svarm, a collaborative effort between the Public Health Agency of Sweden 

and the National Veterinary Institute, has been monitoring resistance in veterinary medicine 

since 2000. Data is collected from food-producing and companion animals through sampling 

from healthy animals, clinical submissions, and food products, with findings published in 

annual reports. The surveillance is complemented by SvarmPat, which specifically focuses on 

AMR in bacterial pathogens from diseased animals (Public Health Agency of Sweden and 

National Veterinary Institute 2022).  

In Norway, NORM-Vet, established in 2000 and coordinated by the Norwegian Veterinary 

Institute, monitors AMR in bacteria from feed, food, and animals. While primarily focusing on 

food-producing animals, it also includes companion animals. Together with NORM, which 

monitors AMR in human pathogenic bacteria, NORM-Vet publishes an annual report 

containing resistance data and information on antibacterial consumption in humans and 

animals (Norwegian Food Safety Authority and Norwegian Veterinary Institute 2022).  

In Switzerland, the Swiss Centre for Antibiotic Resistance (ANRESIS), established in 2004, 

monitors antibiotic resistance and consumption nationwide. Led by the Institute for Infectious 

Diseases at the University of Bern and supported by the Federal Office of Public Health, 

ANRESIS collects anonymized resistance data from human and veterinary medicine 
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laboratories, covering both livestock and companion animals. Findings are published biennially 

in the Swiss Antibiotic Resistance Report (Federal Office of Public Health et al. 2022).  

In France, Resapath is the national monitoring network for AMR in bacteria from diseased 

animals, established in 1982. Coordinated by the French Agency for Food, Environmental and 

Occupational Health & Safety (ANSES), it collects and analyzes data from veterinary 

diagnostic laboratories across France to track resistance trends in different animal species. 

Resapath provides an online platform with access to general data, antimicrobial susceptibility 

tables, and temporal trend analysis (ANSES 2024; ANSES 2022).  

In Germany, the German Resistance Monitoring of Animal Pathogenic Bacteria (GERM-

Vet) has been in place since 2001 and is operated by the Federal Office of Consumer 

Protection and Food Safety (BVL). The program has progressively expanded its scope to 

include isolates from companion animals, enhancing its comprehensive surveillance of AMR 

across various animal populations (Bundesamt für Verbraucherschutz und 

Lebensmittelsicherheit 2022). 

Despite the presence of various AMR monitoring systems, significant challenges remain. 

Sample collection often lacks consistency, data accessibility remains limited, and not all 

pathogens are systematically monitored, making cross-system comparisons difficult. 

Additionally, variations in laboratory techniques further complicate standardization (Mader et 

al. 2022). As noted by Mader et al. (2022), understanding the strengths and limitations of these 

frameworks is crucial for harmonizing efforts and enhancing the effectiveness of AMR control 

measures. Harmonizing AMR monitoring systems is essential for creating a unified global 

response to the AMR crisis. Such alignment fosters international collaboration, strengthens 

surveillance, and ensures that interventions are effective, equitable, and sustainable across 

borders. AMR impacts humans, animals, and the environment, making an integrated 

perspective vital. Experts concur that addressing AMR requires a One Health approach to 

effectively mitigate its effects and ensure a healthier future for all (Nardulli et al. 2023). 

 
2.6 MRSA 

 S. aureus is one of the numerous species within the genus Staphylococcus and is a gram-

positive bacteria (Haag et al. 2019; Kloos 1980). It primarily colonizes the skin and mucosa of 

humans (Kluytmans et al. 1997; Kloos 1980) but can also colonize various animals 

(Trościańczyk et al. 2023; Kloos 1980). Being an opportunistic pathogen, S. aureus can cause 

a range of mild to life-threatening infections, including skin lesions, pneumonia, osteomyelitis, 

and endocarditis (Foster 1996). As one of six pathogens that are critically important as they 

are responsible for the majority of nosocomial infections and exemplify key challenges in 

pathogenesis, transmission, and antibiotic resistance, S. aureus is part of the ESKAPE group, 
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which furthermore includes Enterococcus faecium, Klebsiella (K.) pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa (Rice 2008).  

The introduction of penicillin revolutionized the treatment of S. aureus infections, but its 

widespread use led to the rapid emergence and global spread of penicillin-resistant strains, 

marking the "first wave" of S. aureus resistance (Vincze 2015). The "second wave" occurred 

with the introduction of methicillin, a semi-synthetic β-lactam antibiotic, which, due to selection 

pressure, led to the rise of MRSA (Vincze 2015). MRSA develops through the acquisition of 

the mecA or mecC gene, which encodes an altered penicillin-binding protein PBP2a, allowing 

S. aureus to resist β-lactam antibiotics, including methicillin. This resistance emerged shortly 

after the introduction of penicillin, as S. aureus produced β-lactamase, rendering the antibiotic 

ineffective. MRSA strains gained further resistance through the integration of the 

staphylococcal cassette chromosome mec (SCCmec) element (Vincze 2015). Other 

staphylococcal species may also acquire methicillin resistance, leading to health issues in both 

animals and occasionally humans (Cohn and Middleton 2010).  

 MRSA strains are typically categorized by epidemiological groupings, though these 

classifications can blur as strains sometimes spread across groups, making it difficult to assign 

a specific pattern to certain MRSA strains (Catry et al. 2010). Hospital-associated MRSA (HA-

MRSA) refers to infections acquired in healthcare settings, typically emerging 48 hours after 

admission in patients with risk factors like extended hospital stays, prolonged antibiotic use, 

surgeries, or close contact with MRSA-positive individuals (Aires-de-Sousa 2017; Catry et al. 

2010). Healthcare-associated community MRSA (HCA-MRSA) involves MRSA infections in 

outpatients with prior healthcare exposure, such as recent hospitalization or nursing home 

residency. Community-associated MRSA (CA-MRSA) arises in the general community without 

prior healthcare-related risk factors, with close contact in settings like sports, schools, or 

daycares considered key risk factors. Livestock-associated MRSA (LA-MRSA) primarily 

involves the clonal spread of a specific MRSA strain, ST398, which colonizes various food 

animal species, including horses, and can also lead to zoonotic infections in humans. 

Companion animals and horses, due to their close contact with humans, can also carry MRSA 

strains originally from humans (Aires-de-Sousa 2017; Catry et al. 2010). Studies showed that 

dog ownership works as a significant risk factor for MRSA colonization in humans (Hackmann 

et al. 2021; Hanselman et al. 2009). Transmission likely occurs from humans to dogs, with 

dogs acting as reservoirs for reinfection and spreading MRSA within households (Hackmann 

et al. 2021). MRSA infections in pets are most commonly linked to pyoderma or postoperative 

wound infections but are also a cause of otitis, urinary tract infections (UTI), and joint issues 

that have also been reported in companion animals (Vincze et al. 2014a; Cohn and Middleton 

2010). Risk factors for MRSA infection in companion animals include treatment in veterinary 

clinics with more than 10 employees, prior antibiotic use, and the presence of surgical site 
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infections, highlighting the importance of nosocomial transmission within veterinary settings 

(Vincze et al. 2014b). Adopting a One Health approach is essential to control MRSA, as both 

community and animal reservoirs must be managed to prevent further nosocomial outbreaks 

(Aires-de-Sousa 2017). While MRSA rates in humans in Germany have declined in recent 

years, aligning with international data, variations across Europe highlight its ongoing role as a 

major pathogen (Layer et al. 2021). In 2019, MRSA caused more than 100,000 deaths 

attributable to AMR (Murray et al. 2022), and it is listed as a “high” priority pathogen on the 

WHO's Bacterial priority pathogens list of 2024 (World Health Organization 2024b).  

Even though MRSA remains a significant pathogen, including in veterinary medicine, 

representative data on its prevalence in companion animals remains limited. In 2021, GERM-

Vet recorded only 32 S. aureus isolates from cats and dogs (Bundesamt für Verbraucherschutz 

und Lebensmittelsicherheit 2023). Finland analyzed 94 S. aureus isolates from cats, dogs, and 

horses (Finnish Food Authority et al. 2022), while France reported 4,793 antibiograms of 

coagulase-positive staphylococci (CoPs) in dogs and 814 in cats (ANSES 2024). In contrast, 

Norway and Switzerland do not currently conduct MRSA surveillance in companion animals 

(Norwegian Food Safety Authority and Norwegian Veterinary Institute 2022; Federal Office of 

Public Health et al. 2022). Reported MRSA prevalence varies widely, ranging from 0% in 

German cats (Bundesamt für Verbraucherschutz und Lebensmittelsicherheit 2023) to 20% in 

French cats (ANSES 2022). Additionally, international studies have documented rising 

resistance trends, with MRSA prevalence reaching approximately 22% in Buenos Aires (Rumi 

et al. 2021) and 37.4% in the U.S. (Lord et al. 2023). These findings underscore the urgent 

need for continuous AMR surveillance and responsible antimicrobial use in companion animals 

to mitigate the growing resistance burden. 

 

2.7 MRSP  
S. pseudintermedius, part of the Staphylococcus intermedius group (SIG), is the primary 

pathogenic species affecting dogs but can also infect other animals and humans (Kadlec and 

Schwarz 2012). It was originally identified as a commensal bacterium in dogs but has recently 

gained attention as a zoonotic pathogen, with human infections reported since 2006 

(Bhooshan et al. 2020). S. pseudintermedius produces a variety of virulence factors, including 

pore-forming toxins like leukotoxin Luk-I and phenol-soluble modulins (Bhooshan et al. 2020). 

These toxins target immune cells and non-professional phagocytic cells, causing cytolysis and 

contributing to severe infections. S. pseudintermedius closely resembles S. aureus in its 

pathogenicity, possessing similar virulence factors and MDR characteristics, particularly 

against β-lactam antibiotics, including methicillin (Bhooshan et al. 2020). Accurate 

identification of S. pseudintermedius is challenging, as it shares phenotypic similarities with 

other staphylococcal species, necessitating molecular methods for precise diagnostics 
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(Bannoehr and Guardabassi 2012). S. pseudintermedius primarily colonizes the skin, mouth, 

and perineum of dogs and can cause various infections, including skin, ear, and postoperative 

wound infections (Bannoehr and Guardabassi 2012). 

MRSP has emerged as a significant veterinary pathogen and is especially concerning due 

to its resistance to most antimicrobials approved for veterinary use, making infections difficult 

to treat (Bannoehr and Guardabassi 2012; Kadlec and Schwarz 2012). Many MRSP isolates 

are now susceptible only to a limited range of antimicrobials, such as amikacin, rifampicin, 

vancomycin, and linezolid, posing therapeutic challenges due to potential toxicity and ethical 

concerns (Morris et al. 2017). Geographical variations in MRSP prevalence are noted, with 

major clonal lineages spreading across Europe, North America, and Japan, and evidence of 

horizontal gene transfer from other staphylococcal species (Morris et al. 2017). Though 

primarily a canine pathogen, S. pseudintermedius has been implicated in human infections, 

often following contact with dogs. Severe cases, such as necrotizing fasciitis and endocarditis, 

underscore its zoonotic potential (Maali et al. 2018). This zoonotic risk of MRSP is particularly 

concerning for individuals in close contact with animals, such as veterinarians and pet owners, 

raising concerns about transmission from animals to humans (Bhooshan et al. 2020; Paul et 

al. 2011). Although MRSP is increasingly recognized in human medicine, it is not relevant to 

be included in human surveillance systems such as ‘Antibiotika-Resistenz-Surveillance’ (ARS). 

It is, however, monitored by GERM-Vet (Bundesamt für Verbraucherschutz und 

Lebensmittelsicherheit 2023). Due to its higher relevance in dogs, data on MRSP in cats 

remains scarce.  

In European AMR surveillance systems, only canine S. pseudintermedius is consistently 

represented but with varying sample numbers. Sweden reported 2,028 S. pseudintermedius 

isolates, with MRSP cases recorded separately due to their notifiable status (41 from dogs and 

1 from a cat) (Public Health Agency of Sweden and National Veterinary Institute 2022). 

Switzerland reported 45 S. pseudintermedius isolates (Federal Office of Public Health et al. 

2022), while Germany recorded 147 (Bundesamt für Verbraucherschutz und 

Lebensmittelsicherheit 2023) and Finland 685 (Finnish Food Authority et al. 2022). France 

analyzed 4,793 antibiograms of CoPs in dogs and 814 in cats (ANSES 2024). Reported MRSP 

prevalence varied from <1% in Sweden (Public Health Agency of Sweden and National 

Veterinary Institute 2022) to 12% in Germany (Bundesamt für Verbraucherschutz und 

Lebensmittelsicherheit 2023), whereas international studies documented significantly higher 

rates, such as 22% in Buenos Aires (Rumi et al. 2021) and 30.8% in the U.S (Lord et al. 2023). 

Although S. pseudintermedius is more commonly isolated from dogs, it is also clinically 

relevant in cats, particularly those in close contact with dogs (Bierowiec et al. 2021). Previous 

studies indicate that when S. pseudintermedius is detected in cats, it is often methicillin-

resistant, with reported prevalence rates reaching up to 80% (Feng et al. 2012). Understanding 
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the variations of MRSP in dogs and cats is crucial for developing effective, species-specific 

treatment strategies and ensuring optimal antimicrobial therapy in both species. When treating 

methicillin-resistant staphylococcal (MRS) infections, systemic antibiotic therapy should be 

avoided whenever possible and only considered when guided by antibiogram results (Nolff et 

al. 2023; Morris et al. 2017). Empirical treatment is strongly discouraged due to the high 

prevalence of multidrug resistance, and the use of critical antimicrobials should be strictly 

limited to life-threatening cases and only after specialist consultation. β-lactam antibiotics are 

strictly contraindicated, and local treatment options, such as antiseptic shampoos for skin 

infections, should be prioritized over systemic therapy whenever feasible (Nolff et al. 2023; 

Morris et al. 2017). To ensure effective and targeted therapy, antimicrobial susceptibility testing 

is essential, particularly when managing MDR infections. This approach prevents antimicrobial 

misuse, minimizes resistance development, and tailors treatment based on the specific 

susceptibility profile of the pathogen, ultimately leading to optimal patient outcomes while 

upholding the principles of antimicrobial stewardship (Allerton and Nuttall 2021).  
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3 THESIS AIMS 
This thesis aims to analyse the prevalence and resistance patterns of MRSA and MRSP 

in companion animals, while also exploring the feasibility of using routine laboratory data for 

continuous, large-scale passive AMR monitoring in veterinary medicine. The following 

hypotheses were proposed: 

 

(1) MRSA remains a significant pathogen in veterinary medicine, and due to its zoonotic 

potential, prevalence rates in companion animals could be comparable to those in 

humans. 

(2) MRSP is an important pathogen not only in dogs but also in cats. Distinct resistance 

patterns could underscore the importance of monitoring MRSP in both species, 

particularly in relation to the transmission of AMR.  

(3) Routine laboratory data provides a viable approach for large-scale passive AMR 

monitoring, complementing existing active surveillance systems. 

 

To test these hypotheses, a study was conducted using large-scale laboratory data from 

Laboklin, covering isolates from dogs and cats in Germany between 2019 and 2021. Minimum 

inhibitory concentration (MIC) values were assessed according to Clinical and Laboratory 

Standards Institute (CLSI) guidelines and analysed statistically. The final analysis focused on 

MRSA and MRSP, given their significance in veterinary medicine, with additional work on third-

generation cephalosporin resistant (3GCR) E. coli and 3GCR K. pneumoniae in subsequent 

publications. The results aim to shed light on the current AMR situation in companion animals 

and provide a baseline for comparing the impact of future legislative measures. Additionally, 

this study seeks to demonstrate that national large-scale AMR monitoring is feasible with 

existing data, requiring minimal effort yet offering substantial benefits for developing veterinary 

guidelines and informing policymakers on AMR trends. In the future, additional pathogens 

could be examined using this data, as it includes information on all pathogens isolated from 

samples, allowing for comprehensive future analyses. 
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Abstract: The emergence of methicillin-resistant Staphylococcus pseudintermedius (MRSP) presents a
significant public health concern globally, particularly within veterinary medicine. MRSP’s resistance
to multiple antibiotics is limiting treatment options and potentially leading to severe infections in
companion animals. This study aimed to understand antimicrobial resistance in dogs and cats,
focusing on MRSP resistance patterns and its prevalence in Germany. We analyzed results of bac-
terial diagnostic samples from canines and felines, sourced from a German veterinary diagnostic
microbiology laboratory between 2019 and 2021. This dataset included samples from 3491 veterinary
practices, covering 33.1% of veterinary practices and clinics in Germany. MRSP rates were detailed
by host species, sample types and co-resistance patterns. Analysis of 175,171 bacterial examination
results revealed S. pseudintermedius in 44,880 samples, yielding a 25.6% isolation rate. S. pseudin-
termedius was more prevalent in dogs (35.0%) than cats (3.6%). Methicillin resistance was found
in 7.5% of all S. pseudintermedius isolates. MRSP prevalence was higher in feline samples (16.1%,
95% CI 14.4–17.8) compared to canine samples (7.1%, 95% CI 6.8–7.0). S. pseudintermedius showed
high resistance rates to ampicillin (cats: 48.6%, dogs: 67.6%) and clindamycin (cats: 37.2%, dogs:
32.7%), while MRSP exhibited high co-resistance to clindamycin (cats: 82.8%, dogs: 85.4%) and
sulfamethoxazole + trimethoprim (cats: 66.4%, dogs: 66.2%). Our study revealed distinct resistance
patterns of MRSP in cats compared to dogs, highlighting the need for tailored treatment approaches
and the importance of antimicrobial resistance surveillance.

Keywords: MRSP; antimicrobial resistance; AMR monitoring; companion animals; retrospective

1. Introduction

In 2021, the European Food Safety Authority (EFSA) identified Staphylococcus (S.)
pseudintermedius, as one of the three most relevant antimicrobial resistant bacteria in the EU
that constitute a threat to the health of dogs and cats [1]. S. pseudintermedius, commonly
found as a commensal on the skin and mucous membranes of dogs and cats, is the predom-
inant bacterial pathogen found in clinical canine samples, often associated with various
infections such as those affecting the skin, ear, and post-surgical sites [2–4].
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The emergence of antimicrobial resistance (AMR), driven by natural evolutionary re-
sponses to antimicrobial exposure [5,6], has led to the widespread prevalence of methicillin-
resistant strains of S. pseudintermedius (MRSP) among both healthy and diseased dogs
and cats [3,4]. Beyond methicillin, MRSP strains commonly exhibit co-resistance to mul-
tiple classes of antimicrobials, including fluoroquinolones, macrolides, tetracyclines, and
aminoglycosides [3,7,8].

The global emergence of MRSP has significantly complicated treatment strategies,
giving rise to challenging infections in companion animals, such as superficial pyoderma,
otitis externa, urinary tract infections, and more severe systemic infections including
septicemia and endocarditis. This presents a substantial clinical challenge in veterinary
medicine [3,4,8–10].

To ensure effective treatment with antibiotics, a range of strategies aimed at mitigating
AMR while promoting prudent use of antibiotics operates both at national and interna-
tional levels. In Germany, at the national level, the Veterinary House Dispensary Ordinance
(TÄHAV) is in place. With its amendment in 2018, the TÄHAV aims to combat antibiotic
resistance by limiting antibiotic treatments to necessary cases, focusing on preserving
the effectiveness of third- and fourth-generation cephalosporins and fluoroquinolones. It
therefore mandates the availability or pending status of bacterial culture and susceptibil-
ity results when prescribing these antibiotics, underscoring the importance of informed
antibiotic selection [11]. Additionally, EU legislation imposes restrictions on certain antimi-
crobials in veterinary medicine [12]. Beyond regulatory frameworks, strategies encompass
guidelines for antimicrobial usage and the implementation of antimicrobial stewardship
programs aimed at optimizing antibiotic prescribing practices [7,13,14].

Accurate data on both the prevalence and time trends of AMR are essential for the
formulation of guidelines and legislation concerning antibiotic usage. Presently, monitoring
of AMR in bacterial species in animals is not organized at a European level. However, ini-
tiatives such as the European Antimicrobial Resistance Surveillance network in Veterinary
medicine (EARS-Vet) have been launched to strengthen the European One Health AMR
surveillance approach [15].

In Germany, the national veterinary resistance monitoring system, GERM-Vet, is
in place. It systematically examines isolates from diverse animal species obtained from
various laboratories according to a sampling plan, but voluntary participation keeps the
number of isolates manageable. The limited sample sizes impede data evaluation for certain
species and indications. In 2021, the dataset included a total of 199 isolates from cats and
450 isolates from dogs, with 147 of these isolates identified as canine S. pseudintermedius [16].
While these analyses provide valuable insights including whole-genome sequencing data,
the representativeness of prevalence data remains challenging.

Broad-scale MRSP prevalence figures in Germany can be found in a 2023 study by Lo-
effler et al., which evaluated MRSP prevalence among clinical samples from dogs, tracking
trends following the enactment of antimicrobial prescribing legislation in Germany [17].
While their study focused exclusively on S. pseudintermedius from dogs, research indicates
that S. pseudintermedius, particularly MRSP, is also a concern in cats [18,19].

To our knowledge, ours is the first study in Germany to present a substantial dataset
on MRSP in diseased cats alongside dogs, enabling a comparative analysis of MRSP
prevalence, sample types, and prevailing co-resistance patterns from 2019 to 2021 between
these two species. The study aimed to establish a baseline for MRSP prevalence in dogs
and cats, support evidence-based decision-making in empirical therapy, and enable the
interpretation of future trends.

2. Results

Overall, our analysis encompassed the results of 175,171 bacteriological examinations
of both feline and canine specimens. Out of these, 27,917 samples (19,154 from canines and
8763 from felines) showed no growth of specific pathogenic bacterial species. The distribu-
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tion of sample types was as follows: 67,293 skin/soft tissue samples, 16,111 wound samples,
21,398 respiratory tract samples, 20,907 urogenital tract samples, and 49,462 other samples.

S. pseudintermedius was identified in 44,880 samples, constituting 25.6% of the total
examined. The occurrence rates varied notably between cats (3.6%) and dogs (35.0%).
S. pseudintermedius was isolated in the following proportions across different sample types:
33.2% from skin/soft tissue samples (dogs: 41.3%, cats: 4.6%), 22.2% from wound samples
(dogs: 32.5%, cats: 6.3%), 15.3% from respiratory tract samples (dogs: 29.8%, cats: 2.4%),
15.3% from urogenital tract samples (dogs: 44.8%, cats: 1.9%), and 25.3% from other
samples (dogs: 27.6%, cats: 3.5%). Detailed sample counts for S. pseudintermedius isolation
categorized by specific organ systems are presented in Table 1.

Table 1. Total number and percentages of canine and feline samples per host species and year; total
number and percentages of S. pseudintermedius overall and with regard to the assigned organ system
per host species and year.

Overall Dog Cat

Samples 175,171 122,831 52,340
Samples with S. pseudintermedius

isolated 44,880 43,016 1864

Year (%) 44,880 (100)
2019 16,145 (36.0) 15,487 (36.0) 658 (35.3)
2020 13,944 (31.1) 13,340 (31.0) 604 (32.4)
2021 14,791 (32.9) 14,189 (33.0) 602 (32.3)

Sample type (%) 44,880 (100)
Skin/soft tissue 22,342 (49.8) 21,663 (50.4) 679 (36.4)

Wound 3583 (8.0) 3296 (7.7) 287 (15.4)
Respiratory tract 3264 (7.3) 2995 (7.0) 269 (14.4)
Urogenital tract 3195 (7.1) 3111 (7.2) 84 (4.5)

Other 12,496 (27.8) 11,951 (27.7) 545 (29.3)

In total, 7.5% (95% CI 7.2–7.7, n = 3346) of the investigated S. pseudintermedius strains
exhibited phenotypic oxacillin resistance. Notably, S. pseudintermedius isolated from cats
demonstrated a prevalence of 16.1% (95% CI 14.4–17.8, n = 300), surpassing the prevalence
of 7.1% (95% CI 6.8–7.0, n = 3046) observed in samples from dogs. Our analysis revealed a
stable MRSP rate across the years 2019 to 2021, as illustrated in Figure 1.
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Figure 1. Proportion (%) of MRSP (defined by oxacillin resistance) among S. pseudintermedius
infections (n = 44,880) in dogs and cats per year. Error bars represent 95% confidence intervals.
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MRSP resistance rates in dogs exhibited minimal variation across sample types, except
for wound samples, which showed the highest methicillin-resistance rate among canine
S. pseudintermedius samples, at 15.2%. Canine samples from the respiratory tract, skin
and soft tissue, urogenital tract, and other showed methicillin-resistance below 7.5%. In
cats, S. pseudintermedius displayed elevated resistance rates, particularly in samples from
wounds (24.7%) and urogenital tract infections (21.4%). In contrast, feline samples from the
respiratory tract and skin/soft tissue exhibited comparatively lower resistance rates (12.6%
and 11.0%, respectively). There were no major differences in the MRSP prevalence within
an organ system between 2019 and 2021 (refer to Figure 2).
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Figure 2. MRSP prevalence (defined by oxacillin resistance) in % among S. pseudintermedius infections
of 5 different sample origins (respiratory tract, wound, skin and soft tissue, urogenital tract, and
other) of dogs and cats per year. Error bars represent 95% confidence intervals.

Within all S. pseudintermedius samples, canine samples exhibited significantly higher
resistance rates to ampicillin at 67.6% (95% CI 67.2–68.1) compared to cats at 48.6% (95% CI
46.1–51.0). Canine samples also exhibited significantly higher resistance rates to chloram-
phenicol at 6.9% (95% CI 6.6–7.2), compared to cats at 5.3% (95% CI 4.3–6.5). Conversely,
feline samples demonstrated significantly greater resistance to several other antimicrobials.
Resistance to clindamycin was observed in 37.2% (95% CI 35.0–39.4) of feline samples, as
opposed to 32.7% (95% CI 32.2–33.1) in canine samples. Similarly, resistance rates were
higher in feline samples for cephalexin (16.8% vs. 7.9%), enrofloxacin (11.4% vs. 5.7%),
and sulfamethoxazole + trimethoprim (15.4% vs. 9.8%). Both canine and feline isolates
exhibited low resistance rates to doxycycline, rifampicin, and gentamicin, with less than
3.8% for all three antimicrobials. (Figure 3).

MRSP isolates generally exhibited resistance to all tested beta-lactam antibiotics. Co-
resistance to non-beta-lactam antibiotics was notably high for clindamycin (85.2%, 95% CI
83.9–86.4), sulfamethoxazole + trimethoprim (66.3%, 95% CI 64.6–67.9), and enrofloxacin
(50.5%, 95% CI 48.8–52.2). The underlying data are available as supplementary data
(Table S1).
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Figure 3. Resistance to various antimicrobial substances within all canine and feline S. pseudinter-
medius samples (n = 44,880) compared between species. MIC interpretation (S—I—R) was performed
following the CLSI guidelines referencing documents Vet01S-Ed6 and M100Ed33 [20,21]. The break-
points used were the following: Ampicillin (canine and feline urinary tract infections (UTI) and
feline non-UTI): S  0.25, R � 1, (canine non-UTI): S  0.25, R � 0.5; cephalexin (canine and feline
UTI and non-UTI): S  2, R � 4; chloramphenicol (canine and feline UTI and non-UTI): S  8,
R � 32; clindamycin (canine and feline UTI and non-UTI): S  0.5, R � 4; enrofloxacin (canine and
feline UTI and non-UTI): S  0.5, R � 4; gentamicin (canine and feline UTI and non-UTI): S  4,
R � 16; doxycycline (canine and feline UTI and non-UTI): S  4, R � 16; rifampicin (canine and
feline UTI and non-UTI): S  1, R � 4; sulfamethoxazole + trimethoprim (canine and feline UTI and
non-UTI): S  2/38, R � 4/76. Abbreviations: AST: antimicrobial susceptibility testing, S: susceptible,
I: intermediate, R: resistant.

3. Discussion

This study extends our prior research on AMR data in companion animals in Ger-
many [22] and aims to shed light on the prevalence and resistance patterns of MRSP in
clinically diseased dogs and cats between 2019 and 2021. Our analysis encompasses a
significant dataset consisting of 175,171 samples received from approximately one-third
(33.1%) of all registered German veterinary practices and clinics (10,558) as of 2021 [23].
With a total of 44,880 S. pseudintermedius isolates, including 1864 from cats, our study offers
a comprehensive analysis contrasting MRSP in canine and feline samples in Germany from
2019 to 2021.

In our study, we found several notable differences between cats and dogs in the
prevalence of MRSP across different sample types and resistance patterns. As noted
by Mendandro et al., comparing different studies is challenging due to the influence of
geographic origin, sample type, and the population studied on MRSP occurrence. Variations
in prevalence data can also result from differences in study design, identification methods,
sampling techniques, animal health status, and other factors [24]. Notably, the literature
indicates that S. pseudintermedius is commonly found in both dogs and cats, although
it is more frequently isolated in dogs [18,25,26], as supported by our study’s findings,
where lower case numbers for feline S. pseudintermedius isolates (3.6% of 52,340 feline
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samples) were observed. This observation aligns with previous studies, which further
suggested a higher prevalence of S. pseudintermedius colonization in cats housed with dogs,
underscoring that it should not be evaluated as natural feline microbiota [19]. However,
our study also shows that when S. pseudintermedius is present in cats, there is a high risk
for methicillin resistance. It is, therefore, important to also collect comprehensive MRSP
prevalence data from cats, allowing evaluation of resistance patterns and trends.

3.1. MRSP Prevalence in Cats and Dogs
The feline MRSP prevalence in our study from 2019 to 2021 was 16.1%. With this, it is

higher than the 5% reported in sick cats during the same period in Poland [25]. However,
it is significantly lower than the 43.8% (S. pseudintermedius n = 6828) prevalence reported
by Sobkowich et al. for the USA during the same period [18]. In northern Italy, the feline
MRSP prevalence was 20% (S. pseudintermedius n = 5) in the study period 2015–2016 [24].
Previous studies in Germany showed feline MRSP rates of 6.6% (S. pseudintermedius n = 91)
in 2007 [27], 94.1% (S. pseudintermedius n = 17) in the study period 2010–2011 [28], and
27.3% (S. pseudintermedius n = 11) in the study period 2017–2018 [29]. These discrepancies
highlight the challenges of comparing feline MRSP rates due to generally smaller sample
sizes in these previous European studies.

The canine MRSP prevalence in our study was 7.1%. This prevalence is higher than
the 2.5% reported in Poland [25], but significantly lower than the 32.4% reported in the
USA [18] and the 32.7% in northern Italy [24]. Compared to previous studies in Germany,
our canine prevalence closely matches the 6.8% reported by Ruscher et al. [27] and the
8–12% range reported by the GERM-Vet surveillance system [16,30]. Loeffler et al. also
reported a prevalence of 7.1% [17], which is expected given the overlap in sample sets with
our study. These similarities suggest that our findings are consistent with previous data
within Germany. The relatively higher sample sizes in canine studies likely contribute
to the more representative findings, in contrast to the often smaller feline sample sizes.
Variations in MRSP prevalence between countries could be influenced by differences in
antibiotic use practices or transmission rates in veterinary practices and clinics. However,
the specific causes of these differences cannot be explained by this study.

Notable is the large difference in MRSP prevalence between dogs and cats. S. pseudin-
termedius seems to be uniquely adapted to dogs, which is a common member of the canine
flora and a common pathogen for skin, urinary tract, and other infections in dogs [9]. We
can only speculate that this adaption changes the pathomechanism of S. pseudintermedius
infections in dogs, indirectly resulting in lower resistance rates. This difference, however,
does not seem to apply to wound samples (see Section 3.2 below). Especially for pyoderma,
one can assume a difference in pathomechanism between dogs and cats, with canine pyo-
derma being one of the most common reasons for presentation in a veterinary practice [9].
Other factors, including differences in the antibiotics used for each species and the tendency
of cats to visit the vet only when they are seriously ill, as they often hide their symptoms,
can also have an effect on the resistance rate. As there are hardly any studies comparing the
MRSP rates of cats and dogs, we can only discuss possible influencing factors to a limited
extent. Further research is needed to determine whether MRSP prevalence is consistently
higher in cats and to explore the underlying reasons.

3.2. Feline and Canine Sample Types
In cats, the highest MRSP prevalence was found in wound samples and urinary tract

samples, both exceeding 20%, and in respiratory tract samples, which exceeded 12%. While
antibiotics for urinary tract infections and respiratory tract infections are administered
systemically, skin and soft tissue infections can be treated locally. Higher resistance rates
may indicate that previous antibiotic treatments were not fully effective, possibly due to
inadequate administration, which is particularly challenging with oral medications in cats.
This can promote the development of resistance [5].
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Within canine S. pseudintermedius samples, wound samples exhibited particularly high
MRSP prevalence. This finding aligns with previous studies [27,29,31], which indicate
that S. pseudintermedius can cause post-operative wound infections in dogs. Windahl et al.
identified S. pseudintermedius as the most prevalent pathogen among canine surgical wound
infections in Sweden [32]. Furthermore Viegas et al. reported that MRSP was more likely to
be isolated from surgical site infections than from pyoderma or other site infections [33].
These findings are consistent with our study, where surgical site infections were categorized
under the sample type wound.

3.3. Resistance Patterns in Feline and Canine S. pseudintermedius
While MRSP in dogs and cats exhibit similar resistance patterns, notable differences

emerge when considering all S. pseudintermedius. In feline S. pseudintermedius samples,
resistance to ampicillin and clindamycin showed the highest values of 48.6% and 37.2%,
respectively, indicating that a significant proportion of S. pseudintermedius infections are
resistant to commonly prescribed first-line antimicrobials [34]. S. pseudintermedius in cats
furthermore exhibited greater resistance to cephalexin (16.8%), enrofloxacin (11.4%), and
sulfamethoxazole + trimethoprim (15.4%) compared to dogs. These variations align with
the findings of Feßler et al. [29]. In a Polish study, clinically ill cats demonstrated even
higher resistance rates: 84.6% for ampicillin, 46.2% for enrofloxacin, and 38.5% for sul-
famethoxazole + trimethoprim [19].

Canine S. pseudintermedius samples in our study showed even higher resistance rates
to ampicillin at 67.6% compared to cats. Conversely, canine samples showed up to 8% less
resistance to cephalexin, enrofloxacin, and sulfamethoxazole + trimethoprim compared
to cats in our study. When comparing canine samples to data from GERM-Vet, our study
shows slightly lower resistance levels. In GERM-Vet, resistance rates for canine skin and
soft tissue samples in 2020 and 2021 were 73% and 69%, respectively, for ampicillin, 11% and
10%, respectively, for enrofloxacin, and 11% and 13%, respectively, for sulfamethoxazole +
trimethoprim [16,30]. In our study, MRSP in both canine and feline samples exhibited high
co-resistance to almost all tested antimicrobials. These findings are consistent with previous
research, which furthermore demonstrated that samples with prior antimicrobial treatment
had increased co-resistance [16,33]. Changed resistance patterns may be a response to the
increased use of antibiotics that were rarely used in the past but are now being utilized due
to emerging resistances [26]. Consequently, ongoing monitoring and mapping of resistance
patterns in dogs and cats are of significant interest to understand these trends better.

3.4. AMR Monitoring
The monitoring of AMR is crucial in both human and veterinary medicine. Pathogens

like MRSP, although primarily found in dogs and cats, pose significant risks to humans [35].
The mec cassettes in MRSP can be transferred to other staphylococci, potentially those
more adapted to humans, through horizontal gene exchange [36]. To expand the scope of
national AMR monitoring, laboratory data such as the dataset used in this study could
prove to be a good source, as also described in our primary research on MRSA [22] and
third generation resistant Escherichia coli.

Research indicates that regulatory measures can significantly impact AMR rates [17,37,38].
However, these measures must be evidence-based and should not compromise animal
health. Such legislation affects the veterinary profession’s autonomy, sometimes leading to
opposition [39]. Efforts are essential to provide education on pathogen-specific resistance
rates alongside the development of comprehensive therapy guidelines. These measures are
crucial to empower veterinarians with the necessary knowledge for making informed deci-
sions, particularly in the management of bacterial infections involving resistant pathogens
such as MRSP in cats and dogs.
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3.5. Limitations
One limitation of this study pertains to the lacking history regarding antibiotic pre-

treatment in the laboratory record, which could provide insights into the varied resistance
patterns between isolates from pre-treated and untreated animals. Typically, when initial
antibiotic therapy fails or when a particular antibiotic necessitating an antibiogram is
considered [11], swabs are sent to the laboratory for analysis [22,40]. Consequently, the
isolates being evaluated in this study probably exhibit greater resistance compared to
pathogens causing infections already responsive to first-line antibiotic therapy [16,18]. But,
even if the resistance observed in the laboratory diagnostics settings are likely to be greater
than in the general population, these findings indicate that MRSP is a present issue in
companion animals in Germany.

In our study, data regarding repeated or duplicated isolates were unavailable, po-
tentially leading to inflated observed resistance rates. However, our data provider, based
on expert opinion, assessed the duplication rate to be low, accounting for less than 1% of
isolates, primarily due to the collection of data predominantly from outpatient visits.

In conclusion, our study provides comprehensive data on the prevalence of MRSP
in clinically diseased cats and dogs across Germany. While the MRSP prevalence in dogs
aligns with previous studies, our dataset on S. pseudintermedius in cats reveals higher
prevalence and distinct resistance patterns compared to dogs. This underscores the need
for tailored treatment approaches and highlights the importance of such AMR surveillance.

4. Materials and Methods

4.1. Samples
Samples originated from clinically diseased cats and dogs across Germany and were

analyzed by Laboklin (Bad Kissingen, Germany), one of the accredited specialist labo-
ratories for veterinary diagnostics in the country. During the timeframe from January
2019 to December 2021, 3491 veterinary practices and clinics submitted canine and feline
samples to Laboklin. The dataset provided by the laboratory included information on the
species, sample types, identified pathogens, and antimicrobial susceptibility testing. We
retrospectively analyzed all results of bacterial diagnostic samples from this period.

4.2. Bacterial Identification and Antimicrobial Susceptibility Testing (AST) of S. pseudintermedius
Bacterial species were identified by the laboratory based on culture morphology,

hemolysis, and MALDI-TOF-MS (Bruker Daltonics, Bremen, Germany) following estab-
lished protocols. Antimicrobial susceptibilities were determined via broth microdilution
testing around breakpoints according to Clinical and Laboratory Standards Institute (CLSI)
Performance Standards documents, utilizing the MICRONAUT System Merlin (MERLIN
GmbH, Bornheim-Hersel, Germany). This involved automated photometric evaluation
of customized microtiter plates to ascertain the minimum inhibitory concentration (MIC).
Within the scope of this study, the evaluation of feline and canine S. pseudintermedius isolates
focused on several antimicrobial substances, including oxacillin, ampicillin, cephalexin,
chloramphenicol, clindamycin, enrofloxacin, gentamicin, doxycycline, rifampicin, and
sulfamethoxazole + trimethoprim. MRSP was identified based on oxacillin resistance, with
chromagar used as secondary method for unclear results.

4.3. AST Classification
MIC interpretation (S—I—R) was conducted in accordance with standardized pro-

cedures outlined by the Clinical and Laboratory Standards Institute (CLSI), referencing
CLSI documents Vet01S-Ed6 and M100Ed33 [20,21]. MRSP identification was based on an
oxacillin MIC � 0.5 µg/mL as specified by Vet01S-Ed6. If oxacillin resistance was detected
in S. pseudintermedius, isolates were deemed resistant to all beta-lactam antibiotics, beta-
lactam combination agents, cephems, and carbapenems, as outlined in the CLSI document
Vet01S-Ed6 [20]. For all canine isolates, dog-specific breakpoints as outlined in the CLSI
document Vet01S-Ed6 were applied whenever available. In cases where dog-specific break-
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points for urinary tract infection (UTI) were not provided, we adopted those designated for
cat UTI. If no breakpoint for cat UTI was available, we used the breakpoint provided for dog
skin and soft tissue (SST) infections. For all feline isolates, we employed cat-specific break-
points from document Vet01S-Ed6 whenever available. In cases where cat UTI breakpoints
were missing, we assigned the breakpoints designated for dog UTI. If neither cat UTI nor
cat SST breakpoints were available, we utilized breakpoints for dog SST infections. In cases
where species-specific breakpoints were lacking, we resorted to human-specific clinical
breakpoints outlined in the CLSI document M100. These were applied for gentamicin,
doxycycline, chloramphenicol, rifampicin, and sulfamethoxazole + trimethoprim.

4.4. Data Processing and Statistical Analysis
The samle types from the dataset were classified into five groups based on anatomi-

cal origin.

1. Skin and soft tissue (e.g., ear swabs)
2. Wounds (e.g., swabs from surgery wounds and abscesses)
3. Respiratory tract (e.g., nasal swabs and bronchoalveolar lavage)
4. Urogenital tract (e.g., urinary samples and vaginal swabs)
5. Other (e.g., unknown and gastrointestinal swabs)

All statistical analyses were conducted using R version 4.2.2 (R Foundation Vienna).
Isolates and antimicrobial substances were identified using the R package AMR [41]. AST
classification was performed in R with previously mentioned breakpoints. Results are
presented with 95% Wilson confidence intervals (95% CI). Non-overlapping confidence
intervals can be considered significantly different.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/antibiotics13070660/s1, Table S1: Rawdata.
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D.; Siemińska, I.; et al. Wounds of Companion Animals as a Habitat of Antibiotic-Resistant Bacteria That Are Potentially Harmful
to Humans—Phenotypic, Proteomic and Molecular Detection. Int. J. Mol. Sci. 2024, 25, 3121. [CrossRef]

32. Windahl, U.; Bengtsson, B.; Nyman, A.-K.; Holst, B.S. The distribution of pathogens and their antimicrobial susceptibility patterns
among canine surgical wound infections in Sweden in relation to different risk factors. Acta Veter. Scand. 2015, 57, 11. [CrossRef]

33. Viegas, F.M.; Santana, J.A.; Silva, B.A.; Xavier, R.G.C.; Bonisson, C.T.; Câmara, J.L.S.; Rennó, M.C.; Cunha, J.L.R.; Figueiredo,
H.C.P.; Lobato, F.C.F.; et al. Occurrence and characterization of methicillin-resistant Staphylococcus spp. in diseased dogs in Brazil.
PLoS ONE 2022, 17, e0269422. [CrossRef]

34. Quinn, P.J.; Markey, B.K.; Leonard, F.C.; FitzPatrick, E.S.; Fanning, S. Concise Review of Veterinary Microbiology, 2nd ed.; John Wiley
& Sons, Inc.: West Sussex, UK; Ames, Iowa, 2016; ISBN 978-1-118-80270-0.

35. Carroll, K.C.; Burnham, C.-A.D.; Westblade, L.F. From canines to humans: Clinical importance of Staphylococcus pseudintermedius.
PLOS Pathog. 2021, 17, e1009961. [CrossRef]

36. MacFadyen, A.C.; Paterson, G.K. Methicillin resistance in Staphylococcus pseudintermedius encoded within novel staphylococcal
cassette chromosome mec (SCCmec) variants. J. Antimicrob. Chemother. 2024, 79, 1303–1308. [CrossRef]

37. Moerer, M.; Merle, R.; Bäumer, W. A Cross-Sectional Study of Veterinarians in Germany on the Impact of the TÄHAV Amendment
2018 on Antimicrobial Use and Development of Antimicrobial Resistance in Dogs and Cats. Antibiotics 2022, 11, 484. [CrossRef]

38. Iyori, K.; Shishikura, T.; Shimoike, K.; Minoshima, K.; Imanishi, I.; Toyoda, Y. Influence of hospital size on antimicrobial resistance
and advantages of restricting antimicrobial use based on cumulative antibiograms in dogs with Staphylococcus pseudintermedius
infections in Japan. Veter. Dermatol. 2021, 32, 668-e178. [CrossRef]

39. Servia-Dopazo, M.; Taracido-Trunk, M.; Figueiras, A. Non-Clinical Factors Determining the Prescription of Antibiotics by
Veterinarians: A Systematic Review. Antibiotics 2021, 10, 133. [CrossRef]

40. Ruzante, J.M.; Harris, B.; Plummer, P.; Raineri, R.R.; Loy, J.D.; Jacob, M.; Sahin, O.; Kreuder, A.J. Surveillance of antimicrobial
resistance in veterinary medicine in the United States: Current efforts, challenges, and opportunities. Front. Veter. Sci. 2022, 9,
1068406. [CrossRef]

41. Berends, M.S.; Luz, C.F.; Friedrich, A.W.; Sinha, B.N.M.; Albers, C.J.; Glasner, C. AMR: An R Package for Working with
Antimicrobial Resistance Data. J. Stat. Softw. 2022, 104, 1–31. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

Publications 35 

https://doi.org/10.1016/j.vetmic.2008.10.023
https://www.ncbi.nlm.nih.gov/pubmed/19097710
https://doi.org/10.1016/j.vetmic.2013.10.023
https://doi.org/10.3390/antibiotics11020127
https://www.bvl.bund.de/SharedDocs/Berichte/07_Resistenzmonitoringstudie/Bericht_Resistenzmonitoring_2020.pdf
https://www.bvl.bund.de/SharedDocs/Berichte/07_Resistenzmonitoringstudie/Bericht_Resistenzmonitoring_2020.pdf
https://doi.org/10.3390/ijms25063121
https://doi.org/10.1186/s13028-015-0102-6
https://doi.org/10.1371/journal.pone.0269422
https://doi.org/10.1371/journal.ppat.1009961
https://doi.org/10.1093/jac/dkae096
https://doi.org/10.3390/antibiotics11040484
https://doi.org/10.1111/vde.12975
https://doi.org/10.3390/antibiotics10020133
https://doi.org/10.3389/fvets.2022.1068406
https://doi.org/10.18637/jss.v104.i03


Discussion 36 

5 DISCUSSION  
As part of the HKP-Mon project, retrospective laboratory data provided by Laboklin was 

analyzed, demonstrating the potential of ready-to-use laboratory data for AMR monitoring in 

veterinary medicine and addressing the lack of representative AMR data for companion 

animals in Germany. The study focused on two key zoonotic pathogens: MRSA, a leading 

cause of AMR-related deaths in human medicine (Murray et al. 2022) and a source of difficult-

to-treat infections in veterinary practice (Catry et al. 2010), and MRSP, a pathogen of significant 

importance in veterinary medicine (Kadlec and Schwarz 2012). 

The resulting publications provide a comprehensive snapshot of AMR in companion 

animals in Germany from 2019 to 2021, establishing a baseline for future studies to monitor 

trends and evaluate the impact of legislative changes on AMU. The findings confirm that MRSA 

and MRSP remain among the most frequently isolated pathogens in companion animals while 

also revealing their concerning resistance patterns across different organ systems, 

emphasizing the ongoing challenges in managing MDR infections. The results further highlight 

the critical need for AMR surveillance in companion animals to track emerging resistance 

trends and inform effective treatment strategies. Our findings reinforce the value of routine 

laboratory data as a scalable and sustainable resource for AMR monitoring, providing a 

valuable complement to active monitoring programs. By integrating retrospective laboratory 

data into broader AMR surveillance efforts, this approach enhances our understanding of 

resistance trends not only in veterinary medicine but also within the One Health framework.  

 

5.1 Prevalence across species  
Our study analyzed the results of 175,171 samples from companion animals in Germany 

between 2019 and 2021, identifying 25.6% (44,880) as S. pseudintermedius and 3.2% (5,526) 

as S. aureus. Given the clinical relevance of methicillin resistance in Staphylococcus species, 

this was the first parameter examined for both S. aureus and S. pseudintermedius. Phenotypic 

methicillin resistance was detected in 17.8% (95% CI 16.8–18.9, n = 968) of S. aureus isolates 

and 7.5% (95% CI 7.2–7.7, n = 3,346) of S. pseudintermedius isolates. 

The MRSA prevalence observed in our study was lower than that reported in a 2009 

German study (10.7%) but higher than their MRSP prevalence of 6.3%, which was calculated 

for all CoPs (Ruscher et al. 2009). However, our MRSA prevalence was lower than that 

reported in studies from the U.S. (22.9% MRSA, 23.9% MRSP; 2012–2019) (Adiguzel et al. 

2022) and Buenos Aires (22% MRSA, 22% MRSP; 2011–2017) (Rumi et al. 2021). In contrast, 

a Finnish study reported an MRSP prevalence of 14% (2011–2015), which falls between our 

findings and those of other international studies (Grönthal et al. 2017). 

When comparing species in our study, the MRSA prevalence was lower in cats (15.6%, 

95% CI 14.3–17.0, n = 455) than in dogs (20.4%, 95% CI 18.9–22.0, n = 513). However, the 
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opposite trend was observed for MRSP, with cats exhibiting a higher MRSP prevalence (16.1%, 

95% CI 14.4–17.8, n = 300) compared to dogs (7.1%, 95% CI 6.8–7.0, n = 3,046). Even higher 

MRSP prevalence rates have been observed in previous studies. Feng et al. found MRSP 

rates of 80% in cats and 42.7% in dogs (Feng et al. 2012), while Sobkowich et al. reported 

43.8% in cats and 32.4% in dogs (Sobkowich et al. 2023). Although the 80% MRSP prevalence 

in cats by Feng et al. (2012) was based on a small sample size (16 MRSP out of 20 

S. pseudintermedius isolates) and may not be fully representative, larger-scale AMR 

surveillance data from China (2018–2021) support the overall findings (Ma et al. 2023). This 

broader dataset, which included over 1,300 feline and 3,100 canine S. pseudintermedius 

isolates, reports a 45.5% methicillin resistance rate, confirming a high MRSP prevalence in 

China (Ma et al. 2023). These findings align closely with the MRSP rates reported in the U.S. 

by Sobkowich et al. (Sobkowich et al. 2023). 

European AMR surveillance systems have reported varying MRSP prevalence rates in 

canine S. pseudintermedius isolates, with sample sizes in 2021 ranging from as few as 45 

isolates in Switzerland (Federal Office of Public Health et al. 2022) to 2,028 isolates in Sweden 

(Public Health Agency of Sweden and National Veterinary Institute 2022). MRSP prevalence 

rates reported in 2021 were <1% in Sweden, 11% in Switzerland, 8–12% in Germany, 10% in 

France, and 5.7% in Finland (Bundesamt für Verbraucherschutz und Lebensmittelsicherheit 

2023; Anses 2022; Finnish Food Authority et al. 2022; Federal Office of Public Health et al. 

2022; Public Health Agency of Sweden and National Veterinary Institute 2022). Notably, most 

surveillance reports focused on MRSP in dogs, with limited data available for cats. However, 

Chinese AMR surveillance data revealed that 34.9% of 261 feline Staphylococcus isolates 

were S. pseudintermedius, making it the most common Staphylococcus species in cats (Ma et 

al. 2023). The methicillin resistance rate in S. pseudintermedius across companion animals 

was reported at 45.5% (2018–2021) (Ma et al. 2023), underscoring the need to consider MRSP 

as a clinically significant pathogen in both species. 

Our findings suggest that when S. pseudintermedius is isolated from a feline sample, it is 

more likely to be methicillin-resistant than in canine samples. However, it is important to 

acknowledge that our dataset contained significantly more canine than feline samples, which 

may influence the interpretation of species-related differences. Explaining the observed 

discrepancy in MRSP prevalence between cats and dogs remains challenging due to limited 

comparative data. S. pseudintermedius is well adapted to canine hosts, where it is a 

commensal bacterium and a frequent cause of infections, including skin and UTIs (Lynch and 

Helbig 2021). Differences in host-specific colonization dynamics and immune responses could 

contribute to the variation in resistance rates between species (Maali et al. 2018). For instance, 

canine pyoderma is one of the most common reasons for veterinary visits (Lynch and Helbig 

2021), and its pathogenesis may differ from that in cats, where pyoderma is less frequently 
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diagnosed. Other factors may also contribute to these differences, including variations in 

antibiotic use between species. Further research is essential to confirm whether MRSP 

prevalence is consistently higher in cats and to explore the underlying causes of these species-

specific differences. 

Comparing our MRSA prevalence (17.8%) with European surveillance data presents 

similar challenges due to low sample numbers in companion animal monitoring programs. 

Reports from 2021 show that sample sizes for S. aureus ranged from 32 (Bundesamt für 

Verbraucherschutz und Lebensmittelsicherheit 2023) to 94 isolates (Finnish Food Authority et 

al. 2022), with some reports not specifying sample sizes (Anses 2022). Additionally, several 

European surveillance systems do not currently monitor MRSA in companion animals, 

including those in Sweden, Norway, and Switzerland (Public Health Agency of Sweden and 

National Veterinary Institute 2022; Norwegian Food Safety Authority and Norwegian Veterinary 

Institute 2022; Federal Office of Public Health et al. 2022; Marco-Fuertes et al. 2022). MRSA 

prevalence in companion animals has been reported at 0% in cats and 21% in dogs (Germany), 

10% in dogs and 6–20% in cats depending on sample type (France), and 7% across dogs, 

cats, and horses (Finland) (Bundesamt für Verbraucherschutz und Lebensmittelsicherheit 

2023; Anses 2022; Finnish Food Authority et al. 2022). 

Given that MRSA is a zoonotic pathogen, its presence in companion animals poses a 

potential transmission risk to humans (Hackmann et al. 2021). Considering the close 

interactions between pets and humans, we hypothesized that MRSA prevalence in companion 

animals might be comparable to that in humans. However, MRSA rates in human isolates 

reported through ARS averaged 5.4%, significantly lower than the 17.8% prevalence observed 

in our study (RKI 2023). It is important to note that ARS, as part of EARS-Net, focuses 

exclusively on blood and cerebrospinal fluid samples, whereas our study analyzed a broader 

range of sample types (European Centre for Disease Prevention and Control and World Health 

Organization 2022). Despite these methodological differences, comparing MRSA prevalence 

across sectors remains valuable to some extent, emphasizing the importance of integrating 

AMR data within a One Health framework. 

The reasons for the higher MRSA prevalence in companion animals compared to humans 

remain speculative. One possible explanation lies in a combination of causal effects and 

sampling biases. The true MRSA prevalence is influenced by factors such as AMU and 

transmission from other sources, while the observed prevalence is often skewed due to biases 

in sampling. For instance, antibiograms are typically performed only after treatment failure 

(Ruzante et al. 2022), leading to an overrepresentation of resistant cases (Vincze et al. 2014b). 

This bias may be more pronounced in companion animals, where AST costs are often paid out 

of pocket (Ruzante et al. 2022), limiting access compared to human medicine, where insurance 

commonly covers diagnostic expenses. Another potential explanation is that while companion 
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animals and humans could share a common MRSA population—indicating bidirectional 

transmission and their roles as mutual reservoirs— Harrison et al. indicated that differences in 

resistance profiles suggest distinct selective pressures from AMU (Harrison et al. 2014). These 

pressures may contribute to higher resistance rates in companion animals under certain 

conditions. To fully understand these disparities, future studies incorporating whole-genome 

sequencing and epidemiological investigations are needed. Due to the retrospective nature of 

our dataset, such in-depth molecular analyses were beyond the scope of this study.  

 

5.2 Geographic analyses  
Maps allow for the visualization of emerging infectious disease event distributions, 

enabling the identification of hotspots, understanding of region-specific drivers of disease 

emergence, and optimization of resource allocation for targeted surveillance and intervention 

(Jones et al. 2008). Applying this approach, our analysis revealed MRSA prevalence rates 

exceeding 25% in northern Bavaria, southern Thuringia, and western Lower Saxony, while 

lower prevalence rates of approximately 15% were observed in southern Germany, central-

northern Germany, and the southwest. 

Currently, no comparable publications are available in Germany that allow for direct 

comparison or evaluation of companion animal MRSA rates at a regional level. Most AMR 

monitoring reports, both in Germany and internationally, lack detailed information on the 

regional distribution of pathogens in companion animals. For instance, China’s AMR 

surveillance for pets provides only general information on the geographical origin of samples 

without in-depth regional analysis (Ma et al. 2023). In contrast, studies from the U.S., such as 

Sobkowich et al., have effectively utilized retrospective laboratory data to uncover regional 

variations in pathogen prevalence, highlighting the potential value of this approach for future 

research (Sobkowich et al. 2023). Future studies could investigate factors influencing the 

distribution patterns observed in our MRSA prevalence map. Previous research by Tenhagen 

et al. has demonstrated that MRSA prevalence in dairy herds is higher in regions with intensive 

livestock farming (Tenhagen et al. 2018). For instance, when comparing our MRSA prevalence 

map with livestock density data, regions like Lower Saxony show both high livestock density 

and elevated MRSA prevalence (Deblitz and Efken 2024). This suggests that increased 

farming activity, combined with greater AMU, may contribute to the development and spread 

of resistant strains. Such practices could also indirectly affect companion animals through 

environmental exposure or cross-species transmission. While there appears to be a potential 

correlation between high livestock density and MRSA prevalence, the relationship is likely 

multifaceted, involving additional factors such as antimicrobial usage practices, environmental 

contamination, and transmission dynamics.  
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Regional MRSA prevalence could also be influenced by the amount of antimicrobials 

prescribed in each region. There are overlapping patterns between regions with relatively 

higher MRSA prevalence and elevated antibiotic sales data (2020 data), such as western 

Lower Saxony and northern Bavaria (Bundesamt für Verbraucherschutz und 

Lebensmittelsicherheit 2021). This suggests a potential link between AMU and resistance 

development. However, discrepancies exist, as some regions with high AMU do not show 

corresponding MRSA prevalence, indicating that other factors are at play. A detailed statistical 

analysis would be necessary to determine the strength and significance of the relationship 

between AMU and MRSA prevalence.  

Comparisons between MRSA rates in companion animals and humans could further 

enhance our understanding of AMR dynamics. While the available human MRSA data (2011–

2012) (Meyer et al. 2014) and companion animal data (2019–2021) differ in time periods, both 

datasets reveal regional variability in MRSA prevalence. This shared variability suggests that 

environmental or AMU factors may influence MRSA prevalence across species. Investigating 

whether high MRSA prevalence regions in pets align with those in humans could provide 

valuable insights. However, it is important to note that human data focus on nosocomial 

infections and invasive isolates, whereas the companion animal data in this study 

encompassed a broader range of sample types. To confirm and monitor the trends identified 

in our study, further research is needed. Investigating why certain regions emerge as MRSA 

hotspots requires examining factors such as livestock density, AMU, and regional healthcare 

practices.  

 

5.3 Prevalence across sample types  
The dataset provided by Laboklin offered a unique opportunity to analyze pathogen 

prevalence across a wide range of sample types, in contrast to many studies that either focus 

on a single sample type in combination with a specific pathogen or analyze only the pathogens 

present within one type of sample. Comparing datasets remains challenging due to several 

factors. Not all AMR surveillance systems provide data on MRSA or MRSP, and even when 

they do, the classification and availability of sample types vary significantly across studies. For 

instance, Svarm reports data on S. pseudintermedius from wound, external ear canal, and skin 

samples (Public Health Agency of Sweden and National Veterinary Institute 2022), while 

Resapath includes S. pseudintermedius and S. aureus in otitis, skin and soft tissue (SST) 

infections, and the kidney and urinary tract for dogs but aggregates them as CoPs for cats 

(ANSES 2024). Anresis provides data on S. pseudintermdius in canine skin infections (Federal 

Office of Public Health et al. 2022), whereas GERM-Vet reports canine SST infections caused 

by S. pseudintermedius and SST infections caused by S. aureus in both cats and dogs 

(Bundesamt für Verbraucherschutz und Lebensmittelsicherheit 2023). Beyond these AMR 



Discussion 41 

surveillance reports, studies on S. pseudintermedius and S. aureus in companion animals exist 

worldwide, but their focus and methodology differ significantly. Some studies analyze only 

S. pseudintermedius in dogs, excluding cats, while others do not differentiate between sample 

types or categorize them differently from our dataset. Our analysis revealed that veterinarians 

often describe sample origins freely, without adhering to standardized terminology, making 

consistent classification of samples across organ systems difficult. Additionally, sample sizes 

vary widely across studies, further complicating direct comparison. For instance, the number 

of S. aureus isolates reported in studies ranges from as few as 11 feline isolates (Walther et 

al. 2008) to as many as 140 (Vincze et al. 2014a).  

Despite these limitations, international data comparisons remain crucial. They help assess 

data consistency across different surveillance systems, identify variations in pathogen 

prevalence, and highlight national differences in antimicrobial resistance trends, contributing 

to a broader understanding of AMR dynamics in companion animals. 

In our study, wound samples exhibited the highest prevalence of methicillin resistance for 

both S. aureus and S. pseudintermedius, with rates exceeding 20% in cats and 30% in dogs 

for S. aureus, and over 20% in cats and 15% in dogs for S. pseudintermedius. These findings 

align with previous studies indicating that CoPs species, particularly S. pseudintermedius and 

S. aureus, are the dominant pathogens in feline and canine wound samples (Lenart-Boroń et 

al. 2024; Li et al. 2021; Vincze et al. 2014a; Ruscher et al. 2009; Walther et al. 2008). Ruscher 

et al. reported that MRSP was the most frequently isolated pathogen in canine wounds (39.3%), 

while its prevalence in feline wounds was also high (33.3%) (Ruscher et al. 2009). Similarly, 

Walther et al. found methicillin resistance in 46.9% of S. aureus isolates from canine wounds 

and 27.3% from feline wounds (Walther et al. 2008). Vincze et al. reported even higher rates, 

with MRSA accounting for 62.7% of S. aureus isolates in dogs and 46.4% in cats (Vincze et al. 

2014a). More recently, Viegas et al. found that MRSP was predominantly isolated from surgical 

site infections (50%) (Viegas et al. 2022), while Lenart-Boroń et al. reported methicillin 

resistance in 33.3% of Staphylococcus species (including S. aureus and S. pseudintermedius) 

isolated from pet wounds (Lenart-Boroń et al. 2024). While Staphylococcus species frequently 

dominate wound infections, canine wounds are often polymicrobial, as noted by Padhy et al. 

(Padhy et al. 2014). Gram-negative bacteria such as E. coli are also commonly present, albeit 

at lower prevalence rates compared to gram-positive bacteria (Kožár et al. 2018). These 

findings emphasize the complexity of wound infections, and underscore the importance of 

comprehensive AST, as mixed bacterial infections may contribute to resistance development 

(Kožár et al. 2018; Padhy et al. 2014).  

Our dataset revealed that, in addition to wounds, methicillin resistance in 

S. pseudintermedius was notably high in feline urogenital tract samples, exceeding 20%. This 

aligns with findings from Ruscher et al., who reported that in cats, the most frequent site of 
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MRSP isolation was the urinary tract (50%) (Ruscher et al. 2009). A European multicenter 

study on AMR in bacteria isolated from companion animal UTIs found that while E. coli was 

the most frequently isolated pathogen in both dogs and cats, S. pseudintermedius was the 

most commonly detected Staphylococcus species in companion animals with UTIs (Marques 

et al. 2016). MRSP prevalence varied widely across countries, ranging from <1.2% in Denmark 

and Sweden to 50% in Italy, demonstrating significant regional differences in resistance 

patterns (Marques et al. 2016).  

As E. coli is the predominant UTI pathogen (Temmerman et al. 2024; Koontz et al. 2023; 

Garcês et al. 2022), it has been studied more extensively than Staphylococcus species in this 

context. However, a recent study found that bacteria from the SIG were more prevalent in 

canine UTIs, whereas coagulase-negative Staphylococci (CoNs) species dominated feline 

UTIs (Temmerman et al. 2024). Within their dataset, 11.4% of SIG isolates were methicillin-

resistant, highlighting the importance of resistance monitoring in these less frequently studied 

pathogens. 'Urinary tract disease is commonly encountered in dogs and cats and accounts for 

significant use (and presumably also overuse and misuse) of antimicrobials' (Weese et al. 

2011). Systemic antimicrobial treatment is standard practice in UTI management, with 

empirical therapy frequently initiated before culture and susceptibility results are available to 

relieve patient discomfort (Weese et al. 2011). However, empirical antibiotic use without 

susceptibility testing can contribute to increased resistance, which may partially explain the 

elevated MRSP rates observed in feline urogenital tract infection.  

Our study further revealed that in other MRSP-positive sample types, methicillin resistance 

rates were slightly higher in feline samples (10–20%) than in canine samples (5–10%). Among 

cats, methicillin resistance rates were similar between MRSA and MRSP sample types, 

whereas in dogs, MRSA exhibited slightly higher resistance rates than MRSP. The comparison 

of MRSA and MRSP prevalence across sample types in dogs and cats highlights both 

similarities and differences, underscoring pathogen-specific dynamics and various influencing 

factors. 

One possible explanation for the slightly higher resistance rates observed in cats is, that 

cats are often brought to the veterinarian only when illnesses are severe, meaning infections 

may already be advanced by the time treatment is initiated. This behaviour may stem from the 

stress associated with veterinary visits for both the cat and the owner (Caney et al. 2022) or 

from the fact that cats are adept at hiding symptoms, leading to delayed medical attention. 

Another contributing factor could be differences in medication types; cats are often reluctant 

to take pills, which frequently leads to the use of local treatments or long-acting antibiotics, 

potentially influencing resistance development (Burke, S et al. 2017). Several factors likely 

contribute to these observed patterns, including pathogen-specific behaviour, antibiotic usage 

trends, sampling biases, and environmental influences, such as geographic and behavioural 
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differences between species. However, these cannot be fully explained by the data in this study, 

and comparisons with other studies remain limited due to variations in study design. Future 

research should aim to address these gaps, as examining prevalence across multiple sample 

types provides valuable insights into pathogen behaviour, including potential adaptations to 

different organ systems. The lack of standardization in the documentation of laboratory 

samples should be considered when comparing studies, as differences in sample 

categorization may hinder direct comparisons and affect reproducibility. Establishing uniform 

guidelines for sample classification would significantly enhance the reliability of AMR 

surveillance in veterinary medicine. Analyses such as ours provide veterinary practitioners with 

essential data for optimizing AMU and managing AMR. Since the most common indications for 

antimicrobial treatment in dogs and cats include skin and wound infections, otitis externa, 

respiratory infections, and UTIs (Guardabassi 2004), tracking resistance patterns in specific 

sample types is crucial for guiding effective treatment strategies. The high methicillin 

resistance rates observed in our study further confirm trends reported in previous literature, 

reinforcing the need for targeted antibiotic therapies to improve treatment outcomes. 

 

5.4 Resistance patterns  
MRS species do not only exhibit resistance to β-lactam antibiotics but are frequently co-

resistant to multiple antimicrobial classes, including fluoroquinolones, macrolides, tetracyclines, 

and aminoglycosides (Lord et al. 2023). Several studies have shown a strong association 

between methicillin resistance and MDR, highlighting the challenge these pathogens pose in 

veterinary medicine (Burke, M and Santoro 2023; Lord et al. 2023; Menandro et al. 2019). 

In our study, we analysed the resistance patterns of S. aureus and S. pseudintermedius 

across multiple antimicrobial classes, including phenicols (chloramphenicol, CHL), 

lincosamides (clindamycin, CLI), tetracyclines (doxyccline, DOX), fluoroquinolones 

(enrofloxacin, ENR), aminoglycosides (gentamicin, GEN), ansamycins (rifmapicin, RIF), and 

sulfonamides (sulfamethoxazole-trimethoprim, SXT). Additionally, for S. pseudintermedius, we 

examined resistance to β-lactams (ampicillin, AMP) and cephalosporins (cephalexin, LEX). 

MRSA isolates exhibited the highest resistance to CLI (59.8%, 95% CI 56.7–62.8) and 

ENR (36.4%, 95% CI 33.4–39.4). Resistance rates for SXT and GEN were lower (13–14%), 

while CHL, DOX, and RIF resistance remained below 6%. Most studies do not report MRSA-

specific resistance rates for individual antibiotics but rather analyze S. aureus as a whole. 

Nevertheless, it is well-documented that MRSA isolates often display MDR phenotypes, with 

Lord et al. reporting that 78.6% of MRSA isolates were MDR (Lord et al. 2023).  

Compared to MRSA, MRSP isolates in our study showed even higher resistance rates, 

particularly for CLI (85.2%, 95% CI 83.9–86.4), ENR (50.5%, 95% CI 48.8–52.2), and SXT 

(66.3%, 95% CI 64.6–67.9). A previous study from Germany reported even higher resistance 
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rates in MRSP isolates from companion animals and equidae with CLI resistance of 97.8% 

and complete resistance (100%) to GEN and SXT (Ruscher et al. 2009). In Finland, high MRSP 

resistance rates in dogs were observed, including 85.7% to CLI, 47.7% to SXT, 46.9% to CHL, 

28.8% to DOX, 50.4% to ENR, and 44.8% to GEN (Grönthal et al. 2017). Similarly, in Northern 

Italy, all tested MRSP isolates were MDR, with 94.7% resistance to CLI, 89.5% to ENR, 89.5% 

to SXT, 79% to GEN, and 52.6% to CHL (Menandro et al. 2019).  

Since most studies report resistance patterns for S. aureus and S. pseudintermedius as a 

whole — rather than differentiating methicillin-resistant and methicillin-susceptible isolates — 

we also analyzed our data in this broader context to enable meaningful comparisons. Among 

all S. aureus isolates in our study, the highest resistance rates were observed for CLI (28.4%) 

and ENR (8.4%), while CHL, DOX, GEN, RIF, and SXT resistance remained below 4%. These 

resistance rates were lower than most of those reported from other countries, like Argentina, 

Italy, and the U.S. For example, Rumi et al. reported ENR resistance in 41% and CHL 

resistance in 23% of S. aureus isolates (Rumi et al. 2021), while Scarpellini et al. found 

resistance rates of 20% for GEN, 13.3% for CLI, and 46.7% for ENR in S. aureus isolates from 

dogs and cats (Scarpellini et al. 2023). Lord et al. further reported resistance rates in canine 

S. aureus isolates of 91.5% for β-lactams, 33.4% for fluoroquinolones, and 47.3% for 

macrolides (Lord et al. 2023). 

In our study, S. pseudintermedius isolates from both dogs and cats, when considered 

together, showed the highest resistance to AMP (66.9%), CLI (32.9%), and SXT (10%), while 

resistance to all other tested antimicrobials remained below 10%. Differences between species 

were apparent, with cats showing higher resistance to almost all tested substances, except for 

AMP and CHL. This is in line with findings from Feßler et al., who reported that while MRSP 

was more common in dogs, MDR rates were highest in feline S. pseudintermedius samples, 

with 42.1% of canine S. aureus, 54.5% of feline S. pseudintermedius, and 24.4% of canine 

S. pseudintermedius isolates being MDR (Feßler et al. 2022). Additionally, Temmerman et al. 

found that resistance rates for the SIG were higher in UTI isolates from cats compared to dogs 

(Temmerman et al. 2024). 

AMR surveillance systems primarily report resistance patterns for S. pseudintermedius in 

dogs, with only Resapath providing data for CoPs in cats. Interestingly, while most surveillance 

reports, like our study, indicate high resistance to CLI, SXT, AMP, they differ from our findings 

by also reporting high resistance to DOX and CHL. For instance, in 2021, FINRES-Vet reported 

canine S. pseudintermedius resistance rates of approximately 19% for CLI, 10% for SXT, 26% 

for DOX, 4% for GEN, 3% for ENR, and 15% for CHL (Finnish Food Authority et al. 2022). 

Resapath reported resistance in canine S. pseudintermedius isolates ranging from 25–42% 

for CHL, 6–13% for ENR, 16–24% for SXT, and 17–38% for DOX, while feline CoPs exhibited 

15–43% resistance to CHL, 4–15% to ENR, and 4–7% to SXT (ANSES 2024). GERM-Vet 
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documented 69% AMP resistance, 26% CLI resistance, 13% SXT resistance, and 10% ENR 

resistance in canine S. pseudintermedius (Bundesamt für Verbraucherschutz und 

Lebensmittelsicherheit 2023).  

Our findings largely align with previously reported resistance trends, confirming that MRSA 

and MRSP frequently exhibit co-resistance to fluoroquinolones, lincosamides, and 

sulfonamides (Lord et al. 2023; Rumi et al. 2021; Feng et al. 2012). While most studies have 

also reported high resistance rates to GEN and DOX, our study found lower resistance levels 

for these antimicrobials. The variability in resistance patterns between countries is likely 

influenced by differences in antibiotic usage and regulatory frameworks. In Germany, the 

TÄHAV strictly regulates antibiotic use, requiring an AST before prescribing HPCIA 

(Bundesministerium der Justiz 2024). To circumvent this requirement, many veterinarians 

prefer using aminopenicillins or broad-spectrum antibiotics as first-line treatments instead of 

HPCIAs (Moerer et al. 2022). A recent study across 133 German veterinary practices (2018–

2023) confirmed that aminopenicillins were the most frequently prescribed antibiotics, with 

fluoroquinolones still accounting for 7.1% of all antibiotic treatments (Merle et al. 2025). The 

change from amoxicillin or amoxicillin with clavulanic acid to any fluoroquinolone took place 

256 times, indicating treatment failure in the first place. Antibiotic pretreatment has been shown 

to increase the occurrence of resistant isolates in previous studies (Bundesamt für 

Verbraucherschutz und Lebensmittelsicherheit 2023; Viegas et al. 2022). However, our 

dataset lacked information on prior antimicrobial treatments, making it difficult to assess the 

direct impact of this factor. 

More broadly, AMR is driven by a complex interplay of factors, including excessive and 

inappropriate AMU, inadequate infection control, poor sanitation and water quality, global travel 

and migration, and the ability of bacteria to develop resistance through genetic adaptation and 

horizontal gene transfer (Holmes et al. 2016). These mechanisms allow resistant strains to 

persist and spread, even in the absence of direct antibiotic selection pressure. Given the rising 

prevalence of MDR infections, AMR surveillance remains critical as treatment options become 

increasingly limited. Since not all antimicrobials are approved for use in small animals, and 

certain drugs are reserved for human medicine, empirical treatment must be carefully 

considered, and an AST should be prioritized whenever possible. Our findings provide clinically 

relevant insights for veterinarians, helping to guide evidence-based treatment decisions and 

safeguard the continued efficacy of available antimicrobials. 

 

5.5 Continuous AMR monitoring 
By utilizing a retrospective dataset from Laboklin, encompassing a broad range of sample 

types from diseased cats and dogs in Germany, our study demonstrates the significant 

potential of such data for AMR monitoring. Beyond providing detailed insights into MRSA and 
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MRSP prevalence, we also contribute to the analysis of other key pathogens, such as 3GCR 

E. coli and K. pneumoniae (Frenzer et al. 2024a, 2024b). This dataset offers a valuable 

foundation for continuous monitoring, allowing for the analysis of all pathogens isolated from 

diseased companion animals and enabling comparisons over time to track AMR trends. 

Retrospective laboratory data remains an underutilized yet highly valuable resource for 

monitoring pathogens in companion animals, offering accessible and anonymized data without 

implications for individual veterinary practices. This ensures that higher resistance rates in 

specific settings do not lead to punitive consequences but rather contribute to a comprehensive 

understanding of AMR in small animal medicine. However, the retrospective nature of such 

datasets introduces challenges, particularly in standardizing sample type classification, as 

veterinarians often enter free-text descriptions rather than selecting predefined categories. 

This can sometimes complicate the allocation of samples to specific organ systems. 

Additionally, the lack of information on prior antibiotic treatments in such datasets limits the 

ability to assess the direct impact of previous antimicrobial exposure on resistance rates. 

Despite these limitations, our dataset represents approximately one-third of all veterinary 

practices in Germany, making it a representative sample of AMR patterns in small animal 

medicine. Expanding this approach to include data from multiple laboratories could further 

enhance monitoring efforts, provided that methodological consistency is ensured across 

different laboratories. The primary goal of AMR monitoring is not only to support veterinarians 

in optimizing antimicrobial therapy but also to provide policymakers with data to evaluate the 

impact of legislative measures on AMR trends. A significant legislative milestone in this context 

is Regulation (EU) 2019/6, which mandates the collection of AMU data for animals, including 

companion animals (European Parliament and Council of EU 2019). The HKP-Mon project has 

taken an important step in this direction by publishing AMU data from 133 veterinary practices 

over six years in Germany (Merle et al. 2025). However, while AMU data collection is now 

required, AMR surveillance remains voluntary. The HKP-Mon project attempted to bridge this 

gap by integrating AMU and AMR data, as reducing AMU is expected to lower AMR — a 

correlation that can only be confirmed through continuous AMR monitoring. Despite these 

advances, significant challenges remain in accessing AMR data. Laboratory results are still 

often sent to veterinarians as PDFs, which limits structured data extraction from PMS and 

makes automated data analysis difficult. Furthermore, since AMR monitoring in companion 

animals is not yet legally required, PMS providers remain reluctant to share data, fearing that 

it could lead to benchmarking practices similar to those introduced in livestock production. 

However, comparing AMU and AMR trends between veterinary practices could be highly 

beneficial for veterinarians, enabling them to evaluate their prescribing patterns and optimize 

AMS. 



Discussion 47 

Beyond national monitoring, AMR surveillance has global implications, as comparing AMR 

data across countries is essential for a coordinated response to AMR. At present, AMR 

surveillance for companion animals is not regulated at the EU level, though some European 

countries have established national surveillance systems. When comparing our results with 

existing AMR surveillance programs, discrepancies in sample size, monitored pathogens, 

animal species, sample types, and resistance analysis methods became evident. These 

inconsistencies have already been highlighted by Mader et al., who emphasized the need for 

harmonization in AMR surveillance systems and called for the implementation of standardized 

approaches through EARS-Vet (Mader et al. 2022). EARS-Vet represents a major step forward 

in veterinary AMR surveillance by establishing harmonized data collection methods, improving 

comparability, and integrating AMR and AMU trends across Europe (Lagrange et al. 2023). 

This initiative will play a critical role in supporting veterinarians, policymakers, and public health 

authorities in combating AMR. On a national level, passive AMR monitoring using retrospective 

laboratory data could complement active monitoring programs such as GERM-Vet in Germany.  

Passive surveillance systems are advantageous due to their ability to collect large-scale data 

over extended periods, while active surveillance provides targeted and controlled data 

collection, but is often constrained by resource availability and sample size limitations (Doherr 

and Audigé 2001). Retrospective data analysis is particularly well-suited for continuous 

monitoring, as it requires no additional sampling efforts, making it both cost-effective and 

sustainable. Our study serves as a practical example of how retrospective laboratory data can 

be effectively utilized in this context, highlighting the feasibility of using existing diagnostic data 

for large-scale AMR monitoring. 
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6 SUMMARY  
Antimicrobial resistance (AMR) is a growing global health concern that affects both human 

and veterinary medicine, posing significant challenges in the treatment of infections caused by 

multidrug-resistant (MDR) pathogens. In veterinary medicine, methicillin-resistant 

Staphylococcus aureus (MRSA) and methicillin-resistant Staphylococcus pseudintermedius 

(MRSP) are among the most clinically relevant pathogens, frequently causing infections in 

companion animals and, particularly in the case of MRSA, representing a zoonotic threat due 

to its potential transmission between animals and humans. Despite the increasing prevalence 

of AMR in veterinary medicine, comprehensive surveillance data on companion animals 

remains scarce, and there is currently no coordinated AMR surveillance for companion animals 

at the European level. With Regulation (EU) 2019/6 aiming to reduce AMR through the 

monitoring of antimicrobial use (AMU) across all animal species, including companion animals, 

establishing a baseline for AMR prevalence is crucial to assess the future impact of legislative 

measures on resistance trends. As part of the HKP-Mon (Hund-, Katze-, Pferd-Monitoring) 

project, which sought to develop a framework for AMU data collection in veterinary medicine, 

a key objective was to analyze the resistance situation in small animals in Germany. To achieve 

this, the study utilized a large retrospective dataset from Laboklin, one of Germany’s largest 

veterinary diagnostic laboratories, providing a representative overview of AMR patterns in 

companion animals. The study not only established baseline prevalence data for MRSA and 

MRSP in dogs and cats but also assessed the feasibility of using retrospective laboratory data 

for passive AMR surveillance. By analyzing bacteriological results from 175,171 veterinary 

samples from clinically diseased cats and dogs between 2019-2021, the study identified 

44,880 (25.6%) S. pseudintermedius isolates and 5,526 (3.2%) S. aureus isolates. Among 

these, methicillin resistance was detected in 17.8% (95% CI 16.8–18.9) of S. aureus isolates 

and 7.5% (95% CI 7.2–7.7) of S. pseudintermedius isolates. Comparisons with international 

studies revealed that MRSA prevalence in our study was lower than reported in the U.S. 

(22.9%) and Argentina (22%), but higher than previous findings from Germany (10.7%). 

Similarly, MRSP prevalence was higher in our study than in earlier German reports (6.3%), yet 

lower than findings from Finland (14%) and China (45.5%). 

Species-specific differences in methicillin resistance were also observed. While cats had 

a lower MRSA prevalence (15.6%) compared to dogs (20.4%), they exhibited a higher MRSP 

prevalence (16.1%) compared to dogs (7.1%). This trend aligns with prior studies, which also 

reported higher MRSP prevalence in cats than in dogs. The reasons for this difference remain 

unclear, though species-specific colonization dynamics, immune responses, and antibiotic use 

patterns may contribute. 

Our study also provided insights into resistance patterns across different sample types. 

The highest methicillin resistance rates were observed in wound samples, where MRSA 
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prevalence exceeded 30% in dogs and 20% in cats, while MRSP prevalence exceeded 20% 

in cats and 15% in dogs. This is consistent with existing literature, where wounds are frequently 

reported as major sites for methicillin-resistant Staphylococcus infections. Additionally, feline 

urogenital samples exhibited notably high MRSP prevalence (>20%), a finding supported by 

previous studies. The study further highlighted regional variations in MRSA prevalence across 

Germany, with higher rates observed in northern Bavaria, southern Thuringia, and western 

Lower Saxony, potentially correlating with regional differences in livestock density and 

antimicrobial prescribing practices. 

Regarding antimicrobial resistance beyond β-lactams, our study revealed high resistance 

rates to clindamycin (CLI), enrofloxacin (ENR), and sulfamethoxazole-trimethoprim (SXT) in 

both MRSA and MRSP isolates. MRSP isolates exhibited particularly high resistance to CLI 

(85.2%), ENR (50.5%), and SXT (66.3%), aligning with previous studies from Germany, Italy, 

and Finland. However, resistance to gentamicin (GEN) and doxycycline (DOX) was lower than 

reported in other studies. Differences in AMU regulations and antibiotic prescribing patterns 

may explain these findings. In Germany, the Veterinary House Dispensary Ordinance 

mandates antimicrobial susceptibility testing before prescribing the highest-priority critically 

important antimicrobials, leading to higher use of aminopenicillins and broad-spectrum 

antibiotics instead. AMU data from 133 German veterinary practices (2018–2023) confirmed 

the frequent use of fluoroquinolones (7.1% of all antibiotic treatments), potentially contributing 

to the high ENR resistance observed in our study. 

This study highlighted the significant potential of retrospective laboratory data for passive 

AMR monitoring. Unlike active monitoring programs, which often focus on high-resolution data, 

such as whole-genome sequencing (e.g., GERM-Vet), but are constrained by smaller sample 

sizes and resource-intensive methodologies, passive monitoring leverages large-scale 

diagnostic data, offering a cost-effective, continuous monitoring approach. This makes passive 

monitoring a valuable complement to active monitoring systems, enhancing the overall 

understanding of resistance patterns in companion animals. 

Despite its strengths, the retrospective nature of this dataset introduces some limitations. 

Free-text sample classifications by veterinarians complicate organ system allocation, and the 

lack of pre-treatment data prevents assessment of prior antibiotic exposure’s impact on 

resistance. Additionally, the absence of standardized AMR monitoring for companion animals 

at the EU level makes cross-country comparisons difficult, as national surveillance programs 

differ in sample size, study design, and methodology. The importance of harmonized AMR 

surveillance in veterinary medicine has been emphasized by the European AMR Surveillance 

network in veterinary medicine (EARS-Vet), a new European initiative aimed at standardizing 

data collection and improving cross-country comparability. Our study serves as a practical 

example of how laboratory data can contribute to this effort. If systematically utilized across 
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Europe and beyond, retrospective datasets from veterinary laboratories could serve as a 

powerful tool for tracking resistance trends, complementing existing surveillance efforts, and 

informing One Health strategies to combat AMR.  
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7 ZUSAMMENFASSUNG  
Analyse der MRSA- und MRSP-Prävalenz bei Hunden und Katzen in Deutschland 
(2019-2021): Ein Weg zu kontinuierlichem AMR-Monitoring 

Die antimikrobielle Resistenz (AMR) ist ein wachsendes globales Gesundheitsproblem, 

das sowohl die Human- als auch die Veterinärmedizin betrifft und die Behandlung von 

Infektionen durch multiresistente Erreger vor große Herausforderungen stellt. In der 

Veterinärmedizin gehören Methicillin-resistenter Staphylococcus aureus (MRSA) und 

Methicillin-resistenter Staphylococcus pseudintermedius (MRSP) zu den klinisch 

relevantesten Erregern, da sie häufig Infektionen bei Haustieren verursachen und, 

insbesondere im Fall von MRSA, aufgrund ihrer potenziellen Übertragung zwischen Tier und 

Mensch eine zoonotische Gefahr darstellen. Trotz der zunehmenden AMR-Prävalenz in der 

Veterinärmedizin sind umfassende Überwachungsdaten zu Haustieren nach wie vor rar, und 

es gibt derzeit kein koordiniertes AMR-Monitoring für Haustiere auf europäischer Ebene. Die 

Verordnung (EU) 2019/6 zielt darauf ab, die Antibiotikaresistenz zu verringern, indem die 

Anwendung antimikrobieller Mittel (AMU) bei allen Tierarten – einschließlich Haustieren – 

überwacht wird. Um die Auswirkungen zukünftiger gesetzgeberischer Maßnahmen auf die 

Resistenzentwicklung bewerten zu können, ist die Festlegung eines Referenzwerts für die 

AMR-Prävalenz entscheidend. Im Rahmen des HKP-Mon-Projekts (Hund-, Katze-, Pferd-

Monitoring), das ein System für die AMU-Datenerhebung in der Veterinärmedizin entwickeln 

sollte, war es ein zentrales Ziel, die Resistenzsituation bei Kleintieren in Deutschland zu 

analysieren. Dazu wurde in der Studie ein umfangreicher retrospektiver Datensatz von 

Laboklin, einem der größten veterinärmedizinischen Diagnoselabore Deutschlands, 

verwendet, der einen repräsentativen Überblick über AMR-Muster bei Haustieren bietet. Im 

Rahmen der Studie wurden nicht nur grundlegende Prävalenzdaten für MRSA und MRSP bei 

Hunden und Katzen ermittelt, sondern auch die Machbarkeit der Verwendung retrospektiver 

Labordaten für ein passives AMR-Monitoring bewertet. Die Analyse der bakteriologischen 

Ergebnisse von 175.171 veterinärmedizinischen Proben von klinisch erkrankten Katzen und 

Hunden zwischen 2019 und 2021 ergab insgesamt 44.880 (25,6%) S. pseudintermedius-

Isolate und 5.526 (3,2%) S. aureus-Isolate. Methicillin-Resistenz wurde bei 17,8% (95% CI 

16,8-18,9) der S. aureus-Isolate und bei 7,5% (95% CI 7,2-7,7) der S. pseudintermedius-

Isolate festgestellt. Der internationale Vergleich zeigte, dass die MRSA-Prävalenz in unserer 

Studie niedriger war als in den USA (22,9%) und Argentinien (22%), aber höher als frühere 

Ergebnisse aus Deutschland (10,7%). Ebenso war die MRSP-Prävalenz höher als in früheren 

deutschen Studien (6,3%), aber niedriger als in Finnland (14%) und China (45,5%). Auch bei 

der Methicillin-Resistenz wurden speziesspezifische Unterschiede festgestellt. Während 

Katzen eine niedrigere MRSA-Prävalenz (15,6%) als Hunde (20,4%) aufwiesen, war die 

MRSP-Prävalenz bei Katzen (16,1%) höher als bei Hunden (7,1%). Dieser Trend deckt sich 
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mit früheren Studien, die ebenfalls eine höhere MRSP-Prävalenz bei Katzen als bei Hunden 

festgestellt haben. Die Ursachen für diesen Unterschied sind noch unklar, könnten aber mit 

artspezifischen Kolonisierungsdynamiken, Immunreaktionen und Antibiotika-

Anwendungspraktiken zusammenhängen. 

Unsere Studie lieferte auch Einblicke in die Resistenzmuster verschiedener Probentypen. 

Die höchsten Methicillin-Resistenzraten wurden bei Wundproben festgestellt, wo die MRSA-

Prävalenz bei Hunden über 30% und bei Katzen über 20% lag, während die MRSP-Prävalenz 

bei Katzen über 20% und bei Hunden über 15% betrug. Diese Ergebnisse stimmen mit der 

Literatur überein, in der Wunden häufig als Hauptlokalisation für methicillinresistente 

Staphylokokken-Infektionen beschrieben werden. Darüber hinaus wiesen Proben aus dem 

Urogenitaltrakt von Katzen eine auffallend hohe MRSP-Prävalenz (>20%) auf, ein Ergebnis, 

das durch frühere Studien bestätigt wird. Die Studie zeigte zudem regionale Unterschiede in 

der MRSA-Prävalenz in Deutschland, wobei höhere Raten in Nordbayern, Südthüringen und 

Westniedersachsen beobachtet wurden. Die könnte mit regionalen Unterschieden in der 

Viehdichte und der Verschreibungspraxis für antimikrobielle Mittel zusammenhängen. Was die 

antimikrobielle Resistenz über die β-Laktame hinaus betrifft, zeigte unsere Studie hohe 

Resistenzraten gegen Clindamycin (CLI), Enrofloxacin (ENR) und Sulfamethoxazol-

Trimethoprim (SXT) sowohl bei MRSA- als auch bei MRSP-Isolaten. MRSP-Isolate wiesen 

eine besonders hohe Resistenz gegen CLI (85,2%), ENR (50,5%) und SXT (66,3%) auf, was 

mit früheren Studien aus Deutschland, Italien und Finnland übereinstimmt. Die Resistenzraten 

gegen Gentamicin (GEN) und Doxycyclin (DOX) waren jedoch geringer als in anderen Studien 

berichtet. Unterschiede in den AMU-Vorschriften und den Verschreibungspraktiken von 

Antibiotika könnten diese Ergebnisse erklären. In Deutschland schreibt die Tierärztliche 

Hausapothekenverordnung vor, dass vor der Verschreibung der wichtigsten kritischen 

antimikrobiellen Mittel eine Empfindlichkeitsprüfung erfolgen muss, was zu einem verstärkten 

Einsatz von Aminopenicillinen und Breitspektrum-Antibiotika führt. AMU-Daten aus 133 

deutschen Tierarztpraxen (2018-2023) bestätigten den häufigen Einsatz von Fluorchinolonen 

(7,1% aller Antibiotikabehandlungen), was möglicherweise zu der in unserer Studie 

beobachteten hohen ENR-Resistenz beiträgt. 

Diese Studie unterstreicht das große Potenzial retrospektiver Labordaten für das passive 

AMR-Monitoring. Im Gegensatz zu aktiven Monitorings, die sich oft auf hochauflösende Daten 

wie die Ganzgenomsequenzierung (z. B. GERM-Vet) konzentrieren, aber durch kleinere 

Strichprobengrößen und ressourcenintensive Methoden eingeschränkt sind, nutzt das passive 

Monitoring groß angelegte diagnostische Daten und bietet einen kosteneffektiven, 

kontinuierlichen Monitoring-Ansatz. Dies macht das passive Monitoring zu einer wertvollen 

Ergänzung aktiver Monitoringsysteme, da sie das Gesamtverständnis der Resistenzmuster 

bei Haustieren verbessert. Trotz ihrer Stärken bringt die retrospektive Natur dieses 
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Datensatzes einige Einschränkungen mit sich. Beispielsweise erschweren Freitext-

Probenklassifizierungen durch Tierärzte die Zuordnung zu den Organsystemen, und das 

Fehlen von Vorbehandlungsdaten verhindert eine Bewertung der Auswirkungen früherer 

Antibiotikaanwendungen auf die Resistenzentwicklung. Darüber hinaus erschwert das Fehlen 

eines standardisierten AMR-Monitorings für Haustiere auf EU-Ebene länderübergreifende 

Vergleiche, da nationale Überwachungsprogramme in Stichprobengröße, Studiendesign und 

Methodik variieren. Die Bedeutung einer harmonisierten AMR-Überwachung in der 

Veterinärmedizin wurde vom Europäischen AMR-Überwachungsnetzwerk in der 

Veterinärmedizin (EARS-Vet) betont, einer neuen europäischen Initiative zur Standardisierung 

der Datenerhebung und Verbesserung der Vergleichbarkeit zwischen Ländern. Unsere Studie 

dient als praktisches Beispiel, wie Labordaten diese Bemühungen unterstützen können. Wenn 

solche Daten systematisch auf europäischer Ebene genutzt würden, könnten retrospektive 

Datensätze aus Veterinärlaboren als leistungsfähiges Instrument zum Monitoring von 

Resistenztrends, zur Ergänzung bestehender Überwachungsmaßnahmen und zur 

Unterstützung von One-Health-Strategien zur Bekämpfung von AMR dienen. 
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