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Abstract 

National surveillance of antimicrobial prescription and resistance in companion animals 

David A. Singleton 

Antimicrobial resistance (AMR) is a leading global health issue, though the impact on 
companion animal health remains poorly understood. To address this we used a health 
informatics approach, focusing on four key objectives: 
(i) Antimicrobial prescription monitoring: Using data from the Small Animal Veterinary 
Surveillance Network (SAVSNET), pharmaceutical prescriptions from 1,000,000 canine and 
350,000 feline electronic health records (EHRs) collected from 250 voluntary veterinary 
practices in the UK were summarised. After vaccines and anti-inflammatories, antimicrobials 
were the third most commonly prescribed pharmaceutical family, though a significant 
reduction in prescription frequency was observed between 2014 and 2016. Clavulanic acid 
potentiated amoxicillin and cefovecin were the most commonly prescribed antimicrobials to 
dogs and cats respectively. Practices that frequently prescribed antimicrobials to dogs also 
frequently prescribed to cats. In both species, respiratory conditions were commonly 
associated with systemic antimicrobial prescription. 
(ii) Antimicrobial resistance monitoring: Antimicrobial susceptibility test (AST) results were 
summarised from 29,000 canine and 8,000 feline Enterobacteriaceae isolates collected from 
four veterinary diagnostic laboratories (VDLs). Between 2016 and 2018, phenotypic multi-
drug resistance (MDR) was detected in 6.5% of canine and 2.6% of feline E. coli isolates. 
Temporal prevalence remained fairly static, though geographical; VDL and practice-level 
variation was noted. Genotypic analyses of 148 MDR Enterobacteriaceae clinical isolates 
revealed extended spectrum β-lactamase genes to be common (63.5% of isolates). Of these, 
blaCTX-M-15 was commonly identified, as was the E. coli sequence type 131:O25b pandemic 
clone (n=6 isolates). blaACC was also detected for the first time in companion animals (n=2). 
(iii) Exploring factors associated with antimicrobial prescription and resistance: Examining 
consultations where the animal presented as unwell, a range of prior preventive health care 
decisions (including vaccination, insurance or neutering) were associated with significantly 
decreased odds of systemic antimicrobial prescription, as were Royal College of Veterinary 
Surgeons (RCVS) accredited veterinary practices. Considering AST results, practices 
examining referral cases alone or practices that employed RCVS-certified specialists were 
associated with significantly increased odds of phenotypic E. coli MDR in dogs. 
(iv) Gathering clinical evidence: A cohort of 3,000 dogs primarily presenting with acute 
diarrhoea were followed longitudinally through their EHR. Nearly 50% of cases were 
prescribed a systemic antimicrobial; increased case severity was associated with heightened 
odds of prescription. Most cases were considered resolved by 10 days post-initial 
presentation. No association between antimicrobial prescription and resolution was found, 
though nearly a quarter of cases were lost to follow-up. 
By taking a health informatics approach, these studies have identified unique and important 
opportunities for future strategic clinical antimicrobial stewardship interventions. Together 
these studies create a vision for how a health informatics approach can effectively monitor 
and characterise antimicrobial prescription and resistance in companion animals across the 
UK, a group of animals that has previously largely been neglected in population level 
statistics. To further build on this work, we recommend five areas for future development 
including: (1) further one health-focused collaboration and cohesion; (2) continued 
development of effective surveillance methodologies; (3) expanding scope of informatics-
focused surveillance projects; (4) ensuring that academic findings inform surveillance and 
policy at governmental and inter-governmental levels, and (5) developing interventions that 
can encourage antimicrobial stewardship within veterinary practice.
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1.1 Introduction 

Antimicrobial resistance (AMR) has emerged as a leading global ‘one health’ issue, capable 

of adversely affecting the welfare of both humans and animals throughout the world (O'Neill, 

2016). The use of antimicrobials in humans, agricultural animals (e.g. chickens, pigs etc.), and 

companion animals (e.g. dogs, cats etc.) has been recognised as a key factor in the 

development and transmission of AMR both within and between species (Cantón and Bryan, 

2012; Cuny et al., 2015; Magalhaes et al., 2010; Rantala et al., 2004b; Trott et al., 2004; 

Zhang, 2016). As such it has been recommended that any approach to effectively tackle this 

important health threat should include joint contributions from the human and veterinary 

sectors (O'Neill, 2016), with specific aims to improve antimicrobial use and resistance 

surveillance, and by doing so encourage effective antimicrobial stewardship. These aims are 

now being acted upon, both at UK national (VMD, 2015) and international levels (WHO, 

2015), particularly in the medical (PHE, 2017) and agricultural sectors (VMD, 2017). 

 

Whilst in the veterinary sector efforts have largely concentrated on livestock thus far, there 

have been attempts to survey antimicrobial prescription (Mateus et al., 2011; Radford et al., 

2011) and resistance trends (Marques et al., 2016) in companion animals. However, such 

efforts have been relatively sporadic, generally restricted to occasional academic 

publications. There remains a need for establishment of technology-driven methodologies 

capable of providing consistent, on-going surveillance that is easily accessible to practising 

veterinary surgeons. Similarly, although efforts at encouraging stewardship, such as the 

‘PROTECT ME’ antimicrobial prescribing guidance (BSAVA, 2014, 2018), have provided a 

valuable resource for practitioners, there is a paucity of evidence underpinning such 

guidance. This literature review will introduce a range of key concepts, including health 

informatics-based surveillance; antimicrobial mechanisms of action and classification; 

antimicrobial resistance, and antimicrobial stewardship. These concepts will then be 

discussed within the context of companion animal antimicrobial prescription and resistance 

surveillance that has been conducted to date. 

 

1.2 The informatics approach to health surveillance 

An electronic health record (EHR) can be defined as a secure digital longitudinal repository 

of patient data provided in a standardised format, with the purpose of expanding 

accessibility to include a wide range of authorised users, thus improving care efficiency 

(Hayrinen et al., 2008). The precise content of the EHR can vary, and might include 
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information pertaining to the direct clinical history of the patient or, often separately, 

diagnostic test results held by a diagnostic laboratory (Raman et al., 2018). EHR data can 

range from structured data, for example signalment information (age, sex) or fixed answer 

questionnaire responses (Sánchez-Vizcaíno et al., 2015), to semi-structured data, for 

instance animal breed or prescribed medications (Mateus et al., 2011; Radford et al., 2011), 

and largely unstructured data, such as clinical free text (Anholt et al., 2014a). EHRs are now 

widely used (Robinson and Hooker, 2006), and the advent of such technologies has the 

potential to  revolutionise the manner by which epidemiologists and health informaticians 

approach health surveillance, both in humans (Raman et al., 2018) and animals (O'Neill et 

al., 2014b; Sánchez-Vizcaíno et al., 2015). 

 

However, whilst such approaches have started to provide outputs of real impact to human 

and animal health (O'Neill et al., 2014b; Sánchez-Vizcaíno et al., 2015), there are a number 

of data integrity, epidemiological and ethical challenges in need of effective resolution, both 

in general and particular to the companion animal sector. The increase in popularity of EHRs 

has given rise to a large number of companies providing practice management systems (PMS) 

to veterinary practices, and veterinary diagnostic laboratories developing their own bespoke 

laboratory information management systems (LIMS), frequently unique to each laboratory 

(O'Neill et al., 2014b). Practically, this limits the ability of EHR data collection projects to 

rapidly assimilate large numbers of practices and diagnostic laboratories into any health 

surveillance scheme, and also raises questions regarding data equivalence between PMSs 

when re-purposing such data for surveillance. To attempt to mitigate such issues, the use of 

‘extensible mark-up language’ (XML) schema as a means to define a standardised structure 

and content of an EHR regardless of PMS within the veterinary sector has been proposed by 

the veterinary XML (vetXML) consortium. This schema has been integrated into some LIMS, 

and has also been successfully trialled on veterinary practice EHR data (Jones-Diette et al., 

2016), though it is currently unclear whether such schemas will be adopted at scales great 

enough for population-level companion animal health surveillance. 

 

A further important consideration is that of patient, or in the veterinary sector, client consent 

and privacy (Birnbaum et al., 2018; Raman et al., 2018). Particularly due to the recent 

application of the General Data Protection Regulations (GDPR) across the European Union 

(EU), there is heightened concern that current consent procedures, in-particular opt-out 

consent, do not comply with current legislation. Hence, if such regulations are firmly applied 
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they might hinder the potential of EHR data collection projects to provide insights of real 

epidemiological value (Rumbold and Pierscionek, 2017). These new regulations have also 

further highlighted the importance of ensuring EHR anonymity. It has been found that simply 

deleting name and address is not sufficient to ensure de-identification in the majority of 

cases (Rumbold and Pierscionek, 2017); this is particularly true for the clinical free text 

component of EHRs which frequently contain personal identifiers e.g. phone numbers etc. 

Although use of clinical free text offers perhaps the greatest detail relating to a clinical case, 

concerns have also been raised regarding variable quality of information provided within 

such fields (Raman et al., 2018). Whilst this variability has been observed in companion 

animal EHRs, it has not prevented clinical free text from being able to provide valuable 

insights for routine surveillance (Anholt et al., 2014a; Tulloch et al., 2017); response to 

specific disease outbreaks (Sanchez-Vizcaino et al., 2016c), and for clinical governance (Burke 

et al., 2017). The continued development of text mining technologies also offers an exciting 

opportunity to efficiently apply such free text-based health surveillance at scale in medical 

and veterinary health surveillance (Anholt et al., 2014a; Duz et al., 2017). 

 

Asides from free text analyses, there have been other attempts within companion animal 

health surveillance to further augment the EHR, most notably in the UK with the use of 

compulsory questionnaires by the Small Animal Veterinary Surveillance Network (SAVSNET) 

(Jones et al., 2014; Sánchez-Vizcaíno et al., 2015), and the use of voluntary veterinary 

nomenclature (veNom) coding by the Veterinary Companion Animal Surveillance System 

(VetCompass) (O'Neill et al., 2014b). To compare both projects, SAVSNET consists of two 

major aims: collection of first opinion EHR practice data from a range of voluntarily 

contributing veterinary practices, and collection of EHR veterinary diagnostic laboratory data 

from multiple laboratories (Sanchez-Vizcaino et al., 2017). On the other hand, vetCompass 

focuses on collection of first opinion EHR practice data alone (O'Neill et al., 2014b).  

 

Though both projects seek to collect relatively standardised data in a clinically relevant 

timeframe, SAVSNET augments every practice-provided EHR through use of an embedded 

inline frame (iframe), a HTML element that allows an external webpage to be embedded into 

a HTML document (Figure 1.1), within compliant PMSs that asks the consulting veterinary 

professional to record the main reason why the animal presented for consultation from a 

short pre-selected list encompassing preventive healthcare reasons (e.g. vaccination), 

investigation of disease (e.g. respiratory), or post-operative check consultations. Further to 
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this, in a randomly selected 10% of consultations, the consulting veterinary professional is 

asked to complete a further questionnaire to provide further detail pertaining to the 

investigation and management of the case in question. Opt-out client consent is employed, 

with client information posters being prominently displayed in the waiting rooms of 

participating veterinary practices (Sanchez-Vizcaino et al., 2017). Regarding EHR data 

supplied by veterinary diagnostic laboratories, a different approach is employed. Specific 

consent is sought from each laboratory, with no standardised data formats being required 

prior to participation. For both aims, veterinary practices and diagnostic laboratories are 

recruited by convenience. This approach has been demonstrated most frequently through 

SAVSNET’s quarterly health surveillance reports published in the Veterinary Record 

(Arsevska et al., 2018a; Arsevska et al., 2017; Arsevska et al., 2018b; Sanchez-Vizcaino et al., 

2016a; Sánchez-Vizcaíno et al., 2015; Sanchez-Vizcaino et al., 2016b). 

 

 
Figure 1.1: The ‘SAVSNET window’, an inline frame (iframe) embedded into every compliant PMS 
which appears at the conclusion of every consultation. The iframe contains a range of options which 
mandatorily requires the consulting veterinary professional to provide a main reason the animal 
presented for examination in the relevant consultation, or an option to opt-out of data collection. In 
a randomised subset of consultations, some options contain a further short questionnaire pertaining 
to the selected complaint.  
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In contrast, veNom coding enables consultations to be placed within a hierarchical ontology 

summarising the presentation, any diagnoses made and treatments provided within the 

relevant consultation, enabling surveillance from syndromic classification to diagnosis-level 

precision (O'Neill et al., 2014a; O'Neill et al., 2014c). As with SAVSNET, vetCompass also 

recruits veterinary practices by convenience. Each of these approaches has distinct 

advantages and disadvantages. For instance, whilst SAVSNET enables broad classification of 

every recorded consultation, to gain further granularity researchers would rely on clinical 

free text mining for most cases, the quality of which can be variable (Burke et al., 2017). 

Similarly, though veNom coding might provide greater granularity, the voluntary nature of 

data collection has resulted in limited uptake of the coding scheme (Jones-Diette et al., 

2016). Further, although estimates have been attempted (Aegerter et al., 2017), the lack of 

definitive pet population demographic data in the UK currently limits both project’s ability 

to draw firm conclusions on the representativeness of their findings. With the advent of 

canine compulsory microchipping in the UK this might soon change. 

 

Asides from these two UK projects, there are a number of active companion animal health 

surveillance projects throughout the world, notably Banfield Veterinary Hospitals in the 

United States (Raghavan et al., 2007a), and pilot projects in Canada (Anholt et al., 2015), 

Australia (McGreevy et al., 2017), and New Zealand (Muellner et al., 2016). It is likely that 

important global health issues such as AMR will prompt further international interest in 

companion animal health surveillance, both in terms of antimicrobial prescription (DANMAP, 

2016) and resistance (Marques et al., 2016), paving the way for truly international 

companion animal health surveillance. 

 

1.3 Antimicrobial prescription in companion animals 

Although the term ‘antimicrobial’ can be used to describe a number of pharmaceutical 

agents capable of killing or inhibiting the growth of a range of microbial pathogens, here we 

use the term to refer to pharmaceutical agents that possess specific action against bacterial 

cells (Pankey and Sabath, 2004), targeting essential components of bacterial cell metabolism 

(Coates et al., 2002). Antimicrobials could be considered the single most important 

pharmaceutical family prescribed to both humans and animals; its discovery being credited 

with revolutionising both medical and veterinary health (O'Neill, 2016). However, due to the 

global emergence of AMR, and the subsequent reduction of treatment options available, 

significant attention has been drawn to the manner in which we are currently prescribing 
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these important agents (O'Neill, 2016). Antimicrobial use has been recognised as the key 

driver of AMR (Cantón and Bryan, 2012), hence gaining further understanding on how they 

are used, and examining ways in which such use can be optimised to reduce AMR 

development and transmission risk, remains a critical aim of global AMR surveillance (O'Neill, 

2016). Antimicrobials are commonly prescribed in first opinion and referral companion 

animal practice (Buckland et al., 2016; Mateus et al., 2011; Radford et al., 2011; Rantala et 

al., 2004a), thus it is important that companion animals are included in a global shared one 

health-focused responsibility to ensure prescribing actions are responsibly made. 

 

1.3.1 Antimicrobials: Mechanism of action and classification 

There are over twenty classes of antimicrobial (Coates et al., 2011), which can be classified 

in a number of ways: by mechanism of action (Pankey and Sabath, 2004); spectrum of activity 

(Madaras-Kelly et al., 2014); in vivo penetration (Barza and Cuchural, 1985; Wagner et al., 

2006); pharmacokinetics and pharmacodynamics (Levison and Levison, 2009), and their 

relative importance in the context of AMR (WHO, 2011). Products containing antimicrobial 

agents might also be classified by legal authorisation, including indications for use and, 

particular to veterinary medicine, the species for which the antimicrobial-containing product 

is authorised (VMD, 2013). However, despite this seeming plethora of therapy choices, the 

increased prevalence of AMR is threatening to drastically reduce options for medical and 

veterinary prescribers, particularly considering that no new antimicrobial classes have been 

discovered for nearly twenty years (Coates et al., 2011). Further, it is highly likely that any 

newly authorised antimicrobial classes will be reserved for human use alone. It is thus of 

critical importance that we preserve the efficacy of antimicrobials currently used in 

veterinary species. 

 

A number of antimicrobial classes of major importance in the context of AMR in both human 

and veterinary medicine are described in detail below. These classes have been placed into 

seven groups describing the main mechanisms by which antimicrobials act, including cell wall 

synthesis inhibition; cell membrane disruption; DNA synthesis inhibition; DNA degradation 

and synthesis inhibition; RNA synthesis inhibition; folate synthesis inhibition, and protein 

synthesis inhibition. 
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1.3.1.1 Cell wall synthesis inhibition 

1.3.1.1.1 β-lactams 

Perhaps the most expansive antimicrobial class, the β-lactams, work by inhibiting cell wall 

synthesis (Coates et al., 2002). Whilst all β-lactams contain a central β-lactam ring, molecular 

modifications have produced a number of sub-classes including narrow-spectrum penicillins, 

extended-spectrum penicillins, cephalosporins, monobactams, and carbapenems (Donowitz 

and Mandell, 1988; Okamoto et al., 1994). In general, β-lactams bind to specific targets 

(penicillin binding proteins, PBPs) on the bacterial cell wall. The PBPs are enzymes involved 

in cell wall assembly, hence the β-lactams inactivate these enzymes, inhibiting cell wall 

synthesis, precipitating cell death. The β-lactam sub-classes exhibit variable affinities for 

PBPs, practically altering each substance’s ability to bind to and penetrate particular bacterial 

species, thereby altering their spectrum of activity (Donowitz and Mandell, 1988). For 

instance, the cephalosporin sub-class currently consists of five generations, each generation 

possessing increasingly broad-spectrum action, generally tending towards increased Gram-

negative activity (Zaffiri et al., 2012). Additionally, some β-lactams (e.g. amoxicillin), are 

frequently prescribed potentiated with β-lactamase inhibitors, such as clavulanic acid 

(Coates et al., 2002). 

 

Generally speaking, β-lactams exhibit time-dependent bactericidal action; that is, the 

bactericidal effects of the antimicrobial agent are optimised by maximising the time the in 

vivo concentration of the agent is above the minimum inhibitory concentration (MIC) of the 

infecting bacteria (Levison and Levison, 2009). As such, increasing antimicrobial agent 

concentration above a point of maximal bacterial cell killing action (approximately four times 

the MIC) has little effect on increasing bactericidal activity, but increasing the dosing interval 

might result in improved activity (Levison and Levison, 2009). The β-lactams are only 

available in systemic administrative forms (oral, intravenous, intramuscular, subcutaneous 

or intramammary) (VMD, 2018c), and possess variable affinities for particular administrative 

routes (Levison and Levison, 2009). Due to their relatively slow bactericidal action, β-lactams 

tend to have difficulty controlling large populations of slow-growing bacterial cells, such as 

those present in abscesses (Barza and Cuchural, 1985). Further, as β-lactam agents tend to 

possess lipophobic characteristics, they have limited abilities to pass through                             

non-fenestrated capillary membranes, reducing their ability to penetrate such areas as the 

eye, prostate, and central nervous system (Levison and Levison, 2009). 
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1.3.1.1.2 Glycopeptides 

The glycopeptide class of antimicrobials also targets cell wall synthesis. This class consists of 

two generations, are bactericidal, through mainly time-dependent killing, and tend to be 

used for treatment of infections caused by Gram-positive bacteria (Zaffiri et al., 2013). Unlike 

the β-lactams, glycopeptides bind to the D-alanyl D-alanine portion of the peptide side chain 

of the precursor peptidoglycan subunit, hence preventing binding of this subunit to PBPs, 

inhibiting cell wall synthesis (Kapoor et al., 2017). Due to poor oral bioavailability, 

glycopeptides are mostly administered intravenously (Zaffiri et al., 2013). As the 

glycopeptides are lipophilic they are effective at penetrating non-fenestrated capillary beds 

(Levison and Levison, 2009), and hence have become widely used for treatment of bacterial 

meningitis in humans (Zaffiri et al., 2013). This class is not currently authorised for use in 

veterinary species (VMD, 2017). 

 

1.3.1.2 Cell membrane disruption 

1.3.1.2.1 Polymyxins 

The polymyxin class of antimicrobials, consisting chiefly of polymyxin B and colistin 

(polymyxin E), work by disrupting the bacterial cell membrane. These bactericidal cationic 

polypeptides interact with anionic lipopolysaccharide molecules in the outer membrane of 

Gram-negative bacteria, producing disruptions in the cell membrane, increasing cell 

envelope permeability, leading to leakage of cell contents, and subsequently, cell death 

(Falagas and Kasiakou, 2005). Polymyxin B is largely administered via topical routes (Falagas 

and Kasiakou, 2005; VMD, 2018c), whereas colistin is mostly administered intravenously; it 

has poor oral bioavailability, though is occasionally administered by inhalation (Falagas and 

Kasiakou, 2005; Levison and Levison, 2009). Although colistin was discovered in the 1940s, 

reported high incidence of nephrotoxicity associated with use led to it being largely 

abandoned for use in people. However, lately, due to the rise of AMR and subsequent lack 

of treatment options colistin has regained popularity, though is still regarded as an 

antimicrobial of ‘last resort’ (Falagas and Kasiakou, 2005).  The polymyxins display rapid 

concentration-dependent action, meaning that in vivo concentration of the agent largely 

determines bacterial killing efficacy rather than dosing frequency (Levison and Levison, 

2009). 
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1.3.1.3 DNA synthesis inhibition 

1.3.1.3.1 Fluoroquinolones 

The broad spectrum, synthetic, bactericidal, concentration-dependent fluoroquinolones 

represent the commonly prescribed members of the quinolone class (Zaffiri et al., 2013), and 

act through inhibition of DNA synthesis (Coates et al., 2002). Though incompletely 

understood, these agents interact with two enzymatic targets involved in DNA unwinding 

prior to replication (DNA gyrase and topoisomerase IV) to stabilise DNA, preventing 

subsequent replication (Hooper, 2001; Zaffiri et al., 2013). Fluoroquinolones can be further 

classified by generation, with each subsequent generation describing increased spectra of 

activity, up to and including Gram-positive, Gram-negative and anaerobic bacteria. 

Additionally, later fluoroquinolone generations have also demonstrated activity against 

bacterial species long-associated with particular treatment difficulties, including 

Mycobacterium and Mycoplasma species (Zaffiri et al., 2013). The fluoroquinolones possess 

excellent oral bioavailability (Levison and Levison, 2009), and are also available in other 

systemic and topical formulations (VMD, 2018c), and have been shown to penetrate 

effectively into relatively inaccessible compartments, such as eyes (McCulley et al., 2006) 

and intra-abdominal abscesses (Rink et al., 2008). 

 

1.3.1.4 DNA degradation and synthesis inhibition 

1.3.1.4.1 Nitroimidazoles 

The bactericidal, concentration-dependent nitroimidazole class (Levison and Levison, 2009), 

despite having been in use for over fifty years, are still considered the antimicrobial of choice 

for treating infections caused by anaerobic bacteria (Lofmark et al., 2010). Nitroimidazoles 

enter target cells as a prodrug via passive diffusion, before being reduced intracellularly to 

form a nitroso free radical. It is thought that this free radical then inhibits DNA synthesis and 

damages DNA directly by oxidation (Edwards, 1993; Lofmark et al., 2010). As aerobic bacteria 

lack electron-transport proteins possessing sufficient negative redox potential, 

nitroimidazoles lack activity against most aerobic bacteria, though some activity against 

microaerophilic bacteria (e.g. Helicobacter pylori) has been demonstrated (Lofmark et al., 

2010). Nitroimidazoles possess excellent oral bioavailability (Levison and Levison, 2009), and 

are also available in injectable formulations (VMD, 2018c). As lipophilic agents they further 

display good tissue penetration (Levison and Levison, 2009), including into difficult to access 

sites such as abscesses (Edwards, 1993). 
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1.3.1.4.2 Nitrofurans 

The bactericidal nitrofurans class, chiefly consisting of nitrofurantoin, is another ‘old’ 

antimicrobial class experiencing a resurgence due to therapy choice restrictions imposed by 

AMR (Giske, 2015). Nitrofurantoin is available in an oral form for human use, and has the 

ability to reach high urinary concentrations; for this reason, it is of particular use in the 

treatment of lower urinary tract infections (UTIs) (McOsker and Fitzpatrick, 1994). Like the 

nitroimidazoles, nitrofurans molecules are reduced intracellularly to toxic intermediate 

compounds which interfere with enzymes involved in DNA, RNA, and protein synthesis 

(Giske, 2015). Nitrofurantoin has been shown to possess activity against Gram-positive and 

Gram-negative bacterial species commonly implicated in UTIs (Cunha et al., 2011), including 

multi-drug resistant Escherichia coli (E. coli) (Sanchez et al., 2014). 

 

1.3.1.5 RNA synthesis inhibition 

1.3.1.5.1 Rifamycins 

The broad-spectrum, concentration-dependent (Gumbo et al., 2007), bactericidal rifamycin 

class, chiefly consisting of rifampicin (also referred to as rifampin), binds to and inhibits       

DNA-dependent RNA polymerase (Campbell et al., 2001). Rifamycins are lipid soluble, and 

hence possess increased ability to penetrate through non-fenestrated capillary beds (Barza 

and Cuchural, 1985; Levison and Levison, 2009). They have gained popularity as part of a 

multi-antimicrobial therapy regime to treat tuberculosis (Jenkins et al., 2008), and are 

available in oral and intravenous formulations (BNF, 2018). No representatives of this class 

are currently authorised for use in veterinary species, though rifampicin has been used as a 

therapy for tuberculosis in cats (Gunn-Moore et al., 1996). 

 

1.3.1.6 Folate synthesis inhibition 

1.3.1.6.1 Sulphonamides and trimethoprim 

Sulphonamides are broad-spectrum, bacteriostatic antimicrobials which act as competitive 

inhibitors of the enzyme dihydropteroate synthetase, which is involved in folate synthesis, 

the inhibition of which further inhibits DNA, RNA and protein synthesis (Zaffiri et al., 2012). 

Trimethoprim, also bacteriostatic, acts at a later stage of folate synthesis, inhibiting the 

enzyme dihydrofolate reductase (Kapoor et al., 2017). However, due to a mutually synergistic 

potentiating action, the sulphonamides and trimethoprim are commonly prescribed in 

combination (Minato et al., 2018). Interestingly, despite both classes being independently 

bacteriostatic, in combination they have been shown to possess a concentration-dependent 
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bactericidal action (Close et al., 2002). This combination has excellent oral bioavailability 

(Levison and Levison, 2009), though is also available in injectable formulations (VMD, 2018c). 

As lipid-soluble agents they also have good tissue penetration (Barza and Cuchural, 1985; 

Levison and Levison, 2009). 

 

1.3.1.7 Protein synthesis inhibition 

A number of antimicrobial classes possess activity against bacterial cell protein synthesis 

(Coates et al., 2002); these classes can be categorised according to whether they target the 

30S or 50S ribonucleoprotein subunits of the bacterial ribosome (Kapoor et al., 2017). 

 

1.3.1.7.1 30S subunit inhibition 

1.3.1.7.1.1 Aminoglycosides 

The concentration-dependent aminoglycosides kill bacteria by binding to the 16S rRNA 

portion of the 30S subunit of the bacterial ribosome, leading to codon misreading and 

resulting protein synthesis inhibition (Levison and Levison, 2009; Zaffiri et al., 2013). To gain 

access to the bacterial ribosome, aminoglycosides bind to negatively charged residues in the 

outer membrane of Gram-negative bacteria and passively diffuse into the cell through porin 

channels (Kotra et al., 2000; Shakil et al., 2008). They then use an oxygen-dependent 

intracellular transport mechanism to move through the bacterial cell, explaining the 

aminoglycosides’ proclivity towards aerobic Gram-negative bacteria (Kotra et al., 2000; 

Shakil et al., 2008; Zaffiri et al., 2013). However, combining aminoglycosides with penicillins 

has been shown to produce a synergistic effect against Gram-positive bacteria (Levison and 

Levison, 2009; Winstanley and Hastings, 1990). Aminoglycosides are available in topical and 

systemic formulations (VMD, 2018c), though as lipophobic agents possess limited ability to 

penetrate non-fenestrated capillary beds (Barza and Cuchural, 1985). They also have 

decreased activity at an acid pH, limiting their activity in sites such as abscesses (Levison and 

Levison, 2009). 

 

1.3.1.7.1.2 Tetracyclines 

Tetracyclines are bacteriostatic and broad-spectrum, including against atypical organisms, 

such as Mycoplasma species (Chopra and Roberts, 2001). Tetracyclines bind with metal ions 

intracellularly, then reversibly bind to the receptor (A) site of the 16S rRNA portion of the 

30S subunit, preventing aminoacyl tRNA binding to complementary mRNA, hence inhibiting 

protein synthesis (Chopra and Roberts, 2001). They have excellent oral bioavailability 
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(Levison and Levison, 2009), and are extensively available in veterinary species in a range of 

topical, oral, and injectable formulations (VMD, 2018c). Interestingly, an antagonistic effect 

has been observed when tetracyclines and penicillin are used in combination, seemingly 

causing the bactericidal effect of penicillin to convert to a bacteriostatic effect  (Levison and 

Levison, 2009). Tetracyclines possess moderate tissue penetrative ability and achieve 

particularly high concentrations in sputum, explaining their utility for treatment of 

respiratory tract infections (Chopra and Roberts, 2001). 

 

1.3.1.7.2 50S subunit inhibition 

1.3.1.7.2.1 Macrolides 

Macrolides are primarily used to treat Gram-positive bacterial infections (Gaynor and 

Mankin, 2003). They are bacteriostatic (Levison and Levison, 2009) and mainly act by binding 

to the 23S portion of the 50S bacterial ribosomal subunit near to the peptidyl transferase 

center; this causes premature dissociation of tRNA, thus inhibiting polypeptide growth 

(Gaynor and Mankin, 2003). Macrolides have been shown to be effective against intracellular 

pathogens such as Salmonella, Chlamydia, Mycobacterium, and Mycoplasma species 

(Levison and Levison, 2009), and are available for veterinary use in oral and injectable 

formulations (VMD, 2018c). 

 

1.3.1.7.2.2 Lincosamides 

The bacteriostatic lincosamides are functionally similar to macrolides, though differ in terms 

of molecular structure (Levison and Levison, 2009; Tenson et al., 2003). Like macrolides, they 

are most effective against Gram-positive and intracellular bacteria, though are also used to 

treat anaerobic infections (Leclercq and Courvalin, 2002). Lincosamides are available in both 

oral and injectable formulations for use in veterinary species (VMD, 2018c). 

 

1.3.1.7.2.3 Amphenicols 

The bacteriostatic amphenicol class (Levison and Levison, 2009) also targets the 23S portion 

of the 50S ribosomal subunit, inhibiting peptidyl transferase and hence, polypeptide 

elongation (Dowling, 2013). Amphenicols have a broad spectrum of activity, including against 

anaerobic bacteria (Dowling, 2013), and possess good tissue penetration (Barza and 

Cuchural, 1985). Florfenicol is available in oral and injectable forms to agricultural species 

(VMD, 2018c); though unauthorised for veterinary use, topical and ocular formulations of 

chloramphenicol have been used on companion animal species (Whitley, 2000). 
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1.3.1.7.2.4 Oxazolidinones 

The oxazolidinone class are a relatively new class of mainly bacteriostatic antimicrobials 

(Levison and Levison, 2009). Although not completely understood, these antimicrobials 

appear to inhibit 70S ribosome formation, and also inhibit the elongation step of protein 

synthesis (Bozdogan and Appelbaum, 2004). These antimicrobials possess excellent oral 

bioavailability (Levison and Levison, 2009) and are most active against Gram-positive 

bacteria and intracellular pathogens, including Mycobacterium species. Of particular 

interest, they have shown efficacy against resistant Gram-positive bacteria of particular 

concern, including methicillin resistant Staphylococcus aureus (S. aureus, MRSA), 

vancomycin resistant S. aureus (VRSA), and vancomycin resistant Enterococcus (VRE) species 

(Bozdogan and Appelbaum, 2004). Though not authorised for veterinary use, linezolid has 

been used to successfully treat methicillin resistant Staphylococcus pseudintermedius              

(S. pseudintermedius, MRSP) discospondylitis, bacteriuria and bacteraemia in a dog (Foster 

et al., 2014). 

 

1.3.1.7.2.5 Fusidic acid 

Fusidic acid is a narrow spectrum bacteriostatic antimicrobial primarily effective against 

staphylococci, and some other Gram-positive aerobic and anaerobic bacteria, inhibiting 

protein elongation by binding to the elongation factor G ribosome complex. At high 

concentrations it has also been shown to inhibit binding of aminoacyl-tRNA to the donor site 

on ribosomes (Collignon and Turnidge, 1999). It is authorised for topical use in animals  

(VMD, 2018c), though an oral formulation is additionally authorised for human use            

(eMC, 2018). 

 

1.3.2 Antimicrobial classification in the context of AMR 

There has been increasing concern regarding the use of antimicrobials in people and animals 

encouraging AMR development and dissemination (Aidara-Kane et al., 2018). To respond to 

these concerns, the World Health Organisation (WHO) convened a panel in 2005 to classify 

antimicrobials by their relative importance in the context of most recent evidence 

concerning AMR. Since then, there have been a number of revisions to the criteria used for 

prioritising antimicrobial classes (WHO, 2011, 2017a). Currently, all antimicrobial classes are 

considered against two criterion, these are: 

1. The antimicrobial class is the sole, or one of limited available therapies, to treat 

serious infections in people. 
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2. The antimicrobial class is used to treat infections in people caused by either: (1) 

bacteria that may be transmitted to humans from non-human sources, or (2) bacteria 

that may acquire resistance genes from non-human sources. 

Antimicrobial classes meeting neither of these criteria are classified as ‘important’; examples 

of which include nitroimidazoles and nitrofurans. If a class meets one of the above criteria 

they are classed as ‘highly important’ e.g. amphenicols; 1st and 2nd generation 

cephalosporins; lincosamides; some penicillins; fusidic acid; sulphonamides, and 

tetracyclines. If an antimicrobial class meets both criteria they are classed as ‘critically 

important’ e.g. aminoglycosides; rifampins; carbapenems; 3rd, 4th and 5th generation 

cephalosporins; glycopeptides; macrolides; oxazolidinones; some penicillins; polymyxins, 

and quinolones (WHO, 2017a). 

  

Critically important antimicrobials are further classified into priority groups against three 

criteria: 

1. High absolute number of people, or high proportion of use in patients with serious 

infections in health care settings affected by bacterial disease for which the 

antimicrobial class is the sole or one of few alternatives to treat serious infections in 

humans. 

2. High frequency of use of the antimicrobial class for any indication in human 

medicine, or else high proportion of use in patients with serious infections in health 

care settings, since use may favour selection of resistance in both settings. 

3. The antimicrobial class is used to treat infections in people for which there is 

evidence of transmission of resistant bacteria (e.g. Campylobacter spp.) or resistance 

genes (e.g. E. coli) from non-human sources. 

Antimicrobial classes which meet all three of these additional criteria are classified as 

‘highest priority critically important antimicrobials’ (HPCIAs). This is intended to identify the 

classes considered of most importance, where development of effective risk-management 

strategies is most urgently needed, and where use of such agents should be restricted to 

humans only (WHO, 2017a). The HPCIAs currently consist of 3rd, 4th and 5th generation 

cephalosporins; glycopeptides; polymyxins, macrolides and quinolones (WHO, 2017a). It 

should be noted that due to the recent global emergence of colistin-resistant 

Enterobacteriaceae (Liu et al., 2016b), polymyxins are a new addition to this group (WHO, 

2011, 2017a).  
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Though the WHO classification is the most widely understood antimicrobial prioritisation 

schema, other organisations have developed their own criteria. For instance, the European 

Medicines Agency (EMA), followed by the UK-based Veterinary Medicines Directorate (VMD) 

and National Office for Animal Health (NOAH) have adopted their own two category 

prioritisation structure to the WHO’s critically important antimicrobial group. Whilst they 

also class 3rd and 4th generation cephalosporins as HPCIA, they only consider the 

fluoroquinolone sub-class of the quinolones, and only colistin amongst the polymyxins, to be 

HPCIA. Further, the EMA do not consider macrolides or glycopeptides to be HPCIA at all 

(NOAH, 2016). The World Organisation for Animal Health (OIE) does not currently prioritise 

antimicrobials beyond critical importance, though they do share broad similarity with the 

wider WHO critically important antimicrobial list (OIE, 2015). Curiously, although the US Food 

and Drug Administration (FDA) also does not classify further than critical importance, their 

classification most closely resembles the HPCIAs, including 3rd generation cephalosporins; 

fluoroquinolones; macrolides, and uniquely, sulphonamide-trimethoprim combinations 

(FDA, 2003). Therefore, although any published guidance concerning the classification and 

prioritisation of antimicrobials should be tailored to best suit particular requirements 

according to sector or world region, there would appear to be a lack of full agreement on 

which antimicrobial classes are of greatest priority in the context of one health. 

 

1.4 Companion animal antimicrobial use and prescription surveillance 

The decision to prescribe an antimicrobial is understood to be complex, extending beyond 

the probability of a patient suffering from a bacterial infection alone (Mateus et al., 2014). 

As such, the approaches employed to effectively survey antimicrobial prescription and use 

in humans and animals are correspondingly diverse, including both quantitative (Buckland et 

al., 2016; Hawker et al., 2014; Hughes et al., 2012; Mateus et al., 2011; Radford et al., 2011) 

and qualitative (De Briyne et al., 2013; Mateus et al., 2014; Teixeira Rodrigues et al., 2013) 

research methodologies. Though such attempts have previously largely been driven by 

academic institutions, as the global importance of AMR is being further realised, surveillance 

is increasingly being coordinated by national governmental or inter-governmental groups; 

for example, the European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) 

group of the EMA (EMA, 2018). Such groups have placed increasing emphasis on 

standardising surveillance across species and countries to provide the best, un-skewed 

measure of the impact antimicrobial prescription is having on AMR development and spread. 
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Before proceeding further it should be noted that, within the context of pharmaceutical 

agent surveillance, the terms ‘prescription’ and ‘use’ are not necessarily synonymous. The 

term ‘use’ is utilised when the researcher has reasonable confidence that the patient(s) in 

question actually took the pharmaceutical agent i.e. the prescriber administered the agent 

themselves, or observed it being administered. Whilst all ‘used’ pharmaceutical agents are 

initially prescribed in the UK, some formulations such as oral tablets frequently have some 

level of uncertainty as to whether the entire course was actually taken by the patient, 

especially when surveying at scale. As a result, for ease of understanding we will henceforth 

use the term ‘prescription’ to cover either of these eventualities. 

 

1.4.1 Quantifying antimicrobial prescription 

A number of methodologies have been utilised to quantify antimicrobial prescription in 

companion animals, ranging from overall weight of antimicrobial sold (VMD, 2017); to 

survey-based approaches (De Briyne et al., 2014; Hughes et al., 2012); in-person interviews 

(Hopman et al., 2018; Mateus et al., 2014); direct observation of consultations (Robinson et 

al., 2017); use of prescription journals (Murphy et al., 2012), and use of EHRs, both in 

primarily first opinion (Buckland et al., 2016; Mateus et al., 2011; Radford et al., 2011) and 

referral (German et al., 2010; Wayne et al., 2011) veterinary practices. 

 

1.4.1.1 Antimicrobial sales by weight 

Provision of a measure of the overall weight of antimicrobial sold by pharmaceutical 

manufacturers to veterinary prescribers, as available via the VMD’s veterinary antimicrobial 

resistance and sales surveillance (VARSS) report (VMD, 2018c), represents the widest scale, 

regular survey of antimicrobial sales in the UK. The latest VARSS report described data 

collected in 2016, and noted a decrease (by 17%) in the overall quantity of antimicrobial 

agent sales in all animal species compared with 2015; this trend was also mirrored in HPCIA 

sales. Comparatively, sales of authorised companion animal-only (excluding horses) 

antimicrobials have remained relatively stable between 2012 and 2016, though did increase 

by 23% between 2015 and 2016 from 13 to 16 tonnes (VMD, 2018c). However, whilst these 

insights are of some use to gauge the national picture on companion animal antimicrobial 

sales, there are a number of limitations. 

 

Firstly, species authorisation is used to attribute the relative share of sales to individual or 

groups of species i.e. all oral tablet sales are attributed to companion animals. It is unknown 
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which species these antimicrobials are actually prescribed to ‘off-license’ under the 

veterinary cascade system (VMD, 2013), and indeed of those authorised for dog and cat use 

only, how much of the total volume can be attributed to each individual species. Additionally, 

the VMD and other organisations utilise a range of benchmarking measures, for example 

defined daily doses (DDD) and defined course doses (DCD) that remain inaccessible to 

companion animal surveillance. These measures are used to directly compare different 

species, taking into account dosage variation between species and substances (EMA, 2015a, 

2016). However, they depend on a knowledge of the population structure of the species 

being surveyed, including demographics and average animal weight. Although methods to 

estimate the UK pet population are in development (Aegerter et al., 2017; Murray et al., 

2015), no definitive value currently exists. Similarly, unlike other animal species, weight 

variability between dog breeds is large (Rimbault et al., 2013), limiting our current ability to 

extrapolate overall volume of companion animal-only authorised antimicrobials to a 

measure of DDD or DCD. 

 

In addition to the limitations noted above, it should also be noted that sales surveillance 

currently focuses on antimicrobials intended for systemic (oral, injectable, intramammary 

and intrauterine) administration alone (VMD, 2017). Topical antimicrobial therapies are 

commonly prescribed to companion animals (Holso et al., 2005; Mateus et al., 2011; 

Summers et al., 2014), and have been shown to achieve much higher local concentrations 

than are possible with systemic antimicrobials alone. As such, topical antimicrobials might 

present an important alternative or adjunct to systemic antibiosis (Lazar et al., 2014), though 

topical use has also been associated with selection for resistance (Fintelmann et al., 2011). 

Nevertheless, there is a need to more fully understand both systemic and topical 

antimicrobial prescription in our companion animal populations, without which balanced 

assessment of the risks and benefits of such practices would be impossible. 

  

1.4.1.2 Survey-based approaches 

Whilst VARSS describes antimicrobial sales to prescribers there is significant interest in how 

such products are actually being prescribed to individual animals under care. Hence, surveys 

targeting practising veterinary surgeons have been deployed at both national (Barzelai and 

Whittem, 2017; Hardefeldt et al., 2017; Hughes et al., 2012; Pleydell et al., 2012; Van Cleven 

et al., 2018) and European levels (De Briyne et al., 2014). In these surveys, veterinary 

surgeons reported that certain clinical conditions, such as skin disease, respiratory disease, 



Chapter One  Introduction and literature review 

19 
 

and UTIs are common indications for antibiosis in both dogs and cats (Barzelai and Whittem, 

2017; De Briyne et al., 2014; Van Cleven et al., 2018), such decisions also frequently being 

empirical in nature (Hardefeldt et al., 2017). HPCIA use has been reported as being more 

frequent in cats compared to dogs, specifically use of 3rd generation cephalosporins                

(De Briyne et al., 2014; Hardefeldt et al., 2017). Compared against the relevant products’ 

summary of product characteristics (SPC), inappropriate dosage was also reported as being 

relatively frequent (Hughes et al., 2012), as was variability between prescribers over 

treatment course length; both of these findings being risk factors for resistance development 

(Barzelai and Whittem, 2017). The use of surveys has offered the opportunity to summarise 

the opinions of large populations of veterinary surgeons in a systematic manner, providing 

high quality and consistent data for analyses. However, as the surveys described present 

hypothetical scenarios where the veterinary surgeon describes what they would do, 

reporting bias is of some concern. It is possible that actual prescribing practices might differ 

from those reported; as such, there is a need to more fully report on prescribing decisions as 

they are made. 

 

1.4.1.3 Electronic health records 

EHRs have been increasingly utilised in first opinion (Buckland et al., 2016; Burke et al., 2017; 

Jones et al., 2014; Mateus et al., 2011; Radford et al., 2011; Summers et al., 2014) and 

referral/university-based (German et al., 2010; Holso et al., 2005; Prescott et al., 2002; 

Rantala et al., 2004a; Wayne et al., 2011) veterinary practices to characterise antimicrobial 

prescription in companion animals. These studies initially focused on referral/university-

based animal populations, though it was recognised that these cases might not be 

representative of the wider veterinary-visiting population (German et al., 2010). Hence, 

attention has moved towards utilising EHRs contributed by first opinion practices though this 

has brought some unique challenges in itself, such as PMS compatibility and EHR data quality 

variation, as discussed earlier. Thus far, such challenges have limited EHR-based 

antimicrobial prescription studies to relatively small numbers of veterinary practices (Mateus 

et al., 2011; Radford et al., 2011), surveying a limited range of antimicrobial agents (Buckland 

et al., 2016; Burke et al., 2017), or specific clinical conditions (Jones et al., 2014; Summers et 

al., 2014). Thus, there is a need to more fully describe companion animal antimicrobial 

prescription across a large population of first opinion veterinary practices in the UK, 

considering a range of conditions; administration routes, and authorisation categories. 
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However, these studies have corroborated a number of findings suggested by survey-based 

studies, and have also produced novel findings of relevance to AMR. EHRs collected from 

multiple first opinion practices were first used to characterise antimicrobial prescription in 

2011. Radford et al. (2011), utilising data collected over three months in 2010 from 16 

veterinary practices, found antimicrobial prescription to be common, with systemic 

antimicrobial prescription occurring in 35% of dog, 49% of cat, and 37% of rabbit 

consultations, where the animal presented for investigation and/or treatment of ill health. 

The β-lactam class was found to be the most commonly prescribed class to dogs and cats, 

and fluoroquinolones the most commonly prescribed to rabbits, though considerable 

variation between contributing veterinary practices was observed (Radford et al., 2011). 

Mateus et al. (2011) also found, utilising 2007 data from 11 veterinary practices, that                 

β-lactams were the most popular class in dogs and cats. This study also reported 

antimicrobial prescription to have occurred in 45% of dogs, and 33% of cats over a one year 

period, the majority of which being systemic antimicrobials (77% of canine, and 89% of feline 

prescriptions) (Mateus et al., 2011). 

 

More recently, and during the course of this thesis, Buckland et al. (2016) published a survey 

of significantly increased scope, utilising data supplied by some 374 veterinary practices in 

the UK, utilising data collected between 2012 and 2014. This revealed that systemic 

antimicrobials were prescribed to 25% of dogs and 21% of cats throughout the study period, 

with β-lactams remaining the most commonly prescribed antimicrobial class. However, 

whilst potentiated penicillins remained the most commonly prescribed β-lactam sub-class 

between 2011 and 2014 for dogs, for cats, 3rd generation cephalosporins became the most 

commonly prescribed β-lactam sub-class (Buckland et al., 2016), extended spectrum 

penicillins having been the most common previously (Mateus et al., 2011; Radford et al., 

2011). As 3rd generation cephalosporins are classed as HPCIAs (WHO, 2017a), this finding has 

significant relevance for antimicrobial stewardship. 

 

Further studies have also sought to quantify antimicrobial prescription in the context of 

specific clinical conditions e.g. canine diarrhoea (Jones et al., 2014) and canine pyoderma 

(Summers et al., 2014), or by specific antimicrobial agent e.g. feline cefovecin prescription 

(Burke et al., 2017). These studies have begun to compare prescribing decisions against 

existing clinical evidence, the SPC, and/or prescribing guidance, and by doing so have been 

able to comment on the appropriateness of identified prescription trends. For example, 
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Burke et al. (2017) was able to conclude that of 1148 consultations in which cefovecin was 

prescribed, prescription complied with authorised indications for use (as described within 

the SPC) in 70% of cases (Burke et al., 2017). Though such studies are of clear importance in 

the context of antimicrobial stewardship, it is unknown whether EHR-based studies could 

more directly contribute to clinical evidence. For example, whilst small-scale, referral 

population-based interventional studies have questioned the necessity of antibiosis for acute 

canine diarrhoea (Mortier et al., 2015), there is uncertainty over whether such findings 

would necessarily translate to the wider, largely first opinion, canine community. Large-scale 

observational trials utilising EHRs have been extensively utilised to define the population 

benefit or absence of a range of pharmaceutical therapies in the medical field (Benchimol et 

al., 2015; Page et al., 2017). However, to date this important developing area remains 

unexplored in veterinary medicine. 

 

1.4.1.4 Other surveillance methods 

Other techniques to quantify antimicrobial prescription include the use of specific auditing 

tools, such as a prescription journal (Murphy et al., 2012), and direct observation of 

consultations (Robinson et al., 2017). In 2012, Murphy et al. distributed a paper or electronic-

based prescription journal to 82 veterinary surgeons practising in Ontario, Canada, who were 

required to complete the journal for a subset of cases over the course of a year. This study 

reported similar prescription trends to those reported in EHR- and survey-based studies, 

including common prescription of β-lactams, and frequent prescription for respiratory 

conditions and UTIs (Murphy et al., 2012). Regarding direct observation, Robinson et al. 

(2017) directly observed 1720 consultations conducted by 62 veterinary surgeons. It was 

found that antimicrobial prescription was the most common prescription given, comprising 

30% of total prescription events (Robinson et al., 2017). 

 

Whilst both approaches could be regarded as relatively labour-intensive on the part of the 

veterinary surgeon and/or researcher, it has been shown that EHRs often only record a 

portion of total discussions and actions taken during a companion animal consultation. 

Though pharmaceutical prescriptions do tend to be relatively more accurately recorded 

(Jones-Diette et al., 2017), both methodologies do provide high quality evidence on small 

subsets of the prescribing population, and could form useful adjuncts to wider scale surveys. 

Indeed, in the absence of a single ‘best’ solution for achieving effective prescription 

surveillance in companion animals, perhaps the next methodological development might 
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include combining various strategies e.g. using technology-based approaches to deploy 

surveys at point of prescription. Such adaptations might minimise reporting bias whilst 

providing structured data, reducing the challenge of analysing results. 

 

1.4.2 Characterising antimicrobial prescription 

Although quantifying antimicrobial prescription is clearly of importance, further 

understanding of the complexities of prescription decision-making remains a key goal of 

AMR surveillance and research, particularly with regards to development of effective 

antimicrobial stewardship strategies. Considering this, survey-based (Barzelai and Whittem, 

2017; De Briyne et al., 2014; De Briyne et al., 2013; Hughes et al., 2012; Van Cleven et al., 

2018) and EHR-focused (Buckland et al., 2016; Burke et al., 2017; Holso et al., 2005; Jones et 

al., 2014; Prescott et al., 2002; Radford et al., 2011; Rantala et al., 2004a; Summers et al., 

2014) studies that have been conducted have revealed clinical conditions more likely to 

result in antimicrobial prescription (Barzelai and Whittem, 2017; Burke et al., 2017; De Briyne 

et al., 2014; Holso et al., 2005; Hughes et al., 2012; Jones et al., 2014; Murphy et al., 2012; 

Radford et al., 2011; Rantala et al., 2004a; Summers et al., 2014; Van Cleven et al., 2018); 

associations between client or animal demographics and antimicrobial prescription 

likelihood (Buckland et al., 2016; Hughes et al., 2012; Jones et al., 2014; Murphy et al., 2012; 

Radford et al., 2011), and more general attitudes towards antimicrobial prescription and 

AMR (De Briyne et al., 2013; Hughes et al., 2012; Van Cleven et al., 2018). However, thus far 

perhaps most progress has been made through more qualitative approaches, using in-person 

interview methods (Currie et al., 2018; Hopman et al., 2018; Mateus et al., 2014). 

 

1.4.2.1 In-person interviews 

In-person interviews have been used extensively in human medicine to explore factors 

potentially influencing antimicrobial prescription decision making (Teixeira Rodrigues et al., 

2013); such studies focusing on companion animal prescribing however are relatively scarce 

(Currie et al., 2018; Hopman et al., 2018; Mateus et al., 2014). A 2014 study conducted face-

to-face interviews, utilising a semi-structured questionnaire and four hypothetical clinical 

scenarios, with 21 veterinary surgeons practising in the UK (Mateus et al., 2014). This study 

identified a number of themes guiding the prescription decision making process, broadly 

grouped into ‘intrinsic’ and ‘extrinsic’ factors. Of intrinsic factors, the veterinary surgeon’s 

knowledge of infectious diseases was identified as being of particular importance, as was a 

personal preference for particular antimicrobials largely based on previous experience.  



Chapter One  Introduction and literature review 

23 
 

Regarding identified ‘extrinsic factors’, veterinary surgeons reported choosing antimicrobials 

based on perceived efficacy; spectrum of activity, generally preferring broad spectrum 

antimicrobials; ease of administration; duration of therapy, and drug availability in their 

workplace. Some veterinary surgeons practising in low and mixed socioeconomic status 

areas reported cost to also influence choices, though most veterinary surgeons also stated 

that they offered the same therapeutic options to all owners regardless of the owner’s 

socioeconomic status. Veterinary surgeons also reported being influenced by their 

colleagues, though older participants suggested their antimicrobial prescription to be more 

frequent compared to their younger colleagues. Difficulties surrounding justifying the 

necessity and cost of diagnostic testing appeared to be an important factor in prescribing, as 

was lack of time for more thorough case work-ups. Most veterinary surgeons were given 

clinical freedom to decide on prescriptions themselves, with limited awareness or presence 

of practice prescribing protocols or prescribing guidance, such as PROTECT ME (BSAVA, 2014, 

2018). 

 

Considering other extrinsic factors, where veterinary surgeons perceived potential 

compliance difficulties, they were more likely to prescribe long-acting injectable agents. 

Similarly if the owner expressed unwillingness to pay for therapy, veterinary surgeons would 

frequently change to a cheaper alternative. Meeting client expectations was identified as an 

important factor, though participants disagreed over the level of impact it had on guiding 

prescription choices. However, if owners had a negative experience with a specific 

antimicrobial (whether their pet or themselves), participants would often alter their choice. 

Finally, regarding the animal itself, previous clinical history was of importance, as was 

species; weight; age, and presenting clinical signs (Mateus et al., 2014). 

 

A more recent study of 18 Dutch veterinary surgeons in 2015, again via semi-structured face-

to-face interviews, corroborated many of these findings (Hopman et al., 2018). However, an 

interesting divergence of opinion was noted regarding the role companion animal 

antimicrobial prescribing might play in the context of AMR. Some recognised their personal 

responsibility to prescribe responsibly, whereas others suggested that the contribution to 

AMR from the companion animal sector to be so small as to render stewardship largely 

unnecessary. Dutch law places heavier restriction on veterinary antimicrobial prescribing; for 

instance, 3rd or 4th generation cephalosporins can only be prescribed if an antimicrobial 

susceptibility test (AST) indicates resistance to all other antimicrobials. As such, participants 
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indicated the influence of legal restrictions to have significant impact on their decision 

making. Participants also reported a public health responsibility; for instance, presence of 

children in the animal’s home might prompt prescription for fear of zoonotic transmission. 

Regarding the clinical condition itself, participants reported an increased likelihood of 

prescription in animals displaying more severe clinical signs, especially pyrexia; presence of 

co-morbidities might also increase antimicrobial prescription likelihood (Hopman et al., 

2018). 

 

1.4.2.2 Survey-based approaches 

Researchers have also utilised surveys to characterise companion animal antimicrobial 

prescription. An interesting approach was recently explored by Currie et al. (2018), who 

sought to gain an ‘expert consensus’ on companion animal antimicrobial prescription, 

specifically seeking to identify the most important prescribing behaviours that need to 

change to achieve effective stewardship, and the key barriers preventing such change from 

occurring. A two-stage online Delphi survey was deployed, a technique recognised as 

effective for gaining expert consensus (Hasson et al., 2000), which was completed by 16 

participants. Findings indicated that experts agreed that antimicrobial prescription in 

companion animals had an important impact on AMR. They further agreed that poor 

antimicrobial choice was the most important AMR contributory factor, whether that 

included unnecessary prescriptions; over-reliance on broad spectrum antimicrobials, or used 

HPCIAs as first-line therapies. Though Mateus et al. (2014) showed mixed opinions, experts 

considered client expectation of an antimicrobial prescription to have an important influence 

on prescription decision making and hence, resistance. 

 

Considering other survey-based studies, as discussed earlier, clinical condition has a 

significant impact on antimicrobial prescription likelihood, as evidenced by both surveys and 

EHR-based studies (Barzelai and Whittem, 2017; Burke et al., 2017; De Briyne et al., 2014; 

Holso et al., 2005; Hughes et al., 2012; Jones et al., 2014; Murphy et al., 2012; Radford et al., 

2011; Rantala et al., 2004a; Summers et al., 2014; Van Cleven et al., 2018). Similarly, Hughes 

et al. (2012) found that surveyed veterinary surgeons considered clinical signs to be the most 

important factor when deciding to prescribe an antimicrobial, followed by bacterial culture, 

ease of administration, financial constraints, cytology and, lastly, client expectations. Despite 

patient pressure being a recognised issue in human medicine (Lewis and Tully, 2011), 

sometimes resulting in unnecessary prescriptions being provided (Little et al., 2004), it would 
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appear that opinion remains split as to the influence of client expectations on prescribing in 

companion animal practice. 

 

On an international scale, a European-wide survey of veterinary surgeons belonging to all 

sectors also reported veterinary surgeons to consider ‘owner demand’ to be of relatively low 

importance. In this survey, AST results were ranked as the most important antimicrobial 

choice guiding factor amongst companion animal-treating veterinary surgeons, followed by 

perceived AMR risk, administration ease, the SPC, and legal restrictions (De Briyne et al., 

2013). Finally, a recent survey of veterinary surgeons practising in Belgium reported the 

three most important influencing factors in decision making to be clinical presentation, 

owner compliance, and ease of administration. This study also reported owner expectations 

to be one of the least important factors, along with financial restrictions (Van Cleven et al., 

2018). To summarise, whilst surveys appear to corroborate some factors revealed during 

qualitative study, generally agreeing on the most important factors that influence 

antimicrobial prescription, there appears to be some disagreement over factors considered 

by some to be of lesser importance. 

 

1.4.2.3 Electronic health records 

Though relatively limited, some of these factors have been explored through use of actual 

prescribing data, thus far largely focusing on animal intrinsic factors. For instance, Radford 

et al. (2011) revealed decreasing odds of a dog or cats being prescribed an antimicrobial      

(on a per consultation basis) as they increased in age. Of perhaps some relevance here, this 

study also revealed considerable prescription frequency variation between practices 

contributing data (Radford et al., 2011). Such variation has also been observed on a 

geographical level (Buckland et al., 2016). These findings suggest either varied case 

presentations between practices or regions or varied clinical approach, though this remains 

to be explored in greater depth. 

 

Finally, regarding EHR-based studies exploring specific clinical conditions, Jones et al. (2014) 

reported antimicrobial prescription to be more likely in haemorrhagic diarrhoea cases, 

indicating that case severity might have an influence on prescription likelihood (Jones et al., 

2014). This had been previously identified in an interview-based study (Hopman et al., 2018), 

though an earlier study found no association between reported respiratory disease severity 

and antimicrobial prescription likelihood in dogs and cats (Murphy et al., 2012). As such, 
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whilst there are some points of agreement between studies, it is clear that there is also 

considerable disagreement over how prescription influencing factors should be prioritised. 

There is also some concern over whether reporting bias might influence findings revealed 

thus far. Thus, there remains a need to quantify, at scale, the relative importance of a range 

of factors and their putative impact on the likelihood of a veterinary surgeon to prescribe an 

antimicrobial. Such insights might provide the profession with the definitive evidence 

needed to form truly effective antimicrobial stewardship strategies. 

 

1.5 Antimicrobial resistance 

Antimicrobial resistance has emerged to become one of the leading global health threats 

adversely affecting the lives of both humans and animals. Indeed, it is considered perhaps 

the quintessential ‘one health’ issue, due to ability of resistance genes to both develop and 

disseminate in the environment and through human and animal hosts (O'Neill, 2016). The 

primary driver for AMR is antimicrobial use (Cantón and Bryan, 2012; Cuny et al., 2015; 

Magalhaes et al., 2010; Rantala et al., 2004b; Trott et al., 2004; Zhang, 2016). Hence, 

considering that antimicrobials are extensively used in both the medical and veterinary 

professions (PHE, 2017; VMD, 2015, 2017), we have a collective responsibility to both further 

our understanding of AMR, and to use arguably the most important pharmaceutical agents 

in our possession responsibly, especially if we want to retain their efficacy for years to come. 

Here we will discuss the mechanisms by which bacteria develop resistance to antimicrobials; 

common methods employed in resistance diagnosis and surveillance, and outline important 

resistance trends in companion animals, focusing on the Gram-negative Enterobacteriaceae. 

 

1.5.1 Mechanisms of resistance 

Resistance mechanisms can be defined in two ways: intrinsic or acquired. Intrinsic resistance 

mechanisms refer to naturally occurring genes located on the host’s chromosome that 

provide the bacterial cell with the ability to resist the action of an antimicrobial agent 

(Alekshun and Levy, 2007). Mechanisms might include blocking entry of the agent, efflux 

pump-mediated agent removal from the bacterial cell, or indeed might simply reflect natural 

traits of the bacterial species in question e.g. Mycoplasma species lack a bacterial cell wall, 

conferring intrinsic β-lactam resistance (Alekshun and Levy, 2007; Blair et al., 2015). As such, 

intrinsic resistance exists independent of and pre-dates human activity (D'Costa et al., 2011), 

though it still has considerable clinical and epidemiological relevance. For example, 

Enterococcus faecium (E. faecium) is intrinsically resistant to carbapenems, and likewise a 
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range of Klebsiella species possess intrinsic ampicillin resistance (Magiorakos et al., 2012), 

effectively limiting antimicrobial choices for the prescriber. 

 

Acquired resistance describes development of resistance of a bacteria to an antimicrobial to 

which it was previously susceptible (Blair et al., 2015; Cantón and Bryan, 2012). Though 

several mechanisms mediate acquired resistance they can be placed into three major groups. 

This includes, firstly, reduction of intracellular antimicrobial concentrations through reduced 

cell membrane permeability or increased agent efflux. Secondly, antimicrobial target site 

modification via mutation or protection, and thirdly, antimicrobial inactivation by hydrolysis 

or modification (Blair et al., 2015). Although resistance can be acquired through random 

chromosomal mutation, such mutations often affect susceptibility to a single antimicrobial 

class, though wider ranging resistance has been described if a mutation affects cell 

permeability or induces a multi-drug efflux pump (Livermore, 2003). It should also be noted 

that chromosomal mutations frequently follow a stepwise progression from low to high-level 

resistance. Hence, bacterial isolates displaying reduced susceptibility to a drug (even if they 

are still classed as susceptible overall) should alert the concern of microbiologists, as it often 

foreshadows emergence of clinically-relevant resistance (Levy and Marshall, 2004). 

Chromosomally-mediated resistance genes can also provide a source for transmissible 

resistance. For example plasmid-borne bla genes mediating extended spectrum β-lactamase 

production likely originated from Kluyvera species chromosomal DNA (Canton et al., 2012). 

 

Resistance can also be transmitted between bacteria of the same or different species via 

transfer of mobile genetic elements through conjugation (via plasmids or transposons), 

transduction (via bacteriophages), or transformation (via naked DNA) (Alekshun and Levy, 

2007; Levy and Marshall, 2004). Plasmids replicate independently of the host chromosome, 

and multiple plasmids can exist within a single bacterium. Of AMR relevance, plasmids 

frequently contain collections of genes (gene cassettes) held within integrons that encode 

for multiple resistance genes. Hence, use of a single antimicrobial class can co-select for 

resistance to other classes. Further, integrons can facilitate genetic transfer; this at least 

partially explaining the ability of newly emerged resistance genes to rapidly disseminate 

throughout the environment within mobile genetic elements (Alekshun and Levy, 2007). For 

example, the recent global emergence of mcr-1-containing plasmids that confer colistin          

(a member of the polymyxin class) resistance in E. coli has raised considerable concern that 
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shortly there will be no treatment options remaining for Enterobacteriaceae, a family already 

associated with extensive drug resistance (Liu et al., 2016b; Zhang, 2016). 

 

Unfortunately, whilst resistance can quickly develop, generally it is slowly lost. This is likely 

due to the existence of multi-drug resistance-conferring plasmids providing a broad survival 

advantage, though resistance prevalence has been observed to decline once selection 

pressure (i.e. antimicrobial prescription) is removed (Randall et al., 2018), or via in-

environment ‘dilution’ of other susceptible bacteria (Levy and Marshall, 2004). Nevertheless, 

the current trend appears to be increasing acquisition of resistance genes in pathogenic 

bacterial species rather than reduction (Du et al., 2016). Resistant bacteria can thus be 

classified by relative level of acquired resistance. Hence, calculated on an individual isolate-

level, four categories of AMR have been defined: resistant, multi-drug resistant (MDR), 

extensively drug resistant (XDR), and pan-drug resistant (PDR). In this context, resistant is 

defined as bacteria possessing acquired resistance to at least one antimicrobial agent from 

one or two antimicrobial classes. Similarly, MDR bacteria are defined as bacteria possessing 

acquired resistance to three or more antimicrobial classes. Calculation of XDR and is defined 

as acquired resistance to all but one or two antimicrobial classes, whereas PDR is defined as 

acquired resistance to all antimicrobial classes. It should be noted that these calculations 

consider acquired resistance alone; hence, classes to which the individual bacterial species 

possesses intrinsic resistance are excluded (Magiorakos et al., 2012). 

 

1.5.2 Approaches to antimicrobial resistance diagnosis 

To consider approaches to AMR surveillance we must first consider approaches to 

laboratory-based resistance diagnosis. The two most widely used methods by which bacterial 

isolates are phenotypically assessed for resistance are agar disc diffusion or calculation of 

MIC via broth or agar dilution (Biemer, 1973). Both of these methods are widely utilised in 

veterinary diagnostic laboratories (Marques et al., 2016), and whilst broad equivalence 

between both methods has been demonstrated (Andrews, 2001), it should be borne in mind 

that this equivalence is not consistent for all bacterial species and antimicrobials (Gaudreau 

and Gilbert, 1997; Nicodemo et al., 2004). 

 

Variation between veterinary diagnostic laboratories also exists with regards to AST 

interpretation (Marques et al., 2016). Following both methods, isolates are classified as 

sensitive, intermediate, or resistant to the antimicrobial in question through use of numerical 
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breakpoints; the intention of this being to provide a prediction of how effective the 

antimicrobial might be at treating the bacterial infection in vivo (Roca et al., 2015). Devising 

appropriate breakpoints is a multifactorial process taking into account an array of 

considerations such as recently identified resistance trends and mechanisms; the animal 

species for which treatment is intended; the pharmacodynamics and pharmacokinetics of 

the tested antimicrobial, and the bacterial species being tested, amongst others (Kahlmeter 

et al., 2003). Breakpoints were initially devised at a national level for medical use, for 

example through the British Society of Antimicrobial Chemotherapy (BSAC) (Andrews, 2001); 

however, considering the complexities involved in determining such values, sometimes 

considerable variation between countries was observed, resulting in calls for greater 

international breakpoint harmonisation (Kahlmeter et al., 2003). Currently, two such more 

international efforts are commonly used: the European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) guidance (Leclercq et al., 2013), and the United States-led 

Clinical and Laboratory Standards Institute (CLSI) guidance (Roca et al., 2015). Unfortunately, 

discrepancies still remain between these two schemes, meaning that there is still some way 

to go before truly international unified AMR surveillance can be achieved (Roca et al., 2015). 

 

Considering breakpoints devised for veterinary species specifically, the Veterinary 

Committee on Antimicrobial Susceptibility Testing (VetCAST), a subcommittee of EUCAST 

(Toutain et al., 2017), and CLSI (CLSI, 2008a) have begun to provide some guidance. However, 

due to a relative paucity of veterinary data necessary to determine breakpoints, such 

summaries are incomplete, frequently relying on human breakpoints or species-independent 

epidemiological cut-off values (ECOFFs) (Toutain et al., 2017). In practical terms, this dearth 

of evidence and variation in approach to diagnosing AMR has resulted in veterinary 

diagnostic laboratories utilising a variety of techniques and interpretations, including their 

own in-house interpretations in some cases (Marques et al., 2016). Whilst such issues do 

pose a challenge to effective companion animal AMR surveillance, there is still considerable 

value in exploring methods by which clinical AST data from multiple veterinary diagnostic 

laboratories could be collated and effectively utilised to suggest resistance patterns of most 

importance to companion animal and public health. Asides from providing these baseline 

statistics, such work might well also provide an incentive for independent veterinary 

diagnostic laboratories to consider harmonisation, and to contribute further to efforts to 

produce evidence-based AMR diagnostic guidelines. 
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A key barrier to the use of AST in clinical practice is the time it takes for a result to be made 

available to the clinician, which can be up to or in excess of one week (De Briyne et al., 2013). 

As a result, recent research has focused on developing new methods to more rapidly 

characterise resistant isolates within a clinically relevant timeframe. Thus far, mass 

spectrometry e.g. matrix-assisted laser desorption ionization time-of-flight mass 

spectrometry (MALDI-TOF MS) (Burckhardt and Zimmermann, 2018; Idelevich et al., 2018) 

and molecular techniques (Roca et al., 2015) have generated particular interest, both for 

direct clinical application and surveillance. Whilst the significant potential of molecular 

techniques, particularly whole genome sequencing (WGS), for AMR surveillance (Koser et al., 

2014), outbreak investigation (McGann et al., 2016), and routine diagnostic microbiology 

(Rossen et al., 2018) is widely recognised, such approaches have been rarely utilised in 

companion animal health to date.  

 

Although veterinary diagnostic laboratories regularly conduct AST analyses, and some 

laboratories are starting to report on identified phenotypic resistance trends via peer-

reviewed publications (Marques et al., 2016) and online resources (IDEXX, 2018), the 

bacterial isolates themselves are only rarely further utilised for more in-depth surveillance 

and research. Indeed, isolates are frequently disposed of within a short period 

(approximately one week) of submission for practical storage reasons. There is a need to 

establish whether such bacterial isolates, particularly multi-drug resistant isolates, could be 

retained by a number of independent veterinary diagnostic laboratories and transported to 

a tertiary academic laboratory for further in-depth analyses in a timeframe that retains at 

least surveillance, and potentially, clinical relevance too. 

 

1.5.3 Companion animal AMR surveillance 

AMR surveillance can be classified into two branches: (1) surveillance of resistance carriage, 

and (2) surveillance of resistance in clinically affected animals or humans. Both branches 

have been explored in companion animal health, with some studies considering phenotypic 

resistance (Arsevska et al., 2018b; Conner et al., 2018; Leite-Martins et al., 2014; Marques et 

al., 2016; Sanchez-Vizcaino et al., 2016b; Trott et al., 2004), and others utilising genotypic 

methods, utilising single gene (Damborg et al., 2015; Loeffler et al., 2011; Schmidt et al., 

2018a; Schmidt et al., 2018b; Schmidt et al., 2015; Schmidt et al., 2014; Ventrella et al., 2017; 

Wedley et al., 2011), multiple gene (Damborg et al., 2011; Pires Dos Santos et al., 2016; 

Ventrella et al., 2017; Wedley et al., 2017; Zhang, 2016; Zogg et al., 2018), or whole genome 
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identification methodologies (Harrison et al., 2014; McCarthy et al., 2015; Zhang et al., 2018). 

Besides prevalence of resistance, studies have also sought to identify risk factors associated 

with resistance, such as antimicrobial therapy, via retrospective observational studies    

(Leite-Martins et al., 2014; Loeffler et al., 2011; Schmidt et al., 2015; Wedley et al., 2017) or 

prospective experimental trials (Damborg et al., 2011; Schmidt et al., 2018a; Schmidt et al., 

2018b; Trott et al., 2004). Studies have also demonstrated probable inter-species resistance 

transfer (Guardabassi et al., 2004a; Harrison et al., 2014; Loeffler and Lloyd, 2010; Zhang, 

2016); these findings having clear implications for antimicrobial stewardship. 

 

As with antimicrobials, bacterial species have also been classified by the WHO into AMR 

priority groups (critical, high and medium), with the aim of focusing global surveillance and 

research initiatives. The critically important bacteria are all Gram-negative and include 

carbapenem resistant Acinetobacter baumannii (A. baumannii), carbapenem resistant 

Pseudomonas aeruginosa (P. aeruginosa), and carbapenem or third-generation 

cephalosporin resistant Enterobacteriaceae species. Of Gram-positive bacteria, the highest 

ranking species include vancomycin resistant Enterococcus faecium (E. faecium), and MRSA 

or VRSA, both being considered high priority (Tacconelli et al., 2018). When considering 

companion animals, the greatest clinical and public health interest arguably resides with the 

Enterobacteriaceae; hence, here we will consider this family in greater detail. 

 

1.6 Enterobacteriaceae antimicrobial resistance trends 

The Enterobacteriaceae family, consisting of a number of clinically important genera 

including Escherichia, Klebsiella, Citrobacter, Serratia, Salmonella, Enterobacter and Proteus 

(Iredell et al., 2016), arguably collectively pose the greatest current AMR risk to both humans 

and animals (Tacconelli et al., 2018). The emergence and worldwide dissemination of 

extended spectrum β-lactamases over the past thirty years (Canton et al., 2012) has limited 

therapeutic options available to clinicians to treat potentially life-threatening infections 

caused by members of the Enterobacteriaceae family. In people, this has led to the increased 

use of other antimicrobial classes, such as the carbapenems (van Duin et al., 2013; van Loon 

et al., 2018), fluoroquinolones (Iredell et al., 2016), and, more recently, so-called 

‘antimicrobials of last resort’, such as colistin (Ni et al., 2015; van Duin et al., 2018). 

Unfortunately, with resistance to carbapenems and colistin now emerging in people and 

animals (Liu et al., 2016b; van Duin and Doi, 2017; van Loon et al., 2018; Zhang, 2016), there 
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is real concern that pan-resistant Enterobacteriaceae might soon become a widespread 

clinical issue (Souli et al., 2008). 

 

1.6.1 Extended spectrum and ampicillin hydrolysing β-lactamases 

Extended spectrum β-lactamase (ESBL) enzymes hydrolyse β-lactam antimicrobials, 

conferring resistance to both penicillins and cephalosporins, but not to β-lactamase 

inhibitors (e.g. clavulanic acid) or carbapenems (Falagas and Karageorgopoulos, 2009). There 

are hundreds of ESBL-associated genes which are generally referred to in subscripted upper 

case appended to a bla prefix e.g. blaCTX-M-15 (Iredell et al., 2016). ESBL genes can be classified 

into four groups; blaTEM, blaSHV, blaOXA or blaCTX-M (Livermore et al., 2007), and likely evolved 

either as point mutations on the plasmid-mediated enzymes associated with non-extended 

spectrum β-lactam resistance (blaTEM-1, blaTEM-2, blaSHV-1 and blaOXA-10), or more recently in the 

case of blaCTX-M, via incorporation of chromosomal bla genes onto mobile genetic elements, 

and subsequent insertion into plasmids (Canton et al., 2012; Livermore et al., 2007). It is 

thought this latter development has been particularly responsible for the dramatic increase 

in prevalence of ESBLs worldwide, and it is likely that selective pressure applied by 

antimicrobial therapy has further accelerated this evolutionary process (Canton et al., 2012). 

It should also be noted that resistance genes mediating resistance to other antimicrobial 

classes (e.g. quinolones and fluoroquinolones) are commonly located contiguous with ESBL 

genes on the same plasmid, potentially conferring both ESBL and MDR status (Iredell et al., 

2016). 

 

Historically, the majority of ESBL-producing Enterobacteriaceae were associated with blaTEM 

and blaSHV genes; however, since around 2000, the rate of identification of blaCTX-M has 

increased markedly (Canton et al., 2012). Though the blaCTX-M family are a complex 

heterogeneous group, they can be broadly summarised into five major groups (blaCTX-M1, 

blaCTX-M2, blaCTX-M8, blaCTX-M9 and blaCTX-M25), though the existence of further groups has been 

suggested (Canton et al., 2012; Livermore et al., 2007). Although geographical (Falagas and 

Karageorgopoulos, 2009; Livermore et al., 2007) and species variation has been observed 

(Ewers et al., 2012), blaCTX-M-14 (blaCTX-M9 group) and blaCTX-M-15 (blaCTX-M1 group) are considered 

to be the individual variants of greatest global importance for human resistant infections 

(Canton et al., 2012). Further, the worldwide emergence of the highly virulent E. coli 

pandemic clone O25b:H4 sequence type (ST) 131, frequently associated with blaCTX-M-15, has 
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fuelled particular recent interest (Rogers et al., 2011), revealing important insights into 

resistance transmission dynamics between species (Ewers et al., 2012). 

 

Though distinct from the ESBLs already discussed, a further group of importance are the 

‘ampicillin hydrolysing’ (AmpC) group of β-lactamase enzymes. As with the ESBLs, these 

enzymes confer variable resistance to a range of β-lactams, including cephalosporins. 

However, AmpC β-lactamases also express limited inhibition by β-lactamase inhibitors, 

conferring resistance to many penicillin and β-lactamase inhibitor combinations (Iredell et 

al., 2016). Although chromosomal AmpC genes have been associated with low level clinical 

resistance for many years, the integration of these genes into plasmids has promulgated 

their worldwide dissemination and hence, relative clinical importance (Jacoby, 2009). There 

are currently over thirty plasmid-mediated AmpC enzymes described; these can be 

categorised into six related gene groups; blaCITM, blaDHA, blaACC, blaEBC, blaFOX or blaMOX      

(Perez-Perez and Hanson, 2002), with blaCMY-2 (belonging to the blaCITM group) being 

considered the most widely distributed AmpC gene in humans and animals worldwide (Ewers 

et al., 2012; Iredell et al., 2016). 

 

1.6.1.1 ESBL and AmpC Enterobacteriaceae in companion animals 

Considering the development, dissemination and transmission of ESBL and AmpC-producing 

Enterobacteriaceae in companion animals specifically, in a recent study Schmidt et al. 

(2018a) demonstrated that use of a range of antimicrobials selected for resistant faecal E. 

coli immediately following therapy in dogs. Of particular relevance here, cephalosporin use 

appeared to select for 3rd generation cephalosporin resistance, particularly AmpC-

production (likely largely mediated by blaCMY-2), a finding corroborated by others (Damborg 

et al., 2011; Lawrence et al., 2013). Similarly, Grønvold et al. (2010) reported increased 

prevalence of MDR faecal E. coli following use of amoxicillin (Grønvold et al., 2010). 

Interestingly, whilst Schmidt et al. (2018a) found no clear association between antimicrobial 

prescription and ESBL-producing E. coli prevalence, a 2008 study demonstrated probable    

co-selection of blaCTX-M ESBL-producing E. coli via prescription of the fluoroquinolone 

enrofloxacin (Moreno et al., 2008). Whilst the duration that resistant isolates were reported 

to persist in faeces following therapy varied between studies, it is clear that antimicrobial 

therapy selects for concerning resistance traits which can disseminate into the environment, 

potentially infecting species with which companion animals come into frequent close 

contact, such as humans (Schmidt et al., 2018a).  
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A number of surveys have sought to define prevalence of ESBL/AmpC-producing 

Enterobacteriaceae in companion animals, both in terms of carriage and clinical infection. 

With regards to carriage, a study of veterinary-visiting dogs suggested ESBL- and                  

AmpC-producing faecal E. coli prevalence to be 2% and 7%, respectively. Of AmpC-producing 

isolates, all were shown to be blaCMY-2, whereas for ESBL-producing isolates, presence of 

blaTEM and blaCTX-M was observed. Of blaCTX-M isolates, most were characterised as blaCTX-M-1, 

though blaCTX-M-15, blaCTX-M14/18, blaCTX-M-3, and blaCTX-M-20 were also identified (Wedley et al., 

2017). This study appears to corroborate previous findings that plasmid-associated blaCMY-2 

is the most commonly identified AmpC-associated gene in companion animals (Murphy et 

al., 2009; Rocha-Gracia et al., 2015; Tuerena et al., 2016; Wedley et al., 2011). Of particular 

interest, AmpC carriage was also found to cluster within veterinary practice (Wedley et al., 

2017). A further study of hospitalised dogs also found practice-level variance in AmpC and 

ESBL prevalence (Tuerena et al., 2016), potentially demonstrating a direct impact of 

individual practices’ prescribing practices on AMR prevalence (Wedley et al., 2017). 

 

Expanding beyond veterinary-visiting animals, other studies have utilised faecal samples 

collected from the general ‘healthy’ companion animal population. These studies, conducted 

in multiple countries, have reported wide-ranging ESBL-producing E. coli prevalence 

between 0% and 29% of tested isolates, and AmpC prevalence between 0% and 16% of 

tested isolates (Carvalho et al., 2016; Gandolfi-Decristophoris et al., 2013; Hordijk et al., 

2013; Murphy et al., 2009; Rocha-Gracia et al., 2015; Rubin and Pitout, 2014; Schmidt et al., 

2015). Interestingly, when considering blaCTX-M specifically, whilst some studies reported 

blaCTX-M-1 to be the most common gene variant identified (Hordijk et al., 2013; Rubin and 

Pitout, 2014; Schmidt et al., 2015; Wedley et al., 2017) others reported CTX-M-15, a variant 

commonly implicated with human ESBL infection (Ewers et al., 2012; Rocha-Gracia et al., 

2015; Rubin and Pitout, 2014; Tuerena et al., 2016). Whilst temporal and geographical 

variation might explain these differences (Ewers et al., 2012), most studies conducted thus 

far have sampled from relatively small populations over relatively short periods of time, 

limiting comparativeness between studies. 

 

ESBL and AmpC-producing Enterobacteriaceae are also frequently isolated from clinical 

diagnostic specimens in companion animals. They are most commonly associated with 

urinary tract infections (UTIs), with E. coli often being the most frequently isolated 

Enterobacteriaceae species in these cases (Dierikx et al., 2012; Maeyama et al., 2018; 
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Marques et al., 2016; Thungrat et al., 2015; Zogg et al., 2018), though other extra-intestinal 

sites have been described (Morrissey et al., 2016; Saputra et al., 2017; Timofte et al., 2016; 

Zogg et al., 2018). In the UK and abroad, resistance, particularly to 3rd generation 

cephalosporins, has begun to pose a real therapeutic challenge to veterinary prescribers, and 

is commonly identified by veterinary diagnostic laboratories (Marques et al., 2016). Though 

the number of isolates summarised has been relatively small in most studies to date, 3rd 

generation cephalosporin resistance in E. coli has been reported to be anywhere between 

4% and 75% of tested isolates (Maeyama et al., 2018; Marques et al., 2016; Saputra et al., 

2017; Shaheen et al., 2011; Thungrat et al., 2015; Timofte et al., 2016; Zogg et al., 2018). 

Asides from E. coli, other Enterobacteriaceae, such as Klebsiella pneumoniae (K. pneumoniae) 

and Proteus species have also reported 3rd generation cephalosporin resistance in up to 42% 

and 33% of tested isolates, respectively (Maeyama et al., 2018; Marques et al., 2016). 

 

Regarding resistance genes, as with faecal carriage, blaCMY-2 also appears to be the most 

frequently identified gene associated with AmpC β-lactamase production in clinical isolates 

(Dierikx et al., 2012; Maeyama et al., 2018; Saputra et al., 2017; Wagner et al., 2014). There 

is also some reported disparity between findings for blaCTX-M, with one study reporting  higher 

prevalence of blaCTX-M-1 (Dierikx et al., 2012) and other studies, blaCTX-M-15 (Huber et al., 2013; 

Maeyama et al., 2018; O'Keefe et al., 2010; Shaheen et al., 2011; Timofte et al., 2016; Zogg 

et al., 2018). However, it should also be noted that a range of other blaCTX-M genes, for 

instance blaCTX-M-14 and the emerging blaCTX-M-27 have also been frequently identified 

(Maeyama et al., 2018; Timofte et al., 2014b; Timofte et al., 2016; Zogg et al., 2018). Of 

particular importance, highly virulent MDR pandemic clones, for example ST131:O25b E. coli 

and other newly emerging variants have been isolated in companion animal clinical samples 

(Ewers et al., 2010; Maeyama et al., 2018; Pomba et al., 2009; Timofte et al., 2014b), 

demonstrating likely resistance transmission between people and companion animals. 

Considering both the risk of zoonotic and reverse zoonotic transmission, and the worldwide 

distribution of such isolates, an essential goal for surveillance consists of exploring means by 

which Enterobacteriaceae resistance trends in companion animals can be more fully and 

consistently characterised in space and time at both a phenotypic and genotypic level.  
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1.6.2 Quinolone resistance 

Quinolone resistance can be expressed through a range of resistance mechanisms, and genes 

encoding for these traits have been found to be located on both chromosomal DNA via 

specific point mutations in essential housekeeping genes, and on plasmids (Hamed et al., 

2018). Concerning chromosomally-mediated resistance mechanisms, the primary mode of 

resistance is via single, sequential mutations in DNA gyrase (e.g. gyrA and gyrB) and/or 

topoisomerase IV genes (e.g. parC and parE). The resulting structural alterations in the 

enzymes produced as a consequence of these mutations then likely prevent quinolones from 

effectively binding to these enzymes, reducing quinolone efficacy (Iredell et al., 2016). Of 

these genes, gyrA and parC are most commonly identified as having mutations in resistant 

clinical isolates (Hooper and Jacoby, 2016), with gyrA mutations thought to be primarily 

responsible for conferring resistance in Gram-negative bacteria, including the 

Enterobacteriaceae (Blanche et al., 1996). However, mutations in genes encoding both 

enzymes has also been shown to promote higher level quinolone resistance, including to 

fluoroquinolones (Hooper and Jacoby, 2016), which are the quinolone sub-class most 

commonly used in veterinary practice (Radford et al., 2011).  

 

Other chromosomally-mediated resistance mechanisms include reduced quinolone influx 

into the bacterial cell via reduced expression of porin channels, primarily mediated by 

mutations in ompF (Hirai et al., 1986), and increased antimicrobial efflux mediated by efflux 

pumps. The resistance-nodulation-division (RND) superfamily of efflux pumps                            

(e.g. AcrAB-TolC) have been most commonly implicated with mediating quinolone efflux in 

Gram-negative bacteria (Hooper and Jacoby, 2016). Whilst there is no current evidence to 

suggest that quinolone use induces efflux pump expression, these pumps are often capable 

of mediating efflux of a range of antimicrobial classes; hence, they play a potentially 

important role in multi-drug resistance (Hooper and Jacoby, 2016; Iredell et al., 2016). 

 

With regards to plasmid-mediated quinolone resistance three mechanisms are primarily 

responsible including target protection, quinolone structural modification, and efflux pumps 

(Hamed et al., 2018; Iredell et al., 2016). Although genes encoding these traits do reduce 

bacterial susceptibility to quinolones this is thought to be mostly at a relatively low-level 

(Iredell et al., 2016). Their importance instead seems to be in facilitating the selection of 

higher-level chromosomally-mediated mutants that do confer clinical resistance (Hooper 

and Jacoby, 2016). Considering target protection, the quinolone resistance protein (QNR) 
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family, currently consisting of seven proteins (QNRA, QNRB, QNRS, QNRC, QNRD, QNRVC, 

and QNRE), has been identified as playing a role (Hamed et al., 2018). These proteins 

effectively fit into the quinolone binding site on DNA gyrase, preventing quinolone binding 

(Hooper and Jacoby, 2016). 

 

In 2003, a variant of aminoglycoside acetyltransferase, aac(6’)-Ib-cr, was found to be able to 

modify the structure of certain quinolones, including ciprofloxacin, thereby inhibiting their 

action; this same enzyme was previously implicated with inactivating aminoglycosides, and 

represented the first known occurrence of a single enzyme being capable of inactivating two 

antimicrobial classes (Robicsek et al., 2006).  Whilst aac(6’)-Ib-cr alone is associated with   

low-level resistance, it is thought to play a similar role to the QNR family in facilitating 

selection for higher-level mutants (Hooper and Jacoby, 2016). However, Robicsek et al. 

(2006) showed that presence of aac(6’)-Ib-cr and qnrA on the same plasmid promoted high-

level quinolone resistance, including to fluoroquinolones. Further, aac(6’)-Ib-cr has been 

shown to be frequently located on the same plasmid as ESBL genes, including blaCTX-M-15, and 

blaCTX-M-15 associated pandemic clones (e.g. ST131:O25b), raising concerns about the MDR 

potential of such widespread isolates (Hooper and Jacoby, 2016; Pomba et al., 2009; Shaheen 

et al., 2013).  

 

The third mechanism of plasmid-mediated resistance includes efflux pumps, of which two 

have thus far been identified: qepA and oqxAB (Hamed et al., 2018; Hooper and Jacoby, 

2016). Whereas qepA appears relatively specialised towards efflux of particular 

fluoroquinolones (including enrofloxacin and ciprofloxacin), conferring low levels of 

resistance (Yamane et al., 2007), oqxAB acts against multiple antimicrobial agents, including 

chloramphenicol, nitrofurantoin, trimethoprim, and the fluoroquinolones (Hooper and 

Jacoby, 2016). 

 

1.6.2.1 Quinolone resistant Enterobacteriaceae in companion animals 

As with ESBL- and AmpC-producing Enterobacteriaceae, fluoroquinolone use in companion 

animals has been shown to select for fluoroquinolone and multi-drug resistance (Moreno et 

al., 2008; Schmidt et al., 2018a; Trott et al., 2004), and to co-select for ESBLs (Moreno et al., 

2008). Prevalence studies have characterised the phenotypic and molecular epidemiology of 

fluoroquinolone resistance in companion animals, utilising samples gained from the general 

population, the veterinary-visiting population, and clinically infected animals. Considering 
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faecal carriage, in two UK studies, Wedley et al. (2017) firstly identified quinolone (nalidixic 

acid) resistance in 8% of tested E. coli isolates gained from veterinary-visiting dogs, whereas 

Schmidt et al. (2015) identified ciprofloxacin resistance in 10% of E. coli isolates collected 

from the general canine population. An earlier UK study also identified quinolone (nalidixic 

acid) resistance in 3% of E. coli isolates collected from healthy dogs; presence of qnr genes 

was tested for, though none were detected (Wedley et al., 2011). 

 

In studies conducted abroad, a 2016 Tanzanian study found ciprofloxacin resistance to be 

present in 34% of ESBL-producing Enterobacteriaceae isolates (including E. coli, Klebsiella 

species, and Proteus species) collected from healthy companion and farm animals. Though it 

was not possible to surmise results to companion animals only, the study sequenced 25   

ESBL-producing isolates, half of which possessed aac(6’)-Ib-cr and nearly half, qnrS1 (Seni et 

al., 2016). A 2014 Chinese study also found ciprofloxacin resistance to be present in 34% of            

E. coli isolates collected from healthy companion animals between 2007 and 2008. The same 

study reported ciprofloxacin resistance in 75% of E. coli isolates collected from healthy 

companion animals between 2010 and 2011, though only 12 isolates were analysed. 

Considered together, both qnr genes and aac(6’)-Ib-cr were identified in 9% and 7% of      

2007-08 isolates, and 17% and 25% of 2010-11 isolates, respectively. The efflux pump-

associated genes oqxAB and qepA were also identified in 9% and 8% of 2007-08 isolates, and 

17% and 0% of 2010-11 isolates, respectively (Yang et al., 2014). 

 

In Europe, a Portuguese study of veterinary-visiting dogs and cats identified phenotypic 

nalidixic and ciprofloxacin resistance in 36% and 30% of faecal E. coli isolates respectively, 

though this study did not seek to further define the presence of any molecular determinants 

of resistance (Leite-Martins et al., 2014). Finally, of particular interest, a Mexican study 

demonstrated co-carriage of aac(6’)-Ib-cr and qnr genes with blaCTX-M-15 E. coli isolates 

identified in healthy dogs, providing further evidence of an association between quinolone 

resistance and ESBL production (Rocha-Gracia et al., 2015; Schmidt et al., 2015). Whilst these 

findings would broadly suggest that aac(6’)-Ib-cr prevalence is greater than qnr prevalence 

in companion animals, and previous studies appear to broadly confirm this (Guo et al., 2015), 

the inconsistent nature of reporting quinolone resistance currently limits our ability to draw 

firm conclusions, at least in terms of faecal carriage in healthy companion animals. 
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With regards to clinical infection however, a recent European-wide survey characterised 

resistance determinants of a range of enrofloxacin resistant Enterobacteriaceae species 

(mostly consisting of E. coli and Proteus mirabilis (P. mirabilis) isolated from dog and cat 

clinical specimens. This study found plasmid-mediated quinolone resistance genes in 20% of 

isolates (n=160), including qnr, aac(6’)-Ib-cr, and oqxAB. Of E. coli strains, 8% harboured qnr 

genes (entirely consisting of qnrB and qnrS), and 4% aac(6’)-Ib-cr. For P.mirabilis, 16% 

harboured qnr genes (de Jong et al., 2018), suggesting that qnr genes, particularly qnrB and 

qnrS, are the most commonly identified quinolone resistance determinants in 

Enterobacteriaceae clinically isolated from companion animals. Whilst other studies are in 

broad agreement with this finding (Dierikx et al., 2012; Gibson et al., 2010; Liu et al., 2012; 

Pomba et al., 2009), other studies of companion animals (Ma et al., 2009; Shaheen et al., 

2013) and humans (de Jong et al., 2018) have conversely reported aac(6’)-Ib-cr to be the 

most frequently identified gene in clinical isolates. 

 

Regarding efflux pumps, de Jong et al. (2018) identified oqxAB in K. pneumoniae isolates only, 

whereas a Chinese study identified oqxAB in 10% of E. coli clinical isolates, this finding being 

consistent between two data collections: 2007-08, and 2010-11 (Yang et al., 2014). This study 

also identified qepA in 12% and 7% of isolates collected in 2007-08 and 2010-11 respectively, 

with 5% of total isolates collected from pets possessing multiple plasmid-mediated 

quinolone resistance genes (Yang et al., 2014). This latter finding was also reported by Pomba 

et al. (2009), who identified presence of both qnrB and aac(6’)-lI-cr with blaCTXM-15, blaTEM-1B 

and blaOXA-1 on a transmissible plasmid; the E. coli in question further belonging to the 

pandemic ST131:O25b clone. This clone was also found to possess chromosomal mutations 

in the quinolone resistance determination region (QRDR), including gyrA and parC, 

practically conferring resistance to most penicillins, aminoglycosides and fluoroquinolones 

(Pomba et al., 2009). 

 

Considering chromosomal mutations in the QRDR in more detail, it has been reported that 

such mutations are present in the majority (90%) of tested isolates, mostly consisting of 

mutations in gyrA and parC. Multiple mutations were a common finding, as was presence of 

both chromosomal and plasmid-mediated resistant determinants in the same isolate (de 

Jong et al., 2018). Similarly, Liu et al. (2012) reported often multiple QRDR mutations to be 

considerably more common than plasmid-mediated mechanisms, as did a number of other 

studies (Guillard et al., 2016; Harada et al., 2014; Shaheen et al., 2013; Vingopoulou et al., 
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2018), with such isolates being more commonly associated with high-level quinolone 

resistance (Liu et al., 2012). Indeed, findings to date would seem to confirm the role of QRDR 

mutations in conferring high-level resistance, with plasmid-mediated mechanisms more 

commonly being associated with low-level resistance. However, given the ability of plasmids 

to transfer to other bacteria, and their putative role in facilitating higher-level 

fluoroquinolone resistance, particularly with regards to virulent pandemic strains (Pomba et 

al., 2009), they remain a necessity for surveillance where current companion animal data, 

especially for the UK, is somewhat lacking. 

 

1.6.3 Carbapenemase production 

Following the emergence of ESBL and AmpC-producing Enterobacteriaceae, and the 

corresponding reduction in therapeutic options this produced, carbapenems gained 

popularity as a remaining effective option for treatment of Enterobacteriaceae infections in 

humans. However, predictably, issues with carbapenem resistance soon began to emerge 

(van Duin and Doi, 2017). The primary resistance mechanism of carbapenemase-producing 

Enterobacteriaceae (CPE) is via carbapenem hydrolysis, though not all CPEs exhibit clinical 

resistance. As with other resistance mechanisms, although chromosomally encoded 

carbapenemases do have some clinical impact (Carattoli, 2009), plasmid-mediated 

resistance represents the greatest cause for concern. As such five plasmid-mediated enzyme 

families (KPC, VIM, IMP, NDM, and OXA-48) collectively provide perhaps the greatest 

contribution to the worldwide spread of CPE (Temkin et al., 2014). Additionally, these 

enzymes also additionally confer resistance to other β-lactams, further enhanced by               

co-residence with ESBL genes (Poirel et al., 2011), thus increasing the clinical impact of this 

resistance trend (Temkin et al., 2014). Clonal expansion alone also appears to play an 

important role in gene dissemination. For instance, the pandemic clone ST258 of                             

K. pneumoniae has been implicated as the primary driver of the worldwide spread of            

blaKPC-mediated carbapenem resistance (Chen et al., 2014; van Duin and Doi, 2017). 

 

1.6.3.1 Carbapenemase producing Enterobacteriaceae (CPE) in companion animals 

In humans, CPE is associated almost entirely with hospital-acquired infection, with cases 

being reported across the world including the UK, although a small number of community-

acquired infections have also been reported (van Loon et al., 2018). In companion animal 

species, CPE is rare. Thus far, blaVIM, blaIMP, blaNDM and blaOXA-48 have been identified in 

bacteria from companion animals (Abraham et al., 2016; Adams et al., 2018; Cui et al., 2018; 
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Gonzalez-Torralba et al., 2016; Gronthal et al., 2018; Pulss et al., 2018; Stolle et al., 2013), 

though as far as the author is aware, CPE has never been reported in the UK. This difference 

in epidemiology between humans and companion animals might be explained by the fact 

that carbapenems are not authorised for use in veterinary species (Gronthal et al., 2018), 

their use also being strongly discouraged by existing antimicrobial prescribing guidance 

(BSAVA, 2014, 2018). As such, in the absence of any direct selection pressure, any clinical 

infection appears to rely on reverse zoonotic transmission. However, of some concern, a 

Swiss study did identify blaOXA-48 in pet food. This finding potentially suggests an alternative 

transmission route, although in this case heat treatment of food had already killed the 

bacteria in question (Seiffert et al., 2014). Asides from this, a co-selective role via use of other 

antimicrobial classes has also been postulated to maintain survival of CPE in companion 

animals (Gronthal et al., 2018). This latter argument is supported by a recent German study 

that identified both clonal dissemination and horizontal gene transfer between companion 

animal veterinary clinics, also reporting the first confirmed report of dog-to-dog CPE 

transmission (Pulss et al., 2018). Considering this finding particularly, there is thus an urgent 

need to fully incorporate CPE into companion animal surveillance. 

 

1.6.4 Colistin resistance 

In response to the global dissemination of CPE and the resulting further reduction of 

antimicrobial therapy options, clinicians turned to other antimicrobials such as colistin 

(MacNair et al., 2018). Largely abandoned by the 1980s due to a reported association of use 

with high incidence of nephrotoxicity, since the rise of CPE over the last 20 years, the 

popularity of colistin in medical practice has increased (Falagas and Kasiakou, 2005). In 

veterinary practice however, colistin has been routinely used in pigs for many years                

(De Briyne et al., 2014). Following reports of plasmid-mediated colistin resistance newly 

emerging in pigs and people in China (Liu et al., 2016b), a voluntary ban on colistin use in pigs 

was introduced in the UK and elsewhere, leading to a sharp decrease in its use (Randall et 

al., 2018). 

 

The primary mechanism of colistin resistance is via lipopolysaccharide binding site 

modification in the bacterial cell membrane, reducing affinity and hence suppressing action. 

Until 2016 this resistance mechanism was reported to be chromosomally-mediated only; 

however, Liu et al. (2016) reported a plasmid-mediated resistance mechanism mediated by 

mcr-1. Given the transmission potential of this resistance mechanism, this finding caused a 
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flurry of interest across the world, with colistin being rapidly included as a HPCIA by the WHO 

(WHO, 2017a). Since then, mcr-2, mcr-3, mcr-4 and mcr-5 have also been characterised 

(Randall et al., 2018), with these genes now being reported across the world (Sun et al., 

2018). Of further concern, K. pneumoniae human clinical isolates containing both blaNDM, 

blaCTX-M and mcr-1 genes conferring extended cephalosporin, β-lactamase inhibitor, 

carbapenem, and colistin resistance have been identified (Du et al., 2016). Though these 

isolates did maintain susceptibility to amikacin (an aminoglycoside) alone, these findings 

bring the prospect of truly pan-resistant Enterobacteriaceae strains one step closer to reality 

(Du et al., 2016). 

 

1.6.4.1 Colistin resistant Enterobacteriaceae in companion animals 

To the author’s knowledge, colistin has never been clinically prescribed to companion 

animals. However, colistin-resistant Enterobacteriaceae has been identified in cats and dogs 

(Lei et al., 2017; Sun et al., 2016), including cases where zoonotic or reverse zoonotic 

transmission appears to have taken place (Zhang, 2016). Asides from close contact between 

companion animals and humans, Lei et al. (2017) also identified the presence of                       

mcr-1-containing Enterobacteriaceae in pet food in Beijing, suggesting two likely 

transmission sources for companion animal infection. 

 

A further consideration for companion animal medicine concerns the potential selection 

pressure applied by use of polymyxin B. Polymyxin B is highly similar in structure to colistin; 

as such, the mcr group usually confers phenotypic resistance to both antimicrobial agents 

(Liu et al., 2016b). Like colistin, polymyxin B is being used to treat CPE in humans (Zavascki 

et al., 2018). However, polymyxin B is also routinely used in topical preparations to treat ear 

and skin infections in companion animals (Mateus et al., 2011; Summers et al., 2014). Hence, 

all polymyxins have recently been re-classified as HPCIA (WHO, 2017a), though the EMA only 

classified colistin as being HPCIA (NOAH, 2016). Although no evidence currently exists 

concerning a potential role of topical polymyxin B use in selecting for and maintaining 

plasmid-mediated polymyxin-resistant Enterobacteriaceae strains, the companion animal 

veterinary sector should anticipate increased scrutiny of polymyxin use and resistance in 

practice. 
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1.7 Antimicrobial stewardship in companion animals 

Antimicrobial stewardship can be defined as any effort to optimise use of antimicrobials, 

with the primary aim of decreasing selection pressure for AMR, but also reducing adverse 

events resulting from antimicrobial use, and delivering cost-effective therapy (Morris et al., 

2012). It is clear that for a prescriber to achieve these aims they must possess extensive 

general and local knowledge concerning aetiology, antimicrobial consumption and 

resistance trends, and treatment efficacy (Fishman, 2006). Thus, whilst the responsibility for 

antimicrobial stewardship rests most firmly with the prescriber, it is clear that a truly        

multi-disciplinary approach including educators, academics, diagnostic services, policy 

makers and pharmaceutical companies is necessary to ensure that the prescriber can make 

truly informed and responsible prescription choices. In medicine, antimicrobial stewardship 

has already been widely incorporated into the daily routine of clinicians, in some cases also 

demonstrating a reduction in AMR or antimicrobial prescription-related infections                

(e.g. Clostridium difficile (C. difficile)) at a local level (Gerber et al., 2013; Martinez-Gonzalez 

et al., 2017; Talpaert et al., 2011; Thursky et al., 2006). However in companion animal 

medicine, antimicrobial stewardship remains relatively undeveloped. This is arguably due to 

a lack of routine prescription and resistance surveillance in these species, and a general 

paucity of clinical evidence that might guide responsible prescribing practices. 

 

Though as earlier discussed, there have been periodic publications regarding antimicrobial 

prescription frequency (Buckland et al., 2016; Mateus et al., 2011; Radford et al., 2011), and 

AMR prevalence (Marques et al., 2016) in companion animals, these remain mostly 

population-focused with perhaps limited relevance to individual practitioners. Evidence does 

exist of prescription frequency (Radford et al., 2011) and faecal AMR carriage (Wedley et al., 

2017) variability between veterinary practices, reinforcing the necessity of surveillance being 

tailored to individual practices, potentially promoting self-reflection and prescribing 

behaviour change. However, to date there is no mechanism by which veterinary practitioners 

might be able to view and reflect on their own antimicrobial prescribing habits benchmarked 

against their peers. As such, development of both local and national mechanisms by which 

antimicrobial prescription audits, with feedback to clinicians, can be achieved represents a 

key goal of antimicrobial stewardship efforts (Currie et al., 2018). 

 

It is well known that any antimicrobial prescription decision should be based on a knowledge 

of the bacterial species and associated susceptibility profile causing infection (i.e. via 
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bacterial culture and AST). However in practice, antimicrobial prescription is frequently 

empirical (Burke et al., 2017; De Briyne et al., 2013), with frequent prescription of broad 

spectrum antimicrobials (Mateus et al., 2011; Radford et al., 2011); this would seem to be 

clearly at odds with the aims of antimicrobial stewardship. As such, whilst promoting the use 

of bacterial diagnostics has been noted as a key aim of antimicrobial stewardship (Currie et 

al., 2018), it is currently less clear how this might be practically achieved.  

 

As discussed earlier, there are universal issues regarding the often considerable time taken 

for an AST to be completed. This presents difficulties when justifying this course of action to 

clients; in veterinary medicine this difficulty is likely compounded by the need to also justify 

the cost of diagnostic tests to the client (Bourély et al., 2018; De Briyne et al., 2013). Whilst 

developing rapid diagnostic methods remains an active research area (Rossen et al., 2018), 

there is work to be done to encourage practitioners to engage with existing bacterial 

diagnostics more frequently. As with antimicrobial prescription, establishing routine AMR 

surveillance and benchmarking might provide practitioners with knowledge of local and 

national resistance trends in companion animals. Such knowledge might, for instance, 

prompt AST in anticipation of, as opposed to in reaction to, treatment failure, as frequently 

takes place currently (De Briyne et al., 2013). Asides from surveillance, further education and 

provision of in-house bacterial diagnostic tools have been identified as motivators for more 

frequent utilisation of diagnostic tests, as has incorporation of AST recommendations into 

prescribing guidance (Bourély et al., 2018). 

 

With regards to antimicrobial prescription guidance, a range of organisations have 

developed such advice for companion animal prescribers (BSAVA, 2014, 2018; FECAVA, 

2013). Of note in the UK, the British Small Animal Veterinary Association (BSAVA) have 

established the ‘PROTECT ME’ guidance which provides both general and specific prescribing 

advice to clinicians (BSAVA, 2018). Whilst this is of clear use, the evidence base underpinning 

this guidance remains relatively scarce, currently limiting the scope of PROTECT ME to more 

strongly guide prescription behavioural change. Of available evidence, studies frequently 

utilise small groups of cases collected from referral practice that might have only limited 

relevance to first opinion practice (Dunowska, 2017). Whilst studies utilising large cohorts of 

cases collected from first opinion practice have begun to emerge (Jones et al., 2014), there 

is a need to establish clear methodologies by which the clinical effectiveness (or lack thereof) 

of antimicrobial therapy can be assessed for a number of common clinical conditions 
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encountered in first opinion practice. Resulting from this, there is a further need to 

investigate means by which these findings can be rapidly assimilated into clinical prescribing 

guidance and hence, clinical practice. 

 

1.8 Study aims 

As can be seen, whilst the importance of AMR surveillance in companion animals has been 

previously recognised, technological and practical limitations have in the past limited both 

antimicrobial prescription and resistance surveillance to small groups of veterinary practices 

or singular veterinary diagnostic laboratories. However, the time might now be ripe to use 

recently developed health informatics capabilities, like those afforded by SAVSNET, to 

expand surveillance to something approaching a national scale. 

 

Hence the primary aim of this project was to establish the feasibility of wide-scale, 

sustainable antimicrobial prescription surveillance in companion animal first opinion practice 

(Chapter Two); also placing antimicrobial prescription within the context of broader 

pharmaceutical prescribing practices (Chapter Four). The decision to prescribe an 

antimicrobial is complex and multifactorial. However, whilst this has been described using 

qualitative research methods, here we sought to quantify factors potentially associated with 

actual prescribing practices, so as to identify targets of particular importance that might form 

a focus for antimicrobial stewardship campaigns (Chapter Three). Similarly, although clinical 

prescribing guidance is available to practitioners, it is currently limited by a paucity of 

evidence. We aimed to address this gap in knowledge by piloting a method by which first 

opinion EHRs could be utilised to provide large populations of relevant cases to assess the 

effectiveness (or lack thereof) of antimicrobial prescription, using the example of acute 

canine diarrhoea (Chapter Five).  

 

Considering AMR surveillance, we sought to explore methods by which existing AST data 

available from multiple veterinary diagnostic laboratories might be collated and re-utilised 

for characterising the resistance profiles of common bacterial infections encountered in 

companion animals. Further, although AST results provide information of value to the 

individual clinician, they do little to suggest resistance mechanisms and potential 

transmission routes of the bacterial species they describe. Thus, we explored means by which 

isolates used for routine AST could be harvested in a clinically meaningful timeframe and 

further characterised, both phenotypically and genotypically (Chapter Six).
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2.1 Abstract 

Antimicrobial resistance is an increasingly important global health threat, and the use of 

antimicrobials is a key risk factor in its development. This study describes antimicrobial 

prescription patterns over a 2 year period using electronic health records (EHRs) from 

booked consultations in a network of 457 sentinel veterinary sites in the United Kingdom.    

A semi-automated classification methodology was used to map practitioner defined product 

descriptions in 918,333 EHRs from 413,870 dogs and 352,730 EHRs from 200,541 cats, 

including 289,789 antimicrobial prescriptions. Antimicrobial prescription as a proportion of 

total booked consultations was more frequent in dogs (18.8%, 95% confidence interval, CI, 

18.2-19.4) than cats (17.5%, 95% CI 16.9-18.1). Prescription of topical antimicrobials was 

more frequent in dogs (7.4%, 95% CI 7.2-7.7) than cats (3.2%, 95% CI 3.1-3.3), whilst 

prescription of systemic antimicrobials was more frequent in cats (14.8%, 95% CI 14.2-15.4) 

than dogs (12.2%, 95% CI 11.7-12.7). A significant decreasing temporal pattern was identified 

for prescription of systemic antimicrobials in dogs and cats. Sites which prescribed 

antimicrobials frequently for dogs also prescribed frequently for cats. Antimicrobial 

prescription was most frequent during pruritus consultations in dogs and trauma 

consultations in cats. Clavulanic acid potentiated amoxicillin was the most frequently 

prescribed antimicrobial in dogs (28.6% of prescriptions, 95% CI 27.4-29.8), whereas 

cefovecin, a third generation cephalosporin, was the most frequently prescribed 

antimicrobial in cats (36.2%, 95% CI 33.9-38.5). This study demonstrated patterns in 

antimicrobial prescription over time and for different conditions in a population of 

companion animals in the United Kingdom. 
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2.2 Introduction 

Antimicrobial resistance (AMR) is widely recognised as an increasingly important global 

health threat (EMA, 2018; O'Neill, 2016; PHE, 2017; VMD, 2015, 2017). Evidence of 

transmission of bacterial resistance amongst human beings, livestock (Cuny et al., 2015) and 

companion animals (BSAVA, 2014, 2018; Zhang, 2016) demonstrates the necessity of a ‘one 

health’ approach to preserve treatment efficacy (FECAVA, 2013). Although use of 

antimicrobials selects for and promotes transfer of resistance (Cantón and Bryan, 2012; 

Magalhaes et al., 2010; Rantala et al., 2004b), data on antimicrobial prescription to date are 

limited in animals. 

 

Antimicrobials are frequently prescribed to dogs and cats (Buckland et al., 2016; Mateus et 

al., 2011; Radford et al., 2011), and there is evidence of development of resistance in 

response to treatment (BSAVA, 2014, 2018; Trott et al., 2004), and transmission of 

antimicrobial resistant isolates between human beings and pets (Johnson et al., 2008a; 

Johnson et al., 2008c; Zhang, 2016). Specific guidance for practice level prescription policies 

have been published (Beco et al., 2013a, b; BSAVA, 2014, 2018; FECAVA, 2013); however, 

there is a need to understand how these are being applied in practice. 

 

Data on human antimicrobial prescription in the United Kingdom (UK) are freely available, in 

part because of a national health system (PHE, 2017). For animals, the Veterinary Medicines 

Directorate (VMD) is constructing a central body collating data on antimicrobial prescription 

for the UK; however data currently available cannot identify antimicrobials administered 

under the cascade prescribing system, which species they have been prescribed to, practice 

level prescription variability or why the antimicrobials were prescribed (VMD, 2017). 

Advances in veterinary health informatics provides opportunities to fill this gap, particularly 

for companion animals where electronic health records (EHR) are most developed and 

accessible (O'Neill et al., 2014b). 

 

Early studies of companion animal antimicrobial prescription in the UK were limited in size, 

but have consistently pointed to frequent use of β-lactams (Mateus et al., 2011; Radford et 

al., 2011). More recently, using a much larger data set, 25% of dogs and 21% of cats seen at 

veterinary practices received at least one antimicrobial prescription over a 2 year period 

(2012-2014), the most frequent being penicillins and cephalosporins (Buckland et al., 2016). 

Whilst such ‘big data’ studies have started to report on antimicrobial prescription, this study 
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aims to describe a near real-time, on-going, antimicrobial prescription surveillance system 

from a diverse range of veterinary sites (n = 457) that also consider antimicrobial prescription 

in a broad range of practitioner defined clinical presentations. 

 

2.3 Materials and methods 

2.3.1 Data collection 

The Small Animal Veterinary Surveillance Network (SAVSNET) collected EHRs in near real-

time from booked consultations in volunteer UK veterinary practices (1 April 2014 - 31 March 

2016) utilising the Robovet or Teleos practice management systems. EHRs were collected via 

opt-out owner consent on a consultation-by-consultation basis, including a range of animal 

signalment data (species, breed, sex, neuter status, age, vaccination history, weight, 

insurance, microchipping status, and products dispensed), owner postcode, and the free text 

clinical narrative associated with each consultation (Sánchez-Vizcaíno et al., 2015). A practice 

(n = 216) was defined as a single business, whereas site(s) (n = 457) included all branches 

that form a practice (see Appendix One: Figure 1.1). Before submitting each consultation to 

SAVSNET, the practitioner selected one of 10 main presenting complaints (MPCs), consisting 

of a pre-determined list grouped into healthy, unhealthy and post-operative categories (see 

Appendix One: Table 1). The EHR further included product descriptions as text strings defined 

by individual practices. 

 

2.3.2 Antimicrobial identification 

The product descriptions of the EHR were utilised to identify antimicrobial prescription. A set 

of 52,267 product descriptions (extracted 26 August 2015) were manually categorised. 

Pharmaceutical products were defined with reference to the VMD’s Product Information 

Database for veterinary authorised products, and the electronic Medicines Compendium 

(Datapharm Communications) for human authorised products. An identifying string was 

ascribed to each antimicrobial product and was used to identify the product description. This 

process was reiterated until all pharmaceutical and non-pharmaceutical product descriptions 

were classified to further validate antimicrobial identification. When applied to the complete 

list of 95,709 codes (extracted 31 March 2016), 416 antimicrobial identifying strings were 

utilised (see Appendix One: Table 2). 
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Where possible, product descriptions for antimicrobials were further characterised to 

specific species authorisation and administration by systemic (oral or injectable) or topical 

(topical, aural or ocular) routes. Whilst not all products were authorised for human use at 

the time of the study, we considered all fluoroquinolones, macrolides and third generation 

cephalosporins as highest priority critically important antimicrobials (HPCIA), as defined by 

the World Health Organization (WHO) (WHO, 2017a). 

 

2.3.3 Statistical analysis 

Consultation and prescription-level proportions and confidence intervals were calculated to 

adjust for clustering (bootstrap method, n = 5000 samples) within sites and at animal level 

within practices (AOD, 2016). Pearson correlations (t test to reject null hypothesis) were 

performed to explore prescription frequency for dog and cat total, systemic and topical 

antimicrobial prescription as a proportion of total submitted consultations for each site. 

Paired t tests with Bonferroni corrections were used for a matched pair site level sample to 

investigate total, systemic and topical antimicrobial prescription as a proportion of total 

submitted consultations for each MPC. 

 

A mixed effects binomial regression model, incorporating practice and site as random 

effects, was utilised to examine quarterly variation in total, systemic and topical canine and 

feline antimicrobial prescription as a proportion of total consultations. The variable ‘time’ 

was categorised as an ordinal variable into quarters of the year (Q1, Q2, Q3 and Q4) and 

included as a fixed effect. Quarter was codified using two contrasting coding systems: (1) an 

orthogonal polynomial method (IDRE, 2018) to analyse for overall trend (see Appendix One: 

Table 3); and (2) a backward differencing method (IDRE, 2018) to investigate quarter-by-

quarter variation in a backward pairwise manner (e.g. Q1 2016 compared with Q4 2015). A 

further model was fitted for canine and feline HPCIA prescription as a proportion of total 

antimicrobial prescription events. A likelihood ratio test (LRT) indicated that including 

practice and site as random effects in all models provided the best fit. Statistical significance 

was defined as P < 0.05 and all analyses were carried out using R (version 3.2.3). 
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2.4 Results 

A total of 918,333 canine EHRs (from 413,870 dogs) and 352,730 feline EHRs (from 200,541 

cats) were obtained from 216 veterinary practices (457 sites) from 1 April 2014 to 31 March 

2016. 

 

2.4.1 Consultation and animal level 

The percentage of consultations where at least one antimicrobial was prescribed was 

significantly greater for dogs (18.8%, 95% confidence interval, CI, 18.2-19.4) than cats (17.5%, 

CI 16.9-18.1). Systemic antimicrobial prescription was significantly less frequent in dogs 

(12.2% of total canine consultations, CI 11.7-12.7) than cats (14.8%, CI 14.2-15.4), 

representing 64.9% (CI 63.8-66.0) and 84.5% (CI 83.9-85.2) of total canine and feline 

antimicrobial prescription events respectively (paired t test; P < 0.001). Topical antimicrobial 

prescription was significantly more frequent in dogs (7.4% of total canine consultations, CI 

7.2-7.7) than cats (3.2%, CI 3.1-3.3), representing 39.6% (CI 38.5-40.6) and 18.3% (CI 17.7-

19.0) of antimicrobial prescription events respectively (P < 0.001). Dogs and cats were co-

prescribed systemic and topical antimicrobials in 0.9% (CI 0.8-0.9) and 0.6% (CI 0.5-0.6) of 

total consultations, respectively. Significant positive correlations were found between dogs 

and cats at site level for total (0.62, CI 0.56-0.67, P < 0.001), systemic (0.61, CI 0.54-0.66, P < 

0.001) and topical (0.21, CI 0.12-0.30, P < 0.001) antimicrobial prescription as a percentage 

of total consultations (Figure 2.1). 

 

 
Figure 2.1: Comparison of canine and feline antimicrobial prescription as a percentage of total 
consultations (AAPC) by sites (n = 457) split by (a) total, (b) systemic and (c) topical antimicrobial 
prescription. 

 

Considering temporal trend, Figure 2.2 describes antimicrobial prescription as a percentage 

of total canine and feline consultations categorised by quarter. A significant negative linear 

trend was observed for canine total and systemic antimicrobial prescription, and feline total, 
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systemic and topical antimicrobial prescription (P < 0.001; see Appendix One: Table 4). A 

significant negative trend by quarter was observed for canine topical antimicrobial 

prescription (P < 0.001). Results of quarter-by-quarter comparison models can be found in 

Appendix One, Table 5. 

 

 
Figure 2.2: Comparison of (a) canine (n = 918,333 electronic health records) and (b) feline (n = 352,730) 
total, systemic and topical antimicrobial prescription as a percentage of total consultations (95% 
confidence interval) by quarter (Q2 2014-Q1 2016). 

 

Over the 2 year period, at the animal level, 28.4% (CI 27.2-29.7) of dogs were prescribed an 

antimicrobial, compared with 23.3% (CI 22.3-24.4) of cats. When route of administration was 

considered, 19.6% (CI 18.4-20.7) of dogs and 20.0% (CI 18.9-21.0) of cats were prescribed a 

systemic antimicrobial, and 12.9% (CI 12.3-13.5) of dogs and 5.0% (CI 4.7-5.2) of cats were 

prescribed a topical antimicrobial. 

 

Total antimicrobial prescription as a percentage of unhealthy canine consultations was 35.5% 

(CI 34.5-36.5), 35.1% (CI 34.1-36.1) of unhealthy cat feline consultations, 7.4% (CI 6.7-8.0) of 

healthy canine consultation, and 5.5% (CI 4.9-6.2) of healthy feline consultation. Systemic 

antimicrobial prescription as a percentage of unhealthy consultations was more frequent in 

cats (30.5%, CI 29.5-31.5) than dogs (24.1%, CI 23.1-25.0). The MPCs with the highest 



Chapter Two  Monitoring antimicrobial prescription 
 
 
 

53 
 

frequencies of antimicrobial prescription as a percentage of the relevant MPC were pruritus 

in dogs (51.0%, CI 49.8-52.2) and trauma in cats (53.5%, CI 52.1-54.8). Antimicrobials were 

prescribed in a significantly greater proportion of dogs than cats for gastroenteric (P < 0.001), 

pruritus (P < 0.001), kidney disease (P < 0.001), other unwell (P = 0.012), vaccination                   

(P < 0.001), other healthy (P = 0.001) and post-operative (P = 0.003) consultations. Cats were 

prescribed antimicrobials significantly more frequently than dogs for respiratory (P < 0.001) 

and trauma (P < 0.001) consultations. Full results are presented in Tables 2.1 and 2.2. 

 

Table 2.1: Canine antimicrobial prescription percentage (total, systemic and topical) by practitioner 
badged main presenting complaint, calculated from total number of consultations for each category 

in a network of United Kingdom small animal veterinary sites. 
Main 
presenting 
complaint 

Dog 

Number (%) 
of EHRs a 

Total Systemic Topical 
% 95% CI b % 95% CI % 95% CI 

Pruritus 62,655 (6.8) 51.0 49.8-52.2 25.5 24.2-26.9 30.0 29.0-31.0 
Respiratory 14,359 (1.6) 42.2 40.5-44.0 40.4 38.7-42.2 2.7 2.2-3.2 
Gastroenteric 38,954 (4.2) 39.4 37.0-41.7 38.2 35.8-40.6 1.7 1.2-2.2 
Trauma 58,033 (6.3) 26.7 25.5-27.9 21.3 20.3-22.4 6.2 5.8-6.6 
Kidney disease 2,607 (0.3) 29.1 26.6-31.7 26.8 24.3-29.3 3.0 2.2-3.7 
Tumour 20,938 (2.3) 22.0 21.1-23.0 17.5 16.7-18.3 5.4 5.0-5.8 
Other unwell 156,197 (17.0) 32.8 31.8-33.8 20.3 19.5-21.2 13.9 13.4-14.5 
Post-operative 98,753 (10.8) 13.0 12.2-13.8 9.9 9.3-10.5 3.5 3.1-3.8 
Vaccination 277,246 (30.2) 4.3 3.9-4.7 1.4 1.1-1.7 3.0 2.8-3.2 
Other healthy 188,582 (20.6) 11.8 10.7-13.0 7.0 6.1-7.8 5.3 4.8-5.9 

a Number (%) of electronic health records (EHRs). Relative occurrence of badged consultations as a 
frequency and as a percentage of total consultations 
b 95% Confidence interval 
 

 

Table 2.2: Feline antimicrobial prescription percentage (total, systemic and topical) by practitioner 
badged main presenting complaint calculated from total number of consultations for each category 
in a network of United Kingdom small animal veterinary sites. 

Main 
presenting 
complaint 

Cat 

Number (%) 
of EHRs a 

Total Systemic Topical 
% 95% CI b % 95% CI % 95% CI 

Pruritus 13,749 (3.9) 33.5 31.9-35.2 24.9 23.3-26.6 10.3 9.5-11.1 
Respiratory 7,681 (2.2) 52.0 49.8-54.3 49.9 47.6-52.2 5.3 4.6-5.9 
Gastroenteric 11,206 (3.2) 29.8 27.4-31.8 28.9 26.7-31.1 1.0 0.7-1.4 
Trauma 22,796 (6.5) 53.5 52.1-54.8 50.1 48.8-51.4 4.3 4.0-4.7 
Kidney disease 4,009 (1.1) 19.6 17.9-21.3 18.9 17.2-20.6 0.7 0.5-1.0 
Tumour 5,330 (1.5) 21.3 19.8-22.7 19.8 18.3-21.3 1.7 1.4-2.0 
Other unwell 72,189 (20.5) 30.5 29.5-31.6 24.9 23.9-26.0 6.5 6.3-6.8 
Post-operative 32,136 (9.1) 11.1 10.0-11.9 9.6 8.7-10.6 1.7 1.4-2.0 
Vaccination 115,394 (32.6) 2.5 2.2-2.8 1.4 1.2-1.6 1.2 1.1-1.3 
Other healthy 68,236 (19.4) 10.5 9.1-11.9 8.4 7.1-9.6 2.4 2.1-2.7 

a Number (%) of electronic health records (EHRs). Relative occurrence of badged consultations as a 
frequency and as a percentage of total consultations 
b 95% Confidence interval 
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2.4.2 Level of antimicrobial prescription 

A total of 218,700 canine and 71,089 feline antimicrobial prescriptions were made from 215 

practices (455 sites) in the UK. 

 

2.4.2.1 Authorisation 

For systemic antimicrobial prescription, 90.0% (CI 88.5-91.4) of canine and 92.9%                        

(CI 91.7-94.1) of feline antimicrobial prescriptions were species authorised, with 0.6%             

(CI 0.2-0.9) and 5.2% (CI 4.0-6.5) authorised in other veterinary species; of these, 8.2%             

(CI 7.0-9.4) and 1.7% (CI 1.4-2.1) were human authorised, 0.9% (CI 0.4-1.3) and 0.05%               

(CI 0.03-0.07) were dual generic and 0.4% (CI 0.1-0.6) and 0.04% (CI 0.00-0.09) were expired 

or of unknown authorisation, respectively. Metronidazole was the most frequently 

prescribed human authorised systemic antimicrobial in dogs (96.7% of human authorised 

systemic antimicrobial prescriptions, CI 95.3-98.1) and cats (94.2%, CI 92.1-96.3). 

 

2.4.2.2 Antimicrobial class 

Clavulanic acid potentiated amoxicillin was the most frequently prescribed antimicrobial in 

dogs (28.6% of canine antimicrobial prescriptions, CI 27.4-29.8) and cefovecin was the most 

frequently prescribed antimicrobial in cats (36.2%, CI 33.9-38.5) (Tables 2.3, 2.4 and 2.5). 

Fusidic acid was the most frequently prescribed topical antimicrobial in dogs (44.3% of 

topical antimicrobial prescriptions, CI 43.1-45.4) and cats (55.1%, CI 53.6-56.6). 

 

Table 2.3: Percentage breakdown of canine antimicrobial prescriptions by antimicrobial class 
prescribed for total, systemic and topical prescriptions from a network of United Kingdom small 
animal veterinary sites. 

a 95% Confidence interval 
b Consists of polymyxin b sulphate; mupirocin; novobiocin; thymol and bronopol  

Antimicrobial class 
Total Systemic Topical 

% 95% CI a % 95% CI % 95% CI 
Aminoglycoside 12.0 11.4-12.6 0.1 0.0-0.2 29.1 28.0-30.2 
Amphenicol 1.9 1.6-2.1 0.0 - 4.5 3.9-5.2 
Other antimicrobial b 7.2 6.6-7.8 0.0 - 17.4 16.1-18.8 
β-lactam 43.6 42.3-44.8 73.8 72.2-75.4 0.1 0.0-0.2 
Fluoroquinolone 4.4 3.6-5.1 4.1 3.1-5.2 4.6 4.0-5.2 
Fusidic acid 18.2 17.4-19.0 0.0 - 44.3 43.1-45.4 
Lincosamide 4.7 4.2-5.2 7.9 7.0-8.8 0.0 - 
Macrolide 0.2 0.0-0.3 0.3 0.0-0.6 0.0 - 
Nitroimidazole 4.7 4.0-5.4 8.0 6.7-9.2 0.0 - 
Nitroimidazole-macrolide 0.8 0.5-1.0 1.3 0.8-1.7 0.0 - 
Rifamycin 0.0 - 0.0 - 0.0 - 
Sulphonamide 1.5 1.1-1.9 2.5 1.9-3.2 0.0 - 
Tetracycline 1.2 1.0-1.3 2.0 1.7-2.2 0.0 - 
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Table 2.4: Percentage breakdown of feline antimicrobial prescriptions by antimicrobial class 
prescribed for total, systemic and topical prescriptions from a network of United Kingdom small 
animal veterinary sites. 

a 95% Confidence interval 
b Polymyxin b sulphate, mupirocin, novobiocin, thymol and bronopol 
c One recorded prescription of rifampicin for systemic (oral) administration 

 

 

Table 2.5: Percentage breakdown of β-lactam antimicrobial prescription by species and β-lactam sub-
categories as a percentage of total and systemic antimicrobial prescriptions from a network of small 
animal veterinary sites in the United Kingdom. 

 

Antimicrobial class 

Total prescription Systemic prescription 

Dog Cat Dog Cat 

% 95% CI a % 95% CI % 95% CI % 95% CI 

Amoxicillin 5.3 4.1-6.5 12.5 10.0-15.0 9.0 7.1-10.9 15.3 12.2-18.3 

Other β-lactams b 0.4 0.0-0.8 0.07 0.01-0.13 0.5 0.0-1.3 0.02 0.00-0.05 

First generation cephalosporin 8.4 7.8-9.0 0.4 0.3-0.5 14.2 13.2-15.3 0.5 0.4-0.6 

Second generation cephalosporin 0.04 0.01-0.07 0.01 0.00-0.02 0.07 0.02-0.12 0.02 0.00-0.03 

Third generation cephalosporin 0.9 0.7-1.0 36.2 33.9-38.5 1.5 1.3-1.8 45.1 42.1-48.2 

Clavulanic acid potentiated amoxicillin 28.6 27.4-29.8 21.6 19.6-23.6 48.5 46.0-50.9 26.9 24.5-29.3 

Penicillin 0.03 0.01-0.05 0.03 0.01-0.05 0.04 0.01-0.07 0.04 0.01-0.06 

Total 43.6  70.8  73.8  87.9  
a 95% confidence interval 
b Ampicillin and cloxacillin 

 

2.4.2.3 Highest priority critically important antimicrobials 

Canine and feline HPCIA prescriptions were 5.4% (CI 4.6-6.1) and 39.2% (CI 36.8-41.7) of total 

antimicrobial prescriptions respectively. On consideration of temporal trend, for canine 

HPCIA prescription, a significant positive cubic trend was noted (P < 0.001). Similarly, in cats, 

a significant positive linear trend was found (P < 0.001) (see Appendix One: Tables 1.4 and 

1.5). The most frequently prescribed HPCIAs in dogs were fluoroquinolones and in cats was 

cefovecin, a third generation cephalosporin (Figure 2.3). 

 

 

Antimicrobial class 
Total Systemic Topical 

% 95% CI a % 95% CI % 95% CI 
Aminoglycoside 4.5 4.2-4.8 0.2 0.1-0.3 22.1 20.7-23.6 
Amphenicol 1.3 1.1-1.5 0.0  - 6.5 5.6-7.4 
Other antimicrobial b 2.7 2.4-2.9 0.0  - 13.5 12.4-14.6 
β-lactam 70.8 69.3-72.3 87.9 86.1-89.7 0.3 0.0-0.6 
Fluoroquinolone 3.0 1.7-4.3 3.1 1.6-4.7 2.5 2.0-3.0 
Fusidic acid 10.8 10.2-11.3 0.0  - 55.1 53.6-56.6 
Lincosamide 4.1 3.5-4.7 5.2 4.4-5.9 0.0  - 
Macrolide 0.05 0.01-0.09 0.07 0.01-0.12 0.0  - 
Nitroimidazole 1.3 1.1-1.6 1.6 1.3-2.0 0.0  - 
Nitroimidazole-macrolide 0.4 0.2-0.5 0.5 0.3-0.7 0.0  - 
Rifamycin 0.0 c  < 0.01 0.0  < 0.01 0.0  - 
Sulphonamide 0.05 0.03-0.07 0.06 0.03-0.09 0.0  - 
Tetracycline 1.1 1.0-1.3 1.4 1.2-1.6 0.0  - 
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Figure 2.3: Comparison of (a) canine and (b) feline ‘highest priority critically important antimicrobial’ 
(HPCIA) prescription as a percentage of total antimicrobial prescriptions (95% confidence interval) by 
quarter (Q2 2014-Q1 2016). 

 

2.4.2.4 Main presenting complaint 

Total canine and feline antimicrobial prescriptions summarised by MPCs are shown in 

Appendix One, Tables 1.6 and 1.7. Clavulanic acid potentiated amoxicillin was the most 

commonly prescribed antimicrobial in dogs for respiratory conditions, trauma, tumours and 

kidney disease, as well as other unwell, post-operative and other healthy MPCs. In cats, 

cefovecin was the most commonly prescribed antimicrobial for respiratory conditions, 

pruritus, trauma, tumours and kidney disease, as well as other unwell, post-operative and 

other healthy MPCs. 

 

2.5 Discussion 

In this study, EHRs were used to describe antimicrobial prescription in a large population of 

companion animal veterinary sites. Quantitative differences in antimicrobial prescription 

were found between dogs and cats, and according to MPC. Antimicrobial prescription as a 

percentage of total consultations decreased significantly over the course of the study in this 

population of animals. 
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Broadly similar levels of total antimicrobial prescription were found in dogs and cats. 

However, when route of administration was considered, dogs were significantly more likely 

to be prescribed topical antimicrobials than cats, whereas cats were significantly more likely 

to be prescribed systemic antimicrobials than dogs. Such differences may reflect an 

increased prevalence of pruritus (and other dermatological diseases) in dogs compared to 

cats (Sanchez-Vizcaino et al., 2016b). They may also reflect the challenge of giving oral and 

topical medication to cats when compared to injectable antimicrobials (Burke et al., 2017). 

 

Using data derived from EHRs, it was not possible to determine whether individual 

prescriptions were appropriate, nor whether the overall frequency of antimicrobial 

prescription in this population was appropriate. However, there was a significant reduction 

in canine and feline antimicrobial prescription within this population over the 2 years of the 

study. Whether this reflects the success of awareness campaigns is not known (BSAVA, 2014, 

2018; FECAVA, 2013). It is possible that changes in antimicrobial prescription might reflect 

changes in other aspects of veterinary activity, such as vaccination. Furthermore, previous 

human antimicrobial prescription surveillance has noted short-term temporal variability that 

is not necessarily reflective of longer term patterns (ECDC, 2012). As a consequence, there is 

a need for ongoing monitoring of antimicrobial prescription in companion animals. 

 

Buckland et al. (2016) found that 25.2% of dogs and 20.6% of cats in the UK received systemic 

antimicrobials from 2012 to 2014. Whilst our results (2014-2016) were lower for dogs 

(19.6%), they were similar for cats (20.0%). Similarly, in a smaller study conducted in the UK 

in 2010 (Radford et al., 2011), the proportion of consultations involving unhealthy animals 

where systemic antimicrobials were prescribed was 35.1% for dogs and 48.5% for cats. In our 

study, these values were lower (unhealthy dogs 24.1%, unhealthy cats 30.5%). Practice-

based antimicrobial prescription frequency variation has previously been observed (Radford 

et al., 2011); it is possible that such differences might reflect varied sampled populations, or 

the different time periods observed potentially indicating longer term reductive trends than 

observed in this study. Further, whereas we focused on booked consultations alone, 

Buckland et al. (2016) surveyed all prescription events including surgery, out-of-consultation 

prescriptions etc. It is possible that these differing methodological approaches might explain 

observed differences between studies for dogs, though it is currently unclear why cats should 

remain fairly comparative between studies if this is the case. 
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Considerable variation in antimicrobial prescription according to site was identified in our 

study, as well as in the previous study by Radford et al. (2011). Sites that prescribed 

antimicrobials more frequently to dogs also tended to prescribe more frequently to cats. 

Such a correlation may be explained by geographical variation in risk (perceived or actual), 

either for AMR or for bacterial infections capable of infecting both species. Other complex 

factors, extending beyond the risk of antimicrobial responsive disease, can influence 

prescription decisions, such as clinical experience, perceived owner and/or pet compliance 

and practice policy (Hughes et al., 2012; Mateus et al., 2014). 

 

It is not surprising that certain MPCs were more commonly associated with antimicrobial 

prescription, suggesting that practitioners believe that the risk of infection responsive to 

antimicrobials is higher in certain MPCs. Pruritus in dogs is frequently associated with 

bacterial pyoderma (Summers et al., 2014) and was associated with the most frequent 

prescription of topical antimicrobials in our study. However, acute respiratory disease in cats 

is generally considered to have a viral origin, although primary bacterial disease has been 

described and secondary bacterial infections can increase the severity of disease (Jacobs et 

al., 1993). Prescription of antimicrobials in feline trauma may reflect a high frequency of cat 

bite abscesses associated with this MPC (O'Neill et al., 2014c; Radford et al., 2011). 

 

In dogs, clavulanic acid potentiated amoxicillin was the most frequently prescribed 

antimicrobial, as found in previous studies (Buckland et al., 2016; Mateus et al., 2011; 

Radford et al., 2011). In our study and that of Buckland et al. (2016), cefovecin was the most 

frequently prescribed antimicrobial in cats, in contrast to previous studies, where amoxicillin 

and clavulanic acid potentiated amoxicillin were more frequently prescribed (Mateus et al., 

2011; Radford et al., 2011). This suggests that there has been a recent shift in choice of 

antimicrobial for cats. Prescription of cefovecin was common for MPCs associated with 

authorised indications for use, such as pruritus and kidney disease (Burke et al., 2017). 

However, cefovecin was also prescribed frequently in MPCs, such as respiratory and 

gastroenteric disease in cats, where there was no apparent indication for prescription by the 

datasheet or practice prescribing guidance (BSAVA, 2014, 2018). It is also likely that relying 

on MPCs as declared by veterinary practitioners would fail to include other clinical conditions 

found during the same consultation. Collection and analysis of clinical free text presents an 

opportunity to characterise each consultation based on clinical signs and duration, which 
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would provide further information to support the rationale for any given prescription (Burke 

et al., 2017). 

 

Although cefovecin is not authorised for human use, it is a third generation cephalosporin 

and is classified as an HPCIA (WHO, 2011, 2017a). Relevant product information sheets state 

that cefovecin should be reserved for clinical conditions which have responded poorly, or are 

expected to respond poorly, to other classes of antimicrobial (EMA, 2011). In our study, it 

was not possible to determine to what extent the use of cefovecin is in compliance with 

these recommendations. A recent study showed that veterinary surgeons prescribing 

cefovecin rarely justified its use within the clinical narrative (Burke et al., 2017). Relative ease 

of administration and duration of action, together aiding compliance, may be important 

motivating factors for the use of cefovecin in veterinary practice. We noted considerable 

variation in prescription of cefovecin between sites, suggesting that there are differences in 

cat populations, presentations or justification for veterinary prescription. We further 

observed a slight increase in overall HPCIA prescription in dogs and cats throughout the 

study, and that many of the most commonly prescribed antimicrobials in both species are 

considered to be critically important (WHO, 2011, 2017a). 

 

Whilst such large volumes of data provide new insights into antimicrobial prescription in 

companion animals, the nature of these data have their own inherent limitations. 

Quantification of antimicrobial prescription relies on practitioners charging for 

antimicrobials through their practice management software, which means that any 

antimicrobials not charged for will be missed. The SAVSNET population of practices is 

recruited on the basis of convenience and so cannot necessarily be considered to be 

representative of the wider UK population. In order to fully place findings in context, there 

is a need for in depth analysis of the animal populations monitored. The use of the MPC 

function allows all consultations to be coded in real time; variations in individual 

interpretation of the MPC case definition are possible. 

 

2.6 Conclusion 

Antimicrobial prescription frequency decreased from 2014 to 2016 in this population of dogs 

and cats in the UK. Additionally, some MPCs were more likely to be associated with 

antimicrobial prescription than others, both within and between the two species. There is 



Chapter Two  Monitoring antimicrobial prescription 
 
 
 

60 
 

considerable variability in antimicrobial prescription amongst different sites and there is a 

need to understand factors that influence antimicrobial prescription at the individual animal, 

owner and site level, particularly for HPCIAs. To aid responsible use, SAVSNET provides a 

mechanism for participating practices to benchmark their prescription against anonymised 

peers via an online portal. This and other studies are now providing the valuable tools and 

data that the profession needs to ensure antimicrobials are used responsibly.
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Chapter Three: 

Exploring owner, animal, veterinary practice, and practitioner-related 

factors potentially associated with antimicrobial prescription in dogs 

and cats in first-opinion practice 
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3.1 Abstract 

Companion animals play an important role in the development, carriage and transmission of 

antimicrobial resistance. Whilst companion animal antimicrobial prescription decision 

making is complex, it remains poorly understood at a population-level. Hence, we utilised 

canine and feline electronic health records (EHRs) to explore owner, animal, veterinary 

practice and veterinary practitioner-related factors potentially associated with the decision 

to prescribe a systemic antimicrobial, topical antimicrobial or systemic ‘highest priority 

critically important antimicrobial’ (HPCIA), through multivariable analyses.  

Consultations where animals presented with unwell clinical signs were collected between 1 

April 2014 and 31 March 2016 from 173 veterinary practices in the United Kingdom, including 

155,732 dogs (281,543 consultations) and 69,236 cats (111,139 consultations). Preventive 

health-focused owner care decisions including vaccination (dogs: odds ratio, OR 0.93, 95% 

confidence interval, CI, 0.90-0.95; cats: OR 0.92, CI 0.89-0.95) or insurance (dogs: OR 0.87, CI 

0.84-0.90; cats: OR 0.82, CI 0.79-0.86) were significantly associated with decreased odds of 

systemic antimicrobial prescription in both species. Systemic antimicrobial prescription 

probability was greatest for middle-aged animals. Animals presenting with respiratory 

clinical signs were associated with the greatest odds of systemic antimicrobial (dogs: OR 1.11, 

CI 1.06-1.17; cats: OR 2.48, CI 2.23-2.77) and systemic HPCIA (dogs: OR 1.33, CI, 1.13-1.57; 

cats: OR 4.47, CI 3.41-5.85) prescription compared to those presenting with gastroenteric 

clinical signs. Compared to the retriever canine genetic breed group, the sight hound and toy 

group were associated with greatest odds of systemic antimicrobial (OR 1.36, CI 1.25-1.48) 

and systemic HPCIA (OR 2.56, CI 2.10-3.12) prescription respectively. For dogs, Royal College 

of Veterinary Surgeons (RCVS) accredited practices were associated with significantly 

decreased systemic antimicrobial prescription odds (OR 0.79, CI 0.68-0.92), though in both 

dogs and cats, mixed species-treating practices were associated with significantly increased 

odds of systemic antimicrobial prescription (dogs OR 1.15, CI 1.03-1.30; cats OR 1.20, CI 1.03-

1.39), compared to practices treating small animals only. Here we have demonstrated the 

utility of EHRs used at scale to identify a number of key antimicrobial stewardship 

intervention targets, including reinvigorated focus on the role of preventive healthcare; 

breed-considered responsible use, and further development of evidence-led diagnosis and 

prescribing guidelines for respiratory disease. The potential of voluntary stewardship 

schemes, such as the RCVS Practice Standards Scheme and BSAVA PROTECT ME, as a vehicle 

to encourage responsible use in companion animal medicine, should be further considered.
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3.2 Introduction 

Antimicrobial prescription is a key driver in the promotion and transmission of antimicrobial 

resistance (AMR) in humans, agricultural animals (e.g. chickens, pigs etc.), and companion 

animals (e.g. dogs, cats etc.) (Cantón and Bryan, 2012; Cuny et al., 2015; Magalhaes et al., 

2010; Rantala et al., 2004b; Trott et al., 2004; Zhang, 2016). Whilst attention has traditionally 

focused on humans and agricultural animals, the important role of companion animals for 

development (Rantala et al., 2004b; Trott et al., 2004), carriage (Guardabassi et al., 2004b), 

and transmission of resistant bacteria both within animal populations and to/from humans 

(Guardabassi et al., 2004a; Johnson et al., 2008b; Johnson et al., 2008d; Zhang, 2016) is being 

increasingly realised. As a result, companion animals have now been included as part of a 

true ‘one health’ approach to effectively tackle the increasingly important global health 

threat posed by AMR (EMA, 2015b; O'Neill, 2016). 

 

Both electronic health records (EHRs) and qualitative research techniques have been used 

extensively in human medicine to identify a multitude of practitioner and patient-led factors 

associated with antimicrobial prescription likelihood, often extending beyond clear evidence 

of bacterial infection alone (Altiner et al., 2010; Hawker et al., 2014; McCullough et al., 2016; 

McCullough et al., 2015; McKay et al., 2016; Schroder et al., 2016; Singer et al., 2017; Teixeira 

Rodrigues et al., 2013). In veterinary medicine, studies investigating antimicrobial prescribing 

practices and related risk factors have been more limited (Welsh et al., 2017). To date, 

companion animal research has largely focused on postal surveys (De Briyne et al., 2013; 

Hughes et al., 2012) and in-person interviews (Mateus et al., 2014) to explore perceptions 

held by veterinary practitioners.  

 

However, in the UK, recent advances in veterinary health informatics has provided an 

excellent opportunity to utilise EHRs at scale to survey antimicrobial prescription in 

companion animal species (O'Neill et al., 2014b; Sánchez-Vizcaíno et al., 2015). Thus far key 

insights into the frequency and variety of antimicrobial prescription have been revealed 

(Buckland et al., 2016; Burke et al., 2017; Mateus et al., 2011; Radford et al., 2011; Singleton 

et al., 2017), noting in particular an increase in the popularity of cefovecin (Buckland et al., 

2016; Singleton et al., 2017), a third generation cephalosporin considered ‘highest priority 

critically important’ (HPCIA) by the World Health Organisation (WHO, 2011). Considerable 

inter-practice (Radford et al., 2011; Singleton et al., 2017), regional (Buckland et al., 2016) 
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and clinical presentation (German et al., 2010; Jones et al., 2014; Singleton et al., 2017) 

variability in antimicrobial prescription frequency and variety has also been identified. 

Though why such variation exists is not currently known, previous study has indicated 

divergence of veterinary opinion over when antimicrobial therapy is clinically justified, and 

further which antimicrobial classes would then be the most appropriate choice (De Briyne et 

al., 2013; Hughes et al., 2012; Mateus et al., 2014). 

 

Therefore, there remains a need to identify factors that might influence antimicrobial 

prescription decision making in the real clinical environment. Hence, this study utilised the 

EHRs of a large, diverse veterinary-visiting population of dogs and cats collected from a 

network of first-opinion veterinary practices across the United Kingdom. We aimed to 

explore associations between a range of veterinary practice; practitioner; owner, and 

animal-related factors (including socioeconomic factors and preventive healthcare 

interventions, respectively) and antimicrobial prescription frequency (including 

antimicrobials authorised for systemic administration; antimicrobials authorised for topical 

administration, and HPCIAs), in animals recorded as primarily presenting for investigation of 

disease. 

 

3.3 Materials and methods 

3.3.1 Data collection 

This cross-sectional study used EHRs from 178 volunteer United Kingdom-based veterinary 

practices (386 sites) taking part in the Small Animal Veterinary Surveillance Network 

(SAVSNET). A veterinary practice was defined as a single veterinary business, whereas a site 

included all branches that formed a veterinary practice. EHRs were collected from booked 

consultations made to see a veterinary surgeon or nurse (Sánchez-Vizcaíno et al., 2015) 

between 1 April 2014 and 31 March 2016. Every consultation was coded by the consulting 

veterinary professional into one of ten main presenting complaints (MPC) indicating the main 

reason the animal presented; these were grouped into ‘healthy’; ‘unhealthy’, and ‘post-

operative’ categories (Singleton et al., 2017). 
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3.3.2 Data management 

3.3.2.1 General data management 

Only consultations where animals were recorded as ‘unhealthy’ (hence, ‘sick animal 

consultations’) by MPC were used in this study (292,944 sick canine consultations out of 

762,648 total canine consultations and 116,975 out of 300,606 total feline consultations). 

Dogs (animals exceeding 24.5 years of age at consultation) and cats (in excess of 26.0 years 

of age) with likely incorrectly recorded dates of birth were excluded (292,359 sick canine 

consultations and 115,827 sick feline consultations remaining), as were consultations lacking 

a valid postcode (282,381 sick canine consultations and 111,429 sick feline consultations 

remaining) or those residing in Northern Ireland (282,369 sick canine consultations and 

111,425 sick feline consultations remaining). Finally, veterinary practices providing less than 

50 total consultations were removed, resulting in 281,543 sick canine and 111,139 sick feline 

consultations, originating from 173 veterinary practices (379 sites), remaining for analyses. 

 

Antimicrobial prescription was identified via the text-based product description field of the 

EHR and classified into systemic (oral or injectable) or topical (topical, aural, ocular) 

administration routes (Singleton et al., 2017). All fluoroquinolones, macrolides and third 

generation cephalosporins were considered as ‘highest priority critically important 

antimicrobials’ (HPCIA), as defined by the World Health Organisation (WHO) (WHO, 2011). 

 

3.3.2.2 Animal factors 

Animals were considered vaccinated if the most recently recorded vaccination date 

(disregarding composition) was less than or equal to 3.5 years before the relevant 

consultation date, and were considered neutered, microchipped or insured if they were 

recorded as such at time of consultation. Breeds (practice-defined text-based field) were 

summarised to standardised breed terms (Sanchez-Vizcaino et al., 2017) before 

categorisation into genotypically similar breed groups (hence, ‘genetic breed groups’) as 

suggested by Vonholdt et al. (2010) for dogs (Vonholdt et al., 2010), and Lipinski et al. (2008) 

for cats (Lipinski et al., 2008) (see Appendix Two: Tables 2.1 and 2.2). Three further groups 

were defined: crossbreeds, breeds not yet genetically classified (hence, ‘unclassified’), and 

breeds not recorded or recognisable (hence, ‘unknown’). 
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3.3.2.3 Owner factors 

Using the pet owner’s home postcode, a measure of deprivation was assigned to each owner 

using the most recent English 2015, Scottish 2012 and Welsh 2014 Indices of Multiple 

Deprivation (IMD) produced by their respective devolved governments. As a consequence, 

IMD measures between these countries are not directly comparable. To account for these 

IMD differences when statistically modelling (described in detail below) we included country 

as a three-level factor and rescaled the ranks of each country's set IMD scores to the range 

0 to 1, with 1 corresponding to the least deprived lower super output area (e.g. if for England 

the maximum rank was 32,000 and a location had rank 100 then the owner IMD explanatory 

variable would be assigned a value of 100/32,000). 

 

Owner’s home postcode was also used to determine country of residence and urban/rural 

status (hence ‘owner urban status’) via reference to the National Statistics Postcode 

Directory. The centroid associated with each postcode was utilised to place each animal 

owner within a 1 km2 gridded cell, hence each EHR was associated with an estimate of the 

number of dogs or cats within each 1 km2 gridded cell, as defined by Aegerter et al. (2017) 

(Aegerter et al., 2017). Finally, postcode district was used to provide an estimate of the 

number of dogs or cats per household for each recorded postcode (Aegerter et al., 2017). 

 

3.3.2.4 Veterinary practice and practitioner factors 

The Royal College of Veterinary Surgeons (RCVS) Practice Register was utilised (interrogated 

18 October 2016) to summarise each practice by advertised treated species range (hence, 

‘practice type’) into four categories: small animal; mixed (small animal, large animal and 

equine); small and large animal (excluding equine), and small animal and equine (excluding 

large animal). Practices were also defined by current accreditation under the RCVS Practice 

Standards Scheme. Here we defined ‘RCVS accreditation’ as a practice containing at least one 

accredited site (Core Standards; General Practice, or Veterinary Hospital), and ‘RCVS 

Veterinary Hospital’ as practices containing at least one ‘Veterinary Hospital’ site. Practices 

containing at least one site which listed ‘referrals’ under site interests were also recorded 

(hence, ‘Referral interest’). 

 

Each site recorded in the RCVS Practice Register included the names of all employed 

veterinary surgeons. Hence, the RCVS Practitioner Register was interrogated to summarise 

practices by the presence of at least one employed veterinary surgeon holding RCVS 
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‘Advanced Veterinary Practitioner’ (hence, ‘RCVS AVP’) status or ‘RCVS specialist’ status in 

areas of direct relevance to small animals. 

 

3.3.3 Statistical analysis 

All analyses were carried out using R language (version 3.4.1). Descriptive proportions and 

confidence intervals were adjusted for clustering within sites (bootstrap method, n=5,000 

samples) (AOD, 2016). Univariable and multivariable mixed effects logistic regression models 

were fitted separately in dogs and cats using the R package ‘lme4’ (LME4, 2016). 

Observations were clustered within veterinary practice, site and animal as indicated by a 

likelihood ratio test (LRT), and hence all of these factors were included in the models as 

random effects. Separate analyses were undertaken to assess the strength of association 

between the explanatory variables and three binary outcomes of interest: antimicrobial 

prescription authorised for systemic administration (hence, ‘systemic antimicrobial’), 

antimicrobial prescription authorised for topical administration (hence, ‘topical 

antimicrobial’), and prescription of a HPCIA authorised for systemic administration (hence, 

‘systemic HPCIA’).  

 

For each outcome variable initial univariable screening was undertaken for all explanatory 

variables, including fifteen categorical variables: sex; neutered status; microchip status; 

insurance status; vaccination status; genetic breed group; country of residence; owner 

urban/rural status; MPC; practice type; RCVS accreditation; RCVS Veterinary Hospital; 

referral interest; RCVS AVP, and RCVS specialist, and four continuous variables: age at 

consultation; rescaled IMD rank (hence, ‘rIMD’); dog or cat population per km2, and mean 

number of dogs or cats per household. Continuous explanatory variables were mean centred 

and re-scaled via the ‘scale’ function available through R; additionally, polynomial terms 

were included if an LRT indicated significantly improved fit. Explanatory variables were 

retained for multivariable analysis if an LRT indicated P≤0.20 against a null model on 

univariable analysis. 

 

Multivariable models underwent step-wise backward elimination to minimise both Akaike 

Information Criterion (AIC) and Bayesian Information Criterion (BIC). A two-way interaction 

between rIMD and the three-level factor country was included in the initial multivariable 

model, with each country having its own intercept. Two-way interaction terms between 

other explanatory variables were assessed and retained if inclusion resulted in a decrease in 
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both AIC and BIC. Multicollinearity was assessed in the final model via use of the Variance 

Inflation Factor (VIF) available through the R package ‘car’ (CAR, 2018). Odds ratios, 

confidence intervals and a projected prescription probability were calculated utilising the R 

package ‘sjPlot’ (sjPlot, 2017). Statistical significance was defined as P<0.05.  

 

3.4 Results 

A total of 155,732 dogs and 69,236 cats were analysed. A descriptive population summary is 

included in Table 3.1, and a summary of the percentage of canine and feline genetic breed 

groups contributing to this study is included in Appendix Two, Table 2.3. 

 

Table 3.1: Descriptive demographic summary of canine and feline electronic health records utilised 
for analyses of factors associated with antimicrobial prescription, gathered from a large sentinel 
network of UK-based veterinary practices. 

Categorical factors 
 Dogs Cats 
Variable Category % of consults (95% CI) a % of consults (95% 

CI) 
Country England 86.6 (81.4-91.9) 88.6 (83.8-93.5) 

Scotland 6.1 (3.0-9.1) 4.5 (2.1-6.9) 
Wales 7.4 (2.8-12.0) 7.0 (2.1-6.9) 

Sex Male 51.8 (51.3-52.3) 51.8 (51.3-52.4) 
Neuter status Neutered 64.6 (63.3-65.9) 82.8 (81.7-84.0) 
Microchip status Microchipped 54.4 (52.4-56.3) 37.8 (36.0-39.5) 
Vaccination status Vaccinated 70.0 (68.6-71.3) 52.7 (51.2-54.1) 
Insurance status Insured 33.5 (31.1-35.9) 19.3 (17.3-21.3) 
Owner urban status Urban 63.8 (59.5-68.1) 70.2 (66.2-74.2) 
Main presenting complaint Gastroenteric 11.3 (11.0-11.6) 8.3 (8.0-8.7) 

Respiratory 4.0 (3.8-4.1) 5.5 (5.2-5.8) 
Pruritus 18.0 (17.3-18.6) 10.3 (9.9-10.7) 
Trauma 16.8 (16.1-17.5) 17.0 (16.3-17.7) 
Tumour 6.0 (5.8-6.3) 3.9 (3.6-4.1) 
Kidney disease 0.7 (0.6-0.8) 2.9 (2.5-3.2) 
Other unwell 43.3 (42.0-44.6) 52.1 (50.9-53.4) 

Practice type Mixed 22.7 (15.1-30.3) 18.1 (11.6-24.6) 
Small animal 70.6 (62.4-78.8) 76.0 (68.9-83.1) 
Small & equine 2.4 (0.7-4.0) 2.3 (0.7-4.0) 
Small & large 4.3 (0.4-8.2) 3.5 (0.3-6.8) 

Accreditation True 83.9 (77.1-90.6) 83.5 (76.5-90.5) 
Hospital status True 20.2 (14.4-26.0) 20.0 (14.5-25.5) 
Referral interest True 27.9 (20.9-34.9) 27.3 (20.3-34.2) 
Employed RCVS AVP b True 24.5 (17.2-31.7) 26.7 (19.2-34.2) 
Employed RCVS specialist b True 2.5 (0.8-4.2) 1.9 (0.6-3.1) 
Continuous factors 
Age at consultation Mean 7.1 (7.1-7.2) 9.5 (9.5-9.6) 

Median [min-max] 7.2 [0-22] 9.7 [0-25.9] 
Rescaled Indices of multiple  Mean 0.59 (0.59-0.60) 0.60 (0.60-0.61) 
deprivation (rIMD) rank Median [min-max] 0.62 [0.0-1.0] 0.63 [0.0-1.0] 
Animals per household c Mean 0.59 (0.59-0.59) 0.50 (0.49-0.50) 

Median [min-max] 0.47 [0-6.0] 0.39 [0-3.6] 
Animals per km2 c Mean 399.4 (397.8-401.0) 409.4 (407.0-411.8) 

Median [min-max] 266 [0-4360] 288 [0-5363] 
a 95% Confidence interval 
b At least one employed  veterinary surgeon holding Royal College of Veterinary Surgeons (RCVS) Advanced 
Veterinary Practitioner (AVP) and / or specialist status 

c Aegerter et al., 2017
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3.4.1 Antimicrobial prescription 

Systemic antimicrobials, topical antimicrobials, and systemic HPCIAs were prescribed in 

25.7% (95% Confidence Interval, CI, 24.9-26.6), 14.2% (CI 13.9-14.6) and 1.4% (CI 1.2-1.6) of 

sick canine consultations, and in 32.9% (CI 31.9-33.8), 6.1% (CI 5.9-6.3) and 17.3% (CI 16.2-

18.4) of sick feline consultations, respectively. 

 

3.4.1.1 Systemic antimicrobial prescription 

Descriptive analyses are summarised in Appendix Two, Tables 2.4 (dogs) and 2.5 (cats), with 

a further summary describing commonly consulted dog and cat breeds in Appendix Two, 

Tables 2.6 and 2.7 respectively. Univariable results can be viewed in Appendix Two, Tables 

2.8 (dogs) and 2.9 (cats). Summarised multivariable model results are displayed in Tables 3.2 

(dogs) and 3.3 (cats), with full results in Appendix Two, Tables 2.10 (dogs) and 2.11 (cats).  

 

In both species, vaccinated or insured animals were at significantly reduced odds of systemic 

antimicrobial prescription compared to un-vaccinated or un-insured animals. Neutered dogs 

were 10% less likely to be prescribed a systemic antimicrobial than un-neutered dogs. 

Compared to the gastroenteric MPC in dogs, the respiratory MPC was associated with the 

greatest odds of systemic antimicrobial prescription. In cats an interaction between sex and 

MPC provided best fit (Figure 3.1a). Compared to the gastroenteric MPC, the respiratory and 

trauma MPCs were associated with greatest odds of systemic antimicrobial prescription, 

though male cats were found to be more likely to be prescribed a systemic antimicrobial 

when presenting with trauma than female cats (Figure 3.1b). 

 

In both species, the continuous variable age at consultation was modelled as a cubic 

polynomial term. In dogs, an interaction between age at consultation and insurance status 

provided best fit (Figure 3.2a); in cats an interaction between age at consultation and sex 

provided best fit (Figure 3.2b). Whilst insured dogs were consistently less likely to be 

prescribed a systemic antimicrobial throughout life, effect size was greatest at approximately 

5 years of age, reducing to 12 years of age (Figure 3.2a). Similarly, though female cats were 

generally associated with reduced odds, effect size was greatest at approximately 5 years of 

age reducing to 15 years of age, with female cats older than 15 years of age then being 

associated with increased odds compared to male cats. It should be noted however that 

marked variation in probability throughout life was observed in both sexes (Figure 3.2b). 
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Table 3.2: Results from a multivariable mixed effect logistic regression model assessing the association 
between a range of animal, owner, practitioner and practice-related factors and odds of prescribing a 
systemic antimicrobial in dogs. Significant (P<0.05) results are displayed in bold. Full results are 
available in Appendix Two, Table 2.10. 

Random effect Variance SD a Variable Category OR b CI c P 

Animal 0.57 0.76 Categorical factors  

Site 0.05 0.23 Main 

presenting 

complaint 

Gastroenteric 1.00 - - 

Practice 0.06 0.24 presenting Kidney disease 0.68 0.61-0.76 <0.01 

   complaint Other unwell 0.39 0.38-0.40 <0.01 

    Pruritus 0.51 0.49-0.53 <0.01 

    Respiratory 1.11 1.06-1.17 <0.01 

    Trauma 0.41 0.40-0.43 <0.01 

    Tumour 0.31 0.29-0.32 <0.01 

   Neuter status Not neutered 1.00 - - 

   Neutered 0.90 0.88-0.92 <0.01 

   Sex Female 1.00 - - 

    Male 0.97 0.95-0.99 0.01 

   Vaccination  Not vaccinated 1.00 - - 

   status Vaccinated 0.93 0.90-0.95 <0.01 

   Insurance 

status 

Not insured 1.00 - - 

   status Insured 0.87 0.84-0.90 <0.01 

   Genetic 

breed group d 

Retriever  1.00 - - 

   breed Ancient / spitz 1.28 1.17-1.40 <0.01 

   group d Crossbreed 1.06 1.03-1.10 <0.01 

    Herding 1.15 1.09-1.22 <0.01 

    Mastiff-like 1.16 1.11-1.21 <0.01 

    Scent hound 1.11 1.03-1.19 <0.01 

    Sight hound 1.36 1.25-1.48 <0.01 

    Small terrier 1.18 1.13-1.22 <0.01 

    Spaniel 1.17 1.13-1.22 <0.01 

    Toy 1.00 0.94-1.05 0.92 

    Unclassified 1.12 1.07-1.16 <0.01 

    Unknown 1.09 0.99-1.21 0.075 

    Working dog 1.21 1.15-1.27 <0.01 

   Practice type Small animal 1.00 - - 

   Mixed 1.15 1.01-1.30 0.04 

   Small & equine 0.95 0.71-1.27 0.73 

   Small & large 1.14 0.86-1.50 0.37 

   Accreditation None 1.00 - - 

   status 1+ accredited site 0.79 0.68-0.92 <0.01 

   Referral 

interest 

No 1.00 - - 

   interest Yes 0.91 0.82-1.00 0.06 

   Continuous factors  

   Age (years) Age - linear 0.89 0.87-0.91 <0.01 

   Age - quadratic 0.92 0.90-0.93 <0.01 

   Age - cubic 1.05 1.04-1.07 <0.01 

   Interaction terms  

   Insurance 

status : Age 

(years) 

Insured : Age 1.09 1.04-1.14 <0.01 

   Status : Age Insured : Age - quadratic 1.03 1.00-1.06 0.03 

   (years) Insured : Age - cubic 0.97 0.95-1.00 0.02 
a Standard deviation 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al., 2010
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Table 3.3: Results from a multivariable mixed effect logistic regression model assessing the association 
between a range of animal, owner, practitioner and practice-related factors and odds of prescribing a 
systemic antimicrobial in cats. Significant (P<0.05) results are displayed in bold. Full results are 
available in Appendix Two, Table 2.11. 

Random effect Variance SD a Variable Category OR b CI c P 

Animal 0.50 0.70 Categorical factors  

Site 0.06 0.25 Main 
presenting 
complaint 

Gastroenteric 1.00 - - 
Practice 0.08 0.28 Kidney disease 0.82 0.71-0.94 0.01 
   Other unwell 0.79 0.73-0.85 <0.01 

   Pruritus 0.69 0.63-0.76 <0.01 

   Respiratory 2.48 2.23-2.77 <0.01 

   Trauma 1.80 1.65-1.97 <0.01 

   Tumour 0.57 0.50-0.65 <0.01 

   Sex 
 

Female 1.00 - - 
   Male 1.03 0.93-1.14 0.59 
   Vaccination 

status 
Not vaccinated 1.00 - - 

   Vaccinated 0.92 0.89-0.95 <0.01 
   Insurance 

status 
Not insured 1.00 - - 

   Insured 0.82 0.79-0.86 <0.01 
   Genetic breed  

group d 
West europe 1.00 - - 

   Asian 1.22 1.10-1.36 <0.01 
   Crossbreed 1.16 1.08-1.23 <0.01 
   Mediterranean 1.43 0.86-2.38 0.17 
   Unclassified 1.11 0.99-1.24 0.07 
   Unknown 1.14 1.03-1.26 0.01 
   Practice type Small animal 1.00 - - 
   Mixed 1.20 1.03-1.39 0.02 
   Small & equine 1.00 0.70-1.41 0.98 
   Small & large 1.10 0.80-1.53 0.56 
   Referral 

interest 
No 1.00 - - 

   Yes 0.92 0.82-1.04 0.18 
   Employed RCVS 

AVP e 
None 1.00 - - 

   1+ AVP 0.90 0.79-1.04 0.16 
   Continuous factors  

   Age (years) Age - linear 0.69 0.66-0.72 <0.01 
   Age - quadratic 0.90 0.90-0.95 <0.01 
   Age - cubic 1.08 1.08-1.12 <0.01 
   Cats per km2 f Cats per km2 - linear 0.98 0.97-1.00 0.02 
   Interaction terms  

   Sex : Age 
(years) 

Male : Age 0.91 0.85-0.97 <0.01 
   Male : Age - quadratic 0.91 0.88-0.94 <0.01 
   Male : Age - cubic 1.03 1.00-1.06 0.11 
   Sex : Main 

presenting 
complaint 

Male : Kidney disease 0.77 0.62-0.96 0.02 
   Male : Other unwell 1.19 1.07-1.32 <0.01 
   Male : Pruritus 1.10 0.96-1.26 0.16 
   Male : Respiratory 1.06 0.91-1.23 0.44 
   Male : Trauma 1.62 1.44-1.82 <0.01 
   Male : Tumour 1.16 0.96-1.40 0.12 

a Standard deviation 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al, 2008 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner and / or specialist status 
f Aegerter et al., 2017
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Figure 3.1: Results from two multivariable mixed effect logistic regression models, modelling 
predicted probability of (a) systemic antimicrobial prescription in cats when an interaction between 
main presenting complaint and sex is considered, and (b) systemic HPCIA prescription in cats when an 
interaction between main presenting complaint and RCVS accreditation status is considered. Asterisks 
relate to variables which were found to be significant (P<0.05). 
 

 
Figure 3.2: Results from two multivariable mixed effect logistic regression models, modelling 
predicted probability of systemic antimicrobial prescription in (a) dogs and (b) cats against age of the 
animal at time of consultation, in years. For dogs an interaction term considering current insurance 
status has been included, in cats an interaction term considering sex has been included. Lines refer to 
predicted probability, with shading relating to 95% confidence intervals to such predictions. Points 
and triangles are plotted to show original data points expressing the percentage of animals of each 
relevant age group (rounded to 0.5-year groups) that were prescribed a systemic antimicrobial in the 
dataset analysed. 
 

On consideration of veterinary practitioner and practice-related factors, significantly 

increased odds of systemic antimicrobial prescription were observed for consultations 

originating from mixed practices compared to practices treating small animals only. In dogs, 

practices reporting at least one RCVS accredited site were associated with significantly 

reduced odds of systemic antimicrobial prescription. 
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3.4.1.2 Topical antimicrobial prescription 

Descriptive analyses are summarised in Appendix Two, Tables 2.12 (dogs) and 2.13 (cats), 

with a further summary describing commonly consulted dog and cats breeds available in 

Appendix Two, Tables 2.6 and 2.7 respectively. Univariable results can be viewed in Appendix 

Two, Tables 2.14 (dogs) and 2.15 (cats). Summarised multivariable model results are 

displayed in Tables 3.4 (dogs) and 3.5 (cats), with full results in Appendix Two, Tables 2.16 

(dogs) and 2.17 (cats). 

 

In both dog and cats, insured animals were at significantly reduced odds of topical 

antimicrobial prescription than un-insured animals. Conversely, male; microchipped, or 

vaccinated dogs displayed significantly increased odds compared to their female, un-

microchipped or un-vaccinated peers. In both species, the continuous variable age at 

consultation was modelled as a cubic polynomial term. An interaction term between MPC 

and age was found to provide best fit for dogs (Figure 3.3a) and cats (Figure 3.3b). Compared 

to the gastroenteric MPC, the pruritus MPC was associated with the greatest prescription 

probability throughout life in both species, though broadly diminishing in older dogs (Figure 

3.3a). Cats were associated with decreasing prescription probability until approximately 7 

years of age before increasing again (figure 3.3b). 

 

 
Figure 3.3: Results from two multivariable mixed effect logistic regression models, modelling 
predicted probability of topical antimicrobial prescription in (a) dogs and (b) cats against age of the 
animal at time of consultation, in years. For both species an interaction term considering main 
presenting complaint has been included. Lines refer to predicted probability, with shading relating to 
95% confidence intervals to such predictions. Points are plotted to show original data points 
expressing the percentage of animals of each relevant age group (rounded to 0.5-year groups) that 
were prescribed a topical antimicrobial in the dataset analysed. 
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Table 3.4: Results from a multivariable mixed effect logistic regression model assessing the association 
between a range of animal, owner, practitioner and practice-related factors and odds of prescribing a 
topical antimicrobial in dogs. Significant (P<0.05) results are displayed in bold. Full results are available 
in Appendix Two, Table 2.16. 

Random effect Variance SD a Variable Category OR b CI c P 
Animal 0.55 0.74 Categorical factors  
Site 0.02 0.14 Main presenting 

complaint 
Gastroenteric 1.00 - - 

Practice 0.02 0.16 Kidney disease 2.03 1.31-3.15 <0.01 
   Other unwell 11.18 9.78-12.79 <0.01 
   Pruritus 25.64 22.39-29.35 <0.01 
   Respiratory 1.88 1.50-2.34 <0.01 
   Trauma 3.87 3.36-4.46 <0.01 
   Tumour 3.16 2.68-3.73 <0.01 
   Sex 

 
Female 1.00 - - 

   Male 1.08 1.05-1.10 <0.01 
   Microchip status Not microchipped 1.00 - - 
    Microchipped 1.03 1.00-1.06 0.02 
   Vaccination 

status 
Not vaccinated 1.00 - - 

   Vaccinated 1.08 1.05-1.11 <0.01 
   Insurance status Not insured 1.00 - - 
   Insured 0.90 0.88-0.93 <0.01 
   Genetic breed 

group d 
Retriever  1.00 - - 

   Ancient / spitz 0.87 0.77-0.97 0.02 
   Crossbreed 0.81 0.78-0.84 <0.01 
   Herding 0.57 0.53-0.61 <0.01 
   Mastiff-like 0.97 0.93-1.03 0.32 
   Scent hound 0.78 0.71-0.85 <0.01 
   Sight hound 0.40 0.34-0.46 <0.01 
   Small terrier 0.75 0.71-0.79 <0.01 
   Spaniel 1.04 1.00-1.09 0.08 
   Toy 0.87 0.82-0.93 <0.01 
   Unclassified 0.94 0.89-0.99 0.011 
   Unknown 0.74 0.65-0.83 <0.01 
   Working dog 0.81 0.76-0.87 <0.01 
   Hospital status None 1.00 - - 
   1+ hospital site 1.07 0.98-1.16 0.15 
   Employed RCVS 

AVP e 
None 1.00 - - 

   1+ AVP 1.08 0.99-1.17 0.08 
   Employed RCVS 

specialists e 
None 1.00 - - 

   1+ specialist 0.77 0.64-0.92 <0.01 
   Continuous factors  
   Age (years) Age - linear 0.91 0.76-1.09 0.30 
   Age - quadratic 1.04 0.98-1.13 0.39 
   Age - cubic 1.04 0.96-1.13 0.30 
   Interaction terms  
   Main presenting 

complaint  : Age 
(years) 

Kidney disease : Age 0.72 0.42-1.22 0.22 
   Other unwell : Age 0.74 0.61-0.89 <0.01 
   Pruritus : Age 1.08 0.89-1.31 0.42 
   Respiratory : Age 0.90 0.66-1.21 0.47 
   Trauma : Age 1.01 0.82-1.23 0.95 
   Tumour : Age 0.86 0.69-1.08 0.20 
   Kidney disease : Age - quadratic 1.04 0.77-1.40 0.79 
   Other unwell : Age - quadratic 0.90 0.82-0.98 0.02 
   Pruritus : Age - quadratic 1.00 0.91-1.09 0.96 
   Respiratory : Age - quadratic 0.89 0.76-1.03 0.11 
   Trauma : Age - quadratic 0.98 0.89-1.08 0.68 
   Tumour : Age - quadratic 1.15 1.02-1.29 0.02 
   Kidney disease : Age - cubic 0.99 0.79-1.24 0.94 
   Other unwell : Age - cubic 0.97 0.89-1.05 0.39 
   Pruritus : Age - cubic 0.94 0.87-1.02 0.15 
   Respiratory : Age - cubic 0.99 0.86-1.13 0.84 
   Trauma : Age - cubic 0.97 0.89-1.06 0.56 
   Tumour : Age - cubic 0.98 0.88-1.08 0.64 

a Standard deviation 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al., 2010 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner and / or specialist status
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Table 3.5: Results from a multivariable mixed effect logistic regression model assessing the association 
between a range of animal, owner, practitioner and practice-related factors and odds of prescribing a 
topical antimicrobial in cats. Significant (P<0.05) results are displayed in bold. Full results are available 
in Appendix Two, Table 2.17. 

Random effect Variance SD a Variable Category OR b CI c P 

Animal 0.82 0.90 Categorical factors 

Site 0.02 0.15 Main 
presenting 
complaint 

Gastroenteric 1.00 - - 
Practice 0.03 0.16 Kidney disease 0.38 0.14-1.00 0.05 
   Other unwell 5.96 4.37-8.12 <0.01 
   Pruritus 8.37 6.09-11.51 <0.01 
   Respiratory 3.36 2.35-4.82 <0.01 
   Trauma 3.82 2.76-5.28 <0.01 
   Tumour 1.46 0.90-2.36 0.12 
   Sex 

 
Female 1.00 - - 

   Male 1.05 1.00-1.11 0.06 
   Neutered 

status 
Not neutered 1.00 - - 

   Neutered 0.94 0.88-1.01 0.09 
   Insurance 

status 
Not insured 1.00 - - 

   Insured 0.88 0.82-0.95 <0.01 
   Genetic 

breed 
group d 

West Europe 1.00 - - 
   Asian 0.87 0.73-1.03 0.09 
   Crossbreed 0.61 0.55-0.67 <0.01 
   Mediterranean 0.67 0.25-1.78 0.42 
   Unclassified 0.79 0.66-0.95 0.01 
   Unknown 0.65 0.56-0.77 <0.01 
   Referral 

interest 
No 1.00 - - 

   Yes 1.08 0.98-1.19 0.11 
   Continuous factors 

   Age (years) Age - linear 1.09 0.65-1.82 0.75 
   Age - quadratic 0.89 0.68-1.17 0.40 
   Age - cubic 0.87 0.66-1.15 0.34 
   Interaction terms 

   Main 
presenting 
complaint  : 
Age (years) 

Kidney disease : Age 3.11 0.82-11.84 0.10 
   Other unwell : Age 0.54 0.32-0.91 0.02 
   Pruritus : Age 1.19 0.70-2.03 0.52 
   Respiratory : Age 0.71 0.39-1.29 0.26 
   Trauma : Age 1.07 0.62-1.85 0.81 
   Tumour : Age 0.93 0.44-1.95 0.85 
   Kidney disease : Age - quadratic 1.69 0.89-3.18 0.11 
   Other unwell : Age - quadratic 1.17 0.89-1.53 0.26 
   Pruritus : Age - quadratic 1.52 1.15-2.02 <0.01 
   Respiratory : Age - quadratic 1.29 0.95-1.77 0.11 
   Trauma : Age - quadratic 1.24 0.93-1.65 0.14 
   Tumour : Age - quadratic 1.18 0.80-1.73 0.41 
   Kidney disease : Age - cubic 0.60 0.31-1.16 0.13 
   Other unwell : Age - cubic 1.15 0.87-1.52 0.33 
   Pruritus : Age - cubic 1.04 0.78-1.38 0.81 
   Respiratory : Age - cubic 0.97 0.70-1.33 0.84 
   Trauma : Age - cubic 1.06 0.79-1.42 0.70 
   Tumour : Age - cubic 1.10 0.75-1.61 0.62 

a Standard deviation 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al, 2008
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Compared to the retriever genetic breed group most other groups showed significantly 

reduced odds of topical antimicrobial prescription, with sight hounds displaying the smallest 

prescription odds. A similar finding was observed for cats with most groups displaying 

significantly reduced odds compared to the West Europe genetic breed group. In dogs, 

significantly decreased topical antimicrobial prescription odds was observed for 

consultations that were supplied by RCVS specialist-employing veterinary practices. 

 

3.4.1.3 Systemic HPCIA prescription 

Descriptive results are summarised in Appendix Two, Tables 2.18 (dogs) and 2.19 (cats), with 

a further summary describing commonly consulted dog and cats breeds in Appendix Two, 

Tables 2.6 and 2.7 respectively. Univariable results can be viewed in Appendix Two, Tables 

2.20 (dogs) and 2.21 (cats) respectively. Summarised multivariable model results are 

displayed in Tables 3.6 (dogs) and 3.7 (cats), with full results in Appendix Two, Tables 2.22 

(dogs) and 2.23 (cats). 

 

Table 3.6: Results from a multivariable mixed effect logistic regression model assessing the association 
between a range of animal, owner, practitioner and practice-related factors and odds of prescribing a 
systemic HPCIA in dogs. Significant (P<0.05) results are displayed in bold. Full results are available in 
Appendix Two, Table 2.22. 

Random effect Variance SD a Variable Category OR b CI c P 
Animal 3.04 1.74 Categorical factors 
Site 0.13 0.36 Main 

presenting 
complaint 

Gastroenteric 1.00 - - 
Practice 0.44 0.66 Kidney disease 1.12 0.78-1.60 0.55 
   Other unwell 0.72 0.64-0.80 <0.01 
   Pruritus 0.79 0.70-0.90 <0.01 
   Respiratory 1.33 1.13-1.57 <0.01 
   Trauma 0.31 0.27-0.37 <0.01 
   Tumour 0.40 0.32-0.49 <0.01 
   Vaccination 

status 
Not vaccinated 1.00 - - 

   Vaccinated 0.91 0.83-0.99 0.029 
   Insurance 

status 
Not insured 1.00 - - 

   Insured 1.16 1.07-1.27 <0.01 
   Genetic breed 

group d 
Retriever  1.00 - - 

   Ancient / spitz 1.13 0.73-1.74 0.60 
   Crossbreed 1.27 1.09-1.48 <0.01 
   Herding 1.04 0.82-1.32 0.73 
   Mastiff-like 1.17 0.97-1.43 0.11 
   Scent hound 1.96 1.52-2.52 <0.01 
   Sight hound 1.54 1.10-2.15 0.01 
   Small terrier 1.96 1.67-2.29 <0.01 
   Spaniel 1.57 1.33-1.84 <0.01 
   Toy 2.56 2.10-3.12 <0.01 
   Unclassified 1.47 1.24-1.74 <0.01 
   Unknown 1.25 0.81-1.94 0.31 
   Working dog 1.56 1.27-1.93 <0.01 
   Continuous factors 
   Age (years) Age - linear 1.21 1.12-1.31 <0.01 
   Age - quadratic 0.95 0.90-0.99 0.03 
   Age - cubic 1.04 1.01-1.08 0.01 

a Standard deviation 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al., 2010
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Table 3.7: Results from a multivariable mixed effect logistic regression model assessing the association 
between a range of animal, owner, practitioner and practice-related factors and odds of prescribing a 
systemic HPCIA in cats. Significant (P<0.05) results are displayed in bold. Full results are available in 
Appendix Two, Table 2.23. 

Random effect Variance SD a Variable Category OR b CI c P 
Animal 0.68 0.82 Categorical factors 
Site 0.13 0.36 Main 

presenting 
complaint 

Gastroenteric 1.00 - - 
Practice 0.44 0.66 Kidney disease 1.74 1.08-2.82 0.02 
   Other unwell 1.80 1.43-2.26 <0.01 
   Pruritus 2.95 2.28-3.81 <0.01 
   Respiratory 4.47 3.41-5.85 <0.01 
   Trauma 2.89 2.27-3.67 <0.01 
   Tumour 1.46 1.04-2.03 0.03 
   Sex 

 
Female 1.00 - - 

   Male 1.13 1.07-1.19 <0.01 
   Vaccination 

status 
Not vaccinated 1.00 - - 

   Vaccinated 0.95 0.91-0.98 <0.01 
   Insurance 

status 
Not insured 1.00 - - 

   Insured 0.87 0.83-0.92 <0.01 
   Owner urban 

status 
Urban 1.00 - - 

   status Rural 1.05 1.00-1.11 0.06 
   Genetic 

breed group d 
West Europe 1.00 - - 

   Asian 1.23 1.08-1.40 <0.01 
   Crossbreed 1.16 1.06-1.26 <0.01 
   Mediterranean 1.12 0.59-2.11 0.73 
   Unclassified 1.15 1.00-1.33 0.06 
   Unknown 1.12 0.99-1.27 0.07 
   Accreditation Not accredited 1.00 - - 
   1+ accredited site 1.10 0.72-1.69 0.65 
   Continuous factors 
   Age (years) Age - linear 0.80 0.76-0.85 <0.01 
   Age - quadratic 0.88 0.85-0.90 <0.01 
   Age - cubic 1.14 1.11-1.17 <0.01 
   Interaction terms 
   Main 

presenting 
complaint  : 
Accreditation 

Kidney disease : accredited site 1.26 0.76-2.08 0.37 
   Other unwell : accredited site 1.23 0.96-1.58 0.10 
   Pruritus : accredited site 1.00 0.76-1.32 1.00 
   Respiratory : accredited site 1.26 0.94-1.69 0.12 
   Trauma : accredited site 1.90 1.46-2.47 <0.01 
   Tumour : accredited site 1.21 0.83-1.75 0.32 
   Sex : Age 

(years) 
Male : Age - linear 0.95 0.87-1.02 0.17 

   Male : Age - quadratic 0.91 0.87-0.95 <0.01 
   Male : Age - cubic 1.02 0.98-1.06 0.32 

a Standard deviation 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al, 2008 

 

In both dogs and cats vaccinated animals were associated with significantly reduced odds of 

systemic HPCIA prescription compared to unvaccinated animals. Whilst insured dogs were 

associated with increased systemic HPCIA prescription odds, insured cats were associated 

with reduced odds compared to their uninsured peers. Compared to the gastroenteric MPC, 

the respiratory MPC showed the greatest odds of systemic HPCIA prescription. In both 

species the continuous variable age at consultation was modelled as a cubic polynomial term. 

No interaction terms were included for dogs (Figure 3.4a), whereas for cats an interaction 

term between sex and age was found to provide best fit (Figure 3.4b). Systemic HPCIA 

prescription probability increased with age in dogs; in cats, prescription probability generally 

also increased with age, peaking at approximately 6-9 years of age before reducing until 

approximately 18 years of age for males and females alike (Figure 3.4a). Male cats were 
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associated with an increased prescription probability between 5 and 14 years of age relative 

to female cats (Figure 3.4b). 

 

 
Figure 3.4: Results from two multivariable mixed effect logistic regression models, modelling 
predicted probability of systemic highest priority critically important antimicrobial (HPCIA) 
prescription in (a) dogs and (b) cats against age of the animal at time of consultation, in years. For cats 
an interaction term considering sex has been included. Lines refer to predicted probability, with 
shading relating to 95% confidence intervals to such predictions. Points and triangles are plotted to 
show original data points expressing the percentage of animals of each relevant age group (rounded 
to 0.5-year groups) that were prescribed a systemic HPCIA in the dataset analysed. 

 

Compared to the retriever genetic breed group, most other groups showed significantly 

increased systemic HPCIA prescription odds, with the toy group displaying greatest odds. 

Compared to the West Europe feline genetic breed group the Asian group were associated 

with the largest systemic HPCIA prescription odds. An interaction between MPC and RCVS 

accreditation status was found to provide best fit for cats. Cats primarily presenting with 

trauma to an RCVS accredited practice were associated with increased odds of a systemic 

HPCIA prescription, compared to cats primarily presenting with trauma to a non-RCVS 

accredited practice (Figure 3.1b). 

 

3.5 Discussion 

Antimicrobials are frequently prescribed to dogs and cats (Buckland et al., 2016; Singleton et 

al., 2017); there is evidence of development of resistance in response to treatment (Trott et 

al., 2004) and AMR transmission between humans and their pets (Guardabassi et al., 2004a). 

Therefore it is imperative that we understand factors related to antimicrobial prescription 

decision making in companion animal species. For the first time, this study utilised EHRs 
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coupled with a range of external data sources to explore multiple factors potentially 

associated with odds of antimicrobial prescription in dogs and cats. 

 

A number of animal-intrinsic factors were significantly associated with antimicrobial 

prescription. Male cats were associated with increased odds of systemic antimicrobial 

prescription, though effect size varied according to the animal’s age at consultation. 

Conversely male dogs were associated with decreased systemic antimicrobial prescription 

odds, but increased odds of topical antimicrobial prescription. Sex-based variation in 

bacterial infection risk has been shown previously, for example with respect to urinary tract 

infections (Hall et al., 2013; Hernandez et al., 2014) and pyoderma (Huerta et al., 2011). 

Similarly, cat fight-related injuries necessitating antimicrobial prescription are a frequently 

recorded clinical complaint (O'Neill et al., 2014c), more commonly associated with outdoor-

ranging young male cats (Chhetri et al., 2015; Dunham and Graham, 2008). Here we 

identified trauma as an MPC associated with increased systemic antimicrobial prescription 

probability in male cats, compared to female cats. These findings suggest that sex- and age-

based behavioural variation in cats might have a real impact on antimicrobial prescription 

odds on a population-level. 

 

Furthermore previous studies have separately identified age- or sex-related variation in AMR 

risk (Hall et al., 2013; Hernandez et al., 2014; Huerta et al., 2011). Therefore, there would 

appear to be some value in establishing whether such putative age- and sex-related variance 

in antimicrobial prescription odds might also confer combined variant bacterial isolation and 

resistance risk. Text mining of veterinary clinical narratives holds potential to be able to 

establish more definitively which clinical presentations are most commonly associated with 

antimicrobial prescription (Burke et al., 2017); thereby establishing clear targets for clinical 

evidence gathering and targeted health intervention campaigns. 

 

Systemic antimicrobial prescription probability peaked in both species at approximately 5-8 

years of age, decreasing at approximately 15 and 20 years of age before increasing once 

more. However, as these older animals represented only a small portion of the overall 

population we would advocate interpretive caution for these latter findings. A similar age-

related trend has been previously observed (Radford et al., 2011), and might reflect 

increased relative incidence of non-communicable disease as dogs and cats age, decreasing 
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the proportion of overall consultations concerned with investigation and/or treatment of 

bacterial infection. 

 

We found that systemic HPCIA prescription probability mildly increased with age in dogs; 

cats followed a similar trend to systemic antimicrobial prescription. HPCIA use has formed a 

focus for AMR-related policy in all species (O'Neill, 2016). Whilst a number of HPCIA classes 

(e.g. carbapenems) do not appear to have been prescribed to companion animals in the UK 

(Singleton et al., 2017), for those which have been prescribed, their use as first-line 

antimicrobial therapy is strongly discouraged (Nuttall, 2018). Despite this, HPCIAs are still 

frequently prescribed in cats; it is likely that ease of administration and resulting ensured 

compliance are key motivating factors for such prescription (Buckland et al., 2016; Burke et 

al., 2017; Singleton et al., 2017). Considering the findings in our study, we hypothesise that 

an increased number of veterinary interventions as an animal ages might increase owner or 

veterinary practitioner concern that an animal would be refractory to an intervention, for 

example administering oral tablets, producing the associations identified here at a 

population-level. It would therefore be of considerable interest to explore whether 

veterinary practitioner or owner attitudes to pharmaceutical product administration route 

changes as an animal ages. 

 

Compared to the gastroenteric MPC, the respiratory MPC was associated with the greatest 

systemic antimicrobial and systemic HPCIA prescription odds in both species. In humans 

respiratory clinical signs have also been associated with frequent antimicrobial prescription 

(Altiner et al., 2010; Hawker et al., 2014; McKay et al., 2016). Humans and companion 

animals often live in close proximity, and zoonotic AMR transfer has been documented 

(Guardabassi et al., 2004a; Guardabassi et al., 2004b; Zhang, 2016). Given this shared finding 

between species, we would suggest respiratory disease as a pertinent area to explore ‘one 

health’ prescription and resistance surveillance. 

 

Whereas for dogs trauma was associated with reduced odds of systemic antimicrobial or 

HPCIA prescription, the opposite was found for cats, these effects also varying by sex or RCVS 

accreditation status. At this broad granularity we cannot precisely determine why this 

species variation was observed; however, it might reflect varied trauma aetiology and 

severity between dogs and cats. As discussed earlier cats, particularly males, frequently 

present for veterinary examination with cat fight-related injuries, prompting more frequent 
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antibiosis (O'Neill et al., 2014c). Similarly, time of injury is likely to be less commonly known 

in outdoor ranging cats compared to dogs. The “golden period” for optimal traumatic 

laceration decontamination to minimise risk of wound infection, ranging from two to six 

hours depending on individual studies, has long been an established mantra of both medical 

and veterinary practice (Quinn et al., 2014). Though the existence of such a window has 

recently been brought into question, likely due to improved wound decontamination options 

compared to 25-30 years ago (Quinn et al., 2014), it is possible that this uncertainty of time 

of injury in cats might well prompt a more cautious management approach by veterinary 

surgeons, compared to dogs. There is however a need to more precisely characterise the 

nature and severity of trauma in dogs and cats before firmer conclusions can be made. 

 

Unsurprisingly, the pruritus MPC was associated with the greatest topical antimicrobial 

prescription odds in both species, though prescription probability did appear to generally 

decrease as animals grew older. In cats presenting with pruritus topical antimicrobial 

prescription probability decreased sharply between 0 and 7 years of age, before increasing 

up to approximately 20 years of age. This might reflect varying incidence of dermatological 

disease as animals age, and/or suggests increased recognition of a non-infectious underlying 

aetiology to skin disease, for example atopic dermatitis, as an animal ages (Nuttall et al., 

2013), thus prompting a shift to non-antimicrobial pharmaceutical therapy options. 

Improving methods by which veterinary practitioners can easily diagnose non-infectious 

underlying disease, thus potentially preventing unnecessary antibiosis for sequelae 

conditions such as pyoderma, could provide an accessible route towards effective 

stewardship. 

 

Compared to retrievers, a genetic breed group commonly associated with dermatological 

disease (Nuttall et al., 2013; Zur et al., 2011), most other groups were associated with 

significantly reduced topical antimicrobial prescription odds, though the opposite was found 

for systemic antimicrobial prescription odds. Grouping animals into genetically-linked breed 

groups therefore provided a neat solution to the statistical modelling issues posed by over 

250 and 50 unique dog and cat breeds being recorded in these large datasets. However, it 

should be remembered that genetic linkage does not necessarily inform on phenotypic 

similarity; it is possible that breeds possessing very different phenotypes conferring actual 

bacterial infection risk difference might have been classed within the same genetic breed 

group. Indeed, marked within genetic breed group variation in prescription frequency was 
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observed (see Appendix Two: Tables 2.6 and 2.7); such variance could have masked 

differences between genetic breed groups in this study. Thus, there could be significant value 

in devising additional means by which dog and cat breeds are classified, perhaps considering 

more obvious phenotypic features, for example head shape. 

 

Across most antimicrobial categories studied animals insured at time of consultation were 

associated with significantly reduced odds of prescription. It could be argued that presence 

of insurance might encourage veterinary practitioners to seek a wider range of diagnostic 

options, possibly in preference to prescribing empirical antimicrobial therapy. However, 

insured dogs were associated with significantly increased systemic HPCIA prescription odds. 

Interestingly, Mateus et al. (2014) suggested that cost of therapy could influence veterinary 

practitioner’s antimicrobial therapy options (Mateus et al., 2014). HPCIAs have previously 

been indicated as being more expensive compared to other antimicrobial classes (Barriere 

and Flaherty, 1984); here we might be observing an increased willingness to prescribe more 

expensive antimicrobials to insured dogs. Interestingly, compared to retrievers, many canine 

genetic breed groups largely containing smaller breeds were associated with increased 

systemic HPCIA prescription odds. This leads us to speculate whether such a finding might 

also reflect the lower dose, hence reduced economic cost, of prescribing such generally more 

expensive antimicrobials to smaller breeds, encouraging veterinary practitioners to use such 

products which would be regarded as cost prohibitive in larger dogs. 

 

For both species, vaccinated animals were associated with significantly reduced systemic 

antimicrobial and HPCIA prescription odds, potentially reflecting perceived or actual reduced 

risk of bacterial infection in vaccinated animals. Though most canine and feline vaccines 

focus on prevention of viral disease, secondary bacterial infection as a sequelae to vaccine-

preventable viral disease is well documented (Goddard and Leisewitz, 2010). Considering the 

likely important role ‘risk avoidance’ plays in antimicrobial prescribing practices (McCullough 

et al., 2015), such awareness might well prompt the consulting veterinary practitioner to 

consider antibiosis to be more justified in unwell, unvaccinated animals. Considering our 

observation that neutered dogs were also associated with significantly decreased systemic 

antimicrobial prescription odds, it is further possible that previous engagement with 

preventive healthcare might be associated with an increased likelihood of pursuing 

diagnostic options in preference to empirical antibiosis. 
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Although the individual animal accounted for the majority of random effect variance in the 

models developed for this study, suggesting that greatest impact could be made by focusing 

foremost on animal-level factors, veterinary-led factors might well yield more readily 

accessible routes towards stewardship. For example, canine systemic antimicrobial 

prescription odds were significantly reduced when a consultation took place in a practice 

containing at least one RCVS accredited site. The voluntary RCVS Practice Standards Scheme 

(PSS) requires antimicrobial usage policies, infection control plans, and established clinical 

audit for site accreditation (RCVS, 2018a). Though participation in the RCVS PSS might select 

for practices already more likely to be engaged in antimicrobial stewardship, it is interesting 

to note that obligatory clinical prescribing guidelines in human health have experienced 

mixed success (Hawker et al., 2014). Though an opposing finding that cats visiting RCVS 

accredited practices were associated with increased systemic HPCIA prescription odds for 

some MPCs, in particular trauma, needs some consideration, our results suggest there to be 

some value in a voluntary approach to antimicrobial stewardship. 

 

Compared to practices only treating small animals, mixed sector (encompassing small 

animal, farm animal and equine) practices were associated with significantly increased 

systemic antimicrobial prescription odds. Veterinary surgeons employed in different sectors 

have previously been associated with a varied attitude towards antimicrobial prescription 

and AMR (De Briyne et al., 2013); this perceptive variability might be expressed here. We 

also found significantly reduced canine topical antimicrobial prescription odds in practices 

employing at least one RCVS specialist. Though this might reflect a differing approach to case 

management within RCVS specialist-employing practices (Pleydell et al., 2012), such 

practices might experience a different caseload to other SAVSNET participatory practices. 

 

Here we demonstrated the successful and novel use of multiple data sources to explore 

factors potentially influencing companion animal antimicrobial prescription; however, no 

dataset is completely infallible. Veterinary practices participating in SAVSNET are recruited 

by convenience and thus might not be representative of the wider UK veterinary-visiting 

animal population. We found no clear associations between IMD or pet population density 

and antimicrobial prescription in this study. However, the complexities of summarising IMD 

across the devolved constituent countries of the UK (Abel et al., 2016), coupled with the fact 

that pet population demographic study is still in its relative infancy (Aegerter et al., 2017), 

suggest that these factors might well be worth re-evaluating as methodologies develop in 
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the respective study fields. In the current study it was noted that animal owners tended to 

live in less deprived areas. Though this might be representative of the wider animal owning 

community in the UK, expanding surveillance to include a broader range of veterinary 

practices, including the charity and low-income sectors, would greatly improve our ability to 

detect socioeconomic determinants of companion animal disease. 

 

Considering other limitations, recording antimicrobial prescription depended on 

practitioners charging for products dispensed; products not charged for would therefore be 

missed. The MPC function enabled every consultation to be broadly categorised; however, 

individual interpretations of case definitions are possible. RCVS registration is a legal 

requirement of all practising veterinary surgeons, and all sites supplying medicines. As RCVS 

regulated titles, veterinary surgeons holding AVP or specialist status are likely to be 

accurately recorded in the RCVS registers. However, the veterinary surgeon employment 

record is updated on an ad hoc basis. It is likely that the employed veterinary surgeon 

population within contributory practices varied over the two year study period in ways not 

captured here. Establishing a more formalised employment record of RCVS registered 

veterinary surgeons might increase the utility of these data sources for research and 

surveillance. 

 

3.6 Conclusion 

We have demonstrated the utility of EHRs collected from a diverse range of veterinary 

practices to identify a range of animal; owner; preventative healthcare; veterinary practice, 

and veterinary practitioner-related factors significantly associated with antimicrobial 

prescription in dogs and cats. Though factors influencing antimicrobial prescription decision 

making remain multifactorial and complex, our findings suggest that gathering clinical 

evidence surrounding respiratory disease might be of impact to stewardship, as would 

further understanding how dog breed might influence antimicrobial prescription odds. 

Preventive healthcare could play an important stewardship role, and could form the basis of 

owner-targeted health messaging, as could the RCVS PSS to veterinary practitioners. Though 

pet population demographic and pet owner sociodemographic data were not found to be 

associated with antimicrobial prescription odds in this study, we would recommend further 

analyses as both of these fields of study develop in the future.
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4.1 Abstract 

Pharmaceutical agents (PAs) are commonly prescribed in companion animal practice in the 

United Kingdom. However, little is known about PA prescription on a population-level, 

particularly with respect to PAs authorised for human use alone prescribed via the veterinary 

cascade; this raises important questions regarding the efficacy and safety of PAs prescribed 

to companion animals. This study explored new approaches for describing PA prescription, 

diversity and co-prescription in dogs, cats and rabbits utilising electronic health records 

(EHRs) from a sentinel network of 457 companion animal-treating veterinary sites 

throughout the UK over a 2-year period (2014 – 2016). A novel text mining-based 

identification and classification methodology was utilised to semi-automatically map 

practitioner-defined product descriptions recorded in 918,333 EHRs from 413,870 dogs 

encompassing 1,242,270 prescriptions; 352,730 EHRs from 200,541 cats encompassing 

491,554 prescriptions, and 22,526 EHRS from 13,398 rabbits encompassing 18,490 

prescriptions respectively. PA prescription as a percentage of booked consultations was 

65.4% in dogs (95% confidence interval, CI, 64.6-66.3); in cats it was 69.1% (CI, 67.9-70.2) 

and in rabbits, 56.3% (CI, 54.7-57.8). Vaccines were the most commonly prescribed PAs in all 

three species, with antimicrobials, antimycotics, and parasiticides also commonly prescribed. 

PA prescription utilising products authorised for human use only (hence, ‘human-

authorised’) comprised 5.1% (CI, 4.7-5.5) of total canine prescription events; in cats it was 

2.8% (CI, 2.6-3.0), and in rabbits, 7.8% (CI, 6.5-9.0). The most commonly prescribed human-

authorised PA in dogs was metronidazole (antimicrobial); in cats and rabbits it was ranitidine 

(H2 histamine receptor antagonist). Using a new approach utilising the Simpson’s Diversity 

Index (an ecological measure of relative animal, plant etc. species abundance), we identified 

differences in prescription based on presenting complaint and species, with rabbits generally 

exposed to a less diverse range of PAs than dogs or cats, potentially reflecting the paucity of 

authorised PAs for use in rabbits. Finally, through a novel application of network analysis, we 

demonstrated the existence of three major co-prescription groups (preventive health; 

treatment of disease, and euthanasia); a trend commonly observed in practice. This study 

represents the first time PA prescription has been described across all pharmaceutical 

families in a large population of companion animals, encompassing PAs authorised for both 

veterinary and human-only use. These data form a baseline against which future studies 

could be compared, and provides some useful tools for understanding PA comparative 

efficacy and risks when prescribed in the varied setting of clinical practice. 
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4.2 Introduction 

Pharmaceutical agent (PA) prescription is an essential component of companion animal 

veterinary practice. However, lack of available, structured population-level data on PA 

prescription has resulted in a limited capacity to assess the comparative efficacy and risks of 

PAs being prescribed to clinically-affected animals living outside of the controlled conditions 

of a clinical efficacy trial (pharmacosurveillance). The increasing digitisation of animal health 

records, most notably in developed countries, together with recent advances in health 

informatics research, has provided an unprecedented opportunity to fill this gap (O'Neill et 

al., 2014b; Sánchez-Vizcaíno et al., 2015). 

  

In human medicine, the utility of electronic health records (EHRs) for effective 

pharmacosurveillance has been well demonstrated. Such systems have the potential to 

provide rapid monitoring and communication of population experience (Eguale et al., 2010; 

Rowlingson et al., 2013), identifying rare events as well as previously unseen variability in 

response to PA prescription associated with sub-population genetic diversity (Patel and 

Kaelber, 2014; Tamblyn et al., 2016). Key areas of pharmacosurveillance research have 

focused on adverse drug reactions and polypharmacy, the latter being defined as concurrent 

prescription of multiple distinct PAs to a single person or animal (Cavallo et al., 2013; Eguale 

et al., 2010; Sutherland et al., 2015; Urfer et al., 2016). 

 

Expanding prescription surveillance beyond adverse drug reaction monitoring 

(pharmacovigilance, the ‘risks’) to also include PA efficacy assessment 

(pharmacosurveillance, the ‘benefits and the risks’) would represent a significant 

development for companion animal veterinary practice. In the United Kingdom, 

pharmacovigilance is led by the Veterinary Medicine Directorate (VMD) through a voluntary 

reporting service (VMD, 2018a). Whilst such services provide population-level data on 

adverse drug reactions, they are generally associated with an unquantified level of          

under-reporting. When a PA is not available to treat a particular condition in a species under 

their care, the veterinary surgeon responsible for the animal may in particular circumstances 

(for example to avoid causing unacceptable suffering) prescribe an unauthorised PA under 

the veterinary cascade; these might include PAs authorised for use in other animal species, 

PAs authorised for human use only (hence, ‘human-authorised’), or imported medicines 

(Ramsey, 2017a, b; VMD, 2013). Currently there are no means by which human-authorised 
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PA prescription can be monitored at the population-level; this raises important questions 

regarding the efficacy and safety of such PAs when prescribed to companion animals. 

 

More recently, as EHRs have become more available, they have been used to address 

questions of timely importance, particularly relating to antimicrobial prescription in light of 

the global concern relating to antimicrobial resistance (Buckland et al., 2016; Mateus et al., 

2011; Radford et al., 2011; Singleton et al., 2017). Although these studies have shown 

important trends in antimicrobial prescription, to date they have not been able to look at 

concurrent use of other PAs within the same consultation (co-prescription), despite evidence 

of antimicrobials being frequently co-prescribed with other non-antimicrobial PAs in 

gastrointestinal disease (German et al., 2010; Jones et al., 2014). Developing an 

understanding of what veterinary surgeons prescribe in addition to, or instead of 

antimicrobials, will be necessary to enhance stewardship at the population-level. 

 

Whilst these studies point to the potential of veterinary EHRs to augment existing 

pharmacosurveillance, two features must be addressed before the full benefits of these new 

data can be realised. Firstly, the scale and complexity of EHR databases require new ways to 

analyse health records, and generate population-level statistics. Secondly, due to a lack of a 

centrally agreed PA classification and terminology system within the veterinary sector 

(O'Neill et al., 2014b), individual veterinary practices frequently develop their own 

personalised nomenclatures when referring to PA prescription within the EHR. In this regard, 

categorising PAs to an agreed and common ontology may be more complex in animal rather 

than human health, the latter frequently benefitting from the use of standardised PA lists 

(Tamblyn et al., 2016). 

 

In this study, we have addressed the issues of prescription data scale, complexity and 

inconsistency using data collected over two years from a large sentinel network of UK-based 

companion animal veterinary practices.  We develop a new text mining methodology to map 

variable practitioner-defined PAs to taxonomies, and propose two new metrics to summarise 

the complexity of population-level PA prescription, namely prescription diversity and social 

network analysis for co-prescription visualisation. Using these combined approaches, we 

have been able to describe, in various degrees of detail, intra- and inter-species variability in 

the manner with which PAs are prescribed in companion animal practice. 
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4.3 Materials and methods 

4.3.1 Data collection 

Electronic health records (EHRs) were collected in near real-time from booked consultations 

in volunteer UK veterinary practices taking part in the Small Animal Veterinary Surveillance 

Network (SAVSNET) between 1 April 2014 and 31 March 2016. A more complete description 

of the data collection protocol has been previously described (Chapter Three, Sánchez-

Vizcaíno et al., 2015). A veterinary practice (n = 216) was defined as a single veterinary 

business, whereas a site(s) (n = 457) also included all branches that form a veterinary 

practice.  In addition to a range of animal signalment data (e.g. age, sex, breed etc.), each 

EHR also included a free text product description defined by individual practices to record 

everything supplied at the time of each consultation. At the end of each consultation, 

practitioners participating in SAVSNET also code each EHR by selecting one of ten main 

presenting complaints consisting of gastroenteric, respiratory, pruritus, trauma, tumour, 

kidney disease, other unwell, post-operative, vaccination and other healthy to indicate the 

main reason why the animal presented for the given consultation (Singleton et al., 2017). 

 

4.3.2 Pharmaceutical agent prescription identification 

The product description field of the EHR was utilised to identify Pharmaceutical Agent (PA) 

prescription. Initially, a set of 52,267 product descriptions (1 April 2014 - 26 August 2015) 

were manually determined to contain PA prescription by reference to the VMD’s Product 

Information Database for veterinary authorised PAs (VMD, 2018c), and the electronic 

Medicines Compendium (Datapharm Communications) for PAs authorised for human use 

alone. PAs were manually categorised via partial reference to the ATCvet reference schema 

(WHO, 2018) into a hierarchical structure whereby each PA could be summarised into both 

a pharmaceutical family (PF) e.g. antimicrobial, and pharmaceutical class (PC) e.g. 

fluoroquinolone. In total 26 PFs and 274 PCs were identified (see Appendix Three: Table 3.1). 

 

PAs were further categorised into those authorised for veterinary use and those authorised 

for human use only. A third group was devised (hence, ‘generic’) that consisted of active 

substances authorised for prescription in both humans and animals, but was recorded within 

the EHR using a term which did expressly state whether the product was veterinary- or 

human-authorised e.g. ‘co-amox’. Whilst the majority of product descriptions could be 

identified to specific active substance, the ‘vaccine’, ‘neurological’, ‘euthanasia’ and 
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‘replacement agent’ (veterinary- or human-authorised pharmaceutical products intended for 

rehydration, vitamin and/or mineral replacement) PFs frequently contained descriptors 

where we were unable to determine the specific PA prescribed e.g. ‘1x dog annual booster’. 

Hence, it was not possible to summarise these PFs beyond family level. 

 

Following this initial manual categorisation, a list of prescription-identifying strings (n = 

1,984) were formulated to identify prescription-containing product descriptions in a new 

larger data set suitable for further analysis (n unique product descriptions = 95,709; 1 April 

2014 - 31 March 2016). Before these strings were applied to the dataset a sequence of 

regular expressions were applied to product descriptions to exclude those relating to 

diagnostic tests which could be misidentified as containing a PA prescription e.g. 

phenobarbitone toxicity test (5,318 unique product descriptions excluded); insulin syringes 

which could be mistaken for a prescription of insulin (211 unique product descriptions 

excluded), and product descriptions containing references to a refund (22 unique product 

descriptions excluded) (see Appendix Three: Table 3.2). PA prescription identifying strings 

were then applied, with a total of 1,759 strings being utilised to identify 56,699 unique 

product descriptions pertaining to a PA prescription (see Appendix Three: Table 3.3). 

 

4.3.3 Pharmaceutical agent prescription diversity 

We define PA Prescription Diversity (PD) as ‘the frequency and variety with which a practice 

prescribes pharmaceutical classes (PC) within a determined pharmaceutical family (PF)’. In 

this study, we calculate PD using an adaptation of the Simpson’s Diversity Index, an equation 

utilised most often in ecology to provide a quantitative measure of relative animal, plant etc. 

species abundance within a particular geographical area over a defined timeframe (Allaby, 

2010), adjusted to a 0 to 1 scale where 1 represents maximal diversity. We intend this 

measure to distil otherwise complex prescription data into a single metric that summarises 

the propensity of prescribers towards particular PCs within a PF. The PD equation is as 

follows: 

𝑃𝐷𝑖 = 1 − 
∑ 𝑛𝑝𝑖(𝑛𝑝𝑖 − 1)

𝑁𝑃𝑖(𝑁𝑃𝑖 − 1)
 

Where i = individual practice; np = number of prescriptions of a particular PC within a PF, and 

NP = total number of prescriptions within a PF. For example, take practice ‘A’: a particular 

PF, ‘X’, contains 4 PCs known as X1, X2, X3 and X4 respectively. Practice ‘A’ prescribed a PA 

within the PF ‘X’ on 2,000 occasions within the surveillance period, these PA prescriptions 
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were split by PC as follows: X1 = 800, X2=400, X3=400, X4=400. The completed equation 

would therefore appear as thus: 

𝑃𝐷𝐴 =  1 −  

((800 × (800 − 1) + (400 × (400 − 1)

+(400 × (400 − 1)  + (400 × (400 − 1))

2000 × (2000 − 1)
 

𝑃𝐷𝐴  = 0.72 

Due to some PFs containing a greater range of available PCs, each PF will possess a natural 

PD limit. For example, a ‘completely diverse’ PF (where all available PCs have been prescribed 

evenly) containing four PCs will possess a PD of 0.75, whereas a PF containing eight PCs will 

possess a PD of 0.88. As such, PD should be interpreted only within a PF, and should not be 

used for comparisons with other PFs. Here, we benchmarked practices against each other, 

rather than against each PFs theoretical maximum PD, to avoid establishing practically 

unreachable ‘targets’. 

 

For brevity we demonstrated the application of the PD metric using the five main PFs 

associated with treating infectious agents (antimicrobial, antimycotic, ectoparasiticide, 

endectocide and endoparasiticide); these are all commonly prescribed in all three species 

and have critical relevance in the context of antimicrobial resistance to both animals and 

humans (Cuny et al., 2015; Zhang, 2016). 

 

4.3.4 Co-prescription network 

Co-prescription was here defined as prescription of two or more PAs belonging to a different 

PF within the same booked consultation. Three co-prescription networks were created for 

each species, using social network analytical methods, via the igraph package available in R 

(Csardi and Nepusz, 2006). A node referred to a particular PF, with the size of the node being 

relative to frequency of prescription. An edge referred to a co-prescription event between 

different PFs, with edge weight being relative to frequency of co-prescription. As a number 

of PFs were rarely prescribed and some co-prescription links were uncommon, the networks 

were then sparsified, retaining PF nodes that contributed 0.5% or more to total prescriptions, 

and edges that contributed in excess of the mean co-prescription frequency for each of the 

three networks. The network was then examined for group structure via a propagating label 

algorithm, with the aim of defining PF groups of preferential co-prescription. In short, this 

algorithm utilised the structure of the network itself by enabling a uniquely labelled node to 

adopt the label that the majority of its neighbours possess in an iterative process until groups 
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of densely connected nodes (if present) formed a consensus on a single label, indicating 

presence of a group (Raghavan et al., 2007b). A visual summary of this methodological 

process can be observed in Figure 4.1. 

 

 
Figure 4.1: Pharmaceutical co-prescription network model construction, sparsification and formation 
to detect group structure. Size of each Pharmaceutical Family (PF) node is relative to number of 
prescriptions, and edge width is relative to frequency of co-prescription between each PF. Diagrams 
refer to points along final model formation as follows: (A) Pharmaceutical class-level co-prescription 
network; (B) PF-level co-prescription network; (C) Prescription frequency sparsified; (D) Co-
prescription frequency sparsified; (E) Dogs: Final model with group structure (E), cats (F), and rabbits 
(G). AB = antimicrobial; AF = anti-inflammatory; AM = antimycotic; CVS = cardiovascular; ECT = 
ectoparasiticide; EDC = endocrine; END = endectocide; ENDO = endoparasiticide; EUTH = euthanasia; 
GI = gastrointestinal; NEUR = neurological; REP = replacement agent; V = vaccine. 

 

4.3.5 Statistical analysis 

Consultation and prescription-level proportions and confidence intervals were calculated to 

adjust for clustering (bootstrap method, n = 5000 samples) within sites and at animal level 

within practices (AOD, 2016). Repeat prescriptions for the same animal were considered 

separately in consultation-level analyses. A pairwise Wilcoxon rank sum test with Bonferroni 

correction to account for multiple comparisons (hence, ‘Wilcoxon’) was performed to 
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examine PF variability (calculated at practice-level) between animal species for selected PFs. 

Kendall correlations (t test to reject null hypothesis) were performed for testing the 

association between PD and the total number of consults contributed by each practice, and 

PD and the number of PA prescription events by each practice for dogs, cats, and rabbits for 

selected PFs. Statistical significance was defined as P < 0.05 and all analyses were carried out 

using R version 3.4.1. 

 

4.4 Results 

Data were available from 413,870 dogs (from 918,333 EHRs), 200,541 cats (352,730 EHRs) 

and 13,398 rabbits (22,526 EHRs). This yielded a total number of 1,241,888 recorded PA 

prescription events in dogs; 490,872 in cats, and 18,530 in rabbits. The percentage of booked 

consultations where at least one prescription was recorded was 65.4% (95% confidence 

interval (CI) 64.6-66.3) in dogs; whereas in cats it was 69.0% (CI 67.9-70.1), and in rabbits it 

was 56.4% (CI 54.8-57.9). Dogs recorded at least one prescription event for all 26 

Pharmaceutical Families (PFs) whereas cats recorded prescription for 24 PFs and rabbits, 17 

PFs. Vaccines were the most commonly prescribed PF in all species, though rabbits (21.6%, 

CI 20.2-23.0) were less commonly prescribed vaccines than dogs (27.9%, CI 27.0-28.9) or cats 

(30.2%, CI 29.1-31.3). Conversely, rabbits were euthanised the most frequently (4.3%, CI 4.0-

4.7) compared to dogs (1.0%, CI 1.0-1.1) or cats (2.3%, CI 2.2-2.4) (Table 4.1). At the individual 

animal level, 81.2% of dogs (CI 80.3-82.0) and 81.3% of cats (CI 80.4-82.3) had been 

prescribed at least one PA within the 2-year study period; levels were lower in rabbits (68.4%; 

CI 66.7-70.1). 

 

4.4.1 Authorisation 

Overall prescription of PAs authorised for human use only (human-authorised) were 

relatively low in each species. In dogs, 5.0% (CI 4.6-5.4) were human-authorised, 93.0% (CI 

92.5-93.5) of prescriptions were authorised for veterinary use, and 1.9% (CI 1.7-2.1) generic. 

In cats 2.8% (CI 2.6-3.0) were human-authorised, 95.9% (CI 95.6-96.2) veterinary-authorised, 

and 1.3% (CI 1.1-1.5) generic. In rabbits 7.7% (CI 6.5-9.0) were human-authorised, 89.7%       

(CI 88.3-91.2) veterinary-authorised, and 2.5% (CI 2.0-3.0) generic. A summary of the 

percentage of PA prescriptions which utilised products authorised for human-only use by PF 

can be seen in Table 4.2.  
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Table 4.1: Rate per 10,000 consultations for dogs, cats and rabbits where a particular pharmaceutical 
family (PF) was prescribed. 

Pharmaceutical  
family (PF) 

Dog Cat Rabbit 
Rate per 10,000 

consults 
95% Conf. 

interv. 
Rate per 10,000 

consults 
95% Conf. 

interv. 
Rate per 10,000 

consults 
95% Conf. 

interv. Allergy 36 31-42 5 4-6 0 - 
Anabolic 2 2-3 34 25-43 1 0-3 
Anti-infective 0.01 0.00-0.03 0 - 0 - 
Anti-inflammatory 1916 1848-1982 1783 1711-1857 1246 1170-1322 
Antimicrobial 1879 1820-1938 1749 1685-1814 1653 1551-1754 
Antimycotic 394 380-408 74 69-79 52 41-63 
Antiviral 0.01 0.00-0.03 2 1-2 0 - 
Bladder 0.03 0.00-0.08 0.3 0.0-0.5 0 - 
Cardiovascular 101 94-108 137 124-151 11 6-16 
Chemotherapeutic 3 2-4 3 2-4 0 - 
Diagnostic 0.2 0.1-0.4 0.1 0.0-0.2 0.4 0.0-1.3 
Ectoparasiticide 965 882-1048 1342 1248-1435 124 103-145 
Endectocide 1161 1069-1252 1673 1570-1775 334 300-369 
Endocrine 43 38-48 142 129-155   
Endoparasiticide 944 872-1016 1415 1332-1500 246 209-282 
Euthanasia 103 97-110 229 217-240 431 395-467 
Gastrointestinal 263 247-278 196 178-214 624 565-683 
Hormone 37 33-40 14 8-20 2 0-4 
Immunosuppression 34 31-38 6 5-7 0 - 
Liver 3 3-4 4 3-4 0 - 
Neurological 378 348-407 214 190-238 263 209-317 
Ocular 19 14-25 5 4-6 12 5-18 
Renal 50 20-70 0 - 0 - 
Replacement agent 49 42-56 129 111-146 74 52-96 
Respiratory 13 11-16 28 23-32 12 7-18 
Vaccine 2792 2700-2885 3023 2913-3132 2159 2020-2298 

 

 

Table 4.2: Summary of pharmaceutical agent prescriptions for dogs, cats, and rabbits summarised by 
pharmaceutical family (PF), and the percentage of total prescription events for each PF that included 
products authorised for human use only (Human). 

Pharmaceutical 
family 

Dog Cat Rabbit 
Number (%) of  

prescriptions 
Human  

(%) 
Number (%)  

of prescriptions 
Human  

(%) 
Number (%)  

of prescriptions 
Human  

(%) 

Vaccine 324727 (26.1) - a 110245 (22.5) - 4907 (26.5) - 
Antimicrobial 218700 (17.6) 11.4 71088 (14.5) 5.7 4481 (24.2) 10.9 
Anti-inflammatory 209644 (16.9) 3.2 77244 (15.7) 1.6 3132 (16.9) 3.6 
Endectocide 113887 (9.2) 0.0 63401 (12.9) 0.0 765 (4.1) 0.0 
Endoparasiticide 108802 (8.8) 0.0 59997 (12.2) 0.0 556 (3.0) 0.0 
Ectoparasiticide 98768 (8.0) 0.0 55895 (11.4) 0.0 285 (1.5) 0.0 
Neurological 49241 (4.0) - 11899 (2.4) - 1037 (5.6) - 
Antimycotic 36766 (3.0) 0.3 2611 (0.5) 0.1 118 (0.6) 0.8 
Gastrointestinal 30981 (2.5) 33.9 8962 (1.8) 51.3 1914 (10.3) 35.8 
Cardiovascular 14554 (1.2) 5.2 6720 (1.4) 26.8 29 (0.2) 34.5 
Euthanasia 10057 (0.8) - 8458 (1.7) - 1051 (5.7) - 
Replacement agent 7320 (0.6) - 5316 (1.1) - 188 (1.0) - 
Endocrine 4235 (0.3) 14.8 5443 (1.1) 0.7 0  
Hormone 3452 (0.3) 0.3 496 (0.1) 0.0 5 (0.03) 0.0 
Allergy 3381 (0.3) 100.0 186 (0.04) 100.0 0  
Immunosuppression 3285 (0.3) 7.1 207 (0.04) 1.0 0  
Ocular 1861 (0.1) 99.9 186 (0.04) 100.0 27 (0.2) 100.0 
Respiratory 1305 (0.1) 2.5 1010 (0.2) 6.8 31 (0.2) 0.0 
Chemotherapeutic 319 (0.03) 87.1 116 (0.02) 94.0 0  
Liver 304 (0.02) 100.0 125 (0.03) 100.0 0  
Anabolic 219 (0.02) 0.0 1201 (0.2) 0.0 3 (0.02) 0.0 
Renal 49 (0.004) 100.0 0  0  
Diagnostic 26 (0.002) 100.0 4 (0.001) 100.0 1 (0.01) 100.0 
Bladder 3 (0.0002) 100.0 9 (0.002) 100.0 0  
Anti-infective 1 (0.0001) 100.0 0  0  
Antiviral 1 (0.0001) 0.0 53 (0.01) 66.0 0  

a Not able to accurately estimate 
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The three most commonly prescribed human-authorised PAs in dogs were metronidazole 

(antimicrobial), tramadol (neurological), and ranitidine (gastrointestinal), representing 

16.3%, 12.0% and 11.9% of total human-authorised prescriptions in dogs, respectively. This 

compared with ranitidine (gastrointestinal), dexamethasone (anti-inflammatory) and 

neomycin sulphate (antimicrobial) in cats, representing 13.0%, 7.5% and 7.2% of total 

human-authorised prescriptions in cats, respectively. The three most commonly prescribed 

human-authorised PAs in rabbits were ranitidine (gastrointestinal), trimethoprim 

potentiated sulfamethoxazole (antimicrobial) and cisapride (gastrointestinal), representing 

37.5%, 9.7% and 8.7% of total human-authorised prescriptions in rabbits, respectively. 

 

4.4.2 Pharmaceutical class and prescription diversity 

For the five PFs analysed (antimicrobial, antimycotic, ectoparasiticide, endectocide and 

endoparasiticide) we found key differences between species at the level of PC, particularly 

for antimicrobial prescription. For dogs, the most commonly prescribed antimicrobial was 

clavulanic acid potentiated amoxicillin (28.6% of antimicrobial prescriptions); for 

antimycotics, imidazoles (59.5%); for ectoparasiticides, neonicotinoids (75.6%); for 

endectocides, milbemycin (96.9%), and for endoparasiticides, quinolines (77.7%)                     

(see Appendix Three: Table 3.4). 

 

For cats, the most commonly prescribed antimicrobial was 3rd generation cephalosporins 

(36.2% of antimicrobial prescriptions); for antimycotics, polyenes (58.4%); for 

ectoparasiticides, neonicotinoids (64.5%); for endectocides, milbemycin (86.7%), and for 

endoparasiticides, quinolines (81.4%) (see Appendix Three: Table 3.5). 

 

For rabbits, fluoroquinolones represented the most commonly prescribed antimicrobial 

(49.4% of antimicrobial prescriptions); for antimycotics, polyenes (51.7%); for 

ectoparasiticides, insect growth regulators (59.0%); for endectocides, avermectins (98.4%), 

and for endoparasticides, benzimidazoles (98.4%) (see Appendix Three: Table 3.6). 

 

PD was calculated for each of the five exemplar PFs across all contributing veterinary 

practices (Table 4.3). Dogs (median PD 0.83) showed significantly greater antimicrobial PD 

compared to cats (median PD 0.75) and rabbits (median PD 0.64). Similarly, cats reported 

greater PD compared to rabbits (Wilcoxon P < 0.001 for all comparisons). In dogs, practices 

reporting higher PD values tended to contribute more canine consultations (Kendall 
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correlation, τ = 0.18, P < 0.001) and more antimicrobial prescriptions (Kendall correlation, τ 

= 0.17, P < 0.001) to the project, though these relationships were weak. 

 

Table 4.3: Summary of pharmaceutical classes (PC) prescribed and median prescription diversity (PD) 
for five exemplar pharmaceutical families (PF) in dogs, cats and rabbits. 

Pharmaceutical 
Family (PF) 

Species 
species 

Total classes 
prescribed 

Median classes 
prescribed 

Median PD 

Antimicrobial Dog 21 13 0.83 

 Cat 20 10 0.75 

 Rabbit 17 4 0.64 

Antimycotic Dog 8 2 0.44 

 Cat 4 2 0.44 

 Rabbit 4 1 0.00 

Ectoparasiticide Dog 9 5 0.14 

 Cat 7 3 0.23 

 Rabbit 5 2 0.33 

Endectocide Dog 2 2 0.00 

 Cat 2 2 0.02 

 Rabbit 2 1 0.00 

Endoparasiticide Dog 4 3 0.12 

 Cat 4 3 0.14 

 Rabbit 4 1 0.00 

 

Considering antimycotic prescription, no significant variation was observed between dogs 

(median PD 0.44) and cats (median PD 0.44; Wilcoxon P = 1.00); dogs and rabbits (median 

PD 0.00; Wilcoxon P = 0.35), or cats and rabbits (Wilcoxon P = 0.77). In dogs, practices 

reporting higher PD values tended to also contribute more consultations (Kendall 

correlation, τ = 0.13, P = 0.01) and antimycotic prescriptions (Kendall correlation, τ = 0.10,     

P = 0.03) to the project, though these relationships were weak. 

 

For ectoparasiticide prescription, no significant variation was observed between dogs 

(median PD 0.14) and cats (median PD 0.23; Wilcoxon P = 0.50); dogs and rabbits (median 

PD 0.33; Wilcoxon P = 1.00), or cats and rabbits (P = 1.00). In both dogs (Kendall correlation, 

τ = 0.25, P < 0.001) and cats (Kendall correlation, τ = 0.13, P = 0.01), practices reporting higher 

ectoparasiticide PD values also tended to contribute more consultations to the project, 

though these relationships were weak. 

 

For endectocide prescription, dogs (median PD 0.00) were significantly less diverse than cats 

(median PD 0.02) and rabbits (median PD 0.00); cats were significantly more diverse than 

rabbits (Wilcoxon P < 0.001 for all comparisons). In both dogs (Kendall correlation, τ = 0.18, 
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P < 0.001) and cats (Kendall correlation, τ = 0.17, P < 0.001), practices reporting higher PD 

values also tended to contribute more consultations, though these relationships were weak. 

 

Regarding endoparasiticide prescription, dogs (median PD 0.12) showed significantly greater 

diversity compared to rabbits (median PD 0.00; Wilcoxon P < 0.001). Cats (median PD 0.14) 

also showed significantly greater diversity compared to rabbits (Wilcoxon P < 0.001), though 

no significant difference was observed between dogs and cats (Wilcoxon P = 1.00). In both 

dogs and cats, practices reporting higher PD values also tended to contribute a greater 

number of consultations (Kendall correlation, dogs; τ = 0.16, P < 0.001 and cats; τ = 0.25,          

P < 0.001) and prescriptions (Kendall correlation, dogs; τ = 0.10, P = 0.03 and cats; τ = 0.22,    

P < 0.001) to the project, though these relationships were weak. 

 

 
Figure 4.2: Antimicrobial prescription: Practice-level comparison of dog and cat antimicrobial 
prescription diversity (PD) and the proportion of consultations where an antimicrobial was prescribed 
as a proportion of total consultations contributed by each practice (n = 216). Blue lines refer to the 
means and associated 95% confidence intervals of each metric. Point size is relational to number of 
consultations contributed by each practice where increased point size indicates a greater relative 
contribution. The contour plot indicates point density, with red indicating maximal point density. 

 

For dogs and cats, the antimicrobial PF was selected for further demonstration of how PD 

might be developed into a benchmark; both on a practice and population-level. At the 

practice-level no significant correlation was observed between antimicrobial PD and the 

frequency with which antimicrobials were prescribed as a percentage of total booked 

consultations (hence, ‘prescription frequency’) in dogs (Kendall correlation, τ = 0.07, P = 0.12) 

or cats (Kendall correlation, τ = -0.07, P = 0.11), though a clear single cluster was observed in 

both species (Figure 4.2). Figure 4.3 displays a suggested practice summary whereby each 
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contributory practice can be been ranked into quintiles based separately on their values for 

antimicrobial PD and prescription frequency. 

 

 
Figure 4.3: Antimicrobial prescription: Dog and cat antimicrobial prescription frequency (as a 
percentage of total consultations) and antimicrobial Prescription Diversity (PD) practice-level 
benchmarking matrix. Prescription frequency and PD were ranked separately by practice (n = 216) and 
sorted into evenly spaced quintiles (1 = lowest prescription frequency and PD) before being 
summarised by the number of practices that placed into each of the pairwise quintile groups. 

 

Antimicrobial prescriptions were finally classified by route of administration and by main 

presenting complaint. Significant practice-level PD variation was observed between dogs 

(median PD 0.66) and cats (median PD 0.62) for antimicrobials authorised for systemic 

administration (Wilcoxon P < 0.001). Similarly, significant variation was observed between 

dogs (median PD 0.66) and cats (median PD 0.60) for antimicrobials authorised for topical 

administration (Wilcoxon P < 0.001), suggesting that dogs were prescribed a more diverse 

range of antimicrobials than cats across both administration categories. For systemically-

authorised antimicrobials, PD was further compared against prescription frequency. Some 

main presenting complaints showed notable variation in PD between species despite similar 

prescription frequencies e.g. pruritus and post-operative care (Table 4.4). 

 

4.4.3 Pharmaceutical agent co-prescription 

In dogs, co-prescription occurred in 40.4% (n = 243,038) of total prescribing consultations; 

this compared with 44.6% for cats (n = 108,546) and 22.8% (n = 2,884) of total prescribing 

consultations for rabbits. Antimicrobials and anti-inflammatories were the most commonly 
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co-prescribed PFs in dogs and rabbits; however in cats the most commonly co-prescribed PFs 

were endoparasiticides and endectocides (see Appendix Three: Table 3.7). 

 

Sparsified co-prescription networks for dogs, cats and rabbits fitted to detect group structure 

can be seen in Figure 4.1E-G. Co-prescription formed into three equivalent groups for all 

three species. The first group (Figure 4.3, Group 1) included vaccines and parasiticides; the 

second group (Figure 4.1, Group 2) contained a number of PFs generally focused on treating 

‘unhealthy’ animals, with antimicrobials and anti-inflammatories being central to this group. 

The third group (Figure 4.1, Group 3) consisted entirely of PAs only associated with 

euthanasia. Not surprisingly, euthanasia appeared completely separate from any other node 

in all three networks, suggesting lack of network membership. Cat co-prescriptions formed 

a fourth isolated group consisting entirely of the endocrine PF (Figure 4.1, Group 4). 

 

Table 4.4: Systemically-authorised antimicrobial prescription frequency (percentage of consultations 
where a systemically-authorised antimicrobial was prescribed) and median prescription diversity (PD) 
in dogs and cats, grouped by main presenting complaint. 

Main 
presenting 
complaint 

Dog  Cat  

Prescription 
frequency (%) 

Median 
PD 

Prescription 
frequency (%) 

Median 
PD 

Gastroenteric 38.2 0.57 28.9 0.67 
Respiratory 40.4 0.56 49.9 0.64 
Pruritus 25.5 0.58 24.9 0.38 
Trauma 21.3 0.46 50.1 0.56 
Tumour 17.5 0.60 19.8 0.60 
Kidney disease 26.8 0.45 18.9 0.50 
Other unwell 20.3 0.62 24.9 0.61 
Post-operative 9.9 0.56 9.6 0.67 
Other healthy 1.4 0.66 8.4 0.62 
Vaccination 7.0 0.74 1.4 0.67 

 

4.5 Discussion 

Electronic health records (EHRs) collected at scale can complement existing 

pharmacovigilance data, and provide new insight into the efficacy, and risks, of PA 

prescription and co-prescription in genetically and phenotypically heterogeneous 

populations. Here we describe a new methodology that enables variable EHR prescription 

data to be mapped to standardised terms, providing a first broad overview of both 

veterinary- and human-authorised prescription in a large population of companion animal-

treating veterinary practices. We further proposed a new diversity metric for quantifying 

prescription variability at population- and practice-levels. Finally, co-prescription was 
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common and, through novel application of network analyses, divided into three preferential 

co-prescription groups corresponding to ‘healthy’, ‘unhealthy’ or ‘euthanasia’ consultations. 

 

Currently, estimates of companion animal veterinary-authorised PA prescription are limited 

to information provided by Market Authorisation Holders at a wholesale level (Hunt et al., 

2015a; Hunt et al., 2015b) and sporadic research papers in response to issues of current 

importance, such as antimicrobial resistance (Buckland et al., 2016; Singleton et al., 2017). 

By making PA prescriptions accessible from EHRs, we can now expand monitoring to all PFs 

across a range of species. We show that PA prescription was common in this population, 

particularly in dogs and cats in comparison to rabbits. Vaccines were the PF prescribed most 

frequently in all species, reaffirming the importance of preventive health consultations in 

veterinary practice (Robinson et al., 2015), and the continued perceived importance of 

sometimes life threatening vaccine-preventable infections in cats (Afonso et al., 2017; Day 

et al., 2016), dogs (Clegg et al., 2011; Day et al., 2016) and rabbits (Westcott and Choudhury, 

2015). 

 

Population data on PA prescriptions utilising products authorised for human use alone are 

extremely limited, despite such products forming an important treatment option for 

companion animals (Buckland et al., 2016; Hunt et al., 2015b; Singleton et al., 2017). 

Prescription of human-authorised products has the potential to increase the risk of adverse 

drug reactions in animals, and such cases have been described (Diesel, 2015; Giuffrida, 2016; 

Short et al., 2014). However, the Market Authorisation Holder has no obligation to 

investigate adverse drug reaction reports when a human-authorised product is prescribed to 

an animal (Diesel, 2015), meaning that safety knowledge regarding such products is limited. 

Here we have been able to identify the most commonly prescribed human-authorised PAs in 

this population. We found that ranitidine, a H2 histamine receptor antagonist, was a 

commonly prescribed human-authorised PA in all three species, despite another H2 

histamine receptor antagonist (cimetidine) being authorised for canine use. This might be 

due to a prokinetic effect produced by ranitidine in contrast to cimetidine, or the availability 

of ranitidine in an oral liquid form, amongst other factors (Ramsey, 2017a, b). 

 

Although metronidazole was frequently prescribed, the authorisation of a veterinary-

authorised metronidazole formulation in December 2015 means that human-authorised 

metronidazole prescription is likely to decrease (VMD, 2018c). Hunt et al. (2015) previously 
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identified tramadol as a frequently prescribed human-authorised PA in dogs, its popularity 

possibly due to it being an alternative to non-steroidal anti-inflammatory drugs. We found 

that rabbits were prescribed human-authorised PAs more frequently than dogs or cats. This 

might reflect a greater propensity towards prescribing PFs more commonly associated with 

human-authorised PA prescription e.g. the gastrointestinal PF, and/or a relative paucity of 

rabbit-authorised PAs - there is little economic benefit to investing in a marketing 

authorisation for a relatively ‘minor species’. 

 

It is of tantamount importance, especially regarding antimicrobial stewardship, to develop 

summary prescription statistics that are accessible to practising veterinary surgeons, 

researchers and policy makers alike. In ecology, species diversity calculations are used to 

summarise species variety and frequency ‘captured’ within a particular area/time (Allaby, 

2010). Using similar approaches (modified Peterson Index), interventional studies within 

human hospitals showed an association between increased antimicrobial prescription 

diversity and concurrent decreased resistant bacteria prevalence (Sandiumenge et al., 2006; 

Takesue et al., 2010). We initially attempted this approach, though the more varied nature 

of the SAVSNET population produced findings that were heavily influenced by the number of 

prescriptions recorded by each veterinary practice (data not presented). It was hence 

concluded that a modification of the Simpson’s Diversity Index (Allaby, 2010) would provide 

a more appropriate measure in this population. 

 

In the SAVSNET population we found that rabbits were generally associated with less diverse 

prescription compared to dogs or cats, possibly again reflecting a paucity of authorised PAs 

in rabbits. Across all species, in many cases a single PC was pre-dominantly prescribed within 

a PF, potentially reflecting practice policy and/or PA ‘on-shelf’ availability. We further found 

variation between clinical presentations not immediately apparent by examining 

prescription frequency alone. This was particularly apparent for pruritus, where cats 

displayed reduced systemically-authorised antimicrobial prescription diversity compared to 

dogs, despite similar prescription frequency. This is consistent with the relative prescription 

dominance of particular antimicrobial classes in cats as previously reported (Buckland et al., 

2016; Burke et al., 2017; Singleton et al., 2017). A weak, inconsistent level of correlation was 

noted between prescription diversity and the number of consultations and prescriptions 

provided by each veterinary practice. This might reflect greater case or care diversity in larger 

veterinary practices. Of course many factors may impact on prescription diversity in a 
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population such as that sampled by SAVSNET, including market dominance, standard 

operating procedures, perceived or actual leaders in efficacy, habit and preferred suppliers, 

especially since the emergence of veterinary sector corporatisation. We propose the 

methods presented here as a simple means to describe prescription variability between sub-

populations at local practice and national levels. 

 

The issue of polypharmacy is of increasing importance to human medicine, particularly in 

association with an ageing population (Urfer et al., 2016); the same is likely to be true of 

veterinary medicine (Hunter and Isaza, 2017). Whilst prescription of multiple PAs might be 

wholly appropriate to combat complex clinical situations, drug-drug interactions have been 

identified as a major cause of adverse drug reactions (Cavallo et al., 2013; Sutherland et al., 

2015). As veterinary prescribing broadens in scope and complexity (Riviere, 2007), there is 

concern that understanding of veterinary drug-drug interactions is limited (Aidasani et al., 

2008), resulting in under-recognition and under-reporting of adverse drug reactions 

(Belshaw et al., 2016; Hunt et al., 2015a; Hunt et al., 2015b). Instigating routine co-

prescription surveillance in veterinary practice would provide clear targets for drug-drug 

interaction studies that would enable anticipation of, rather than reaction to, adverse drug 

reaction reports (Aidasani et al., 2008). EHR surveillance could further complement existing 

voluntary veterinary reporting, potentially also providing real-time feedback of immediate 

benefit to the patient (Page et al., 2017). 

 

Pharmaceutical co-prescription was shown to be common in all species in this population, 

though less common for rabbits. Whilst social network analysis has traditionally been 

associated with social science research, its potential for health research is being increasingly 

realised (Valente, 2010). There have been some attempts to visualise co-prescription 

networks in public health studies (Cavallo et al., 2013; Sutherland et al., 2015), though to the 

authors knowledge none yet exist in veterinary medicine. The methods presented here 

identified three similar co-prescription groups summarised as ‘healthy’ consultations 

primarily concerned with preventive health, ‘unhealthy’ consultations primarily concerned 

with treating disease, and ‘euthanasia’ consultations. This pattern would be familiar with 

most veterinary surgeons (Robinson et al., 2015), and provides confidence that this method 

might be of use for identifying previously unobserved co-prescription trends when applied 

to particular sub-populations of animals and/or clinical presentations. Cats also 

demonstrated a fourth group concerned with treatment of endocrine disorders; highlighting 
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increased disorder prevalence in this species e.g. hyperthyroidism (Higgs et al., 2014). Some 

of the PFs that appeared to be preferentially co-prescribed, notably parasiticides, are likely 

the result of multivalent products. 

 

There are some limitations with utilising EHRs for the purpose described in this study. 

Reporting of PA prescriptions depends on veterinary practitioners recording PAs within their 

practice management software; as such unrecorded products or products described in a 

fashion that was impossible for the method described here to identify would be missed. 

Prescription events were considered on a consultation-by-consultation basis; hence, 

prescription frequency might be relatively over-stated for PAs where repeated 

prescriptions/applications could be expected, such as vaccinations or PAs associated with 

management of chronic conditions. Whilst the aim of this study was to broadly monitor and 

classify PAs into a single hierarchy based on the most likely intended use of such PAs, it is 

clear that many PAs can be administered for multiple purposes e.g. corticosteroids as anti-

inflammatories or immunosuppressives (Cohn, 2010); it was beyond the scope of this study 

to explore motivation for prescription in individual cases, though this could be achieved via 

linkage of prescription data presented here to free text information in the clinical narrative 

(Burke et al., 2017; Radford et al., 2011). Practices contributing data to SAVSNET are 

recruited on convenience so cannot necessarily be considered to be representative of the 

wider UK population. The main presenting complaint function does enable all consultations 

to be encoded; however variable interpretations of the main presenting complaint is 

possible. 

 

4.6 Conclusion 

We have developed pharmacosurveillance tools to enable identification, description and 

benchmarking of all PA prescriptions, including those authorised for human use only, utilising 

EHR data collected from a large-scale population of companion animal-treating veterinary 

practices. Here we have demonstrated pharmaceutical agents authorised for human use only 

that are commonly prescribed to companion animals; these should be prioritised for further 

efficacy and risk investigation. We have established prescription diversity as a useful research 

tool to identify previously hidden population-level prescription behaviour, and suggest this 

metric as a useful addition to practice-level benchmarking capability. Finally, though co-

prescription data can be of considerable complexity, we have suggested a simple means by 

which these data can be simplified to uncover findings of value to the veterinary profession.
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5.1 Abstract 

Canine acute diarrhoea is frequently observed in first opinion practice, though little is known 

about diagnostic or therapeutic management plans commonly employed by veterinary 

surgeons. This retrospective observational study utilised electronic health records (EHRs) 

collected from 179 volunteer veterinary practices between April 2014 and January 2017. We 

used multivariable analysis to explore factors potentially associated with pharmaceutical 

agent prescription, and resolution of clinical signs by ten days post-initial presentation. In 

total, 3,189 acute, first presentation diarrhoea cases (3,159 individual dogs) were analysed. 

Use of diagnostic tests at initial presentation was uncommon, representing 9.0%                    

(95% confidence interval, CI, 7.7-10.3) of cases, bacteriology and parasitology being the most 

commonly used test (3.2% of cases, CI 2.4-4.0). However, 78.4% of cases were prescribed at 

least one pharmaceutical agent (CI 76.3-80.5), with systemic antimicrobials the most 

commonly prescribed agent (49.7% of cases, CI 46.1-53.2). Gastrointestinal nutraceuticals 

(e.g. probiotics) were also commonly dispensed (60.8%, CI 57.1-64.6), though considerable 

case management variability was observed. Diarrhoea with blood was associated with 

significantly increased odds of a systemic antimicrobial being prescribed (odds ratio, OR, 4.1; 

CI 3.4-5.0), as were moderate/severe cases (OR 1.3, CI 1.1-1.7), body temperature in excess 

of 39.0°C, or increased age at initial presentation. Odds of gastrointestinal agent (e.g. 

antacids) prescription were increased in older dogs, and were also increased in dogs reported 

as vomiting, with (OR 46.4, CI 19.4-110.8) or without blood (OR 17.1, CI 13.4-21.9). Odds of 

endoparasiticide/endectocide prescription were reduced in older animals or for moderate / 

severe cases (OR 0.5, CI 0.4-0.7), though increased when weight loss was recorded (OR 3.4, 

CI 1.3-9.0). Similarly, odds of a gastrointestinal nutraceutical being dispensed was increased 

for younger animals, but reduced for moderate/severe cases (OR 0.6, CI 0.5-0.8). Nearly a 

quarter of cases were lost to follow-up (n = 754). Insured (OR 0.7, CI 0.5-0.9); neutered (OR 

0.4, CI 0.3-0.5), or vaccinated dogs (OR 0.3, CI 0.3-0.4) were associated with decreased losses 

to follow-up. Of remaining dogs, clinical signs were resolved in 95.4% of cases (CI 94.6-96.2) 

by ten days post-initial presentation; no significant associations were found between 

pharmaceutical prescription and odds of case resolution ten days post-initial presentation. 

This study successfully demonstrated the utility of using combined questionnaire, signalment 

and free text EHR data to reveal important associations between clinical presentation and 

pharmaceutical agent choice in acute canine diarrhoea. There is a need for an improved 

follow-up methodology to be able to more definitively identify case resolution in future 

longitudinal EHR studies.  
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5.2 Introduction 

Acute diarrhoea commonly affects dogs (Pugh et al., 2017). Whilst the majority of cases are 

mild and self-limiting not necessitating specific veterinary intervention (Arsevska et al., 2017; 

German et al., 2010), investigation/treatment of acute diarrhoea cases still represents a 

major component of first opinion practice (Anholt et al., 2014b; Arsevska et al., 2017; Jones 

et al., 2014; Sanchez-Vizcaino et al., 2015; Stavisky et al., 2011). Aetiology is complex, with a 

range of infectious agents (Caddy, 2018; Marks et al., 2011; Mortier et al., 2015; Sokolow et 

al., 2005; Stavisky et al., 2011; Unterer et al., 2015) and non-infectious lifestyle factors, such 

as a history of scavenging or being fed a home-cooked diet, being implicated (Jones et al., 

2014; Pugh et al., 2017; Stavisky et al., 2011), though the precise role these might play 

remains a topic of considerable debate (Busch et al., 2015; Krentz and Allen, 2017; Leipig-

Rudolph et al., 2018; Marks et al., 2011; Unterer et al., 2014). 

 

Regarding diarrhoea management strategies, due largely to the increasing threat posed by 

antimicrobial resistance (O'Neill, 2016), assessing the need for antimicrobial therapy has 

formed a particular focus for research. Antimicrobial prescription has been recorded in up to 

70% of canine diarrhoea cases (Anholt et al., 2014b; German et al., 2010; Jones et al., 2014; 

Radford et al., 2011; Singleton et al., 2017), with reported pyrexia or haemorrhagic diarrhoea 

being associated with increased odds of an antimicrobial being prescribed (German et al., 

2010; Jones et al., 2014). This likely reflects a perception that bacteraemia is more likely to 

occur in such cases (Krentz and Allen, 2017). However, recent investigations of Acute 

Haemorrhagic Diarrhoea Syndrome (AHDS) has questioned whether antimicrobial therapy 

has an impact on recovery likelihood (Mortier et al., 2015; Unterer et al., 2011) and indeed 

whether antimicrobials should be prescribed at all (Busch et al., 2015; Dunowska, 2017; 

Mortier et al., 2015).  

 

Expanding beyond antibiosis, management strategies frequently encompass other 

pharmaceutical agents as primary diarrhoea therapies (Epe et al., 2010), or to manage 

associated clinical signs (German et al., 2010). Additionally, the potential utility of 

gastrointestinal nutraceuticals (including prebiotics, probiotics, adsorbents, and motility 

modifiers) has attracted recent attention (Rose et al., 2017; Schmitz and Suchodolski, 2016), 

though evidence of in vivo efficacy remains limited (Schmitz and Suchodolski, 2016). There 

is clearly a need to understand how veterinary surgeons currently manage canine acute 
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diarrhoea cases, what factors are likely implicated in therapeutic decision making, and 

whether these actions reflect best available evidence. 

 

Wide-scale electronic health record (EHR) analysis has significant potential to provide a 

robust evidence-base for companion animal clinical practice (O'Neill et al., 2014b). Such 

studies have successfully characterised, through use of questionnaires (Arsevska et al., 2017; 

Jones et al., 2014; Sánchez-Vizcaíno et al., 2015) or clinical narrative analyses (Anholt et al., 

2014b; German et al., 2010; Radford et al., 2011), issues surrounding canine gastroenteric 

disease. This study aimed to combine EHR data, including clinical narratives and the free text-

based product description field, with questionnaire data collected from a large network of 

UK veterinary practices to explore factors potentially associated with the decision to 

prescribe pharmaceutical agents or dispense nutraceuticals to dogs presenting with acute 

diarrhoea. We also sought to assess the potential of the EHR to be used for observational 

longitudinal analyses of outcomes after acute disease presentations. 

 

5.3 Materials and methods 

5.3.1 Data collection 

This longitudinal retrospective study analysed EHRs collected from 179 volunteer veterinary 

practices (347 sites) situated in the United Kingdom (UK) that participate in the Small Animal 

Veterinary Surveillance Network (SAVSNET) and utilised the Robovet practice management 

software (Vet Solutions Ltd.). A veterinary practice was defined as a single business, whereas 

the term ‘site’ included all branches that comprised a veterinary practice. These methods are 

fully described elsewhere (Sánchez-Vizcaíno et al., 2015). Briefly, EHRs were collected from 

consultations where a booked appointment was made to see a veterinary professional 

(veterinary surgeon or veterinary nurse) between 1 April 2014 and 31 January 2017. Every 

consultation was classified by the consulting veterinary professional into one of ten 

categories indicating the main reason that the animal was presented, the main presenting 

complaint (MPC) (Singleton et al., 2017). In addition to the MPC, in a random percentage of 

consultations a further questionnaire was completed by the attending veterinary 

professional (Table 5.1). Consultations which had been classified into the ‘gastroenteric’ MPC 

which also had an associated completed questionnaire attached were selected for inclusion 

in this study. 
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A case was defined as a dog presenting for investigation of acute diarrhoea (Table 5.1, 

Question 1) defined as of two days or less duration (Table 5.1, Question 5), where the 

relevant consultation was the first time the animal had presented for investigation of that 

diarrhoeic episode (Table 5.1, Question 4). Consultations were selected for presence of 

diarrhoea but not at the exclusion of other clinical signs. In addition to a range of signalment 

data (e.g. age, sex, breed etc.), the MPC, and the associated questionnaire responses, each 

EHR also included a text-based product description and free text clinical narrative. The 

former was utilised to record everything supplied (prescribed or dispensed) at the time of 

each consultation; the latter was manually interrogated to summarise animal body 

temperature (if recorded). Each EHR also contained a vaccination history; animals were 

defined as currently vaccinated if they had received a vaccination of any composition within 

3.5 years preceding the relevant consultation date (Sanchez-Vizcaino et al., 2017). 

 

Table 5.1: Questions provided to consulting veterinary professionals in approximately 10% of 
consultations (selected at random) where they had selected ‘gastrointestinal’ as the MPC; the main 
reason the owner presented the animal to the practice. 

Question Answer options 
1. Please indicate the clinical signs present Diarrhoea without blood 

Diarrhoea with blood 
Vomiting without blood 
Vomiting with blood 
Melaena 
Weight loss / failure to gain weight 
Poor appetite 
Other 

2. If diarrhoea was present how would you describe it? Small intestinal diarrhoea 
Large intestinal diarrhoea / colitis 
Mixed pattern 
No diarrhoea 
Don’t know 

3. Please indicate disease severity Mild illness i.e. normal apart from GI disease 
Moderately ill 
Severely ill / debilitated 

4. How does this consultation relate to this episode of illness? First presentation 
Revisit / check-up 
Don’t know 

5. How long approximately has the pet had this    episode of 
illness? 

Up to 2 days 
Between 3 days and 2 weeks 
More than 2 weeks – less than 1 month 
1 month and over 
Don’t know 

6. What diagnostic options will be used today for this episode of 
illness? 

None 
Faecal parasitology / bacteriology 
Faecal virology 
Virus serology 
Diagnostic imaging 
Haematology / biochemistry 
Serum B12 / Folate and/or serum TLI 
Canine / feline specific pancreatic lipase 
Urinalysis 
Other 

7. What advice did you give today? Change of diet 
Fasting 
Admit patient for treatment 
Refer patient 
Check-up in near future 
Other 
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5.3.2 Pharmaceutical, nutraceutical or veterinary professional advice identification 

In brief, pharmaceutical agent prescription was identified and classified via the                      

semi-structured text-based product description field of the EHR (Singleton et al., 2018). 

Antimicrobials and anti-inflammatories were further classified by authorised administration 

route into two groups: those agents authorised for systemic administration (oral or 

injectable forms, hence ‘systemic’), and those agents authorised for topical administration 

(aural, ocular, skin). Five pharmaceutical families were selected for further analyses: 

systemic antimicrobials; systemic anti-inflammatories; gastrointestinal agents e.g. antacids, 

gastro-protectants, anti-emetics etc.; endoparasiticide and endectocides, and euthanasia. 

Additionally the product description field was interrogated to identify dispensed 

gastrointestinal nutraceutical products. These were defined as products not listed as 

authorised veterinary or human medicinal products which contained a range of probiotics, 

prebiotics, kaolin etc., and were marketed for the purpose of aiding diarrhoea resolution. 

 

5.3.3 Case follow-up 

As the majority of canine self-limiting diarrhoea cases resolve within a week (Hubbard et al., 

2007), cases were considered as resolved if they did not represent to the veterinary practice 

for a mainly gastroenteric reason between 11 and 30 days post-initial presentation. The 

clinical narratives for all cases re-presenting for examination between 1 and 10 days           

post-initial presentation were additionally read to record explicit mention of diarrhoeic 

clinical sign resolution, and any further pharmaceutical prescriptions provided in this time 

period. Cases were defined as lost to follow-up if they did not re-present to the veterinary 

practice at all by 31 January 2018, or were seen again within 10 days post-initial presentation 

but did not re-present by 31 January 2018. 

 

5.3.4 Statistical analyses 

All analyses were carried out using R language (version 3.4.4). Descriptive proportions and 

associated 95% confidence intervals were calculated to adjust for clustering (bootstrap 

method, n = 5000 samples) within site (AOD, 2016), encompassing a range of binary or 

categorical demographic, clinical sign, pharmaceutical agent prescription, and clinical 

outcome variables. Median and range were calculated for continuous variables. Following 

descriptive analyses, univariable and multivariable mixed effects logistic regression were 

used to model a range of outcomes, using the R package ‘lme4’ (LME4, 2016). Primary 
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outcomes, modelled as binary variables, included resolution of diarrhoea clinical signs            

(as defined above), and loss to follow-up. Prescription of systemic antimicrobials, systemic 

anti-inflammatories, gastrointestinal agents, endoparasiticides and endectocides, and 

euthanasia were also explored, using prescription of such agents as binary independent 

variables in separate models. A likelihood ratio test (LRT) of a null model indicated that 

observations were clustered within practice and site; hence both were included as random 

effects in all models. Univariable regression was first performed, with explanatory variables 

being retained if a LRT indicated P≤0.20 against a null model. 

 

In total, 21 binary or categorical explanatory variables were considered. For all models, these 

included factors related to animal signalment (insurance status, vaccination status, sex, 

neutered status, microchip status); questionnaire responses (presence of haemorrhagic 

diarrhoea, melaena, vomiting, decreased appetite, weight loss, diarrhoeic pattern, clinical 

severity) and categorised body temperature (five groups: normal or below 39.0°C, between 

39.0°C and 39.4°C, between 39.5°C and 39.9°C, in excess of 40.0°C, and temperature not 

recorded), as recorded within the clinical narrative attached to each consultation. Animal’s 

age at consultation was fitted as a continuous explanatory variable; where relevant, 

polynomial terms were fitted if an LRT indicated significantly improved fit. For models 

considering resolution or loss to follow-up only, questionnaire responses indicating that the 

consulting veterinary professional had provided advice to either modify the animal’s diet or 

fast the animal were also considered. Prescription of pharmaceutical agents or dispensed 

gastrointestinal nutraceuticals were also included in resolution or loss to follow-up models. 

 

Multivariable analyses underwent step-wise backward elimination to reduce Akaike 

Information Criterion (AIC) and Bayesian Information Criterion (BIC). Two-way interaction 

terms were assessed for improved multivariable model fit via a combination of AIC and BIC. 

Multicollinearity was assessed in the final model via use of the Variance Inflation Factor (VIF), 

available through the R package ‘car’ (CAR, 2018). Odds ratios, confidence intervals, 

correlation of fixed effects and projected probabilities were calculated utilising the R package 

‘sjPlot’ (sjPlot, 2017). Statistical significance was defined throughout as P < 0.05.  
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5.4 Results 

5.4.1 Study population 

In total, 12,455 questionnaires were completed for canine patients (11,589 unique dogs) with 

a gastroenteric MPC, of which 3,192 questionnaires (3,162 unique dogs) fitted the acute 

diarrhoea case definition. Dogs were removed if a spurious date of birth for the animal was 

recorded. Hence, 3,189 primary presentation, acute diarrhoea cases (involving 3,159 unique 

dogs) were collected from 179 veterinary practices (347 sites) and included in analyses. Of 

these retained cases, 50.2% (95% Confidence Interval, CI, 48.3-52.1) involved dogs recorded 

as male; 67.3% neutered (CI 65.2-69.5); 54.6% microchipped (CI 52.1-57.2); 24.4% insured (CI 

22.1-26.7), and 73.6% as vaccinated within the preceding 3.5 years (CI 71.5-75.8). Median 

age at initial presentation was 4.2 (range 0.0-18.5) years. 

 

Table 5.2: Descriptive summary of questionnaire responses for the entire study population, and when 
considered by consulting veterinary professional assessment of case severity at initial presentation. 

Question Response 

All cases 
(n = 3189) 

Mild case 
(n = 2665) 

Moderate case 
(n = 507) 

Severe case 
(n = 17) 

% (95% CI) a % (95% CI) % (95% CI) % (95% CI) 

1. Clinical signs Diarrhoea without blood 59.4 (57.8-61.0) 60.2 (58.4-62.0) 55.9 (52.0-59.7) 41.8 (17.4-66.1) 
Diarrhoea with blood 40.6 (39.0-42.3) 39.9 (38.1-41.6) 44.2 (40.4-48.0) 58.5 (34.3-82.7) 
Vomit without blood 33.7 (31.8-35.6) 28.9 (27.0-30.8) 58.8 (54.0-63.6) 41.4 (16.7-66.0) 
Vomit with blood 2.3 (1.7-2.9) 2.0 (1.4-2.5) 3.8 (2.1-5.4) 11.8 (0.0-27.3) 
Melaena 0.4 (0.2-0.6) 0.2 (0.0-0.3) 1.6 (0.5-2.7) 5.9 (0.0-17.0) 
Weight loss b 1.2 (0.8-1.6) 0.8 (0.5-1.1) 3.2 (1.4-4.9) 6.0 (0.0-17.2) 
Poor appetite 13.8 (12.4-15.2) 10.3 (8.9-11.6) 31.5 (27.3-35.8) 35.4 (11.9-58.8) 
Other 1.6 (1.0-2.2) 1.2 (0.7-1.7) 3.4 (1.5-5.2) 17.9 (0.0-36.4) 

2. Pattern Small intestinal 32.7 (30.5-34.8) 31.8 (29.5-34.1) 37.5 (32.7-42.4) 29.6 (7.5-51.8) 
Large intestinal 39.0 (36.9-41.1) 41.3 (39.2-43.5) 27.0 (22.6-31.4) 35.4 (12.0-58.8) 
Mixed pattern 19.7 (18.0-21.4) 18.2 (16.6-19.9) 26.8 (22.3-31.2) 22.8 (0.0-46.1) 
Don’t know 8.7 (7.4-9.9) 8.6 (7.3-10.0) 8.7 (6.3-11.1) 11.9 (0.0-27.1) 

6. Diagnostic 
options 

Total 9.0 (7.7-10.3) 7.7 (6.4-9.0) 13.7 (10.2-17.1) 70.3 (47.9-92.6) 
Bacteriology / parasitology 3.2 (2.4-4.0) 3.2 (2.4-4.1) 2.8 (1.3-4.3) 6.0 (0.0-17.3) 
Faecal virology 0.1 (0.0-0.3) 0.0 (0.0-0.1) 0.4 (0.0-0.9) 5.9 (0.0-17.1) 
Virus serology 0.1 (0.0-0.1) 0.0 (0.0-0.1) 0.2 (0.0-0.6) 0.0 (0.0-0.0) 
Diagnostic imaging 0.9 (0.5-1.3) 0.6 (0.3-1.0) 2.0 (0.5-3.5) 11.7 (0.0-25.8) 
Haematology / biochemistry 2.4 (1.8-3.1) 1.4 (0.9-1.8) 6.1 (3.8-8.4) 52.7 (27.9-77.5) 
Serum B12 and/or TLI 0.1 (0.0-0.2) 0.1 (0.0-0.2) 0.2 (0.0-0.6) 0.0 (0.0-0.0) 
specific pancreatic lipase 0.6 (0.3-0.9) 0.4 (0.2-0.6) 1.6 (0.4-2.8) 11.8 (0.0-27.4) 
Urinalysis 0.3 (0.1-0.4) 0.3 (0.1-0.5) 0.2 (0.0-0.6) 0.0 (0.0-0.0) 
Other 3.1 (2.4-3.9) 2.9 (2.1-3.6) 4.1 (2.3-5.9) 17.6 (0.0-35.8) 

7. Advice Change of diet 69.8 (67.3-72.4) 71.1 (68.5-73.8) 65.0 (60.2-69.8) 5.6 (0.0-15.5) 
Fasting 19.1 (16.4-21.8) 18.4 (15.5-21.3) 23.0 (18.4-27.5) 5.9 (0.0-17.2) 
Admission 2.3 (1.7-3.0) 1.2 (0.7-1.6) 6.5 (4.2-8.8) 58.7 (34.7-82.7) 
Refer 0.2 (0.0-0.3) 0.1 (0.0-0.2) 0.2 (0.0-0.6) 5.6 (0.0-15.8) 
Check-up 22.9 (20.9-24.9) 20.1 (18.0-22.2) 37.5 (32.9-42.0) 17.0 (0.0-38.8) 
Other 49.4 (46.6-52.2) 50.3 (47.2-53.3) 45.3 (40.9-49.8) 35.8 (12.5-59.1) 

a Percentage of cases (95% confidence interval) 
b Weight loss or failure to gain weight 

 

5.4.2 Descriptive analyses 

The majority of dogs initially presented with non-haemorrhagic diarrhoea (Table 5.2). Other 

commonly reported clinical signs included non-haemorrhagic vomiting and poor appetite. 

Utilisation of diagnostic tests was uncommon, with bacteriology and parasitology being the 

most commonly performed test. Dietary modification was the most commonly provided 
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advice to dog owners. In total 1,812 cases recorded a median body temperature of 38.6°C 

(range 36.2-41.3). Body temperature was classified into five groups: interpreted normal or 

below 39.0°C temperature (n=1,865, 58.4% of cases, CI 56.5-60.4); between 39.0°C and 

39.4°C (n=418, 13.1%, CI 11.8-14.4); 39.5°C and 39.9°C (n=110, 3.5%, CI 2.8-4.1); in excess of 

40.0°C (n=30, 0.9%, CI 0.6-1.3), and temperature not recorded (n=763, 23.9%, CI 21.9-25.9). 

 

Table 5.3: Descriptive summary of pharmaceutical prescriptions and dispensing of nutraceutical 
products both at initial presentation and when the subsequent 9 days (inclusive) post-presentation 
were considered. Longitudinal outcome is also displayed, with all comparisons shown when 
considered by consulting veterinary professional assessment of case severity at initial presentation. 

Category 

All cases Mild case Moderate case Severe case 

% (95% CI) a % (95% CI) % (95% CI) % (95% CI) 
Therapy – initial presentation 
Pharmaceutical agent 78.4 (76.3-80.5) 76.4 (74.0-78.9) 89.4 (86.8-92.0) 58.9 (36.7-81.1) 
Systemic antimicrobial 49.7 (46.1-53.2) 48.2 (44.5-51.9) 58.5 (53.4-63.7) 5.9 (0.0-17.2) 
Systemic anti-inflammatory 14.2 (10.6-17.8) 14.2 (10.5-17.9) 15.0 (10.1-19.9) 0.0 (0.0-0.0) 
Gastrointestinal agent 37.7 (35.4-39.9) 33.3 (31.0-35.6) 60.9 (56.5-65.4) 17.5 (0.3-34.6) 
Endoparasiticide and / or endectocide 7.8 (6.8-9.0) 8.7 (7.5-10.0) 3.6 (2.0-5.2) 0.0 (0.0-0.0) 

Gastrointestinal nutraceutical 60.8 (57.1-64.6) 63.0 (59.1-66.9) 51.1 (46.0-56.3) 11.9 (0.0-27.5) 

Euthanasia / death 0.2 (0.0-0.3) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 35.3 (11.9-58.8) 
Therapy – initial presentation and / or within 10 days of initial presentation 
Pharmaceutical agent 81.3 (79.5-83.2) 79.6 (77.4-81.8) 91.1 (88.7-93.6) 59.0 (37.0-81.1) 
Systemic antimicrobial 52.5 (49.1-55.8) 51.2 (47.7-54.6) 61.1 (56.2-66.1) 5.9 (0.0-17.3) 
Systemic anti-inflammatory 15.3 (11.6-19.0) 15.4 (11.8-19.1) 15.3 (10.5-20.2) 0.0 (0.0-0.0) 
Gastrointestinal agent 39.0 (36.7-41.2) 34.7 (32.3-37.2) 62.0 (57.6-66.4) 17.6 (0.4-34.8) 
Endoparasiticide and / or endectocide 9.5 (8.3-10.7) 10.6 (9.2-11.9) 4.3 (2.4-6.1) 0.0 (0.0-0.0) 

Gastrointestinal nutraceutical 61.7 (58.1-65.4) 63.7 (59.8-67.5) 53.4 (47.9-58.9) 12.0 (0.0-27.5) 

Euthanasia / death 0.4 (0.2-0.6) 0.2 (0.0-0.3) 0.2 (0.0-0.6) 35.4 (12.1-58.8) 
Outcome 
Resolution (10 day) 72.6 (70.3-75.0) 73.9 (71.4-76.3) 67.7 (63.2-72.0) 29.5 (9.1-49.9) 
Lost to follow-up 23.7 (21.4-26.0) 22.5 (20.2-24.9) 29.0 (24.7-33.2) 35.3 (13.8-56.8) 

a Percentage of cases (95% confidence interval) 

 

Pharmaceutical prescription occurred in 78.4% (CI 76.3-80.5) of initial presentations, rising 

to 81.3% of cases (CI 79.5-83.2) within 10 days post-initial presentation (Table 5.3). Systemic 

antimicrobials were the most commonly prescribed pharmaceutical agent; gastrointestinal 

nutraceuticals were also frequently dispensed. In total, 4.3% of cases (CI 3.4-5.2) were not 

prescribed/dispensed a pharmaceutical agent or gastrointestinal nutraceutical. 

Metronidazole represented the most commonly prescribed systemic antimicrobial (47.0% of 

antimicrobial prescribing cases, CI 41.0-53.1); glucocorticoids the most commonly prescribed 

systemic anti-inflammatory (81.3% of anti-inflammatory prescribing cases, CI 73.6-89.1); 

maropitant the most commonly prescribed gastrointestinal agent (44.6% of gastrointestinal 

prescribing cases, CI 39.9-49.3), and a combination of milbemycins and quinolines were the 

most commonly prescribed endoparasiticides/endectocides (48.0% of endoparasiticide/ 

endectocide prescribing cases, CI 41.5-54.5) (see Appendix Four: Table 4.1).  
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Cases were considered by clinical severity (Table 5.1, Question 3), clinical sign combinations 

(Table 5.1, Question 1), and body temperature. Most cases were recorded as mild (83.6% of 

cases, CI 82.2-85.0), with moderate cases more commonly reporting diarrhoea with blood; 

vomiting, weight loss, poor appetite, and a mixed diarrhoeic pattern (Table 5.2). 

Pharmaceutical prescription frequency varied by case severity (Table 5.3), and showed 

considerable variation between cases, particularly in relation to co-prescription (Figure 5.1). 

Systemic antimicrobial prescription was more frequent in cases reporting diarrhoea with 

blood compared to diarrhoea without blood, in the presence or of vomiting, respectively 

(Table 5.4). 

 

Table 5.4: Descriptive summary of pharmaceutical prescriptions and dispensing of nutraceutical 
products both at initial presentation and when the subsequent 9 days (inclusive) post-presentation 
were considered. Longitudinal outcome is also displayed, with all comparisons shown when 
considered by presence of clinical signs at initial presentation. D+H-V- = presence of diarrhoea without 
blood and non-vomiting; D+H+V- = presence of diarrhoea with blood and non-vomiting; D+H-V+ = 
presence of diarrhoea without blood and vomiting; D+H+V+ = presence of diarrhoea with blood and 
vomiting. Vomiting is inclusive of presence or absence of blood in vomit. 

Category 

D+H-V-  
(n = 1150 cases) 

D+H+V-  
(n = 891 cases) 

D+H-V+  
(n = 743 cases) 

D+H+V+  
(n = 405 cases) 

% (95% CI) a % (95% CI) % (95% CI) % (95% CI) 
Therapy – initial presentation 
Pharmaceutical agent 64.1 (60.5-67.8) 82.2 (79.3-85.0) 89.5 (87.0-91.9) 90.1 (87.1-93.2) 
Systemic antimicrobial 40.1 (35.4-44.7) 65.4 (61.5-69.2) 37.5 (32.8-42.3) 64.6 (58.9-70.4) 
Systemic anti-inflammatory 13.1 (9.6-16.6) 17.0 (12.6-21.5) 12.3 (7.3-17.3) 14.5 (9.2-19.8) 
Gastrointestinal agent 15.3 (12.7-17.9) 19.4 (16.4-22.5) 76.0 (72.3-79.7) 70.6 (65.9-75.4) 
Endoparasiticide and / or endectocide 10.1 (8.1-12.1) 9.4 (7.4-11.5) 3.9 (2.5-5.3) 5.2 (2.8-7.6) 

Gastrointestinal nutraceutical 69.0 (64.4-73.7) 59.8 (55.0-64.5) 55.4 (50.4-60.4) 50.1 (44.7-55.5) 

Euthanasia / death 0.2 (0.0-0.4) 0.1 (0.0-0.3) 0.3 (0.0-0.6) 0.2 (0.0-0.7) 
Therapy – initial presentation and / or within 10 days of initial presentation 
Pharmaceutical agent 68.9 (65.5-72.3) 83.8 (81.2-86.5) 91.6 (89.5-93.8) 92.1 (89.4-94.8) 
Systemic antimicrobial 42.9 (38.4-47.5) 67.4 (63.6-71.2) 41.1 (36.7-46.6) 67.7 (62.1-73.2) 
Systemic anti-inflammatory 14.2 (10.7-17.7) 17.7 (13.3-22.1) 13.1 (8.3-18.0) 17.0 (11.7-22.3) 
Gastrointestinal agent 17.4 (14.6-20.2) 20.5 (17.3-23.7) 76.6 (73.0-80.3) 71.6 (66.9-76.3) 
Endoparasiticide and / or endectocide 12.0 (9.9-14.1) 11.6 (9.2-13.9) 5.4 (3.7-7.0) 5.6 (3.1-8.2) 

Gastrointestinal nutraceutical 69.6 (65.0-74.1) 60.4 (55.6-65.3) 56.7 (51.8-61.6) 52.1 (46.6-57.7) 

Euthanasia / death 0.3 (0.0-0.6) 0.3 (0.0-0.7) 0.7 (0.1-1.2) 0.2 (0.0-0.7) 
Outcome 
Resolution (10 day) 75.1 (72.1-78.2) 70.9 (67.3-74.5) 71.7 (67.9-75.6) 71.1 (66.8-75.4) 
Lost to follow-up 21.1 (18.0-24.2) 25.0 (21.4-28.5) 25.2 (21.4-28.9) 24.9 (20.7-29.2) 

a Percentage of cases (95% confidence interval) 

 

5.4.3 Factors associated with pharmaceutical or nutraceutical intervention 

Due to a low number of severe cases, severe and moderate clinical severity responses were 

aggregated into one group for all models. No variables were significant on univariable 

analyses for systemic anti-inflammatory prescription (see Appendix Four: Table 4.2). 
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Figure 5.1: Case heat map displaying cases (one case per row, n=3189 rows) ranked by veterinary 
professional-assessed presentation severity (mild – severe) at initial presentation, compared against 
actions undertaken by the veterinary professional including advice given to modify the diet of, or fast 
the animal; prescribe a range of pharmaceutical agents (n=4); dispense a gastrointestinal 
nutraceutical, or euthanise the animal. 

 

5.4.3.1 Systemic antimicrobial prescription 

Presence of diarrhoea with blood significantly increased the odds of systemic antimicrobial 

prescription compared to diarrhoea in absence of blood, as did a moderate or severe 

presentation, compared to a mild presentation (Table 5.5). Dogs reporting body temperature 

categories in excess of an interpreted normal or below 39°C body temperature at initial 

presentation were associated with significantly increased odds of prescription. Prescription 

probability increased with age up to approximately seven years of age (Figure 5.2A). Results 

from univariable analyses are available in Appendix Four, Table 3. A cubic polynomial term 

was included to model age at consultation; no interaction terms significantly improved the 

fit of the model. 

 

5.4.3.2 Gastrointestinal agent prescription 

Vomiting with or without blood significantly increased odds of gastrointestinal agent 

prescription compared to non-vomiting dogs (Table 5.5). Moderate and severe cases also 

reported increased odds of prescription compared to mild cases, though non-vomiting 

moderate cases reported increased odds compared to non-vomiting mild cases (OR 2.0, 95% 
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CI 1.9-2.1). Prescription probability increased up to approximately 6 years of age (Figure 

5.2A). Univariable results are available in Appendix Four, Table 4.4. A cubic polynomial term 

was included to model age at consultation; an interaction term between case severity and 

vomiting significantly improved the fit of the model (LRT, P=0.001). 

 

Table 5.5:  Parameter estimates from a finalised mixed effects logistic regression model, modelling on 
a case-level the presence of systemic antimicrobial and gastrointestinal agent prescription against a 
range of categorical and continuous risk factors. 

Random 
effect Variance SD a Variable Category β SE b OR c (95% CI) d P 

Systemic antimicrobial prescription 

Practice 0.75 0.87  Intercept -0.72 0.14 0.49 (0.37-0.64)  
Site 0.27 0.52 Diarrhoea Without blood - - 1.00 - 
   With blood 1.42 0.10 4.13 (3.42-4.98) <0.01 
   Weight loss Absent - - 1.00 - 
   Present 0.71 0.40 2.03 (0.93-4.45) 0.08 
   Severity Mild - - 1.00 - 
   Moderate/severe 0.29 0.12 1.34 (1.06-1.69) 0.01 
   Diarrhoeic  

pattern 
Large intestinal - - 1.00 - 

   Mixed 0.01 0.13 1.01 (0.78-1.30) 0.95 
   Small intestinal 0.07 0.11 1.07 (0.87-1.31) 0.54 
   Unknown -0.53 0.17 0.59 (0.42-0.82) <0.01 
   Body  

temperature 
Normal / <39 °C - - 1.00 - 

   Not recorded 0.18 0.11 1.19 (0.97-1.46) 0.09 
   39.0 °C ≤ 39.4 °C 0.72 0.13 2.05 (1.58-2.65) <0.01 
   39.5 °C ≤ 39.9 °C 1.78 0.26 5.93 (3.56-9.88) <0.01 
   40.0 °C ≤ 1.50 0.48 4.47 (1.76-11.36) <0.01 
   Age (years) Age - linear 0.22 0.08 1.25 (1.07-1.46) 0.01 
   Age - quadratic -0.25 0.08 0.78 (0.67-0.91) <0.01 
   Age - cubic 0.10 0.05 1.10 (1.01-1.20) 0.04 

Gastrointestinal agent prescription 

Practice 0.32 0.56  Intercept -1.65 0.13 0.19 (0.15-0.25)  
Site 0.28 0.53 Vomit No vomit - - 1.00 - 
   Without blood 2.84 0.13 17.13 (13.41-21.89) <0.01 
   With blood 3.84 0.45 46.35 (19.39-110.81) <0.01 
   Poor appetite Absent - - 1.00 - 
   Present 0.65 0.15 1.92 (1.45-2.55) <0.01 
   Severity Mild - - 1.00 - 
   Moderate & severe 0.93 0.19 2.52 (1.76-3.62) <0.01 
   Diarrhoeic  

pattern 
Large intestinal - - 1.00 - 

   Mixed 0.28 0.14 1.33 (1.00-1.76) 0.05 
   Small intestinal 0.20 0.11 1.22 (0.97-1.53) 0.08 
   Unknown 0.01 0.18 1.01 (0.70-1.44) 0.98 
   Body  

temperature 
Normal / <39 °C - - 1.00 - 

   Not recorded -0.38 0.12 0.68 (0.54-0.87) <0.01 
   39.0 °C ≤ 39.4 °C -0.04 0.15 0.96 (0.72-1.28) 0.78 
   39.5 °C ≤ 39.9 °C -0.17 0.25 0.84 (0.51-1.39) 0.50 
   40.0 °C ≤ -1.05 0.50 0.35 (0.13-0.93) 0.04 
   Vomit & 

Severity 
No blood: moderate/severe -0.71 0.25 0.49 (0.30-0.80) 0.01 

   With blood: moderate/severe -2.07 0.73 0.13 (0.03-0.53) 0.01 
   Age (years) Age - linear 0.13 0.09 1.13 (0.95-1.35) 0.17 
   Age - quadratic -0.33 0.09 0.72 (0.60-0.87) <0.01 
   Age - cubic 0.09 0.05 1.10 (0.99-1.21) 0.08 

a Standard Deviation 
b Standard Error 
c Odds Ratio 
d 95% Confidence Interval 

 

5.4.3.3 Endoparasiticide / endectocide prescription 

Reported weight loss significantly increased the odds of endoparasiticide / endectocide 

prescription compared to dogs which were not reported to have lost weight, though we 

found decreased odds for moderate and severe cases compared to mild cases (Table 5.6). 



Chapter Five  Acute canine diarrhoea 
 
 
 

116 
 

Dogs presenting with non-haemorrhagic vomiting compared to non-vomiting dogs, or 

vaccinated dogs compared to unvaccinated animals were also associated with reduced 

prescription odds. Odds of prescription generally decreased with increasing age (Figure 5.2A). 

Univariable results are available in Appendix Four, Table 4.5. A cubic polynomial term was 

included to model age at consultation; no interaction terms significantly improved the fit of 

the model. 

 

 
Figure 5.2: Projections from a series of multivariable logistic regression models, estimating the 
probability of a range of pharmaceutical agents being prescribed (A) at initial presentation for 
diarrhoea, when considered against age at presentation (in years). B estimates longitudinal outcome, 
including probability of a case being lost to follow-up or being considered resolved of diarrhoeic clinical 
signs 10 days post-initial presentation. Lines refer to predicted probability, with shading relating to 
95% confidence intervals to such predictions. Points are plotted to show original data points 
expressing the percentage of animals of each relevant age group (rounded to 2 year groups) that were 
prescribed a pharmaceutical agent, or were classified into the resolved or lost to follow-up categories.  
 

5.4.3.4 Dispensing of gastrointestinal nutraceuticals 

Odds of a gastrointestinal nutraceutical being dispensed were significantly reduced when a 

number of clinical signs were present and when cases were classed as moderate or severe, 

compared to mild cases (Table 5.6). Odds also decreased with age to approximately five years 

of age (Figure 5.2A). Univariable results are available in Appendix Four, Table 4.6. A cubic 

polynomial term was included to model age at consultation; no interaction terms significantly 

improved the fit of the model.  
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Table 5.6:  Parameter estimates from a finalised mixed effects logistic regression model, modelling on 
a case-level the presence of endoparasiticide / endectocide prescription and dispensing of 
gastrointestinal nutraceuticals against a range of categorical and continuous risk factors. 

Random effect Variance SD a Variable Category β SE b OR c (95% CI) d P 

Endoparasiticide / endectocide prescription 

Practice 0.28 0.53  Intercept -2.38 0.19 0.09 (0.06-0.14)  
Site 0.21 0.46 Vomit No vomit - - 1.0 - 
   Without blood -0.69 0.18 0.50 (0.36-0.71) <0.01 
   With blood -1.04 0.74 0.35 (0.08-1.50) 0.16 
   Weight loss Absent - - 1.0 - 
   Present 1.22 0.50 3.37 (1.27-9.00) 0.02 
   Severity Mild - - 1.0 - 
   Moderate & severe -0.83 0.27 0.44 (0.26-0.74) <0.01 
   Vaccination status Unvaccinated - - 1.0 - 
   Vaccinated -0.59 0.15 0.55 (0.42-0.74) <0.01 
   Age (years) Age - linear 0.07 0.18 1.07 (0.76-1.51) 0.70 
   Age - quadratic 0.57 0.14 1.77 (1.35-2.32) <0.01 
   Age - cubic -0.36 0.11 0.70 (0.57-0.87) <0.01 

Gastrointestinal nutraceutical dispensing 

Practice 0.64 0.80  Intercept 0.93 0.16 2.52 (1.85-3.43)  
Site 0.21 0.45 Diarrhoea Without blood - - 1.0 - 
    With blood -0.31 0.09 0.74 (0.62-0.88) <0.01 
   Vomit No vomit - - 1.0 - 
   Without blood -0.57 0.09 0.57 (0.47-0.68) <0.01 
   With blood -1.34 0.29 0.26 (0.15-0.46) <0.01 
   Other signs Absent - - 1.0 - 
   Present -0.99 0.33 0.37 (0.19-0.71) <0.01 
   Severity Mild - - 1.0 - 
   Moderate & severe -0.48 0.12 0.62 (0.49-0.78) <0.01 
   Diarrhoeic pattern Large intestinal - - 1.0 - 
   Mixed 0.29 0.13 1.33 (1.04-1.71) 0.02 
   Small intestinal 0.21 0.11 1.23 (1.00-1.51) 0.05 
   Unknown -0.20 0.16 0.82 (0.60-1.12) 0.22 
   Body  

temperature 
Normal / <39 °C - - 1.0 - 

   Not recorded -0.50 0.10 0.61 (0.50-0.74) <0.01 
   39.0 °C ≤ 39.4 °C -0.15 0.13 0.86 (0.67-1.11) 0.25 
   39.5 °C ≤ 39.9 °C -0.66 0.22 0.52 (0.34-0.80) <0.01 
   40.0 °C ≤ -0.57 0.42 0.57 (0.25-1.28) 0.17 
   Vaccination status Unvaccinated - - 1.0 - 
   Vaccinated 0.15 0.10 1.16 (0.96-1.40) 0.13 
   Age (years) Age - linear 0.03 0.08 1.03 (0.89-1.20) 0.70 
   Age - quadratic 0.26 0.08 1.29 (1.11-1.51) <0.01 
   Age - cubic -0.14 0.05 0.87 (0.80-0.95) <0.01 

a Standard Deviation 
b Standard Error 
c Odds Ratio 
d 95% Confidence Interval 
 

5.4.4 Longitudinal analyses 

5.4.4.1 Cases lost to follow-up 

In total, 754 cases (23.6% of total cases) were lost to follow-up. There were significantly 

reduced odds of a case being lost to follow-up if the dog was insured compared to uninsured 

animals; vaccinated within the preceding 3.5 years compared to those not vaccinated within 

the preceding 3.5 years, or had been neutered compared to un-neutered animals (Table 5.7). 

Increasing age was associated with increased probability of a case being lost to follow-up 

until approximately 4 years of age (Figure 5.2B). Univariable results are available in Appendix 

Four, Table 4.7. A cubic polynomial term was included to model age at consultation; no 

interaction terms significantly improved the fit of the model.  
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Table 5.7:  Parameter estimates from a finalised mixed effects logistic regression model, modelling on 
a case-level the presence of endoparasiticide / endectocide and   prescription against a range of 
categorical and continuous risk factors. 

Random effect Variance SD a Variable Category β SE b OR c (95% CI) d P 

Loss to follow-up 

Practice 0.42 0.65  Intercept 0.29 0.16 1.34 (0.98-1.82)  
Site 0.24 0.49 Diarrhoea Without blood - - 1.0 - 
   With blood 0.15 0.10 1.16 (0.96-1.40) 0.13 
   Insurance status Uninsured - - 1.0 - 
   Insured -0.36 0.13 0.70 (0.54-0.89) <0.01 
   Neutered status Unneutered - - 1.0 - 
   Neutered -0.88 0.10 0.41 (0.34-0.51) <0.01 
   Vaccination status Unvaccinated - - 1.0 - 
   Vaccinated -1.16 0.10 0.32 (0.26-0.39) <0.01 
   Gastrointestinal agent Not prescribed - - 1.0 - 
   Prescribed 0.32 0.10 1.38 (1.14-1.66) <0.01 
   Age (years) Age - linear -0.09 0.09 0.92 (0.77-1.10) 0.35 
   Age - quadratic -0.38 0.09 0.69 (0.58-0.82) <0.01 
   Age - cubic 0.20 0.05 1.22 (1.11-1.35) <0.01 

Diarrhoea resolution 

Practice 0.02 0.14  Intercept 3.69 0.29 39.9 (22.7-70.4)  
Site 0.16 0.40 Vomit No vomit - - 1.0 - 
   Without blood 0.30 0.23 1.35 (0.87-2.12) 0.18 
   With blood -1.02 0.47 0.36 (0.14-0.91) 0.03 
   Diarrhoeic  

pattern 
Large intestinal - - 1.0 - 

   Mixed -0.54 0.28 0.59 (0.34-1.02) 0.06 
   Small intestinal -0.24 0.24 0.79 (0.49-1.27) 0.33 
   Unknown -0.76 0.32 0.47 (0.25-0.88) 0.02 
   Endoparasiticide / 

endectocide 
Not prescribed - - 1.0 - 

   Prescribed -0.51 0.29 0.60 (0.34-1.06) 0.08 
   Age (years) Age - linear -0.35 0.19 0.71 (0.49-1.02) 0.06 
   Age - quadratic -0.37 0.20 0.69 (0.47-1.01) 0.06 
   Age - cubic 0.17 0.11 1.19 (0.95-1.49) 0.13 

a Standard Deviation 
b Standard Error 
c Odds Ratio 
d 95% Confidence Interval 
 

5.4.4.2 Diarrhoea resolution 

Cases euthanised on initial presentation (n=6) and lost to follow-up (n=754) were excluded, 

leaving 2,429 cases available for resolution analyses. By the tenth day following initial 

presentation, 95.4% (95% CI 94.5-96.3) of cases were considered resolved; 7.6% of resolved 

cases were recorded as such in the clinical narrative, the remaining cases were assumed to 

be resolved by absence of a further gastrointestinal-related consultation within 30 days of 

initial presentation (Table 5.2). In addition to univariable analyses conducted for all models 

(see Appendix Four: Table 4.8), for diarrhoea resolution we also conducted univariable 

analyses for pharmaceutical agent prescription categorised by active substance, or 

combinations of active substances where relevant (see Appendix Four: Table 4.9). There did 

not appear to be any significant associations between pharmaceutical agent choice and 

resolution of diarrhoea for any pharmaceutical family investigated. 

 

On multivariable analyses, presence of vomiting with blood at initial presentation was 

associated with significantly decreased odds of a case being resolved by ten days post-initial 
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presentation compared to non-vomiting dogs, as was an ‘unknown’ diarrhoeic pattern 

compared to a large intestinal diarrhoeic pattern (Table 5.7). There was little variation in 

probability of resolution ten days post-initial presentation and age (Figure 5.2B). A cubic 

polynomial term was included to model age at consultation; no interaction terms significantly 

improved the fit of the model. 

 

5.5 Discussion 

Here we used EHRs collected from a large number of veterinary practices to describe clinical 

signs exhibited by dogs presenting with acute diarrhoea, characterise common management 

strategies, and assess the potential for cases to be observed longitudinally. We found that 

considering both structured questionnaire responses and semi-structured or unstructured 

free text enhanced our ability to understand intervention motivators in first opinion practice. 

 

In this study the majority of cases were non-vomiting and/or presented with diarrhoea in the 

absence of blood, broadly corroborating previous study (German et al., 2010; Jones et al., 

2014), though Jones et al. (2014) reported diarrhoea with blood (25% of cases compared to 

41%) and vomiting (18% of cases compared to 36%) to be less common than was found here, 

in comparison to the current study. However, Jones et al. (2014) considered all cases of 

diarrhoea regardless of clinical sign duration, also observing ‘uncomplicated diarrhoea’ 

(absence of vomiting or haemorrhagic diarrhoea) to be more common in longer disease 

duration cases (Jones et al., 2014). Presence of potentially alarming clinical signs e.g. 

haemorrhagic diarrhoea might prompt owners to seek veterinary attention more quickly, 

potentially explaining the variation observed between studies here. 

 

This study represented the first attempt to harness overall veterinary-assessed opinion of 

case severity. Although we generally observed greater prevalence of clinical signs 

traditionally associated with increased disease severity in such groups (Battersby and Harvey, 

2006), clinical signs were distributed across all severity groups. This might suggest a need to 

increase question granularity to include, for example, observed clinical sign frequency. 

Interestingly, very few cases were classed as severe (n = 17), with many being euthanised on 

initial presentation (n = 6). This provided some confidence that veterinary surgeons were 

accurately answering the questionnaire, and further confirmed the status of diarrhoea as a 
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primarily mild condition (Pugh et al., 2017), though did limit our ability to describe severe 

disease. 

 

We found diagnostic tests were utilised less commonly than previously reported (Arsevska 

et al., 2017; Jones et al., 2014), again potentially reflecting the primary presentation nature 

of this study. Hence, it can be reasonably assumed that most prescriptions were empirical in 

this study, particularly considering that the majority of prescriptions were provided at initial 

presentation rather than over the following 10 days. Diagnostic investigation should take 

place if an infectious aetiology is suspected (Battersby and Harvey, 2006). Unfortunately it 

was not possible to directly determine the number of cases where the consulting veterinary 

professional suspected infectious disease in this study; such analyses could be of 

considerable future value, particularly in relation to antimicrobial stewardship. Medical 

prescribers often perceive pressure to implement a material management plan (Lewis and 

Tully, 2011) which may lead to unnecessary antimicrobial prescriptions being given (Little et 

al., 2004). It is possible that such pressures might also influence veterinary prescription 

decisions (Mateus et al., 2014). Coupled with practical diagnostic and care limitations 

frequently observed in first opinion veterinary practice, these factors might partially explain 

the frequency of empirical prescriptions observed here. 

 

However, we also found that gastrointestinal nutraceutical dispensing frequency was 

considerably greater than in a previous study (61% of cases cf. 26%) (German et al., 2010), 

and antimicrobial prescription less frequent (50% of cases cf. 63% and 71%), than previously 

observed (German et al., 2010; Jones et al., 2014). Study methodological differences 

accepted, it has been suggested that gastroenteric nutraceuticals can form a ‘no harm’ 

alternative to antibiosis in order to effectively manage owner treatment plan expectations 

(Mateus et al., 2014). Though we can only speculate here, SAVSNET has the ability to utilise 

consistently collected data to identify temporal trends in antimicrobial prescription 

(Singleton et al., 2017). It would be of considerable value to further explore temporal 

variation in acute diarrhoea treatment approach, potentially revealing an active and 

voluntary contribution towards antimicrobial stewardship in first opinion practice. 

 

On consideration of factors potentially associated with odds of prescribing a pharmaceutical 

agent or dispensing a gastrointestinal nutraceutical, we found a broad division into two 

categories according to case severity, and associated clinical signs. Generally speaking, odds 
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of a systemic antimicrobial or gastrointestinal agent being prescribed was increased for 

moderate or severe cases, whereas the opposite trend was seen for endoparasiticide / 

endectocide or gastrointestinal nutraceutical prescription / dispensing. This would suggest 

an element of prescription targeting towards cases of increased concern. Regarding 

antimicrobial prescription, presence of blood in diarrhoea has been previously associated 

with increased prescription odds (Jones et al., 2014), likely reflecting a perception of 

increased bacteraemia risk (Battersby and Harvey, 2006). Such prescription complies with 

current prescribing guidance (BSAVA, 2014), though antimicrobial prescription was also 

observed in uncomplicated diarrhoea cases. Interestingly, there is increasing evidence 

suggesting antibiosis may not be required, even to complicated diarrhoea cases (Dunowska, 

2017; Krentz and Allen, 2017; Mortier et al., 2015; Unterer et al., 2015). This raises questions 

as to how latest evidence can be best rapidly assessed and assimilated into prescribing 

guidance, and indeed whether the current approach for disseminating guidance is as 

impactful as it needs to be. 

 

Compared to an interpreted normal or below 39.0°C body temperature, odds of a systemic 

antimicrobial prescription were increased for all body temperature categories exceeding 

39.0°C. Of note, body temperature was inconsistently recorded, revealing a limitation of 

clinical narrative analyses. Nevertheless, our findings suggest differences of opinion as to 

what body temperature would indicate presence or high risk of bacteraemia. Although 

pyrexia has been defined as body temperature in excess of 39.7°C (Battersby et al., 2006), 

previous studies focusing on diarrhoea have variably defined pyrexia / hyperthermia 

between 38.8°C and 39.5°C (German et al., 2010; Unterer et al., 2011), even altering 

definition by dog size (Unterer et al., 2015). Establishing a consistent definition of pyrexia and 

including this in prescribing guidance would appear to be of some importance for effective 

antimicrobial stewardship. 

 

Although bacteraemia risk appears to be a strong motivator for antimicrobial prescription, 

how realistic this risk might be remains a topic of debate. A recent study found that a 

significant proportion of canine AHDS sufferers fulfilling clinical sign-based bacteraemia 

criteria actually tested negative on blood culture (Unterer et al., 2015). However, secondary 

Gram-negative bacterial translocation is a realistic sequelae of canine parvovirus infection 

(Goddard and Leisewitz, 2010). As canine parvovirus cases are still being uncommonly 

reported in the UK (Sanchez-Vizcaino et al., 2015; Stavisky et al., 2011), accurately assessing 
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bacteraemia risk continues to pose some difficulties. Considering this, clinical severity scoring 

has previously been successfully utilised to uniformly measure clinical severity and response 

to therapy (Mortier et al., 2015; Unterer et al., 2015; Unterer et al., 2011). It could be of 

significant value to define more universal indicators of acute canine diarrhoea severity and 

to investigate the potential benefit which could be gained, both epidemiologically and 

practically, from routinely applying such methods in first opinion practice. 

 

Similar to case severity, odds of pharmaceutical prescription when considering age at initial 

presentation separated into two groups: broadly increased odds with increasing age, 

including antimicrobial and gastrointestinal agents; and decreased odds, including 

endoparasiticides / endectocides and gastrointestinal nutraceuticals. In particular for 

younger animals, this suggests that veterinary surgeons assess disease aetiology or severity 

differently by age, and indeed puppies have been associated with increased odds of parasitic 

or viral infection (Battersby and Harvey, 2006; Duijvestijn et al., 2016). On univariable 

analyses odds of a case being considered moderate or severe did increase with age (data not 

presented); however, including severity as an interaction with age did not improve the fit of 

the model. 

 

As has been seen previously (German et al., 2010), the odds of a gastrointestinal agent being 

prescribed was increased for vomiting cases. This is not surprising and could be considered a 

justified course of action (de la Puente-Redondo et al., 2007). Interestingly however, anti-

emetics are no longer recommended for management of acute gastroenteritis in children 

(Piescik-Lech et al., 2013); to the author’s knowledge investigations to assess the value of 

anti-emetic therapy in canine acute diarrhoea and vomiting cases have not yet been 

completed. Regarding endoparasiticides / endectocides, weight loss was significantly 

associated with increased odds of prescription, likely reflecting the view that weight loss is 

more often associated with parasitic infection (Battersby and Harvey, 2006). It should be 

remembered that some endoparasiticides / endectocides are available without need of a 

prescription (VMD, 2018b). Therefore, it is likely that we have under-estimated actual use in 

this study – this would also apply to gastrointestinal nutraceuticals. Similarly, this study 

focused on in-consultation prescription decisions; expanding scope to include EHRs for 

referred animals and in-patient records would further boost capacity. 
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Previous treatment-focused research has been limited by small sample sizes (Mortier et al., 

2015; Unterer et al., 2015; Unterer et al., 2011); here we have shown that using EHRs 

collected at scale could largely overcome this issue. Here we have provided some evidence 

to suggest no clear effect of therapy choice on outcome; a finding corroborated for 

antimicrobial therapy by these earlier smaller studies (Mortier et al., 2015; Unterer et al., 

2015; Unterer et al., 2011). There is an increasing pressure on both medical and veterinary 

prescribers to make responsible therapeutic decisions, reflecting best available clinical 

evidence (O’Neill, 2016). Indeed, recently released companion animal prescribing guidance 

has stated that antibiosis for treating gastrointestinal infections is largely unnecessary 

(BSAVA, 2018). Our findings would seem to broadly support this view. 

 

Whilst the purely observational approach used here was useful for cross-sectional analyses, 

this study was significantly limited by nearly a quarter of cases being lost to follow-up. 

Without specific intervention, it is impossible to determine whether these cases simply 

recovered; moved to another veterinary practice; opted out of further SAVSNET 

participation, or died. However, we did show insured, neutered, or vaccinated dogs to be 

associated with significantly decreased odds of being lost to follow-up. Similarly, loss to 

follow-up odds also broadly increased as animal age increased. Whilst age associations might 

represent increased odds of death (O'Neill et al., 2013), we would suggest an influence of 

veterinary care seeking behaviour on the likelihood of a dog to re-present when investigating 

/ treating disease. We therefore recommend serious consideration of how best to maintain 

veterinary engagement across all owner groups throughout both routine veterinary 

treatment and specific clinical trials. 

 

When reviewing cases that re-presented within 10 days of initial presentation, dogs often    

re-presented at the request of the veterinary surgeon, or re-presented for an unrelated 

complaint (data not presented). We therefore concluded time between initial and 

subsequent presentations to be an unreliable measure of clinical resolution / response to 

treatment. Thus, we used a 10 day period as a broad representation of the acute diarrhoea 

therapy period (Battersby and Harvey, 2006; Mortier et al., 2015; Unterer et al., 2015; 

Unterer et al., 2011), subsequently using MPC between 11 and 30 days as an indicator of 

gastroenteric clinical sign persistence / re-emergence. Though seemingly appropriate, loss to 

follow-up limited our ability to fully characterise clinical resolution. Considerable therapeutic 

management diversity was seen; this represents a significant challenge when seeking to 
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define the effect of each pharmaceutical intervention which would only be compounded by 

also considering such factors as dosage or course length. Here we focused on five 

pharmaceutical classes commonly prescribed to diarrhoea cases (German et al., 2010); other 

pharmaceutical classes were prescribed which might also have had an impact on clinical 

resolution. Considering these limiting factors, a more structured approach might provide a 

solution, perhaps by developing a technology-mediated method by which animal owners 

could be contacted post-initial presentation. 

 

The issues posed by veterinary surgeons failing to record, or variably recording information 

within the clinical narrative has been previously noted (Anholt et al., 2014b). We also 

observed such difficulties, though we found combining questionnaire data with the EHR to 

at least partially mitigate this issue. Such an approach provided uniformly recorded data that 

also provided information infrequently recorded in the clinical narrative, such as case severity 

(personal observation). However, it can be difficult to maintain continuous veterinary 

surgeon engagement over the long periods of time required to collect such high volumes of 

questionnaire data. To encourage engagement the questionnaire was only deployed in a 

small proportion of randomly selected relevant consultations; the cases studied here 

therefore only represent a small percentage of cases available within the SAVSNET database. 

As text mining capabilities advance (Anholt et al., 2014b), the confidence with which we could 

identify and follow cases using such approaches is likely to increase, potentially unlocking a 

considerably greater number of cases for analyses. However, in the meantime we would 

advocate the use of a combined textual and questionnaire response analysis as 

demonstrated here. 

 

5.6 Conclusion 

This study successfully demonstrated the ability of combined structured, semi-structured and 

unstructured data to characterise factors associated with pharmaceutical prescription in 

canine acute diarrhoea cases. We revealed considerable therapeutic management diversity 

between cases, some of which contradicted current prescribing guidelines. Considering the 

threat posed by antimicrobial resistance especially, this suggests that latest clinical evidence 

is not effectively being disseminated throughout the profession. There is a need for 

development of effective clinical evidence dissemination strategies, including rapid 

assessment of how such evidence is being reflected in clinical practice. We were limited by 
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loss to follow-up when assessing the potential of EHRs to be used for longitudinal analyses. 

There is a need to engage all animal owners in veterinary care, and to develop potentially 

technology-driven case follow-up strategies; this could greatly enhance the capacity of 

projects such as SAVSNET.
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Chapter Six: 

Characterising antimicrobial resistance trends in dogs and cats at a 

national level: Focus on Enterobacteriaceae, 2016-2018 
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6.1 Abstract 

Antimicrobial resistance (AMR) is the most important global one health threat affecting 

human and animal welfare, though companion animal AMR clinical surveillance remains 

undeveloped. We examined 29,330 canine and 8,279 feline Enterobacteriaceae digitally 

stored clinical antimicrobial susceptibility tests (AST) performed between April 2016 and July 

2018 from four diagnostic laboratories and 2,237 veterinary practice sites in the UK. 

Escherichia coli (E. coli) was the most commonly isolated Enterobacteriaceae species in dogs 

(69.4% of AST results, 95% confidence interval, CI 68.7-70.0) and cats (90.5%, CI 89.8-91.3); 

the majority being isolated from urine samples (dogs: 58.6% of E. coli AST results,                          

CI 57.8-59.4; cats: 83.8%, CI 81.9-85.7). Resistance to three or more antimicrobial classes / 

β-lactam sub-classes (multi-drug resistance, MDR) was reported in 6.5% (CI 6.1-7.0) of canine 

and 2.6% (CI 2.1-3.2) of feline E. coli isolates. Practices receiving referral cases only were 

associated with significantly increased odds of MDR bacteria (odds ratio, OR, 2.6, CI 1.4-2.9), 

as were those employing Royal College of Veterinary Surgeons (RCVS) specialists (OR 1.5,        

CI 1.1-2.2) in dogs. Little resistance prevalence temporal variation was observed, though 

resistance did vary by geographical region. We also collected 148 Enterobacteriaceae isolates 

between December 2017 and July 2018 reported as showing MDR, 3rd/4th generation 

cephalosporin or fluoroquinolone resistance, or extended spectrum β-lactamase (ESBL) 

production, from three diagnostic laboratories for further analyses. After additional 

phenotypic testing, 34.5% (CI 26.5-42.4) displayed an ESBL-producing phenotype. Genotypic 

analyses of these isolates revealed blaCTX-M-15, a gene variant commonly implicated in human 

ESBL infections, as the most commonly detected variant belonging to the blaCTX-M group in 

this collection (n isolates=23). Six E. coli were identified as being sequence type (ST) 

131:O25b, a pandemic human clone associated with worldwide dissemination of blaCTX-M-15. 

AmpC β-lactamases were also phenotypically detected commonly (9.5% of tested isolates, 

CI 4.9-14.1), with the majority belonging to the blaCIT cluster group (24.8% of AmpC isolates, 

n=22). We also identified blaACC in two isolates, representing the first time this group has 

been detected in companion animals. Here we have demonstrated the use of wide scale 

digital AMR surveillance to identify important resistance trends in companion animals, and 

further a method by which these findings can be characterised in detail. However, a number 

of improvements in data quality and protocol harmonisation could be made to improve such 

surveillance methods in the future.  
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6.2 Introduction 

Antimicrobial resistance (AMR) has emerged as arguably the single most important ‘one 

health’ threat adversely affecting the welfare of humans, production animals, and 

companion animals (O'Neill, 2016). Whilst government-led AMR surveillance has been 

established in humans (PHE, 2017) and production animals (VMD, 2017) both in the UK and 

across Europe (ECDC, 2018), there generally remains a dearth of AMR surveillance focused 

on companion animal species. However, considering that resistance has been shown to 

develop in companion animals exposed to antimicrobial therapy (Schmidt et al., 2018a; 

Schmidt et al., 2018b; Trott et al., 2004), and that resistance transmission between humans 

and companion animals has already been demonstrated (Guardabassi et al., 2004a; Harrison 

et al., 2014; Johnson et al., 2008c; Zhang, 2016), companion animals should be regarded as 

an important component of any future attempts to further understand and curtail the 

worldwide spread of AMR. 

 

In companion animals, a number of surveys defining prevalence and risk factors for carriage 

of potentially medically-important resistant bacterial species in both dogs and cats have been 

completed (Rocha-Gracia et al., 2015; Schmidt et al., 2015; Wedley et al., 2017). However, a 

number of limitations have thus far hindered population-level efforts to characterise clinical 

resistance in companion animals. The companion animal veterinary laboratory diagnostic 

sector in the UK is comprised of several largely independent diagnostic laboratories, each 

utilising often bespoke laboratory information management systems (LIMS) (O'Neill et al., 

2014b). Practically, this has so far limited the ability of electronic health record (EHR) data 

collection projects, such as the Small Animal Veterinary Surveillance Network (SAVSNET) and 

VetCompass (O'Neill et al., 2014b; Sánchez-Vizcaíno et al., 2015) to rapidly assimilate large 

volumes of records into a single, unified, equivalent database. Further, there exist a number 

of different protocols and interpretation guidelines around antimicrobial susceptibility 

testing (AST) (Leclercq et al., 2013; Marques et al., 2016; Roca et al., 2015; Toutain et al., 

2017), practically limiting comparability between studies. 

 

Asides from utilisation of diagnostic laboratory results data for further surveillance and 

research, the bacterial isolates themselves also remain rarely utilised. Indeed, isolates are 

frequently disposed of within a short period (less than a week) after submission for practical 

storage reasons (personal communication). Recently, genomics-based research and 

surveillance has unlocked a wealth of information pertaining to the development and 
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dissemination of resistance genes in and between bacterial species (McCarthy et al., 2015; 

Zhang, 2016; Zogg et al., 2018). Though this has to a limited extent begun to be explored in 

companion animals (Zhang, 2016), bacterial isolates disposed of by commercial veterinary 

diagnostic laboratories remain an untapped resource. Exploring means by which important 

bacterial isolates could be retained by veterinary diagnostic laboratories for further 

characterisation, and in a timeframe that retains surveillance and clinical relevance, would 

thus seem to be a particularly crucial aim for effective clinical AMR surveillance in companion 

animals. 

 

Considering particular resistance trends, the World Health Organisation (WHO) have 

identified the Enterobacteriaceae family (including the Escherichia, Klebsiella, Citrobacter, 

Serratia, Salmonella, Enterobacter and Proteus genera amongst others) to be of critical 

importance, particularly with regards to 3rd generation cephalosporin and carbapenem 

resistance (Iredell et al., 2016; Tacconelli et al., 2018). Such concerns are largely driven by 

the worldwide dissemination of extended spectrum β-lactamases (ESBLs); ampicillin 

hydrolysing (AmpC) β-lactamases, and carbapenemases, though mechanisms driving 

quinolone resistance also remain of importance (Iredell et al., 2016; Temkin et al., 2014). 

Additionally, newly emerging resistance trends, for example mobile colistin resistance, have 

led to increased reports of multi-drug resistant strains, displaying resistance to three or more 

antimicrobial classes (Magiorakos et al., 2012). Further, truly pan-resistant 

Enterobacteriaceae strains, where there are no available antimicrobial options remaining to 

treat infection in people or animals, have also begun to be reported (Elemam et al., 2009; Liu 

et al., 2016a). Whilst various studies have sought to define Enterobacteriaceae phenotypic 

and genotypic resistance prevalence in terms of carriage and clinical infection in companion 

animals (Carvalho et al., 2016; Maeyama et al., 2018; Marques et al., 2016; Schmidt et al., 

2015; Wedley et al., 2017), there remains a need to establish regular clinical surveillance at 

scale to determine trends in the UK, inform stewardship and further define risk factors for 

resistance in these large, diverse animal populations. 

 

Hence, the current study sought to collate electronically formatted AST results from a range 

of veterinary diagnostic laboratories situated in the UK. This study used Enterobacteriaceae 

isolated from clinical samples of canine and feline origin as an exemplar, seeking to define 

the prevalence of multi-drug, 3rd/4th generation cephalosporin, fluoroquinolone, and 

potentiated penicillin resistance, and further characterise risk factors for clinical Escherichia 
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coli (E. coli) resistance. This study also sought to establish a protocol by which resistant 

Enterobacteriaceae isolates of particular importance could be retained by veterinary 

diagnostic laboratories and further phenotypically and genotypically characterised, including 

identifying isolates of particular global health importance, such as the highly virulent 

pandemic E. coli clone O25b:H4, sequence type (ST) 131 (Rogers et al., 2011). 

 

6.3 Materials and methods 

6.3.1 Data collection and management 

6.3.1.1 Antimicrobial susceptibility test data 

Data relating to bacterial culture and subsequent antimicrobial susceptibility testing (AST) of 

clinical samples originating from dogs and cats were collated by the Small Animal Veterinary 

Surveillance Network (SAVSNET) in near real-time from four veterinary diagnostic 

laboratories (A, B, C and D) based in the UK between 1st April 2016 and 31st July 2018. Data 

were supplied in two electronic formats: in comma-separated files (one laboratory) and in 

extensible mark-up language (XML) broadly conforming to the vetXML Consortium schema 

(three laboratories). For all laboratories, a range of information was provided including a 

unique submission identification code; postcode of the submitting veterinary practice site; 

date the results report was produced; animal species; breed; sex and neuter status; the type 

or anatomical location of the submitted sample e.g. urine, ears (hence, ‘sampling type / site’); 

the bacterial species isolated from the sample, and AST results for each antimicrobial tested. 

 

Considering sampling type / site, whilst some sample types (e.g. urine, blood, faeces) and 

sites (e.g. ear) were clearly recorded, sampling type / site was also frequently supplied in free 

text format. In such cases (approx. 45,000 unique values) the author utilised both regular 

expressions and manual reading to, where possible, categorise every unique value into six 

broad categories: urine; ear(s); oro-nasopharyngeal and respiratory sites; faeces; the anal 

region including anal sacs, and other / mixed sites. It was found that information quality 

provided in this respect was variable; hence, categories were used where the author (DS) had 

reasonable confidence that the sample did indeed originate from that anatomical region or 

type of sample. 

 

Regarding bacterial species identification, three laboratories (B, C and D) utilised standard 

phenotypic tests e.g. analytical profile index (API), whereas laboratory A utilised matrix 
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assisted laser desorption / ionization (MALDI-TOF). Bacterial species were described to varied 

levels of detail ranging from genus-level (e.g. Enterobacter species) to serovar-level               

(e.g. Salmonella Typhimurium). Here we manually classified each recorded pathogen into a 

standardised hierarchical bacterial taxonomy, selecting any AST result for bacteria belonging 

to the Enterobacteriaceae family. 

 

As this study was retrospective in nature, contributing laboratories utilised a range of 

techniques including standard antimicrobial disc diffusion (laboratories B, C and D) and 

minimum inhibitory concentration (MIC) (laboratory A); also interpreting these using a 

variety of guidelines, including Clinical & Laboratory Standards Institute (CLSI), European 

Committee on Antimicrobial Susceptibility Testing (EUCAST) and, where necessary, in-house 

methodologies. Although laboratory A provided both an AST numerical value and subsequent 

AST interpretation (e.g. sensitive, resistant), laboratories B, C and D only provided an 

interpretation; hence, for this study only interpreted AST results were analysed. Some 

laboratories utilised generic AST panels containing antimicrobials to which the tested 

bacterial species was intrinsically resistant; only antimicrobials associated with acquired 

resistance were summarised on a species-by-species basis, using latest evidence as a guide 

(Magiorakos et al., 2012). Hence, tested antimicrobials were grouped to class-level, with 

results being classified as ‘resistant’ if the tested bacteria expressed phenotypic                        

non-susceptibility to one or more of the tested antimicrobials within a class. Any 

‘intermediate’ results were classified as being ‘sensitive’ in this study. 

 

Thus, classes analysed in the current study were as follows: fluoroquinolones (consisting of 

enrofloxacin, marbofloxacin, pradofloxacin, orbifloxacin, ofloxacin, ciprofloxacin); 

tetracyclines (tetracycline, doxycycline, oxytetracycline); potentiated sulphonamides; 

aminoglycosides (gentamicin, amikacin, tobramycin, neomycin, framycetin); nitrofurantoin; 

amphenicols (chloramphenicol, florfenicol), and polymyxin B. The β-lactams were considered 

in total and by sub-class as follows: amino-penicillins (amoxicillin, ampicillin, carbenicillin, 

piperacillin, ticarcillin); 1st and 2nd generation cephalosporins (cephalexin, cefadroxil, 

cefuroxime); 3rd/4th generation cephalosporins (cefovecin, ceftiofur, cefpodoxime, 

ceftazidime); potentiated penicillins (clavulanic acid potentiated amoxicillin, clavulanic acid 

potentiated ticarcillin), and carbapenems (imipenem, meropenem). 
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Whilst narrow spectrum penicillins were sometimes tested for, the relatively low numbers 

tested, coupled with a previously identified association between members of the 

Enterobacteriaceae family and intrinsic resistance to antimicrobials of this sub-class 

(Magiorakos et al., 2012), resulted in these AST results not being summarised here. This was 

also true for macrolides, lincosamides, and fusidic acid (Magiorakos et al., 2012). AST results 

were finally categorised by class into three groups: susceptible; resistant to one or two 

classes/β-lactam sub-classes, or resistant to three or more classes/β-lactam sub-classes 

(multi-drug resistant, MDR). Antimicrobial classes used to determine this varied by bacterial 

species according to previously identified intrinsic resistance (Magiorakos et al., 2012). 

 

6.3.1.2 Veterinary practice site demographic data 

As each AST result included the postcode of the submitting veterinary practice site, each 

result was augmented with further demographic information through use of two external 

data sources: the Royal College of Veterinary Surgeons (RCVS) Veterinary Practice Directory 

(VPD) and the National Statistics Postcode Look-up (NSPL). Whilst the NSPL is freely available 

for download (NSPL, 2015) the RCVS VPD is only available online (RCVS, 2018b). Hence, the 

R packages ‘rvest’ (Wickham, 2016) and ‘purrr’ (Henry, 2018) were utilised to “web-scrape” 

the RCVS VPD on 12th October, 2018. This automatically extracted a range of further 

information pertaining to each practice site registered in the UK (n = 5,191) including practice 

site name; RCVS accreditation status; whether the site only examines emergency, out-of-

hours or referral cases, or only provides vaccinations; animal species treated at the site; 

whether the site employs any veterinary surgeons currently holding ‘advanced veterinary 

practitioner’ (AVP) or ‘RCVS specialist’ status, and whether the site provides veterinary nurse 

training. As it was found that some postcodes contained more than one practice site                  

(n = 148), postcodes containing two or more practice sites treating companion animal species 

(including dogs, cats, small mammals or exotics) were designated as ‘multi-site postcodes’   

(n = 92). 

 

The NSPL was further utilised to provide a precise geographical location for each practice 

site; postcode area; country; region, and an indication of whether the practice site is located 

in a rural or urban location. Recorded differently between England and Wales, and Scotland 

an ‘urban’ designation was given to practice sites where the postcode was recorded as being 

in the A1, B1, C1, C2, 1 or 2 categories; otherwise sites were designated as ‘rural’ (NSPL, 

2015).  
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6.3.1.3 Animal demographic data 

Every laboratory provided animal species; sex; neutered status, and breed free-text fields 

with each AST result. Dog and cat breeds were summarised to standardised breed terms 

(Sanchez-Vizcaino et al., 2017) which were then grouped into genotypically similar breed 

groups (hence, ‘genetic breed groups’) as defined previously (Lipinski et al., 2008; Vonholdt 

et al., 2010). Three further genetic breed groups were defined: crossbreeds, breeds not yet 

genetically classified (hence, ‘unclassified’), and breeds not recorded or recognisable (hence, 

‘unknown’). 

 

6.3.2 Multidrug resistant isolate collection and storage 

A total of six veterinary diagnostic laboratories were approached regarding collection of 

bacterial isolates for inclusion in the current study. Of these laboratories four agreed to 

provide isolates, of which three (laboratories A, E and F) actually provided isolates to this 

study. Participating laboratories were provided with a set of criteria which needed to be met 

for an isolate to be valid for inclusion. Firstly, all supplied bacterial isolates were required to 

belong to the Enterobacteriaceae family. Secondly, Enterobacteriaceae isolates were 

required to comply with one or more of the following criteria: 

 

1. Isolate displayed phenotypic extended spectrum β-lactamase production (ESBL), for 

instance via a combination disc test. 

2. On AST, isolate was non-susceptible to three or more antimicrobial classes. 

3. On AST, isolate was non-susceptible to one or more of the 3rd/4th generation 

cephalosporin; fluoroquinolone; polymyxin, or carbapenem (sub-)classes. 

 

Participating laboratories were provided with sterile charcoal swabs and postage material 

including leak-proof bags, an absorbent layer and rigid cardboard box compliant with 

UN3373 biological substance Category B transport regulations. Participants were asked to 

use the provided sterile charcoal swabs to pick a harvest culture (either from solid agar or 

broth) of any relevant bacterial isolates. These swabs were stored by the submitting 

laboratory at approximately 4⁰C for no more than three days prior to postage. On receipt at 

the University of Liverpool, isolates were incubated under aerobic conditions for 18-24 hours 

at 37⁰C on nutrient agar. Pure colonies were picked using a sterile 5μl loop and transferred 

to a MicrobankTM cryovial (Pro-Lab Diagnostics UK, UK) for long-term storage at -80⁰C. Once 
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transferred into cryopreservative fluid, each cryovial was inverted numerous times, with 1ml 

of fluid then being removed using a sterile pipette. Isolates were recovered by removing a 

single bead from the cryovial using a sterile pipette tip; the bead was then inoculated onto 

solid nutrient agar before being incubated under aerobic conditions at 37⁰C for 18-24 hours. 

 

6.3.3 Phenotypic analyses 

ASTs were undertaken on all received isolates complying with Clinical and Laboratory 

Standards Institute (CLSI) guidelines (CLSI, 2008b). 1-2 colonies were picked from freshly 

incubated (less than 24 hours) nutrient agar plates and homogenised in 3ml sterile saline 

solution using a sterile 5μl loop. Subsequently, a sterile cotton wool swab was used to 

inoculate two Müller-Hinton agar plates with each suspension, using a rotary plater to 

achieve semi-confluent growth. Following inoculation, a total of ten antimicrobial discs (five 

on each plate) supplied by MAST Diagnostics (Liverpool, UK) were applied. Antimicrobial discs 

and associated antimicrobial concentrations were chosen to represent a broad range of 

antimicrobial classes and sub-classes, including: ampicillin 10μg (amino-penicillin); clavulanic 

acid potentiated amoxicillin 10μg/20μg (potentiated penicillin); cephalothin 30μg                     

(1st generation cephalosporin); cefpodoxime 10μg (3rd generation cephalosporin); imipenem 

10μg (carbapenem); enrofloxacin 5μg (fluoroquinolone); gentamicin 10μg (aminoglycoside); 

chloramphenicol 30μg (amphenicol); tetracycline 30μg (tetracycline), and trimethoprim 

potentiated sulfamethoxazole 1.25μg/23.75μg (trimethoprim / sulphonamide). All plates 

were then aerobically incubated at 37⁰C overnight; zones of inhibition were measured in 

millimetres and recorded. Isolates were classified as sensitive, intermediate or resistant, or 

ESBL-producing according to published CLSI guidelines (CLSI, 2008b); intermediate 

phenotypes were considered as sensitive. 

 

Regarding phenotypic confirmation of ESBL-production, inoculated Müller-Hinton agar plates 

were prepared following the methodology as described above, utilising a third plate per 

isolate. The combination disc method was utilised following the methodology supplied by 

the CLSI (CLSI, 2008b). Six antimicrobial discs were applied to each plate including ceftazidime 

(30μg), cefpodoxime (30μg) and cefotaxime (30μg) alone and in combination with clavulanic 

acid (10μg). These plates were also then aerobically incubated at 37⁰C overnight. Hence, an 

increase in zone size diameter of 5mm or greater between clavulanic acid potentiated and 

non-potentiated forms of at least one tested antimicrobial was judged to be indicative of 

ESBL-production. However, isolates found to be resistant to cefpodoxime with zone size 
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diameter differentials of less than 5mm were also recorded, as these could be indicative of 

additional or alternative resistance mechanisms (e.g. AmpC-production). 

 

6.3.4 Genotypic analyses 

DNA was extracted by inoculating 1-3 colonies of pure culture from nutrient agar into 0.5ml 

sterile water in 1.5ml Eppendorf tubes. These suspensions were vortexed and heated at 

100⁰C for 10 minutes; the resulting cell lysates then being stored at 4⁰C pending analyses. 

These cell lysates were utilised for both conventional simplex and multiplex polymerase chain 

reactions (PCR), and for real-time PCR. 

 

6.3.4.1 PCR 

All PCR assays were undertaken using a total reaction volume of 25μl. This consisted of 5μl 

or 6μl of 5x Firepol® 7.5mM MgCl2 Master Mix Ready to Load (Solis Biodyne, Estonia) for 

simplex or multiplex PCR assays respectively; 10ρmol of each primer (suspended in 1μl with 

sterile water); 1μl (simplex PCR) or 2μl (multiplex PCR) of DNA lysate, and an appropriate 

volume of ultra-pure water. In addition to tested isolates, a DNA lysate known to carry the 

gene(s) of interest were included with each PCR run, as was a negative control (ultra-pure 

water). All primers were synthesised by Eurofins MWG Operon (Germany), and PCR reactions 

undertaken using 2720 Thermal Cyclers (Applied Biosystems, USA). Full details of primer 

sequences, reaction conditions and product sizes are available in Appendix Five, Table 5.1. 

 

PCR amplification products were visualised via gel electrophoresis, which was undertaken 

using peqGREEN-stained 1.5% (simplex PCR) or 2.0% (monoplex PCR) agarose gels                    

(35-250ml). These gels were constituted of high pure low EEO agarose (Biogene Ltd., UK) 

dissolved in 1x Tris-acetate-EDTA buffer (Sigma-Aldrich, UK), with 2.5μl peqGREEN added per 

100ml of gel. Once set, 5μl of ΦX174 DNA/BsuRI (HaeIII) Marker 9 DNA ladder (Thermo Fisher 

Scientific Inc., UK) was loaded into the first well of each gel using a pipette, with 5μl of each 

PCR product then also being loaded. PCR products were loaded in a seven product sequence 

followed by a negative control. Electrophoresis tanks were filled with 1x Tris-acetate-EDTA 

buffer and run using a PowerPac Basic (Bio-Rad, USA) at 120V for 30-60 minutes depending 

on gel size (simplex PCR products), or 100V for 60-120 minutes (multiplex PCR products). PCR 

products were visualised under ultraviolet translumination, with gel images being printed 

and saved using UVIProMV (UVItec, UK).  
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Considering PCR assays performed, all isolates were examined for presence of the uidA gene, 

a gene associated with E. coli (McDaniels et al., 1996). Any isolates negative for uidA were 

also examined for presence of uspA, another gene associated with E. coli (Bekal et al., 2003). 

All isolates identified as E. coli by contributing laboratories were also tested for presence of 

pabB, a gene associated with the E. coli pandemic clone ST131:O25b (Clermont et al., 2009). 

Regarding genes associated with ESBL production, all isolates were tested via a simplex PCR 

assay for presence of blaCTX-M (Boyd et al., 2004), with positive isolates then being further 

characterised via simplex PCR assays for blaCTX-M cluster groups 1, 2, or 9 (Batchelor et al., 

2005; Carattoli et al., 2008; Hopkins et al., 2006). All isolates were additionally tested for the 

presence of blaTEM, blaSHV or blaOXA via a simplex PCR assay (Dallenne et al., 2010). 

 

Any isolates displaying phenotypic intermediate or resistant zone diameter sizes to clavulanic 

acid potentiated amoxicillin and/or limited inhibition on ESBL combination disc testing were 

evaluated for presence of genes associated with AmpC-production. All qualifying isolates 

were tested for presence of blaCIT by simplex PCR; any negative isolates were then tested for 

presence of blaDHA, blaACC, blaEBC and blaFOX by multiplex PCR (Perez-Perez and Hanson, 2002). 

Due to a lack of a positive control, presence of blaMOX was tested by simplex PCR, with PCR 

products then being sequenced (described below). Finally, all isolates were also tested for 

presence of genes associated with quinolone resistance, including qnrA, qnrB, qnrS genes 

tested via multiplex PCR (Robicsek et al., 2006), and aac(6’)-Ib tested via simplex assay (Park 

et al., 2006). 

 

6.3.4.2 Real-time PCR 

All isolates identified as possessing blaCTX-M group 1 genes were further characterised to 

specific gene variants blaCTX-M-1 or blaCTX-M-15 via a melt-curve real-time PCR assay. A total 

reaction volume of 12.5μl was used comprising 6.25μl Type-it® HRMTM PCR Kit (Qiagen, UK) 

master mix; 10ρmol forward and reverse primers diluted in 0.5μl sterile water per primer 

(designed and kindly provided by Dr Tom Edwards, Liverpool School of Tropical Medicine); 

2.5μl DNA lysate, and 2.75μl sterile water. The Rotor-Gene Q real-time PCR cycler (Qiagen, 

UK) was used with samples being held at 95⁰C for 5 minutes before 30 cycles of 95⁰C for 10 

seconds; 58⁰C for 30 seconds, and 72⁰C for 10 seconds. A final melt step of 2 seconds was 

included ramping between 80⁰C and 90⁰C in increments of 0.1⁰C between each cycle. Melt 

curve plots were used to categorise isolates into the blaCTX-M-1 (curve peak temperature: 

84.8⁰C) or blaCTX-M-15 groups (curve peak temperature: 85.3⁰C).  
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6.3.4.3 Sequencing 

Due to a lack of a positive control for blaMOX, products of a simplex PCR assay were further 

purified using a PCR purification Kit (Qiagen, UK). Resulting eluates were quantified by 

NanoDrop (Thermo Fisher Scientific, UK) and sent for sequencing (Source BioScience, UK). 

For each sequencing reaction, 10ng/μl (total volume: 5μl) were provided; primers were 

provided at a concentration of 3.2ρmol. Each sample was sequenced bi-directionally, with 

resulting sequences aligned and manually corrected using ChromasPro software 

(Technelysium, Australia). The blastn suite was utilised to compare resulting sequences 

against the National Center for Biotechnology Information Database (NCBI). Whilst this 

process identified fragments of likely E. coli DNA, the specific sequence corresponding to 

blaMOX was not found. Hence, it was concluded that no tested isolates harboured the blaMOX 

gene. 

 

6.3.5 Statistical analyses 

All statistical analyses were completed using R language (version 3.4.4). Descriptive 

proportions and confidence intervals were adjusted for clustering within veterinary practice 

sites (bootstrap method, n=5,000 samples) (AOD, 2016). Univariable and mixed effects 

logistic models exploring odds of E. coli resistance were fitted separately in dogs and cats 

using the lme4 R package (LME4, 2016). Both veterinary practice site and laboratory site were 

considered as random effects both separately and in combination for all comparisons, and 

were included if a likelihood ratio test (LRT) suggested improved fit by doing so. Separate 

analyses were undertaken to assess the strength of association between the explanatory 

variables and four binary outcomes of interest: an E. coli isolate being MDR; an E. coli isolate 

being 3rd/4th generation cephalosporin resistant; an E. coli isolate being fluoroquinolone 

resistant, and an E.coli isolate being potentiated penicillin resistant. Initial univariable 

screening included a number of explanatory variables, all of which were categorical, including 

sample type / site; sex; neutered status; genetic breed group; practice site urban/rural status; 

RCVS accreditation status; whether the site only examines emergency, out-of-hours or 

referral cases; animal species treated at the site; whether the site employs any veterinary 

surgeons currently holding ‘advanced veterinary practitioner’ (AVP) or ‘RCVS specialist’ 

status; whether the site provides veterinary nurse training, and whether multiple companion 

animal-treating sites were located in the same postcode. 
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Explanatory variables were retained for multivariable analysis if an LRT indicated P ≤ 0.20 

against a null model on univariable analysis. Multivariable models underwent step-wise 

backward elimination to minimise both Akaike Information Criterion (AIC) and Bayesian 

Information Criterion (BIC). Two-way interaction terms between explanatory variables were 

assessed and retained if inclusion resulted in a decrease in both AIC and BIC. Multicollinearity 

was assessed in finalised models using the Variance Inflation Factor (VIF) available through 

the R package ‘car’ (CAR, 2018). When assessing phenotypic resistance agreement between 

isolate-submitting laboratories and laboratory-based analyses completed at the University of 

Liverpool, the irr R package was used (IRR, 2015). Statistical significance for all comparisons 

was defined as P < 0.05. 

 

6.4 Results 

Antimicrobial susceptibility test (AST) data pertaining to 29,330 canine (29,006 sample 

submissions) and 8,279 feline (8,250 sample submissions) consisting of Enterobacteriaceae 

clinical isolates were collated by SAVSNET from four UK-based veterinary diagnostic 

laboratories (A, B, C and D) between 1st April 2016 and 31st July 2018. A total of 148 

Enterobacteriaceae clinical isolates of particular interest (MDR, ESBL-producing and / or 

resistant to 3rd/4th generation cephalosporins; fluoroquinolones; carbapenems, or 

polymyxins) were also received by post between 4th December 2017 and 11th July 2018 from 

three veterinary diagnostic laboratories (A, E and F) for further phenotypic and genotypic 

characterisation at the University of Liverpool. 

 

6.4.1 Analysis of antibacterial susceptibility test (AST) data 

6.4.1.1 Study population 

6.4.1.1.1 Practice site population 

A total of 2,237 practice sites contributed at least one Enterobacteriaceae AST result to this 

analysis, corresponding to 43.1% (95% confidence interval, CI, 41.7-44.4) of all RCVS 

registered practice sites in the UK. For companion animal-treating sites alone, at least one 

AST result was analysed from 49.1% (95% confidence interval, CI, 47.7-50.6) of such sites, 

though coverage did vary by geographical region (Figure 6.1). For dogs, sites contributed a 

median of 7 Enterobacteriaceae AST results each (range 1-156), whereas cats contributed a 

median of 3 results (range 1-166). Sites situated in urban locations comprised the majority of 

results (dogs: 77.5%, CI 74.9-80.1; cats: 84.2%, CI 81.4-86.9), though a site’s urban / rural 



Chapter Six  Monitoring antimicrobial resistance 
 
 
 

139 
 

status could not be determined for 2.2% (CI 1.4-3.1) of canine and 1.3% (CI 0.2-2.4) of feline 

results. When considering all RCVS veterinary practice sites, 71.9% (CI 70.6-73.2) were found 

to be situated in urban locations, with 3.3% (CI 2.8-3.8) of unknown urban / rural status. 

Further demographic findings with a comparison against the generalised RCVS practice 

register can be seen in Table 6.1. Of note, 6.7% (CI 5.3-8.1) of canine, and 5.8% (CI 4.1-7.4) of 

feline AST results contained postcodes which did not match with any RCVS registered practice 

site, and 3.9% (CI 2.5-5.3) of canine and 3.6% (CI 2.2-5.0) of feline AST results were associated 

with a postcode registered to two or more companion animal-treating sites. 

 

 
Figure 6.1: Results coverage map displaying the percentage of veterinary practice sites contributing at 
least one Enterobacteriaceae AST result to this study by postcode area, displayed as a percentage of 
total practice sites contained within a postcode area, as recorded on the RCVS practice register. 
Histogram displays a count of postcode area sites displayed against practice site percentage coverage. 

 

6.4.1.1.2 Animal population 

For dogs, 58.8% (CI 57.9-59.7) of results originated from females, and 37.9% (CI 37.0-38.7) 

males; sex was unspecified in 3.3% (CI 2.7-4.0) of results. In total, 60.2% (CI 58.9-61.4) of 

results originated from dogs recorded as neutered, 20.9% (CI 19.9-21.9) entire, and             
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18.9% (CI 17.4-20.4) unspecified. Retrievers were the most commonly recorded genetic 

breed group (14.3% of results, CI 13.8-14.9) as defined by Vonholdt et al. (2010). For cats, 

59.5% (CI 57.9-61.0) of results originated from females and 36.4% (CI 35.0-37.7) from males; 

sex was unspecified in 4.2% (CI 3.0-5.4) of results. In total, 77.7% (CI 75.8-79.8) of results 

originated from cats recorded as neutered, 8.4% (CI 7.5-9.4) entire, and 13.8% (CI 11.8-15.8) 

unspecified. Crossbreeds were the most commonly recorded genetic breed group (71.0% of 

results, CI 69.5-72.7), as defined by Lipinski et al. (2008). A complete summary of canine and 

feline genetic breed group relative frequencies are available in Appendix Five, Table 5.2. 

 

Table 6.1: Summary of the percentage of Enterobacteriaceae AST results originating from a range of 
veterinary practice site categories, as defined by the Royal College of Veterinary Surgeons (RCVS), 
compared against the percentage of veterinary practice sites in the full RCVS belonging to such 
categories. 

Variable Category 

Dog Cat RCVS practice register 

% a (95% CI b) % (95% CI) % of practice sites (95% CI) 

Species treated Dogs and cats 74.9 (72.2-77.6) 81.0 (78.1-83.9) 80.0 (78.8-81.2) 
Dogs, cats and equids 2.5 (1.5-3.5) 2.3 (1.3-3.4) 2.8 (2.3-3.2) 
Dogs, cats and farmed species 3.0 (1.9-4.1) 2.6 (1.4-3.8) 2.1 (1.7-2.6) 
Mixed 12.7 (10.7-14.8) 8.3 (6.3-10.2) 15.1 (14.1-16.1) 

RCVS accreditation Accredited sites 49.8 (46.7-53.0) 52.9 (48.8-57.1) 42.5 (41.1-44.0) 
RCVS veterinary hospital Sites with hospital status 17.5 (14.4-20.7) 19.3 (14.5-24.1) 4.6 (4.0-5.2) 
Emergency / OOH c providers Sites providing OOH only 5.5 (3.6-7.5) 4.9 (3.1-6.8) 2.3 (1.8-2.7) 
Referrals-only practice sites Sites providing referrals only 1.8 (0.6-2.9) 1.7 (0.6-2.9) 1.3 (1.0-1.6) 

First opinion and referral sites 1.2 (0.4-1.9) 1.1 (0.2-1.9) 0.8 (0.5-1.0) 
RCVS AVP d Sites employing 1< AVP 23.3 (20.2-26.4) 25.7 (21.0-30.4) 13.6 (12.6-14.6) 
RCVS Specialist Sites employing 1< specialist 7.1 (4.9-9.4) 8.7 (4.3-13.0) 2.6 (2.1-3.1) 
VN e training sites Sites training VNs 79.0 (76.8-81.2) 80.0 (77.2-82.8) 56.6 (55.1-58.1) 

a Percentage of Enterobacteriaceae AST results 
b 95% Confidence interval 
c Out of hours 
d Advanced veterinary practitioner 
e Veterinary nurse 

 

6.4.1.1.3 Sample type / site and bacterial species isolated 

For dogs and cats urine was the most commonly tested sample type, representing 55.2%       

(CI 54.0-56.3) and 80.3% (CI 78.9-81.7) of Enterobacteriaceae AST results, respectively. In 

dogs, the anal region (including anal sacs) represented 11.0% (CI 10.3-11.8) of AST results; 

ear(s), 12.1% (CI 11.5-12.7); faeces, 2.9% (CI 3.7-3.2); oronasopharyngeal and respiratory, 

2.1% (CI 1.9-2.3), and other / mixed sites, 16.7% (CI 15.9-17.5). In cats, the anal region 

(including anal sacs) represented 1.4% (CI 1.2-1.7) of AST results; ear (s), 2.6% (CI 2.2-3.0); 

faeces, 2.3% (CI 1.9-2.6); oronasopharyngeal and respiratory, 3.3% (CI 2.9-3.8), and other / 

mixed sites, 10.1% (CI 9.1-11.1). 

 

A total of 55 bacterial species were isolated from dog and cat samples; these were 

summarised into seven groups (see Appendix Five: Table 5.3). E. coli was the most commonly 
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tested bacterial species, particularly for cats, representing 69.4% (CI 68.7-70.0) of canine, and 

90.5% (CI 89.8-91.3) of feline AST results, respectively. When considering isolated bacterial 

species by sample type / site, urine represented the most commonly recorded sample type 

in both species for E. coli and P. mirabilis (see Appendix Five: Table 5.4). 

 

6.4.1.2 Enterobacteriaceae antimicrobial susceptibility 

AST results were summarised for E. coli (Table 6.2); P. mirabilis (Table 6.3) and K. pneumoniae 

(Table 6.4). MDR E. coli were reported in 6.5% of canine (CI 6.1-7.0) and 2.6% (CI 2.1-3.2) of 

feline tested isolates, and considering P. mirabilis in 1.7% (CI 1.3-2.2) of canine, and 4.5%      

(CI 1.9-7.0,) of feline tested isolates respectively. By contrast, MDR K. pneumoniae was 

reported in 15.6% (CI 10.5-20.7) of canine and 25.7% (CI 8.4-42.9) of feline tested isolates 

respectively. 

 

Table 6.2: Summary of canine and feline E. coli antimicrobial class-level resistance. 

Antimicrobial class 

E. coli 
Dogs Cats 

% a (CI) b n tested % (CI) n tested 
Resistant to 1 or 2 classes 36.3 (35.4-37.2) 

20343 
30.7 (29.5-31.9) 

7497 
Resistant to 3 or more classes 6.5 (6.1-7.0) 2.6 (2.1-3.2) 

Aminoglycosides 2.4 (2.0-2.8) 7583 1.9 (0.9-3.0) 1141 
Amphenicols 5.3 (4.1-6.5) 1657 5.0 (0.9-9.1) 180 
Nitrofurantoin 0.7 (0.6-0.9) 11103 0.4 (0.2-0.5) 5845 
Polymyxins 2.4 (0.3-4.4) 336 0.0 24 
Fluoroquinolones 5.5 (5.0-6.0) 20341 2.2 (1.6-2.7) 7497 
Potentiated sulphonamides 10.1 (9.5-10.7) 18734 3.9 (3.3-4.5) 7339 
Tetracyclines 11.8 (11.2-12.4) 18016 5.2 (4.6-5.8) 7189 

Beta-lactams 33.3 (32.5-34.2) 20343 29.3 (28.1-30.5) 7497 
Extended spectrum penicillins 34.5 (33.5-35.4) 18654 28.8 (27.6-30.0) 7327 

1st/2nd gen. cephalosporins 13.3 (12.7-13.9) 20282 13.2 (12.3-14.1) 7484 
3rd/4th gen. cephalosporins 8.4 (7.9-9.0) 17020 7.2 (6.5-8.0) 6730 

Potentiated penicillins 12.7 (12.1-13.4) 20293 11.7 (10.8-12.6) 7489 
Carbapenems 0.0 75 0.0 12 

a Percentage of tested E. coli isolates resistant  
b 95% confidence interval 

 

Table 6.3: Summary of canine and feline P. mirabilis antimicrobial class-level resistance. 

Antimicrobial class 

P. mirabilis 
Dogs Cats 

%a (CI)b n tested % (CI) n tested 
Resistant to 1 or 2 classes 26.1 (24.8-27.3) 

5326 
34.0 (23.9-35.1) 

268 
Resistant to 3 or more classes 1.7 (1.3-2.2) 4.5 (1.9-7.0) 

Aminoglycosides 3.3 (2.5-4.1) 2017 4.2 (0.0-8.8) 72 
Amphenicols 8.5 (6.9-10.1) 1359 8.4 (0.0-17.4) 36 
Fluoroquinolones 4.0 (3.4-4.7) 5326 7.1 (3.7-10.5) 266 
Potentiated sulphonamides 13.6 (12.4-14.8) 3972 18.7 (13.6-23.8) 230 

Beta-lactams 18.0 (16.9-19.1) 5326 26.1 (20.8-31.4) 268 
Extended spectrum penicillins 21.8 (20.4-23.2) 3968 28.5 (22.8-34.3) 231 

1st/2nd gen. cephalosporins 4.6 (4.0-5.2) 5323 8.2 (4.8-11.6) 268 
3rd/4th gen. cephalosporins 1.6 (1.2-2.1) 3961 3.1 (0.9-5.2) 231 

Potentiated penicillins 0.1 (0.0-0.2) 4963 0.0 243 
a Percentage of tested P. mirabilis isolates resistant  
b 95% confidence interval 
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Table 6.4: Summary of canine and feline K. pneumoniae antimicrobial class-level resistance. 

Antimicrobial class 

K. pneumoniae 
Dogs Cats 

%a (CI)b n tested % (CI) n tested 
Resistant to 1 or 2 classes 36.8 (30.9-42.7) 

483 
48.8 (30.6-67.1) 

48 
Resistant to 3 or more classes 15.6 (10.5-20.7) 25.7 (8.4-42.9) 

Aminoglycosides 4.7 (2.2-7.2) 274 11.6 (0.0-26.6) 34 
Amphenicols 9.3 (0.9-17.7) 53 0.0 9 
Nitrofurantoin 33.3 (25.9-40.7) 201 6.1 (0.0-17.8) 16 
Fluoroquinolones 18.5 (13.4-23.7) 483 32.2 (15.0-49.4) 48 
Potentiated sulphonamides 13.0 (7.7-18.2) 446 33.6 (17.7-53.0) 43 
Tetracyclines 17.4 (12.1-22.6) 426 35.3 (17.7-53.0) 41 

Beta-lactams 24.4 (18.4-30.4) 483 42.3 (23.0-61.7) 48 
1st/2nd gen. cephalosporins 24.0 (18.0-30.0) 483 40.1 (20.4-59.8) 48 
3rd/4th gen. cephalosporins 20.0 (13.8-26.1) 412 41.0 (21.8-60.2) 40 

Potentiated penicillins 21.2 (15.1-27.2) 483 38.5 (20.4-56.6) 48 
Carbapenems 0.0 6 0.0 3 

a Percentage of tested K. pneumoniae isolates resistant  
b 95% confidence interval 

 

6.4.1.3 Further characterisation of E. coli 

Co-resistance was commonly observed in both dogs and cats, particularly within the β-lactam 

class, though aminoglycoside and fluoroquinolone resistance was also frequently reported 

(Figure 6.2). We further characterised E. coli MDR, 3rd/4th generation cephalosporin, 

fluoroquinolone, and potentiated penicillin resistance, analysing temporal and geographic 

trends, and risk factors for possessing such resistance phenotypes at an isolate-level. 

 

 
Figure 6.2: Co-resistance heat map displaying the percentage of Enterobacteriaceae isolates recorded 

as being individually phenotypically resistant to one of 10 antimicrobial classes (including four β-

lactam sub-classes) that are also recorded as phenotypically co-resistant to another class in (A) dogs 

and (B) cats. Darker blue indicates increased percentage co-resistance.  
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Considering MDR isolates, a LRT indicated that modelling veterinary practice site alone as a 

random effect provided the best fit for both species. Univariable results are available in 

Appendix Five, Tables 5.5 (dogs) and 5.6 (cats). As a multivariable feline model did not 

converge, results of significant feline univariable models are shown, whereas a canine 

multivariable model is shown (Table 6.5). Compared with the canine retriever genetic breed 

group, crossbreeds and the small terrier group were associated with significantly reduced 

odds of an isolate being MDR. Practice sites examining referral cases only and sites employing 

at least one RCVS specialist reported significantly increased odds. Additionally, compared to 

urine samples, the anal region (including anal sacs), oronasopharyngeal and respiratory 

samples, and other or mixed sites were associated with significantly increased odds. This 

latter finding was also observed for cats, though dogs additionally reported reduced odds for 

ear samples. 
 

Table 6.5: Multivariable (dogs) and univariable (cats) mixed effects logistic model results, displaying 
risk factors significantly associated with odds of an E. coli clinical isolate being classed as multi-drug 
resistant in dogs and cats. Univariable results are displayed for cats due to lack of multivariable model 
convergence. For all models, veterinary practice site was modelled as a random effect. Significant 
categories within a variable are emboldened. 

Random effect(s) Fixed effects 
Variable  Var a    (SD) b Variable Category β SE c OR d (CI) e P 

Dogs – multivariable results 
Practice 0.64   (0.80) Intercept -3.07 0.09 0.05 (0.04-0.06)  
  Genetic 

breed  
group f 

Retriever - - 1.00 - 
  Ancient / spitz -0.07 0.25 0.94 (0.58-1.52) 0.79 
  Crossbreed -0.31 0.12 0.73 (0.58-0.92) 0.01 
  Herding -0.05 0.16 0.96 (0.70-1.30) 0.78 
  Mastiff-like -0.24 0.13 0.79 (0.61-1.02) 0.07 
  Scent hound -0.08 0.19 0.92 (0.63-1.34) 0.70 
  Sight hound -0.07 0.25 0.93 (0.57-1.52) 0.78 
  Small terrier -0.39 0.16 0.68 (0.50-0.92) 0.01 
  Spaniel -0.22 0.12 0.80 (0.64-1.01) 0.06 
  Toy -0.05 0.18 0.95 (0.66-1.36) 0.77 
  Not yet genetically classified 0.08 0.12 1.08 (0.86-1.37) 0.50 
  Unknown breed -0.08 0.13 0.93 (0.72-1.20) 0.57 
  Working dog 0.17 0.15 1.18 (0.89-1.58) 0.25 
  Referrals 

only 
Not referrals-only site - - 1.00 - 

  Referrals-only site 0.97 0.32 2.63 (1.42-4.89) <0.01 
  Mixed site -0.13 0.41 0.88 (0.39-1.98) 0.76 
  RCVS 

Specialist 
No RCVS specialist on site - - 1.00 - 

  RCVS specialist on site 0.42 0.18 1.52 (1.07-2.15) 0.02 
  Sampling 

type / site 
Urine - - 1.00 - 

  Anal region (including anal sacs) 0.51 0.09 1.66 (1.38-1.99) <0.01 
  Ear(s) -0.87 0.19 0.42 (0.29-0.61) <0.01 
  Faeces -0.25 0.4 0.78 (0.40-1.50) 0.45 
  Oronasopharyngeal & respiratory 0.76 0.18 2.14 (1.51-3.04) <0.01 
  Other sites or mixed 0.55 0.08 1.73 (1.48-2.02) <0.01 

Cats – univariable results 
Practice 30.50  (5.52) Genetic 

breed  
group g 

West Europe (intercept) -7.52 0.55 0.00 (0.00-0.002)  
  Asian -1.12 0.59 0.33 (0.10-1.04) 0.06 
  Crossbreed -0.426 0.35 0.65 (0.33-1.30) 0.22 
  Not yet genetically classified -1.47 0.74 0.23 (0.05-0.99) 0.05 
  Unknown breed -0.56 0.46 0.57 (0.23-1.40) 0.22 
Practice 27.89  (5.28) Sampling 

type / site 
Urine (intercept) -8.14 0.50 0.00 (0.00-0.001) <0.01 

  Anal region (including anal sacs) 1.62 0.57 5.06 (1.64-15.60) 0.01 
  Ear(s) -0.51 1.00 0.60 (0.08-4.31) 0.61 
  Faeces 1.18 0.66 3.25 (0.90-11.76) 0.07 
  Oronasopharyngeal & respiratory 1.70 0.44 5.46 (2.31-12.90) <0.01 
  Other sites or mixed 0.90 0.30 2.45 (1.36-4.41) <0.01 

a Variance   c Standard error  e 95% Confidence interval  g Lipinski et al. (2008) 
b Standard deviation  d Odds ratio  f Vonholdt et al. (2010)  
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Exploring 3rd/4th generation cephalosporin resistance, a LRT indicated that for dogs including 

practice site and laboratory as random effects provided best fit, whereas including practice 

site alone provided best fit for cats. Univariable results can be seen in Appendix Five, Tables 

5.7 (dogs) and 5.8 (cats), and multivariable results in Table 6.6. Whilst male dogs were 

associated with significantly reduced odds, male cats were associated with significantly 

increased odds. Compared to the canine retriever genetic breed group, scent hounds 

reported greatest odds. Practice sites examining referral cases only and sites employing at 

least one RCVS specialist were again associated with significantly increased odds; RCVS 

accredited sites were also associated with increased odds. Compared to urine samples, the 

anal region (including anal sacs) was associated with significantly increased odds, as were 

other / mixed sites; the latter also being observed in cats. For cats, oronasopharyngeal and 

respiratory sites were also associated with increased odds. 

 

Modelling fluoroquinolone resistance, a LRT indicated best fit by including practice site alone 

as a random effect in both species. Univariable results are available in Appendix Five, Tables 

5.9 (dogs) and 5.10 (cats), and multivariable results in Table 6.7. For dogs, neutered animals 

were associated with increased odds. Compared to the retriever genetic breed group, 

crossbreeds and small terriers were associated with significantly reduced odds. Practice sites 

examining referral cases only and veterinary practice sites employing at least one RCVS 

specialist were associated with significantly increased odds. In both dogs and cats, the anal 

region (including anal sacs) was associated with increased odds, as were other / mixed sites. 

For dogs, ears, and oronasopharyngeal and respiratory sites were also associated with 

increased odds, compared to urine samples. 

 

Examining potentiated penicillin resistance, a LRT indicated that practice site and laboratory 

should be included as random effects for both species. Univariable results are available in 

Appendix Five, Tables 5.11 (dogs) and 5.12 (cats), and multivariable results in Table 6.8. 

Compared to the retriever genetic breed group, the mastiff-like, small terrier, toy, and 

working dog groups were all associated with significantly increased odds. Practice sites 

examining referral cases only and sites employing at least one RCVS specialist were again 

associated with significantly increased odds. Compared to urine samples, the anal region 

including anal sacs, oronasopharyngeal and respiratory sites, and other / mixed sites were 

associated with significantly increased odds of an isolate being classified as potentiated 

penicillin resistant; the latter also being found in cats. 
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Table 6.6: Two multivariable mixed effects logistic models displaying risk factors significantly 
associated with odds of an E. coli clinical isolate being classed as 3rd/4th generation cephalosporin 
resistant in dogs and cats. For both models, veterinary practice site was modelled as a random effect; 
for dogs laboratory site was also included. Significant categories within a variable are emboldened. 

Random effect(s) Fixed effects 
Variable  Var a    (SD) b Variable Category β SE c OR d (CI) e P 

Dogs 
Practice 0.22   (0.47) Intercept -

2.45 
0.59 0.09 (0.04-0.27)  

Laboratory 0.99   (1.00) Sex Female - - 1.00 - 
  Male -

0.13 
0.06 0.88 (0.78-0.99) 0.03 

  Unspecified 0.16 0.16 1.18 (0.87-1.60) 0.30 
  Genetic  

breed  
group f 

Retriever - - 1.00 - 
  Ancient / spitz 0.46 0.22 1.59 (1.03-2.43) 0.04 
  Crossbreed 0.28 0.11 1.32 (1.06-1.64) 0.01 
  Herding -

0.12 
0.17 0.89 (0.64-1.23) 0.47 

  Mastiff-like 0.35 0.12 1.41 (1.11-1.79) <0.01 
  Scent hound 0.50 0.17 1.65 (1.18-2.29) <0.01 
  Sight hound -

0.36 
0.29 0.70 (0.40-1.22) 0.21 

  Small terrier 0.46 0.13 1.58 (1.21-2.05) <0.01 
  Spaniel 0.26 0.11 1.30 (1.04-1.62) 0.02 
  Toy 0.46 0.17 1.59 (1.14-2.20) 0.01 
  Not yet genetically classified 0.14 0.13 1.15 (0.90-1.47) 0.27 
  Unknown breed 0.22 0.12 1.25 (0.98-1.59) 0.07 
  Working dog 0.44 0.15 1.56 (1.17-2.08) <0.01 
  Species  

treated 
Dog & cat - - 1.00 - 

  Dog, cat & equine 0.19 0.20 1.21 (0.82-1.76) 0.34 
  Dog, cat, equine & farm -0.20 0.11 0.82 (0.66-1.01) 0.06 
  Dog, cat & farm 0.12 0.19 1.13 (0.78-1.65) 0.53 
  RCVS 

accreditation 
Not accredited - - 1.00 - 

  Accredited 0.14 0.07 1.15 (1.01-1.32) 0.03 
  Referrals  

only 
Not referrals-only site - - 1.00 - 

  Referrals-only site 0.70 0.27 2.02 (1.20-3.42) 0.01 
  Mixed site -0.34 0.33 0.71 (0.37-1.36) 0.31 
  RCVS  

Specialist 
No RCVS specialist on site - - 1.00 - 

  RCVS specialist on site 0.43 0.15 1.54 (1.16-2.06) <0.01 
  Sampling  

type / site 
Urine - - 1.00 - 

  Anal region (including anal sacs) 0.24 0.09 1.28 (1.08-1.51) 0.01 
  Ear(s) 0.77 0.58 2.17 (0.70-6.75) 0.18 
  Faeces 0.06 0.25 1.06 (0.65-1.75) 0.81 
  Oronasopharyngeal & respiratory 0.12 0.22 1.13 (0.73-1.73) 0.59 
  Other sites or mixed 0.63 0.07 1.87 (1.62-2.15) <0.01 

Cats 
Practice 0.740.74     (0.86) Intercept  -3.20 0.24 0.04 (0.03-0.07)  
  Sex Female - - 1.00 - 
  Male 0.31 0.11 1.37 (1.11-1.68) <0.01 
  Unspecified 0.06 0.30 1.06 (0.59-1.92) 0.84 
  Genetic  

breed  
group g 

West Europe - - 1.00 - 
  Asian 0.10 0.29 1.10 (0.62-1.96) 0.74 
  Crossbreed 0.11 0.21 1.12 (0.74-1.70) 0.59 

  Not yet genetically classified -0.41 0.37 0.66 (0.32-1.37) 0.27 
  Unknown breed -0.35 0.26 0.71 (0.42-1.18) 0.19 
  RCVS 

accreditation 
Not accredited - - 1.00 - 

  Accredited 0.23 0.12 1.25 (0.98-1.60) 0.07 
  Sampling  

type / site 
Urine - - 1.00 - 

  Anal region (including anal sacs) 0.27 0.38 1.32 (0.63-2.75) 0.47 
  Faeces -1.07 0.60 0.34 (0.11-1.11) 0.07 
  Oronasopharyngeal & respiratory 0.67 0.25 1.95 (1.19-3.18) 0.01 
  Other sites or mixed 0.65 0.17 1.91 (1.38-2.63) <0.01 

a Variance 
b Standard deviation 
c Standard error 
d Odds ratio 
e 95% Confidence interval 
f Vonholdt et al. (2010) 
g Lipinski et al. (2008)  
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Table 6.7: Two multivariable mixed effects logistic models displaying risk factors significantly 
associated with odds of an E. coli clinical isolate being classed as fluoroquinolone resistant in dogs and 
cats. For both models, veterinary practice site was modelled as a random effect. Significant categories 
within a variable are emboldened. 

Random effect(s) Fixed effects 

Variable  Var a    (SD) b Variable Category β SE c OR d (CI) e P 

Dogs 

Practice 0.88   (0.94) Intercept -3.56 0.13 0.03 (0.02-0.04)  

  Sex Female - - 1.00 - 

  Male -0.01 0.07 0.99 (0.86-1.14) 0.93 
  Unspecified 0.50 0.21 1.65 (1.09-2.50) 0.02 

  Neuter 
status 

Un-neutered - - 1.00 - 

  status Neutered 0.23 0.09 1.26 (1.05-1.52) 0.01 

   Unspecified -0.12 0.13 0.89 (0.69-1.15) 0.36 

  Genetic  
breed  
group f 

Retriever - - 1.00 - 

  Ancient / spitz -0.01 0.26 0.99 (0.60-1.64) 0.97 
  Crossbreed -0.38 0.13 0.68 (0.53-0.88) <0.0

1   Herding -0.19 0.18 0.83 (0.59-1.18) 0.30 
  Mastiff-like -0.19 0.14 0.83 (0.63-1.09) 0.18 
  Scent hound 0.18 0.19 1.20 (0.83-1.74) 0.34 
  Sight hound -0.56 0.33 0.57 (0.30-1.08) 0.09 
  Small terrier -0.42 0.17 0.66 (0.48-0.92) 0.01 
  Spaniel -0.13 0.12 0.88 (0.69-1.12) 0.29 
  Toy -0.01 0.20 0.99 (0.67-1.45) 0.95 
  Not yet genetically classified 0.03 0.13 1.03 (0.80-1.33) 0.81 
  Unknown breed -0.04 0.14 0.96 (0.72-1.27) 0.77 
  Working dog -0.03 0.17 0.97 (0.71-1.35) 0.87 
  Referrals  

only 
Not referrals-only site - - 1.00 - 

  Referrals-only site 0.99 0.36 2.69 (1.34-5.39) 0.01 
  Mixed site -0.23 0.48 0.80 (0.31-2.05) 0.64 
  RCVS  

Specialist 
No RCVS specialist on site - - 1.00 - 

  RCVS specialist on site 0.74 0.20 2.10 (1.42-3.08) <0.01 
  Sampling  

type / site 
Urine - - 1.00 - 

  Anal region (including anal sacs) 0.40 0.11 1.49 (1.21-1.84) <0.01 
  Ear(s) 0.56 0.13 1.75 (1.36-2.25) <0.01 
  Faeces -0.58 0.43 0.56 (0.24-1.30) 0.18 
  Oronasopharyngeal & respiratory 0.53 0.21 1.71 (1.12-2.59) 0.01 
  Other sites or mixed 0.55 0.09 1.74 (1.46-2.07) <0.01 

Cats 

Practice   26.20   (5.12) Intercept  -7.68 0.60 0.00 (0.00-0.00)  
  Genetic  

breed  
group g 

West Europe - - 1.00 - 

  Asian -0.85 0.55 0.43 (0.15-1.26) 0.12 
  Crossbreed -0.71 0.37 0.49 (0.24-1.01) 0.05 

  Not yet genetically classified -2.01 0.83 0.13 (0.03-0.68) 0.02 
  Unknown breed -0.61 0.49 0.54 (0.21-1.41) 0.21 
  RCVS  

Specialist 
No RCVS specialist on site - - 1.00 - 

  RCVS specialist on site 1.24 0.75 3.46 (0.79-15.18) 0.10 
  Sampling  

type / site 
Urine - - 1.00 - 

  Anal region (including anal sacs) 1.45 0.67 4.27 (1.16-15.72) 0.03 
  Ear(s) 1.12 0.70 3.05 (0.77-12.10) 0.11 
  Faeces 0.51 0.89 1.66 (0.29-9.53) 0.57 
  Oronasopharyngeal & respiratory 0.37 0.59 1.45 (0.45-4.64) 0.53 
  Other sites or mixed 0.81 0.33 2.24 (1.18-4.26) 0.01 

a Variance 
b Standard deviation 
c Standard error 
d Odds ratio 
e 95% Confidence interval 
f Vonholdt et al. (2010) 
g Lipinski et al. (2008)  
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Table 6.8: Two multivariable mixed effects logistic models displaying risk factors significantly 
associated with odds of an E. coli clinical isolate being classed as potentiated penicillin resistant in dogs 
and cats. For both models, veterinary practice site and laboratory site were modelled as random 
effects. Significant categories within a variable are emboldened. 

Random effect(s) Fixed effects 

Variable  Var a   (SD) b Variable Category β SE c OR d (CI) e P 

Dogs 

Practice 0.10  (0.31) Intercept -1.93 0.18 0.15 (0.10-0.21)  

Laboratory 0.09  (0.29) Sex Female - - 1.00 - 

  Male -0.08 0.05 0.93 (0.84-1.02) 0.11 
  Unspecified 0.19 0.13 1.20 (0.94-1.54) 0.14 

  Genetic  
breed  
Group f 

Retriever - - 1.00 - 

  Ancient / spitz 0.16 0.18 1.18 (0.84-1.66) 0.35 
  Crossbreed 0.10 0.09 1.10 (0.93-1.30) 0.27 
  Herding -0.15 0.13 0.87 (0.68-1.11) 0.25 
  Mastiff-like 0.32 0.09 1.38 (1.16-1.65) <0.01 
  Scent hound 0.26 0.14 1.30 (1.00-1.70) 0.05 
  Sight hound 0.00 0.19 1.00 (0.69-1.46) 1.00 
  Small terrier 0.30 0.10 1.35 (1.11-1.65) <0.01 
  Spaniel 0.13 0.09 1.13 (0.96-1.34) 0.14 
  Toy 0.38 0.13 1.47 (1.14-1.89) <0.01 
  Not yet genetically classified 0.17 0.09 1.18 (0.99-1.41) 0.07 
  Unknown breed 0.12 0.10 1.13 (0.93-1.37) 0.22 
  Working dog 0.29 0.11 1.34 (1.08-1.67) 0.01 

   Species  
treated 

Dog & cat - - 1.00 - 

  Dog, cat & equine 0.09 0.15 1.10 (0.82-1.46) 0.54 

  Dog, cat, equine & farm -0.16 0.08 0.86 (0.74-1.00) 0.04 

  Dog, cat & farm 0.15 0.14 1.16 (0.89-1.51) 0.26 
  Referrals  

only 
Not referrals-only site - - 1.00 - 

  Referrals-only site 0.54 0.17 1.71 (1.21-2.40) <0.01 
  Mixed site -0.37 0.27 0.69 (0.41-1.17) 0.17 
  RCVS  

Specialist 
No RCVS specialist on site - - 1.00 - 

  RCVS specialist on site 0.31 0.10 1.37 (1.12-1.67) <0.01 
  Sampling  

type / site 
Urine - - 1.00 - 

  Anal region (including anal sacs) 0.18 0.07 1.20 (1.04-1.38) 0.01 
  Ear(s) -0.02 0.10 0.98 (0.81-1.18) 0.80 
  Faeces 0.07 0.22 1.07 (0.70-1.64) 0.77 
  Oronasopharyngeal & respiratory 0.43 0.14 1.53 (1.16-2.03) <0.01 
  Other sites or mixed 0.64 0.06 1.90 (1.70-2.12) <0.01 

Cats 

Practice 0.37  (0.61) Intercept  -1.88 0.44 0.15 (0.07-0.36)  
Laboratory 0.65  (0.81) Sex Female - - 1.00 - 

   Male 0.15 0.08 1.16 (1.00-1.36) 0.06 
   Unspecified 0.14 0.20 1.15 (0.77-1.72) 0.49 
  Sites per 

postcode 
Single site - - 1.00 - 

  Multiple sites 0.40 0.21 1.49 (0.98-2.25) 0.06 
  Sampling  

type / site 
Urine - - 1.00 - 

  Anal region (including anal sacs) -0.13 0.32 0.88 (0.47-1.65) 0.68 
  Ear(s) -0.41 0.34 0.66 (0.34-1.28) 0.22 
  Faeces -0.21 0.32 0.81 (0.44-1.51) 0.51 
  Oronasopharyngeal & respiratory 0.37 0.20 1.44 (0.97-2.14) 0.07 
  Other sites or mixed 0.50 0.12 1.65 (1.30-2.09) <0.01 

a Variance 
b Standard deviation 
c Standard error 
d Odds ratio 
e 95% Confidence interval 
f Vonholdt et al. (2010) 
g Lipinski et al. (2008) 
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Considering temporal resistance trends, in both dogs and cats most examined resistance 

phenotypes remained relatively stable throughout the two-year (2016-2018) investigation 

period (Figure 6.3); however, some geographical variation was observed both between 

phenotypes and animal species. Due to variation in national coverage as shown earlier 

(Figure 6.1), a bi-variate choropleth map displaying the proportion of isolates testing 

resistant against standard error for each UK constituent postcode area was constructed 

(Figure 6.4, dogs; Figure 6.5, cats). Additionally, these figures exclude results from practice 

sites designated as referral-only and / or RCVS specialist-employing sites. Though descriptive, 

this revealed some postcode areas reporting continuously relatively high resistance 

prevalence and low standard error. 

 

 
Figure 6.3: Percentage of (a) canine and (b) feline Enterobacteriaceae AST results reporting single-class 
resistance (AMR); multi-drug resistance (MDR); 3rd/4th generation cephalosporin resistance (3GC); 
fluoroquinolone resistance (FQ), or potentiated penicillin resistance (pot pen) between the 2nd quarter 
of 2016 and the third quarter of 2018. Error bars refer to 95% confidence intervals. 

 

6.4.2 Laboratory-based characterisation of Enterobacteriaceae isolates 

In total, 148 isolates (from 147 sample submissions) were received from three diagnostic 

laboratories between December 2017 and July 2018 from 126 practice sites situated in the 

UK. By species, 131 were isolated from samples of canine origin (88.5% of isolates,                        

CI 82.6-94.3), and 17 of feline origin (11.5%, CI 5.8-17.2). 

 

6.4.2.1 Practice site demographics 

Most practice sites treated only companion animals (79.1% of isolates, CI 71.6-86.5), 

followed by those treating companion animals, horses and farmed species (10.8%,                       
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CI 4.7-17.0). Referrals-only practice sites comprised 9.3% (CI 1.9-18.5) of isolates, whereas 

20.9% (CI 13.4-28.4) and 12.6% (CI 3.3-21.9) of isolates originated from practice sites 

employing veterinary surgeons with advanced practitioner or specialist status, respectively. 

Finally, 2.0% of isolates (CI 0.0-4.3) originated from sites where the provided postcode could 

not be linked to a RCVS registered practice site. 

 

 
Figure 6.4: Canine quintile bivariate postcode map displaying the proportion of tested isolates that 
were submitted by non-referral or RCVS specialist employing veterinary practice sites recording 
phenotypic multi-drug resistance (A); 3rd/4th generation cephalosporin resistance (B); fluoroquinolone 
resistance (C), or potentiated penicillin resistance (D). Proportions are displayed against standard error 
to provide a measure in relative confidence in findings depending on data volume provided within 
each postcode area. 

 

6.4.2.2 Isolate population description 

Of isolates received, 31.2% (CI 23.0-39.4) indicated that the sampled animal had received 

antimicrobial therapy prior to sample submission. Though 0.7% (CI 0.0-2.0) indicated the 

animal had definitely not received antimicrobial therapy, the remainder were of unknown 
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therapy status (68.1%, CI 60.0-76.3). The majority of isolates originated from urine samples 

(45.2%, CI 35.7-54.8), followed by other / mixed sites (34.4%, CI 25.4-43.4); ear(s) (9.5%,               

CI 4.3-14.6); the anal region including anal sacs (6.1%, CI 1.9-10.4); oronasopharyngeal and 

respiratory sites (4.1%, CI 0.9-7.3), and faeces (0.7%, CI 0.0-2.0). The most commonly sent 

bacterial species was E. coli (71.7%, CI 63.1-80.2) followed by P. mirabilis (8.1%, CI 3.6-12.5);    

K. pneumoniae (6.8%, CI 2.2-11.4), and other bacterial species (13.4%, CI 7.5-19.4). A full 

summary is available in Appendix Five, Table 5.13. 

 

 
Figure 6.5: Feline quintile bivariate postcode map displaying the proportion of tested isolates that were 
submitted by first opinion veterinary practice sites recording phenotypic multi-drug resistance (A); 
3rd/4th generation cephalosporin resistance (B); fluoroquinolone resistance (C), or potentiated penicillin 
resistance (D). Proportions are displayed against standard error to provide a measure in relative 
confidence in findings depending on data volume provided within each postcode area. 

 

6.4.2.3 Antimicrobial susceptibility test results 

The majority of isolates were characterised via MIC by contributing veterinary diagnostic 

laboratories (66.1% of isolates, CI 56.8-75.4), the remainder being characterised via disc 
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diffusion (33.8%, CI 24.3-43.4). Of interpretation guidelines, CLSI was the most commonly 

utilised (67.0%, CI 56.7-77.2), followed by EUCAST (19.6%, CI 9.7-29.4); BSAC (10.8%,                   

CI 4.1-17.4), and CLSI-vet (2.7%, CI 0.0-5.3). Considering the submission criteria for the 

current study, 83.0% (CI 76.6-89.4) of isolates were considered MDR, whereas 97.9%                

(CI 95.5-100.0) were phenotypically resistant to one or more of the 3rd/4th generation 

cephalosporin, fluoroquinolone or polymyxin antimicrobial classes. No isolates sent to the 

University of Liverpool were described by the submitting laboratory as carbapenem resistant, 

though one isolate was considered of intermediate susceptibility. Although presence of an 

ESBL-producing phenotype had not been examined and / or recorded (e.g. via a combination 

disc test) in 59.7% (CI 49.2-70.1) of isolates, contributory laboratories had indicated ESBL 

phenotypes in 13.5% (CI 6.9-20.0) of submitted isolates. 

 

All submitted isolates were hence phenotypically characterised by disc diffusion and 

interpreted via a single guideline (CLSI) for non-susceptibility to 10 antimicrobials. Isolates 

were further examined for presence of an ESBL-producing phenotype. Full isolate-level 

results are available in Appendix Five, Table 5.13. Considering all β-lactams as a single class, 

56.2% of isolates (CI 47.0-65.4) were MDR; extending the definition to also include β-lactam 

sub-classes (e.g. 3rd generation cephalosporins etc.) indicated MDR status in 83.8%                     

(CI 77.4-90.2) of isolates. In total, 71.6% (CI 64.0-79.2) of isolates were resistant to one or 

more of the 3rd/4th generation cephalosporin, fluoroquinolone or polymyxin antimicrobial 

classes. An ESBL-producing phenotype was found in 34.5% (CI 26.5-42.4) of isolates; 

however, suppression of both potentiated and non-potentiated antimicrobials (potentially 

indicative of AmpC-production) was observed in 9.5% (CI 4.9-14.1) of isolates. 

 

Beta-lactam resistance was identified in 89.2% (CI 84.3-94.1) of isolates, with ampicillin 

resistance (83.7%, CI 77.5-90.0) being most commonly identified. However, clavulanic acid 

potentiated amoxicillin, cephalothin (indicative of 1st generation cephalosporin resistance) 

and cefpodoxime (3rd/4th generation cephalosporin resistance) resistance was also common, 

comprising 44.6% (CI 36.5-52.7); 64.1% (CI 56.0-72.2), and 50.7% (CI 41.8-59.6) of tested 

isolates, respectively. Imipenem resistance was not detected in this population. Tetracycline 

resistance was also common, comprising 59.5% (CI 51.3-67.6) of isolates followed by 

trimethoprim potentiated sulphonamides (54.8%, CI 45.1-64.5); enrofloxacin (51.3%,                 

CI 42.8-59.8); chloramphenicol (30.4%, CI 22.3-38.6), and gentamicin (18.2%, CI 11.9-24.5).  
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6.4.2.4 AST data comparison 

On comparison of provided AST results and those determined at the University of Liverpool, 

it was found that when considering beta-lactams as a single class there was 67.6% agreement 

in MDR status (Cohen’s Kappa test, κ = 0.30, P < 0.01) between tests. Taking a broader 

definition of MDR considering beta-lactams sub-classes individually, agreement was found in 

76.4% of cases (κ = 0.14, P = 0.08). Reflecting isolates resistant to one or more of 3rd/4th 

generation cephalosporin; fluoroquinolone; carbapenem, or polymyxin antimicrobial classes, 

contributing laboratories reported resistance more frequently than was detected at the 

University of Liverpool; agreement between tests was found in 76.4% of isolates (κ = 0.11,     

P < 0.01). For submitting laboratory ESBL tested isolates (n = 60 isolates), agreement was 

found in 85.0% of tested isolates (κ = 0.68, P < 0.01). 

 

Veterinary diagnostic laboratory ‘A’ alone contributed both AST data and isolates to this 

project.  Hence, for the date range that this laboratory sent isolates (19 January 2018 – 20 

April 2018), 14.7% of total isolates compliant with the inclusion criteria were received at the 

University of Liverpool. It was found that at the start of the study, and following a reminder, 

the percentage of compliant isolates sent to the University of Liverpool increased (maximum 

per week: 72.5% of compliant isolates received); however, for five weeks no compliant 

isolates were received. 

 

6.4.2.5 Resistance gene detection 

All isolates were tested for presence of blaTEM, blaSHV and blaOXA, these genes being suggestive 

of ESBL production; these genes were detected in 40.6% (CI 32.0-49.3), 8.0% (CI 3.9-12.2), 

and 18.9% (CI 12.4-25.5) of tested isolates respectively. A gene group associated with ESBL 

production, blaCTX-M, was also detected in 23.6% (CI 16.8-30.5) of total isolates. All blaCTX-M 

positive isolates (n = 38) were further characterised into cluster groups 1 (blaCTX-M1, n = 24), 2 

(blaCTX-M2, n = 0), 9 (blaCTX-M9, n = 13), and unclassified (n = 1). Isolates identified as belonging 

to blaCTX-M1 were further characterised to specific gene variants 1 (blaCTX-M-1, n = 1) or 15 

(blaCTX-M-15, n = 23) via real-time PCR. All putative or confirmed (via identification of uidA 

and/or uspA genes – full results Appendix Five: Table 5.13) E. coli isolates (n = 106) were also 

tested for the presence of pabB, a gene associated with the pandemic clone ST131:O25b 

(Table 6.9). In total six isolates were identified as ST131:O25b, all these isolates displaying 

phenotypic resistance to two or more antimicrobial classes; four carrying blaCTX-M-15 and two, 

blaCTX-M9.  
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All isolates displaying intermediate or resistant zone sizes on disc diffusion for clavulanic acid 

potentiated amoxicillin, and/or no apparent increase in zone size between non-potentiated 

and clavulanic acid potentiated antimicrobials on a double disc test were evaluated for 

presence of genes associated with AmpC-production. Initially all qualifying isolates (n = 94) 

were tested for blaCIT via simplex PCR, revealing presence in 24.8% of tested isolates                   

(CI 15.9-33.8). Isolates negative for blaCIT (n = 72) were further tested for the presence of 

blaDHA, blaACC, blaEBC and blaFOX via multiplex PCR, and blaMOX via a separate simplex PCR. blaDHA 

and blaACC were identified in 16.4% (CI 7.7-25.1) and 3.0% (CI 0.0-7.2) of tested isolates, 

respectively. The gene groups blaEBC, blaFOX or blaMOX were not detected in this collection of 

isolates. 

 

All isolates were tested for presence of qnrA, qnrB, qnrS and aac(6’)-Ib; these genes (or gene 

variants) being associated with quinolone resistance. Of these genes, aac(6’)-Ib was most 

common (22.2% of tested isolates, CI 15.2-29.3). Comparatively, qnrA, qnrB or qnrS were 

present in 0.7% (CI 0.0-2.0), 2.0% (CI 0.0-4.9) and 3.4% (CI 0.5-6.2) of tested isolates, 

respectively. A total of 56 isolates (37.8%) carried two or more evaluated resistance genes 

(see Appendix Five: Table 5.13). An isolate-level summary showing isolates which displayed 

an ESBL-producing phenotype and genotype, and isolates displaying both ESBL-producing 

and AmpC-producing genes, is shown in Table 6.9. 

 

Table 6.9: Subset of Enterobacteriaceae clinical isolates (n = 54 isolates) collected from samples of 

canine and feline origin which were both phenotypically and genotypically identified as being ESBL-

producing (‘ESBL’), or were not initially phenotypically identified as ESBL-producing but were 

subsequently found to contain genes associated with ESBL-production and AmpC-production (‘ESBL / 

AmpC’). E. coli isolates belonging to the ST131:O25b pandemic clone are asterisked (ESBL*). 

Summary Species Sampling site Bacterial 
species 

Resistance phenotype Gene types detected 
ESBL* Canine Anal E. coli AMP KF CPD ENF GM TET POTS blaOXA blaCTX-M-15 aac(6')-Ib 
ESBL* Feline Urine E. coli AMP KF CPD ENF TET POTS blaCTX-M9 
ESBL* Canine OM a E. coli AMP KF ENF TET POTS blaOXA blaCTX-M-15 aac(6')-Ib 
ESBL* Canine Urine E. coli AMP KF CPD ENF GM blaTEM blaCTX-M-15 
ESBL* Feline Urine E. coli AMP KF CPD ENF blaCTX-M-15 
ESBL* Canine Urine E. coli AMP KF CPD ENF blaCTX-M9 
ESBL Canine OM E. coli AMP C KF CPD ENF GM TET POTS blaTEM blaOXA blaCTX-M9 aac(6')-Ib 
ESBL Canine Urine E. coli AMP C AUG KF CPD GM TET POTS blaTEM 
ESBL Canine Anal E. coli AMP C KF CPD GM TET POTS blaTEM blaCIT 
ESBL Canine Urine E. coli AMP KF CPD ENF GM TET POTS blaOXA blaCTX-M-15 qnrS aac(6')-Ib 
ESBL Canine Urine E. coli AMP KF CPD ENF GM TET POTS blaOXA blaCTX-M-15 aac(6')-Ib 
ESBL Feline Urine E. coli AMP C KF CPD ENF GM TET blaCTX-M9 
ESBL Canine OM E. coli AMP KF CPD ENF GM TET POTS blaOXA blaCTX-M-15 aac(6')-Ib 
ESBL Canine OM E. coli AMP C KF CPD ENF TET POTS blaTEM blaCTX-M9 
ESBL Canine Urine E. coli AMP C AUG KF CPD TET POTS blaTEM blaOXA blaCTX-M-15 
ESBL Canine OM E. coli AMP C KF CPD ENF TET POTS blaTEM blaCTX-M-15 qnrS 
ESBL Canine OM E. coli AMP KF CPD ENF TET POTS blaTEM blaCTX-M-1 
ESBL Canine OM E. coli AMP AUG KF CPD TET POTS blaCTX-M9 blaDHA qnrA aac(6')-Ib 
ESBL Canine OM E. coli AMP AUG KF CPD TET POTS blaTEM blaCIT 
ESBL Canine Ear(s) E. coli AMP C KF CPD ENF TET blaTEM blaCTX-M-15          Continued overleaf 
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Summary Species Sampling site Bacterial 
species 

Resistance phenotype Gene types detected 
ESBL Feline Urine E. coli AMP AUG KF CPD ENF POTS blaOXA blaCTX-M-15 blaCIT qnrS aac(6')-Ib 
ESBL Canine OM E. coli AMP KF CPD ENF TET POTS blaOXA blaCTX-M-15 aac(6')-Ib 
ESBL Canine OM E. coli AMP KF CPD ENF TET POTS blaCTX-M9 
ESBL Canine OM E. coli AMP C AUG KF CPD ENF blaOXA blaCTX-M9 aac(6')-Ib 
ESBL Canine OM E. coli AMP KF CPD ENF TET POTS blaTEM blaSHV 
ESBL Canine Urine E. coli AMP KF CPD ENF GM TET blaOXA blaCTX-M-15 
ESBL Canine OM E. coli AMP KF ENF TET POTS blaOXA blaCTX-M-15 aac(6')-Ib 
ESBL Canine Anal E. coli AMP C KF CPD ENF blaTEM blaOXA blaCTX-M9 aac(6')-Ib 
ESBL Canine Urine E. coli AMP C ENF TET POTS blaOXA 
ESBL Canine OM E. coli AMP AUG KF CPD TET blaTEM blaCIT aac(6')-Ib 
ESBL Canine Urine E. coli AMP AUG KF CPD TET blaTEM blaCIT 
ESBL Feline Urine E. coli AMP AUG KF CPD blaTEM blaCTX-M9 
ESBL Canine OM E. coli AMP KF CPD POTS blaCTX-M9 
ESBL Canine Urine E. coli AMP KF CPD ENF blaSHV blaDHA aac(6')-Ib 
ESBL Canine Urine E. coli AMP KF CPD ENF blaCTX-M-15 
ESBL Canine Faeces Proteus spp. AMP AUG KF CPD ENF GM TET POTS blaTEM blaCIT 
ESBL Canine Ear(s) K. pneumoniae AMP C KF CPD ENF GM TET POTS blaTEM blaOXA blaCTX-M-15 qnrB aac(6')-Ib 
ESBL Canine OM P. mirabilis AMP AUG KF CPD ENF GM TET POTS blaTEM blaCIT 
ESBL Canine OM A. baumanii AMP C AUG KF CPD ENF TET POTS blaSHV blaCIT qnrS 
ESBL Canine Ear(s) K. pneumoniae AMP C KF CPD ENF GM TET POTS blaTEM blaSHV blaOXA blaCTX-M-15 qnrB  

aac(6')-Ib 
ESBL Canine Ear(s) C. koseri AMP AUG KF CPD ENF TET POTS blaTEM blaSHV blaOXA blaCTX-M-15 blaCIT  

aac(6')-Ib 
ESBL Canine Urine K. pneumoniae AMP AUG KF CPD ENF TET POTS blaTEM blaSHV blaOXA blaCTX-M-15 blaCIT  

aac(6')-Ib 
ESBL Canine OM K. pneumoniae AMP KF CPD GM TET POTS blaSHV blaCTX-M9 
ESBL Feline OM K. pneumoniae AMP KF CPD ENF TET POTS blaCTX-M-15 aac(6')-Ib 
ESBL Canine Urine P. mirabilis AMP C KF CPD ENF TET blaCTXM 
ESBL / AmpC Canine OM E. coli AMP AUG KF CPD ENF GM TET POTS blaTEM blaCIT 
ESBL / AmpC Canine Oro / Resp b K. pneumoniae AMP C AUG KF CPD ENF POTS blaSHV blaDHA 
ESBL / AmpC Canine OM E. coli AMP C AUG KF CPD POTS blaOXA blaCIT 
ESBL / AmpC Canine Urine E. asburiae AMP AUG KF CPD POTS blaTEM blaACC 
ESBL / AmpC Canine OM E. coli AMP C KF CPD POTS blaOXA blaCIT 
ESBL / AmpC Canine Anal E. coli AMP AUG KF CPD ENF blaTEM blaCIT aac(6')-Ib 
ESBL / AmpC Canine Urine K. pneumoniae AMP AUG KF ENF blaSHV blaOXA blaDHA aac(6')-Ib 
ESBL / AmpC Canine OM K. pneumoniae AMP KF ENF blaSHV blaOXA blaDHA aac(6')-Ib 
ESBL / AmpC Canine Urine E. coli CPD TET blaTEM blaCIT qnrS 

Key: AMP = ampicillin; C = Chloramphenicol; AUG = clavulanic acid potentiated amoxicillin; KF = Cephalothin; CPD = Cefpodoxime; ENF = Enrofloxacin; 
GM = Gentamicin; TET = Tetracycline; POTS = Trimethoprim potentiated sulphonamide  

a Other / mixed 
b Oronasopharyngeal / respiratory 

 

6.5 Discussion 

Here, for the first time, we have adopted a health informatics approach to survey important 

clinical antimicrobial resistance trends in companion animals at arguably a nationally 

representative scale, utilising Enterobacteriaceae AST results data from multiple 

independent veterinary diagnostic laboratories. We have also defined a method by which 

isolates of particular importance in the context of AMR can be retained and further analysed 

to reveal key insights of one health importance. 

 

Resistance trends in Enterobacteriaceae are considered to be of critical importance to human 

health (Tacconelli et al., 2018). Considering the inherent one health nature of AMR (O'Neill, 

2016) it is crucial to gain further understanding of our companion animal populations. 

Though important work has been completed describing and characterising resistance 

carriage in these species (Wedley et al., 2017), previous clinical resistance surveys have been 

limited to single laboratories not necessarily representative of national trends (Marques et 

al., 2016; Morrissey et al., 2016; Timofte et al., 2016). The current study collated results from 
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nearly half of companion animal-treating veterinary practice sites in the UK, providing good 

representation. However, it should be noted that whilst some postcode areas exceeded 90% 

of registered practice sites, others contributed no data (though such areas were generally 

aligned with areas of low estimated companion animal populations) (Aegerter et al., 2017). 

Considering results from only four laboratories were summarised in the current study, we 

are optimistic of increasing this representativeness further in the near future as new 

laboratories join SAVSNET. 

 

When comparing practice site-level demographic findings against the complete RCVS 

practice site register, both accredited and / or veterinary hospital status practice sites, and 

those employing AVPs and / or RCVS specialists do seem over-represented, whereas mixed 

species practice sites appear under-represented in our dataset. These findings might reflect 

a tendency for practices to collate samples into the main ‘flagship’ branch and post from 

there alone, varied caseload between first opinion and more specialised veterinary practices, 

or a tendency of mixed species practices to utilise the services of different diagnostic 

laboratories compared to those focused on treating companion animals alone. Alternatively, 

veterinary practitioners employed in different sectors (companion animal, farm or equine) 

have reported varied attitudes over the frequency with which they opt for AST (De Briyne et 

al., 2013). It is possible that such varied attitudes and approach might be reflected at scale in 

actual reported AST results here. 

 

A somewhat ambivalent relationship towards conducting bacterial culture and ASTs has been 

previously reported, potentially due to the time taken for a result to be reported, cost, and 

limited understanding of the importance and clinical relevance of AMR (De Briyne et al., 

2013). It is hoped that findings reported here might reinforce the importance of conducting 

AST; itself a critical component of antimicrobial stewardship (BSAVA, 2014; O'Neill, 2016). 

Whilst resistance trends to other bacterial species have already begun to be reported by 

SAVSNET (Arsevska et al., 2018b; Sanchez-Vizcaino et al., 2016b), combining AST results with 

the RCVS practice site register enables veterinary practitioners to gain insight into localised 

resistance trends. Together with numbers of submitted tests, this could prove an important 

addition to antimicrobial benchmarking services already provided for free by SAVSNET 

(Singleton et al., 2017), potentially providing a powerful motivator for antimicrobial 

stewardship. 
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Our animal signalment findings are broadly similar to a previous demographic summary of 

the UK veterinary-visiting companion animal population (Sanchez-Vizcaino et al., 2017), 

though females appear over-represented in our sample. Sex-based variation in urinary tract 

infections (UTI) has been shown (Hall et al., 2013; Hernandez et al., 2014) and considering 

the important role Enterobacteriaceae species play in UTIs (Marques et al., 2016) this 

observation is to be expected; a finding further corroborated by urine being the most 

common sample type recorded in the current study. Similarly, within the Enterobacteriaceae 

family, E. coli (UTIs), P. mirabilis (UTIs) and K. pneumoniae (respiratory tract infections) are 

commonly isolated pathogens in companion animals (Marques et al., 2016; Morrissey et al., 

2016). 

 

Here we characterised E. coli AST results in total and further stratified results to explore 

temporal and spatial trends and potential risk factors for a range of important resistance 

categories. A large range of antimicrobials were utilised for ASTs between and within 

laboratories. As such, antimicrobial classes rarely (or never) prescribed to companion 

animals, for example carbapenems (Buckland et al., 2016; Singleton et al., 2017), were only 

rarely tested for and / or reported. To discourage prescription, highest priority critically 

important antimicrobials only currently used in medical practice (WHO, 2011) should 

arguably not be included on AST results reported to veterinary practitioners. However, for 

surveillance purposes, understanding the prevalence of such resistance trends in our 

companion animal populations is of some importance. Though diagnostic laboratories are 

focused on providing results for clinical purposes, there would be value in including 

surveillance-focused outputs, even if these are not reported to practitioners. Similarly, 

differences between available AST interpretation guidelines (e.g. EUCAST, CLSI) limiting 

comparability between laboratories for surveillance has been much discussed (Leclercq et 

al., 2013; Marques et al., 2016; Roca et al., 2015; Toutain et al., 2017). Here we found 

significant variance between laboratories, though these observations might alternatively 

reflect actual bacterial population differences. We would nevertheless join others in strongly 

advocating for greater methodological and interpretive harmonisation between laboratories 

(Marques et al., 2016). 

 

Considering this, we found resistance prevalence to be lower than in other recent studies 

(Hernandez et al., 2014; Marques et al., 2016; Morrissey et al., 2016). Previous surveys have 

largely utilised data supplied by university-based diagnostic laboratories analysing samples 



Chapter Six  Monitoring antimicrobial resistance 
 
 
 

157 
 

collected from referral populations (Hall et al., 2013; Hernandez et al., 2014; Marques et al., 

2016). Interestingly, we found consistently increased odds of resistance in isolates originating 

from referral-only or RCVS specialist-employing practice sites for dogs. Antimicrobial use 

prior to culture has been shown to increase odds of isolating an MDR bacteria (Hernandez et 

al., 2014). We suggest that antimicrobial use prior to referral might explain findings observed 

here, though referral for treatment of an actual MDR infection remains a possibility. Culture 

should generally be performed prior to antibiosis (BSAVA, 2014), though in reality these tests 

are often only performed if empirical treatment response is poor (De Briyne et al., 2013; 

Mateus et al., 2014). Whilst there is clearly a need to reinforce the importance of following 

clinical guidelines, from a surveillance perspective there is justification to stratify companion 

animal AMR surveillance into first opinion and referral populations, bringing broad 

equivalence with human AMR surveillance (PHE, 2017, 2018). 

 

As a result of this, and also due to first opinion practices being arguably more representative 

of the local area compared to referrals-only sites, we conducted spatial analyses on first 

opinion practice sites alone, showing geographical variation in results from both dogs and 

cats. Interestingly, geographical resistance prevalence variation has also been observed in 

humans (PHE, 2018). In companion animals, antimicrobial prescription (Singleton et al., 2017) 

and resistance (Wedley et al., 2017) has been shown to cluster within veterinary practices, 

and prescription can vary geographically too (Buckland et al., 2016). Linked prescription and 

resistance data is yet to be studied at the practice-level; this would represent a significant 

development in companion animal AMR surveillance. For humans, E. coli bloodstream 

infections resistant to 3rd generation cephalosporins and potentiated penicillins have been 

increasing (PHE, 2017), though no such trend was observed here in this companion animal 

population. Potential bacterial population differences between humans and companion 

animals aside, developing more advanced methods by which SAVSNET can detect and 

investigate trends and anomalies remains a key future development area. 

 

We found a large number of practice sites contributed data to this study. Whilst this is 

reassuring in terms of representativeness, it did provide some modelling challenges for feline 

data. Adjusting for clustering within site was considered necessary due to previous study 

findings (Wedley et al., 2017). Though our findings confirm this necessity to be warranted, 

AST data was relatively over-dispersed, especially for cats, leading to some models not 

converging. As such we would advise caution when interpreting feline results; we aim to 
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repeat the feline analyses once greater data volumes have been achieved. Nevertheless, 

genetic breed group, sex and neuter status were associated with odds variation in both 

species, potentially reflecting anatomical (Hall et al., 2013; Hernandez et al., 2014; Zur et al., 

2011) or behavioural differences (Chhetri et al., 2015; Dunham and Graham, 2008; O'Neill et 

al., 2014c) resulting in increased likelihood of bacterial infection, empirical prescription and 

hence resistant strain selection prior to sample submission. There is a need to explore these 

observed differences in more detail, potentially expanding in the case of canine breeds 

beyond genetic linkage to also include summarisation by shared phenotypes, for example 

head shape. 

 

Compared to urine sample isolates, the anal region (including anal sacs), oronasopharyngeal 

and respiratory sites, and other or mixed sites were associated with increased odds of 

resistance in both species, as were canine ear samples for fluoroquinolone resistance. 

Authorised topical aural therapies containing fluoroquinolones are available (VMD, 2018c), 

and veterinary practitioners tend to favour such topical therapies in dogs (Singleton et al., 

2017), potentially driving selection for fluoroquinolone resistance observed here. Though 

resistance trends in E. coli isolated from canine nasal or respiratory sites have been described 

(Morrissey et al., 2016; Thungrat et al., 2015), it has only rarely been implicated as a causative 

pathogen for pneumonia; these cases being restricted to human intensive care settings (de 

Lastours et al., 2015). In dogs and cats Enterobacteriaceae are considered minor components 

of oral, nasopharyngeal and respiratory microbiota, and their role as respiratory pathogens 

remains debatable (Dewhirst et al., 2012; Dorn et al., 2017; Ericsson et al., 2016; Tress et al., 

2017). Without further clinical detail it is difficult to determine whether AST results for anal 

region samples reflect intestinal carriage or clinical infection. As such, though arguably still 

of public health relevance regardless, these isolates would be interesting candidates for 

further phylotyping to estimate extra-intestinal pathogenic potential (Shaheen et al., 2010). 

 

Although the availability of data in a format compliant with the veterinary XML (vetXML) 

schema from three of the participating laboratories enabled relatively simple data unification 

between these laboratories, the sample type/site field would warrant further veterinary 

practitioner engagement and harmonisation between laboratories. Whilst some sample 

types/sites were explicitly recorded, others were provided in free text format by the 

submitting practice; it was not always possible to determine anything meaningful from this 

latter format. We suggest that more work is needed to demonstrate the value of providing 
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adequate clinical histories, particularly regarding previous or ongoing antimicrobial therapy, 

and clear sample descriptions to diagnostic laboratories. 

 

From our analyses of phenotypic co-resistance, it was clear that a minority of analysed 

isolates possessed MDR resistance phenotypes of particular concern e.g. 3rd/4th generation 

cephalosporin, potentiated penicillin, and fluoroquinolone resistance. These classes are 

amongst the most important used in both companion animals and humans (Singleton et al., 

2017; WHO, 2017a). Coupled with the emergence of carbapenemase producing 

Enterobacteriaceae and plasmid-mediated colistin resistance in human and animal 

populations (MacNair et al., 2018; van Duin, 2017), there is thus cause for concern regarding 

development and widespread transmission of truly pan-resistant strains (Du et al., 2016), and 

to what extent companion animal prescribing practices are contributing to this trend. 

However, due to the primarily clinical purpose behind AST results analysed here, various 

phenotypic tests of public health importance e.g. ESBLs or AmpC production were only rarely 

performed or reported, with isolates being disposed of within a few days of the result. As 

such, we conducted a pilot study aiming to unlock the hitherto unexplored potential of these 

isolates to gain further insight into dynamics of resistance development and transmission in 

the companion animal clinical population, utilising isolates supplied by multiple independent 

diagnostic laboratories. 

 

As with AST data analyses, practice sites likely to be more engaged with AST e.g. referrals-

only sites, were relatively over-represented in this isolate collection, compared to the general 

RCVS practice directory population. However, of particular value, we found that nearly a third 

of animals had received antimicrobial therapy prior to sample submission, though most were 

of unknown prior therapy status. A link between antibiosis and resistance selection has been 

repeatedly demonstrated (Hall et al., 2013; Schmidt et al., 2018a; Trott et al., 2004). As such, 

more work is needed to encourage practitioners to submit samples prior to instigating 

therapy, and where necessary fully inform diagnostic laboratories of previous relevant 

clinical history, including antibiosis. 

 

We only managed to obtain AST data and isolates from one diagnostic laboratory. However, 

this allowed us to observe that only 15% of isolates identified as compliant with inclusion 

criteria based on ASTs completed by the submitting laboratory were actually sent to 

ourselves. Whilst compliance peaked at the beginning of the study and following reminders, 
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there is a need to further investigate how best to encourage primarily commercial 

laboratories supplying a clinician-facing diagnostic service to support such surveillance 

activities. For isolates received by us, there was only limited agreement between submitted 

AST results and those completed by ourselves, again highlighting the importance of 

harmonising AST techniques and interpretation between laboratories (CLSI, 2008b; Leclercq 

et al., 2013; Toutain et al., 2017). Although ESBL testing was only conducted for a portion of 

isolates at submitting laboratories, it is of interest that this relatively standardised testing 

protocol enjoyed considerably greater agreement (CLSI, 2008b). 

 

As was suspected from phenotypic testing, gene types associated with ESBL production were 

in relatively high abundance in this population. These included gene types long associated 

with ESBL production (e.g. blaSHV, blaTEM), though here it was not possible to discriminate 

between gene variants associated specifically with β-lactamase production e.g. blaSHV-1, or 

ESBLs e.g. blaSHV-2 (Dallenne et al., 2010). This study also revealed frequent presence of   

blaCTX-M, a diverse ESBL group that has gained recent prominence due to its rapid worldwide 

emergence in people and animals (Canton et al., 2012). Here we were able to further 

categorise most blaCTX-M positive isolates into cluster groups (1, 2 or 9), and for cluster group 

1, isolates to blaCTX-M-1 or blaCTX-M-15 variants.  

 

In people, blaCTX-M-14 (cluster group 9) and blaCTX-M-15 are widely considered to be of greatest 

clinical importance (Canton et al., 2012), whereas agricultural species are most commonly 

associated with blaCTX-M-1 carriage (Abraham et al., 2018). In companion animals, blaCTX-M-1 

(Dierikx et al., 2012; Hordijk et al., 2013; Rubin and Pitout, 2014; Schmidt et al., 2015; Wedley 

et al., 2017), blaCTX-M-14 (Sun et al., 2010) and blaCTX-M-15 (Maeyama et al., 2018; Timofte et al., 

2014a; Timofte et al., 2016; Zogg et al., 2018) have each been identified as being the most 

prevalent gene variants. In our study, blaCTX-M-15 was the most prevalent, followed by blaCTX-M 

cluster group 9 (suggestive of blaCTX-M-14), potentially further demonstrating shared resistance 

genes between people and companion animals (Canton et al., 2012; Guardabassi et al., 

2004a; Zhang, 2016). Of further interest, the highly virulent ST131:O25b pandemic clone was 

identified in six isolates, with blaCTX-M-15 being detected in four of these isolates. This clone 

has been detected in companion animal clinical isolates previously, and is considered a driver 

of blaCTX-M-15 dissemination in human and animal populations (Pomba et al., 2009; Timofte et 

al., 2014b).  
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Like ESBL genes, AmpC genes are a diverse group of plasmid-mediated genes that can be 

categorised into six cluster groups (blaCIT, blaDHA, blaACC, blaEBC, blaFOX and blaMOX), conferring 

resistance to a broad range of β-lactams both alone and in combination with β-lactamase 

inhibitors e.g. clavulanic acid (Jacoby, 2009). Concerning individual genes, blaCMY-2 (belonging 

to the blaCIT cluster group) has been most commonly associated with companion animal 

carriage and infection (Dierikx et al., 2012; Wagner et al., 2014; Wedley et al., 2011), and 

indeed the blaCIT cluster was the most commonly detected group in this study. We detected 

the blaDHA group with relatively high frequency, despite this gene only fairly recently being 

reported in European companion animals (Belas et al., 2014). Similarly, though blaACC is 

occasionally detected in human clinical isolates in Europe (Zamorano et al., 2015), the two 

isolates we identified carrying blaACC are, to our knowledge, the first time this group has been 

detected in companion animals. Thus, we question whether we might be witnessing 

increased emergence of other AmpC-mediating genes in addition to blaCMY-2 in our 

companion animal populations. 

 

Quinolone resistance mechanisms are relatively complex and consist of interactions between 

chromosomal mutations and plasmid-mediated genes, conferring various levels of 

phenotypic resistance (Hamed et al., 2018). Here we focused on plasmid-mediated genes, 

infrequently detecting representatives of the qnr family; qnrS was the most common of these 

(n=7 isolates), a finding broadly comparable with previous work (de Jong et al., 2018). The 

aac(6’)-Ib-Cr variant, associated with aminoglycoside and fluoroquinolone resistance, has 

been variably reported as being more or less common than the qnr family (de Jong et al., 

2018; Ma et al., 2009; Shaheen et al., 2013). Whilst we found aac(6’)-Ib to be more frequently 

detected than the qnr family we were not yet able to determine whether this was the  

aac(6’)-Ib-cr variant. Whole genome sequencing (WGS) has been identified as a 

transformative technology in the field of AMR surveillance, having been used to reveal key 

insights into resistance development and transmission dynamics in humans and animals 

(Koser et al., 2014). We plan to use WGS to gain further knowledge about this isolate 

collection. 

 

6.6 Conclusion 

This study demonstrated a method by which routine AST results collected as scale could be 

repurposed for near real-time passive and active AMR clinical surveillance at a nationally 
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representative scale in companion animals, providing insights of importance and use to both 

veterinary practitioners and public health. Using Enterobacteriaceae as an exemplar, we 

found resistance to critically important antimicrobials (including 3rd/4th generation 

cephalosporins and fluoroquinolones) and multi-drug resistance to be common in our 

analysed population, with prevalence remaining relatively static between 2016 and 2018. 

Evidence of practice-level and geographical variation in resistance prevalence was 

demonstrated, with referrals-only and RCVS specialist-employing veterinary practices being 

associated with increased resistance prevalence. We recommend future AMR surveillance at 

this scale to routinely stratify findings into first opinion and referral-level care groups. Some 

variation between diagnostic laboratories was also revealed, suggesting that greater data 

and methodology harmonisation between laboratories could further enhance the utility of 

the surveillance approaches described here. We also conducted a pilot study to determine 

whether MDR isolates could be efficiently retrieved from diagnostic laboratories and further 

characterised at the University of Liverpool. Though further work is needed to encourage 

surveillance to become integrated into the normal diagnostic workflow of laboratories 

focused on providing clinical results, this pilot study was successful, revealing presence of 

resistance genes and sequence types, including blaCTX-M-15 and ST131:O25b, of importance to 

human and animal health.
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7.1 Concluding discussion 

This project expanded on recent advances in veterinary health informatics (O'Neill et al., 

2014b) to establish sustainable methodologies by which antimicrobial prescription and 

resistance, as recorded within electronic health records (EHRs), can be routinely researched 

and surveyed nationally in companion animal populations. Here we described antimicrobial 

prescription, both alone (Chapter Two) and within the broader context of other 

pharmaceutical prescriptions (Chapter Four), for a large population of companion animals in 

the UK. We showed that antimicrobials are commonly prescribed to dogs, cat and rabbits, 

with HPCIAs forming a considerable proportion of provided antimicrobial prescriptions, 

especially for cats. We also demonstrated a decreasing trend in antimicrobial prescription 

frequency in the two years studied, and varied antimicrobial prescription frequency and 

choice according to primary presenting clinical complaint. 

 

The decision to prescribe an antimicrobial is complex, encompassing a range of individual 

animal, owner and prescriber factors (Mateus et al., 2014), with only limited prior attempts 

to prioritise such factors in the context of stewardship (Currie et al., 2018). Thus, we 

undertook multivariable analyses (Chapter Three) to identify factors of greatest relative 

importance, with particular focus on those which might form targets for antimicrobial 

stewardship interventions. Further, although evidence-based antimicrobial prescribing 

guidance is becoming a more centralised feature of veterinary practice (BSAVA, 2018), there 

remain considerable knowledge gaps underpinning such guidance. We developed and 

assessed a method (Chapter Five) where EHRs could be utilised to address these gaps in 

knowledge using the example of acute canine diarrhoea, an area of some controversy 

regarding the appropriateness of antibiosis (Mortier et al., 2015). 

 

Though a number of studies have assessed resistance carriage in companion animals 

(Schmidt et al., 2014; Wedley et al., 2017), clinical resistance has been relatively unexplored, 

often utilising small numbers of bacterial isolates performed by single diagnostic laboratories 

(Timofte et al., 2014b). Here we used Enterobacteriaceae as an exemplar to outline how a 

multi-laboratory surveillance system could be efficiently structured and sustained (Chapter 

Six). Further, whilst AST results are of clear use for clinicians they do little to suggest which 

resistance mechanisms are involved, nor the potential transmission routes of the bacterial 

species they describe. Thus, we explored means by which isolates used for routine clinical 

AST could be rapidly collected and further phenotypically and genotypically analysed. 
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Here we will discuss findings from this project under the headings of the global AMR action 

plan (WHO, 2017b), where relevant expanding on these recommended interventions to 

include suggestions of more specific relevance to the companion animal veterinary sector. 

 

7.1.1 A global awareness campaign 

Though monitoring and understanding prescription and resistance trends in companion 

animals has clear inherent importance, findings should be viewed in the context of their 

ability to enact change. Antimicrobial stewardship is defined as any effort to optimise use of 

antimicrobials, with the primary aim of decreasing selection pressure for resistance, whilst 

also reducing the number of adverse events associated with antibiosis, and delivering cost 

effective therapy (Morris et al., 2012). There is increasing evidence to suggest that whilst the 

responsibility for stewardship rests most clearly with the prescriber, there is a need to 

engage the general public to ensure a more holistic approach to stewardship is achieved 

(Lewis and Tully, 2011; Little et al., 2004). 

 

Considering improved veterinary professional awareness, the provision of evidence-led 

prescribing guidance arguably presents the most active current attempt to encourage 

stewardship in the companion animal sector, for example via PROTECT ME (BSAVA, 2018). 

Hitherto, opportunities for practitioners to self-reflect on their own prescribing practices 

have been limited. We suggest that without this knowledge of their own prescribing habits, 

veterinary practitioners possess little direct motivation for ensuring effective antimicrobial 

stewardship. Contiguous with this project, SAVSNET has developed a secure, online 

anonymised benchmarking website enabling participating veterinary practices to benchmark 

their antimicrobial prescription frequency and variety against their peers. As some practices 

are not able to participate in SAVSNET due to their use of non-compliant PMSs, we have also 

recently extended antimicrobial benchmarking to any veterinary practices wishing to take 

part regardless of PMS, via an initiative known as ‘mySavsnetAMR’ (Radford, 2017). In 

addition, the AST data analysed here originated from some 2,300 veterinary practice sites; 

extending benchmarking to also include such trends in resistance would represent an 

important further advancement of capabilities, bringing local-level knowledge of companion 

animal resistance in line with efforts in the medical field (PHE, 2018). 

 

Interestingly, work presented here suggests that existing efforts within the veterinary 

profession, for example via the RCVS accreditation scheme or post-graduate learning, might 
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already be having some impact on encouraging responsible antimicrobial prescription. It 

would be of benefit to further leverage and formalise these opportunities, ensuring that 

most current clinical evidence disseminates effectively into clinical practice. For all 

interventions aimed at optimising use, there is a need to develop methods by which the 

impact of such interventions on antimicrobial prescription can be robustly assessed, so as to 

learn which might be most effective at encouraging stewardship at national and international 

levels. 

 

Although this project was able to utilise practice-based EHR and laboratory data from 10% 

and 50% of companion animal-treating veterinary practices in the UK respectively, further 

focused expansion of the practice- and laboratory-based networks used by SAVSNET is 

warranted. Regarding practice-based EHRs, our findings indicated a skew towards less 

deprived owners likely reflective of the private veterinary practice focus of data collection. 

Similarly, although ~40% of UK practice sites are currently RCVS accredited (RCVS, 2018a), 

over 80% of SAVSNET EHRs were supplied by accredited practice sites, suggesting a tendency 

of practice sites already more engaged with improving clinical standards to also be more 

likely to voluntarily participate in the SAVSNET project. As such, increased efforts to involve 

non-accredited veterinary practices and representatives of the charity and/or low owner 

income veterinary sectors in the SAVSNET project might enable further exploration of the 

socioeconomic determinants of antimicrobial prescription and resistance. 

 

Further considering increasing public awareness, here we found that pet owners arguably 

less engaged with veterinary care prior to onset of an episode of acute diarrhoea in their 

dogs (lack of vaccination, insurance or neutering), were less likely to return to a veterinary 

practice following presumed resolution of the particular bout of ill health. From an 

epidemiological study perspective this underlines a need to devise more structured         

follow-up methods to ensure such animals are included in future studies around 

effectiveness of antibiosis. More broadly however, there is also a need to devise means by 

which all owner groups can be continually engaged with veterinary care. Though the 

responsibility for this, and how it might be best achieved, expands beyond the scope of 

SAVSNET, there are some as yet unrealised opportunities for SAVSNET to more directly 

engage with pet owners. This might encompass expanding data collection to include       

owner-derived data, and also ensuring that any outputs, including peer-reviewed 
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publications, are released as summaries that would be accessible to lay members of the pet 

owning community. 

 

7.1.2 Reduce unnecessary use of antimicrobials 

A key aim of this project was to assess the potential of EHRs to determine clinical benefit     

(or lack thereof) associated with a range of management plans, notably antibiosis. It was 

interesting to observe that our findings (Chapter Five) broadly supported earlier work 

suggesting that antimicrobial use for canine acute diarrhoea is largely unnecessary (Mortier 

et al., 2015). However, it was also clear that the purely observational nature of our study 

limited our ability to draw firm longitudinal conclusions. On the other hand, expanding scope 

to include consideration of all pharmaceutical agents in addition to antimicrobials did enable 

significantly improved understanding of the motivators of prescription in companion animal 

practice. For example, in Chapter Five we demonstrated a tendency to ‘reserve’ antimicrobial 

prescription for more severe acute diarrhoea cases, whereas other pharmaceutical agents 

and nutraceuticals were preferentially prescribed/dispensed to mild diarrhoea cases. In the 

future, such an approach might enable identification of effective alternatives to antibiosis, 

prompting reduced unnecessary antimicrobial use. We would thus suggest expanding 

routine surveillance to include monitoring of all prescribed pharmaceutical agents. 

 

We have more recently demonstrated a particularly pertinent example where such an 

approach was found to be of benefit. In Chapter Five we identified a putative relationship 

between antimicrobials and nutraceuticals whereby the latter category has seemingly 

replaced antimicrobials as the most commonly dispensed product aimed at treating or 

ameliorating diarrhoeic clinical signs, compared to previous work (German et al., 2010; Jones 

et al., 2014). In a regular SAVSNET surveillance report soon to be published (in press), we 

have further revealed that between 2014 and 2018 the proportion of gastroenteric 

consultations which prescribed systemic antimicrobials has fallen by approximately a third 

in both dogs and cats. Interestingly, a corresponding increase of approximately a quarter was 

observed in the proportion of gastroenteric consultations in which a nutraceutical product 

was dispensed, despite there being no apparent variation in case presentation during this 

time period (Arsevska et al., 2017; Sánchez-Vizcaíno et al., 2015). These apparent voluntary 

changes in the manner with which veterinary practitioners are approaching clinical cases is 

of clear importance as it has been argued that the use of antimicrobials in acute diarrhoea is 

largely unnecessary (Mortier et al., 2015), a finding supported by work in this thesis now 



Chapter Seven  Concluding discussion 
 
 
 

168 
 

reflected in recent prescribing guidance (BSAVA, 2018). In the relatively heightened political 

environment of AMR, highlighting these arguably positive reductions in unnecessary 

antimicrobial prescription is important. 

 

Considering other clinical conditions, we identified respiratory disease to be commonly 

associated with systemic antimicrobial and HPCIA prescription in both dogs and cats, and 

trauma in cats (Chapters Two and Three). In humans, respiratory conditions have also been 

identified as common motivators for frequent, often inappropriate, antimicrobial 

prescription; the aetiology of many respiratory infections in fact being viral in origin 

(Martinez-Gonzalez et al., 2017; McKay et al., 2016). As with gastroenteric disease, there is 

a need to more firmly establish the extent to which antimicrobials are necessary for treating 

respiratory disease in our companion animal population. Similarly, though behavioural 

differences between dogs and cats might explain the species variation observed for 

antimicrobial prescription in  trauma patients, male cats being more likely to present with 

bite-related injuries for example (O'Neill et al., 2014c), we would advocate more in-depth 

study of trauma in cats to ascertain the veracity of this assumption. We would thus advocate 

future antimicrobial prescription surveillance pays greater attention to the clinical context of 

prescription, both by clinical condition, and in relation to other prescribed pharmaceutical 

products. 

 

7.1.3 Improve global surveillance of drug resistance and antimicrobial consumption in 

humans and animals 

Though this project focused on companion animals, the one health nature of AMR was 

readily discernible throughout. Antimicrobial classes and sub-classes of direct relevance to 

public health, notably the HPCIAs (WHO, 2011, 2017a), were commonly prescribed to dogs, 

cats and rabbits (Chapters Two and Four). Use of these and other antimicrobial classes in 

companion animals has been shown to select for resistance carriage (Schmidt et al., 2018a; 

Schmidt et al., 2018b; Trott et al., 2004) and infection in multiple species, including humans 

(Guardabassi et al., 2004a). Indeed, it has been suggested that HPCIAs should be reserved 

for human use alone (WHO, 2017a), raising important questions regarding the 

appropriateness of such antimicrobial classes being commonly prescribed to companion 

animals. 
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We further identified a number of trends in Enterobacteriaceae resistance in companion 

animals possessing commonality with those in humans (Chapter Six). For example, we found 

a preponderance of blaCTX-M-15, a plasmid-mediated gene variant commonly associated with 

extended spectrum β-lactamase (ESBL) production in human clinical infections (Canton et al., 

2012). We also identified six isolates of the ST131:O25b pandemic Escherichia coli (E.coli) 

clone, which is both highly virulent and has been implicated with propagating blaCTX-M-15 

worldwide in people; this clone having been previously identified in companion animals 

(Pomba et al., 2009; Timofte et al., 2014b). We also detected the ampicillin hydrolysing 

(AmpC) gene group blaACC for the first time in companion animals; this group being 

occasionally implicated with human infection (Zamorano et al., 2015). These findings both 

highlight the important relationship between companion animals and people with regards 

to resistance transmission, and also potentially demonstrate the utility of companion 

animals as a sentinel species to detect newly emerging resistance trends. 

 

As both AmpC and ESBL production is associated with conferment of phenotypic third 

generation and above cephalosporin resistance, it is unsurprising that Enterobacteriaceae 

clinical resistance to this β-lactam sub-class was relatively common, as judged by both EHR 

AST analyses and the physical isolates collected during this project. Third generation and 

later cephalosporins are considered HPCIAs, and similarly Enterobacteriaceae resistance to 

this sub-class is considered a critically important resistance trend by the WHO (Tacconelli et 

al., 2018). 

 

Whilst a clear link between companion animal and human health has been shown here, other 

critical resistance trends are focused on human health alone (Tacconelli et al., 2018). For 

example, carbapenemase production has little clinical impact in companion animals (Stolle 

et al., 2013). However, given that a recent study demonstrated dog-to-dog transmission of 

carbapenemase producing Enterobacteriaceae (CPE) between veterinary clinics in Germany 

(Pulss et al., 2018), there is need to establish true one health AMR surveillance, even if this 

means including resistance categories of indirect relevance to the species in question. There 

are a number of resistance trends that are of comparatively minor human importance, but 

form a source of significant morbidity and mortality in veterinary species e.g. methicillin 

resistant Staphylococcus pseudintermedius (MRSP) (Schmidt et al., 2018b). Given the 

likelihood of such trends forming a gene reservoir capable of transferring resistance genes 

to multiple bacterial species (Zhi et al., 2016), we would advocate for re-alignment of AMR 
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surveillance priorities to fairly consider all current resistance trends regardless of the primary 

animal species impacted. 

 

To the author’s knowledge, truly one health antimicrobial prescription and resistance 

surveillance has not yet been published, and would represent a considerable advance in this 

research area. We would thus recommend increased efforts to form collaborative 

partnerships between key actors in animal, medical and environmental AMR surveillance. 

Similarly, within veterinary health informatics there are a number of groups currently 

producing outputs related to AMR (Buckland et al., 2016; Marques et al., 2016; Singleton et 

al., 2017), though to date methodological variation limits comparability between studies. We 

would call for increased collaboration between groups both within the UK and further afield, 

with the aim of establishing unified and complementary surveillance methodologies that 

could be more easily compared to other veterinary species (VMD, 2017) and humans (PHE, 

2017). 

 

We also identified a number of areas which would benefit from greater cohesion within AMR 

surveillance specifically. Variation in data format and quality comprised a significant body of 

work within this project, and whilst successful, still represents somewhat of a barrier to 

forming efficient multilateral, wide-scale surveillance. There have been a number of efforts 

to harmonise data storage approaches between different systems, notably the vetXML 

consortium which has been shown to effectively facilitate sharing of equivalent EHR data 

between different PMSs (Jones-Diette et al., 2016). It is these sector-wide efforts which hold 

most promise for wide scale EHR data sharing in the future. Similarly, limited comparability 

between various AMR diagnostic methodological and interpretation guidelines continues to 

prevent truly cohesive surveillance (Leclercq et al., 2013; Marques et al., 2016; Roca et al., 

2015; Toutain et al., 2017). Integrated diagnostic guidelines should thus be considered a key 

priority to ensure effective AMR surveillance. 

 

Sometimes considerable variation in data quality within individual data fields was also 

observed for both practice and laboratory derived EHRs. To mitigate the effects of varied 

recording styles, a common ontology for clinical conditions encountered in veterinary 

practice, VeNom, has been devised (O'Neill et al., 2014b), though the extent to which 

veterinary practitioners engage with such approaches can be limited (Jones-Diette et al., 

2017). SAVSNET’s approach is to deploy a compulsory short syndromic classification which 
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allows SAVSNET to capture the Main Presenting Complaint (MPC) for each consultation; in 

this thesis this MPC was found to be valuable. When augmented with free text analysis, the 

MPC provides a practical balance of compulsory coding whilst also allowing more detailed 

analyses as necessary. However, there remains a need to identify data fields (e.g. animal 

breed) which would be more appropriate for formulaic, structured approaches to data 

recording, whilst enabling veterinary practitioners to retain a degree of freedom in the 

manner with which they generally decide to record clinical information. It would then be 

imperative for these solutions to be cohesively deployed into both PMSs and LIMSs to ensure 

sector-wide cohesion. 

 

A range of text mining techniques, novel data sources, and statistical and visualisation 

methods were utilised during this project. Of note, underpinning all prescription surveillance 

described here were regular expression-focused text mining techniques. Whilst this 

represented a pragmatic and broadly successful approach for identifying all pharmaceutical 

agents whilst still allowing practitioners a degree of flexibility in data input, there is 

significant scope for further development e.g. expanding granularity to include dosage and 

course length. Similarly, when trying to understand the reasons behind antimicrobial 

prescription, here we largely focused on practitioner-derived structured data (e.g. 

questionnaire responses) to characterise clinical presentations associated with frequent 

antimicrobial prescription. However, there remains significant remaining potential contained 

within the free-text clinical narrative. Text mining and summarising the free text clinical 

narrative is an area of active research (Anholt et al., 2014a), utilising a number of 

technologies including machine learning and artificial intelligence techniques, amongst 

others (Duz et al., 2017). Applying such methods might enable a more refined understanding 

of motivators for antimicrobial prescription, potentially also enabling broad assessment of 

the appropriateness of individual prescriptions at scale. 

 

Although information contained within the EHR in isolation holds considerable power, 

complementing the EHR with further information provided by external data sources 

provided the opportunity to greatly enhance insights, including the RCVS practice registry 

and deprivation scores. We also used genetic linkage studies to summarise the complexity 

posed by large numbers of different dog and cats observed in these datasets into a small 

number of genetically-related breed groups (Lipinski et al., 2008; Vonholdt et al., 2010), 

revealing hitherto unknown relationships between both odds of antimicrobial prescription 
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and resistance and breed. Though we postulated that these observations might reflect 

anatomical (Hall et al., 2013; Hernandez et al., 2014; Zur et al., 2011) or behavioural 

differences (Chhetri et al., 2015; Dunham and Graham, 2008; O'Neill et al., 2014a) resulting 

in altered risk of bacterial infection, prescription and corresponding resistant strain selection, 

these findings remain largely unexplained. As such further characterising the putative 

relationship between breed and prescription and/or resistance would seem to be a 

particularly intriguing area for future work. 

 

However, it should be remembered that in addition to the frailties of the EHR, each external 

data source also contained a number of potentially important limitations. For example, the 

utilised genetic linkage studies characterised only a portion of known dog and cat breeds 

(Lipinski et al., 2008; Vonholdt et al., 2010), resulting in a not insignificant proportion of ‘not 

yet genetically classified’ animals being summarised in the studies conducted here. Further, 

genetic similarity is not necessarily informative on phenotypic similarity, potentially resulting 

in individual dog breeds with very different bacterial infection risks being grouped into the 

same category, effectively masking useful findings. Beyond genetic linkage, phenotypic 

categorisation methods should also be explored in the future, so as to gain further 

understanding as to potential drivers of the risk differences demonstrated here. 

 

A number of other data sources were utilised here, including data linked to owner postcode 

(NSPL, 2015), and to veterinary practices (RCVS, 2018b). As above, though useful these 

datasets are not infallible. For instance, the Royal College of Veterinary Surgeons (RCVS) 

practice and practitioner registers are not constructed or maintained as data sources for 

research, and although publically available, their accessibility and utility for research is 

limited. Though we devised a solution to this issue here, increased awareness of the potential 

of these data sources for research and surveillance might encourage data controllers to 

increase data accessibility in the future. 

 

Considering data analyses, the availability of such vast quantities of data here meant that 

analytical scope was almost unlimited. However, given that time is not infinite, considerable 

discipline was required to avoid diving down the analytical “rabbit-hole”; something for 

which we can only claim partial success! There is a need to devise big data EHR 

epidemiological study guidance, as currently exists in other areas of epidemiological research 

e.g. CONSORT (Moher et al., 2010), to assist future researchers in avoiding the pitfalls 
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associated with such large scale research. More specifically, many of the statistical models 

deployed here were developed utilising comparatively small datasets. It has been questioned 

whether applying these techniques to large, heterogeneous datasets is entirely appropriate 

(Gandomi and Haider, 2015), and indeed the issue of ‘inevitable significance’, where 

unimportant variation within the studied population produces significant findings, was of 

consequence to this project. Though the analysed datasets were large, it should also be 

remembered that participation was complex involving many practices, laboratories and 

animals. Thus, there was also cases where data volume was not yet considered adequate to 

effectively account for the clustering effect of these population groups, for example when 

conducting Enterobacteriaceae resistance risk factor analyses for cats (Chapter Six). As the 

field of big data analytics develops, new statistical methods will likely be developed that 

ameliorate the issues identified here; it is important that veterinary health informaticians 

keep abreast of these developments. 

 

Although here we separately demonstrated a practice-level clustering effect in both 

antimicrobial prescription and resistance, indicating a likely practice-level influence on 

resistance development, there have not yet been any attempts to directly link prescription 

and resistance frequency in companion animals. This has been established in medical 

practice (PHE, 2018), and if shown would most likely provide a particularly powerful 

motivator for behavioural change. Regarding the multifactorial complexities of antimicrobial 

prescription decision making, here we confirmed at scale many of the findings of previous 

qualitative research (Mateus et al., 2014). However, there is now a need to feed these 

findings back into further qualitative studies to both understand these factors in more detail, 

and, most importantly, suggest how they can be used to encourage responsible antimicrobial 

use. 

 

Interestingly, AST demographic data was broadly more closely aligned with the wider 

veterinary practice community (Chapter Six). For example, ~50% of AST results were supplied 

by RCVS accredited veterinary practice sites (RCVS, 2018a), though a skew towards 

referral/specialist practice was also apparent. Referral/specialist practice sites were also 

more commonly associated with MDR or HPCIA resistance phenotypes in dogs, likely 

reflecting the already high levels of medicalisation of animals about to enter tertiary care. 

We suggest that these findings would justify stratification of future surveillance efforts into 

separate first opinion- and referral-level summaries. 



Chapter Seven  Concluding discussion 
 
 
 

174 
 

Though total sales of antimicrobials in veterinary species has been monitored for some time 

at a governmental level (VMD, 2017), there are relatively few examples of practitioner 

and/or farm-level prescription surveillance in other veterinary species (AHDB, 2018). Given 

the global one health nature of AMR there is clear potential and necessity for the 

methodologies demonstrated in this project to be expanded to other species, both in the UK 

and internationally. 

 

Here we were able to describe pharmaceutical and antimicrobial prescription and resistance 

trends in companion animals over a two year period, between 2014 and 2016 (Chapters Two 

and Four), and 2016 and 2018 (Chapter Six) respectively. Whilst we have already published 

on pharmacosurveillance (Singleton et al., 2018; Singleton et al., 2017), and we intend to also 

publish on resistance surveillance in the near future, all such publications inevitably 

represent static data summaries. Although a summary of some of our descriptive findings 

has been published at a governmental level (VMD, 2017), further work is required to 

formalise this relationship so that companion animal prescription and resistance surveillance 

can be more fully integrated into the government’s wider routine surveillance activities, 

particularly the annual Veterinary Antimicrobial Resistance and Sales Surveillance (VARSS) 

report. 

 

7.1.4 Diagnostics to reduce unnecessary use of antimicrobials 

Asides from the decision to prescribe antimicrobials itself, a somewhat ambivalent 

relationship between veterinary practitioners and undertaking diagnostic bacterial culture 

and susceptibility has been previously identified (De Briyne et al., 2013). More work is 

required to monitor and characterise use of AST in practice, and to devise means by which 

veterinary practitioners could be encouraged to employ a more evidence-led approach to 

bacterial infection diagnosis and treatment (WHO, 2017b). 

 

We also identified a need to reinforce the importance of surveillance to veterinary diagnostic 

laboratories. For instance, on review of our ability to collect physical MDR isolates from 

multiple laboratories it was clear that we only received a proportion of isolates which would 

have complied with the inclusion criteria supplied. Future work will focus on how best to 

incorporate these surveillance-focused efforts into the standard workflow of commercial 

laboratories primarily focused on provision of results to clinicians. Similarly, the genotypic 

work presented here represents only a small snapshot of the potential contained with the 
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bacterial genomes analysed. Hence, whole genome sequencing, a transformative technology 

in the field of AMR surveillance (Koser et al., 2014), will form the next analytical step for 

these isolates. 

 

7.1.5 Promote development and use of (vaccines and) alternatives 

Research presented here suggested that veterinary practitioners frequently take a pragmatic 

approach to antimicrobial prescription choices, often prioritising empirical prescription over 

use of bacteriological diagnostic tests (Chapter Five). Though veterinary practitioners do 

recognise the importance of AMR (De Briyne et al., 2013; Hughes et al., 2012), it would seem 

the immediate welfare needs of the animal under their care supersede these considerations. 

We think it likely that veterinary surgeons provided with a first line antimicrobial (BSAVA, 

2018) in an easy-to-administer formulation (especially to cats) would favour this product 

over already available options; this must be seen as a developmental opportunity                   

(and priority) for veterinary pharmaceutical companies.  

 

Considering management approaches to canine acute diarrhoea, it is of significant interest 

that veterinary practitioners appear to have, at least in part, begun to favour nutraceutical 

‘alternatives’ to antimicrobials when considering such cases (in press). Whilst this could be 

considered encouraging, there is scant evidence to suggest there to be a clinical benefit in 

using nutraceuticals to treat diarrhoea (Schmitz and Suchodolski, 2016). We are thus 

confronted with somewhat of an ethical conundrum: faced with the clear, demonstrated risk 

of antimicrobial therapy in selecting for resistance (Schmidt et al., 2018a), should we 

encourage the use of, as yet, relatively unproven alternative therapies?  

 

Veterinary professionals are committed to responsible use of all medicines, not just 

antimicrobials. Although it is possible, and indeed even probable, that nutraceuticals are 

currently being used in practice as ‘no harm’ alternatives that satisfies the demand for action 

on the part of the client whilst avoiding unnecessary antibiosis (Little et al., 2004), we must 

presume that prescribers consider nutraceuticals to have some positive clinical impact on 

the patients under their care. Though nutraceuticals are not currently legally considered to 

be medicines, these products are frequently dispensed in first opinion clinical practice. We 

would suggest there to be a value in more formally regulating this group of products, 

including establishing the clinical impact of nutraceuticals. However, we should continue to 
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be aware of the law of unintended consequences: demonstrating lack of benefit might 

conversely prompt more frequent antimicrobial use. 

 

In other work we have shown that 20% of pets within SAVSNET have no recorded vaccination 

(Sánchez-Vizcaíno et al., 2018). In this thesis we noted an association between animals 

vaccinated prior to an episode of ill health and decreased odds of antimicrobial prescription. 

It is possible that these findings reflect decreased risk of developing bacterial infection 

secondary to viral infection in these species, a useful consequence of existing vaccines in 

safeguarding health. This finding might also demonstrate the importance of developing 

vaccines effective against bacteria, a further key objective of the AMR global action plan 

(WHO, 2017b). It is also possible that this identified association might more reflect increased 

prior engagement of owners with veterinary care, encouraging veterinary practitioners to 

seek, for example, diagnostic options in preference to empirical antibiosis. Thus, this 

reinforces a profession-wide responsibility to maximise public and owner awareness of the 

importance of vaccination in veterinary species, not only for ensuring the health of animals 

but humans alike. 

 

7.1.6 Unaddressed interventions 

Of the nine recommendations outlined in the WHO’s global action plan there remain four 

not directly addressed in this current work (WHO, 2017b). These include:  

1. Improve sanitation and prevent the spread of infection 

2. Improve the number, pay and recognition of people working in infectious disease 

3. A global innovation fund for early stage and non-commercial research & 

development 

4. Better incentives to promote investment for new drugs and improving existing ones 

 

First considering the intervention focused on improved sanitation and infection control 

measures, the RCVS Practice Standards Scheme contained specific recommendations on 

infection control in veterinary practices (RCVS, 2018a), and similarly the ‘vetAUDIT’ initiative 

has recently released summary statistics relating to neuter complication rates in first opinion 

practice in the UK, including surgical site infections (vetAUDIT, 2018). Though not specifically 

addressed in this current project, SAVSNET has recently incorporated auditing neuter 

complication rates into its window-based questionnaire schema; it is anticipated that these 

findings might be used to benchmark practices, providing an alternative route to 
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stewardship. Regarding the remaining interventions, though we have already discussed the 

value of developing compliance-assured responsible antimicrobial formulations, the 

remaining interventions largely relate to provision of funding, and as such lie outside of the 

scope of SAVSNET. However, it should be noted that the current project was largely funded 

by the VMD; ensuring means for such surveillance to continue long-term would be of clear 

benefit. 

 

7.2 Recommendations for future work 

To summarise this work, we will now briefly outline a set of recommendations for future 

work under five main areas, providing more specific suggestions within each: 

 

7.2.1 Further one health-focused collaboration and cohesion 

a) Define common antimicrobial prescription and resistance data storage and reporting 

standards within the companion animal sector. 

b) Encourage data controllers to improve data accessibility for researchers e.g. RCVS 

Practice Directory. 

c) Develop routine companion animal surveillance for resistance trends of importance 

to human health e.g. Carbapenemase producing Enterobacteriaceae. 

d) Explore opportunities for truly combined one health prescription and resistance 

surveillance. 

 

7.2.2 Continue to develop effective surveillance methodologies 

a) Continue to explore emerging technologies for characterising resistance e.g. whole 

genome sequencing, and how this can be linked to health informatics data. 

b) Develop robust methods by which EHRs can be utilised for longitudinal observational 

studies, enabling more outcome-based research. 

c) Explore potential of qualitative research methods applied to EHRs to better 

understand motivations behind antimicrobial prescription. 

d) Explore clinical benefit of novel agents, including nutraceuticals. 

 

7.2.3 Expand scope of informatics-focused surveillance projects 

a) Expand routine prescription surveillance to encompass all major pharmaceutical 

agents. 
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b) Instigate clinical condition-focused prescription surveillance, especially respiratory 

disease and trauma. 

c) Stratify future resistance surveillance into first opinion and referral sectors. 

 

7.2.4 Ensure that academic findings inform surveillance and policy at governmental and 

inter-governmental levels 

a) Establish methods by which surveillance findings can routinely and rapidly be 

incorporated into national and international summaries, such as the VARSS report. 

 

7.2.5 Define and develop interventions that can encourage antimicrobial stewardship 

a) Further expand practice-level prescription benchmarking to practices both within 

and outside SAVSNET. 

b) Develop near real-time practice-level resistance trend summaries. 

c) Explore the potential impact benchmarking has on responsible use of antimicrobials. 

d) Engage with the pharmaceutical industry to encourage development of compliance-

assured responsible choice antimicrobials, particularly for cats. 

e) Devise means for engaging veterinary practitioners with antimicrobial stewardship 

and antimicrobial susceptibility tests. 

 

7.3 Conclusion 

The findings presented in this project effectively demonstrate the importance of one health 

focused antimicrobial prescription and resistance surveillance. We found antimicrobial 

prescription to be frequent in dogs, cats, and rabbits, often including antimicrobials 

considered to be of critical importance to human health. Similarly we found clinical 

resistance trends in companion animals to be comparable to those experienced in humans. 

Though there are many benefits associated with the close relationship humans share with 

companion animals, there are risks, of which shared development and transmission of AMR 

is one. However, we also identified multiple opportunities by which antimicrobial 

stewardship could be further enhanced in the companion animal veterinary sector including 

benchmarking; further education and public awareness, and further utilising EHRs to 

contribute to the clinical evidence base surrounding antimicrobial prescription. It is these 

opportunities which must form a focus for future activity, so as to preserve future 

antimicrobial efficacy.
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Table 1.1 

Definitions of main presenting complaints as provided to participating veterinary surgeons 

as a hover box in the United Kingdom Small Animal Veterinary Surveillance Network 

(SAVSNET) interactive window which appears at the end of each consultation. 

Main presenting 

complaint 

Group Definition 

Gastroenteric Unhealthy Signs including but not limited to diarrhoea, vomiting, weight 

loss, poor appetite 

Pruritus Unhealthy Signs including but not limited to itching, scratching, pruritic 

otitis, chewing, licking, rubbing 

Respiratory Unhealthy Signs associated with conditions affecting the upper and / or 

lower respiratory tract 

Tumour Unhealthy Any suspected or confirmed benign or malignant neoplastic 

condition 

Trauma Unhealthy Animal suffering a trauma and / or a physical injury 

Kidney disease Unhealthy Signs including but not limited to polydipsia, polyuria, 

vomiting where kidney disease is a differential 

Other unwell Unhealthy Signs that do not fit in other unwell animal categories 

including behaviour problems 

Post-operative Post-operative If the animal has presented for post-operative care 

Vaccination Healthy If the animal was booked in for a vaccination and was 

vaccinated 

Other healthy Healthy Healthy animal presented for other reasons that do not fit in 

the vaccination or in the post-operative check categories 
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Table 1.2 

Product identifying strings used to identify product descriptions containing an antimicrobial product, as utilised by veterinary practices voluntarily participating 

in the Small Animal Veterinary Surveillance Network (SAVSNET). Identifying strings have also been expressed in relation to a hierarchical ontology describing 

each string to level of active substance. 

Identifying string Pharmaceutical family Pharmaceutical class Pharmaceutical sub-class Active Substances Authorisation 
actimarbo antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
actionis antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
advocin antimicrobial fluoroquinolone fluoroquinolone danofloxacin veterinary 
aivlosin antimicrobial macrolide macrolide tylvalosin veterinary 
alamycin antimicrobial tetracycline tetracycline oxytetracycline veterinary 
amfipen antimicrobial beta-lactam beta-lactam ampicillin veterinary 
amikin antimicrobial aminoglycoside aminoglycoside amikacin sulphate human 
amoxiclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid dual-generic 
amoxi clav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid dual-generic 
amoxi clavu antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid dual-generic 
amoxibactin antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
amoxicillin antimicrobial beta-lactam amoxicillin amoxicillin dual-generic 
amoxicillinclavulanic antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid dual-generic 
amoxicure antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
amoxinsol antimicrobial beta-lactam amoxicillin amoxicillin trihydrate veterinary 
amoxival antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
amoxycare antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
amoxycillin antimicrobial beta-lactam amoxicillin amoxicillin dual-generic 
amoxypen antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
amoxyclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid dual-generic 
ampicaps antimicrobial beta-lactam beta-lactam ampicillin veterinary 
ampicare antimicrobial beta-lactam beta-lactam ampicillin veterinary 
ampicillin antimicrobial beta-lactam beta-lactam ampicillin dual-generic 
animedazon antimicrobial tetracycline tetracycline chlortetracycline hydrochloride veterinary 
antirobe antimicrobial lincosamide clindamycin clindamycin veterinary 
apiguard antimicrobial other antimicrobial other antimicrobial thymol veterinary 
apilife antimicrobial other antimicrobial other antimicrobial thymol veterinary 
apotil antimicrobial macrolide macrolide tilmicosin veterinary 
apralan antimicrobial aminoglycoside aminoglycoside apramycin veterinary 
apravet antimicrobial aminoglycoside aminoglycoside apramycin sulphate veterinary 
aquatet antimicrobial tetracycline tetracycline oxytetracycline hydrochloride veterinary 
augmentin antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid human 
augmentincoamoxi antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid human 
aurimic antimicrobial other antimicrobial other antimicrobial polymyxin b sulphate veterinary 
aurizon antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
aurofac antimicrobial tetracycline tetracycline chlortetracycline hydrochloride veterinary 
aurogran antimicrobial tetracycline tetracycline chlortetracycline hydrochloride veterinary 
bactroban antimicrobial other antimicrobial other antimicrobial mupirocin human 
baytri antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
baytril antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
betamox antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
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Identifying string Pharmaceutical family Pharmaceutical class Pharmaceutical sub-class Active Substances Authorisation 
bilosin antimicrobial macrolide macrolide tylosin veterinary 
bilovet antimicrobial macrolide macrolide tylosin veterinary 
bimamix antimicrobial aminoglycoside aminoglycoside neomycin veterinary 
bimamix antimicrobial sulphonamide sulphonamide sulfadiazine veterinary 
bimotrim antimicrobial sulphonamide potentiated sulphonamide sulfadoxine-trimethoprim veterinary 
bimoxyl antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
boflox antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
bovaclox antimicrobial beta-lactam beta-lactam ampicillin veterinary 
bovaclox antimicrobial beta-lactam beta-lactam cloxacillin veterinary 
bovocycline antimicrobial tetracycline tetracycline tetracycline hydrochloride veterinary 
canaural antimicrobial aminoglycoside aminoglycoside framycetin sulphate veterinary 
canaural antimicrobial fusidic acid fusidic acid diethanolamine fusidate veterinary 
cefalexin antimicrobial beta-lactam cephalosporin generation one cefalexin dual-generic 
cefaseptin antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
cefavex antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
cefenil antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
ceffect antimicrobial beta-lactam cephalosporin generation four cefquinome veterinary 
cefimam antimicrobial beta-lactam cephalosporin generation four cefquinome veterinary 
cefokel antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
cefquinor antimicrobial beta-lactam cephalosporin generation four cefquinome veterinary 
ceftazidime antimicrobial beta-lactam cephalosporin generation three ceftazidime pentahydrate human 
ceftiocyl antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
ceftiosan antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
cemay antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
cephacare antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
cephacareceporex antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
cephaguard antimicrobial beta-lactam cephalosporin generation four cefquinome veterinary 
cephalexin antimicrobial beta-lactam cephalosporin generation one cefalexin dual-generic 
cephorum antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
ceporex antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
ceporexcephorum antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
cepravin antimicrobial beta-lactam cephalosporin generation one cephalonium veterinary 
cevaxel antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
cevaxelrtu antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
chlorampen antimicrobial amphenicol amphenicol chloramphenicol human 
chloramph antimicrobial amphenicol amphenicol chloramphenicol human 
chloramphen antimicrobial amphenicol amphenicol chloramphenicol human 
chloramphenacol antimicrobial amphenicol amphenicol chloramphenicol human 
chloramphenical antimicrobial amphenicol amphenicol chloramphenicol human 
chloramphenicol antimicrobial amphenicol amphenicol chloramphenicol human 
chloromed antimicrobial tetracycline tetracycline chlortetracycline hydrochloride veterinary 
chloromycetin antimicrobial amphenicol amphenicol chloramphenicol human 
chlorsol antimicrobial tetracycline tetracycline chlortetracycline hydrochloride veterinary 
cidomycin antimicrobial aminoglycoside aminoglycoside gentamicin sulphate human 
ciloxan antimicrobial fluoroquinolone fluoroquinolone ciprofloxacin human 
ciprofloxacin antimicrobial fluoroquinolone fluoroquinolone ciprofloxacin human 
ciproxin antimicrobial fluoroquinolone fluoroquinolone ciprofloxacin human 
citramox antimicrobial beta-lactam amoxicillin amoxicillin trihydrate veterinary 
clamoxyl antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
clavamox antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
clavapet antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
clavaseptin antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
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clavubactin antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
clavudale antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
clinacin antimicrobial lincosamide clindamycin clindamycin veterinary 
clinagel antimicrobial aminoglycoside aminoglycoside gentamicin veterinary 
clinagelvet antimicrobial aminoglycoside aminoglycoside gentamicin veterinary 
clindacyl antimicrobial lincosamide clindamycin clindamycin veterinary 
clindaseptin antimicrobial lincosamide clindamycin clindamycin veterinary 
co trimazine antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
coamoxiclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid dual-generic 
coamoxyclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid dual-generic 
cobactan antimicrobial beta-lactam cephalosporin generation four cefquinome veterinary 
colfen antimicrobial amphenicol amphenicol florfenicol veterinary 
colibird antimicrobial other antimicrobial other antimicrobial colistin sulphate veterinary 
coliplus antimicrobial other antimicrobial other antimicrobial colistin sulphate veterinary 
coliscour antimicrobial other antimicrobial other antimicrobial colistin sulphate veterinary 
combiclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
combimox antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
convenia antimicrobial beta-lactam cephalosporin generation three cefovecin veterinary 
convienia antimicrobial beta-lactam cephalosporin generation three cefovecin veterinary 
cotrimazole antimicrobial sulphonamide potentiated sulphonamide sulfamethoxazole-trimethoprim human 
cotrimoxazole antimicrobial sulphonamide potentiated sulphonamide sulfamethoxazole-trimethoprim human 
crystapen antimicrobial beta-lactam penicillin benzylpenicillin sodium veterinary 
curacef antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
cyclo spray antimicrobial tetracycline tetracycline chlortetracycline hydrochloride veterinary 
cyclosol antimicrobial tetracycline tetracycline oxytetracycline veterinary 
denagard antimicrobial other antimicrobial other antimicrobial tiamulin veterinary 
denaguard antimicrobial other antimicrobial other antimicrobial tiamulin veterinary 
depocillin antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
devomycin antimicrobial aminoglycoside aminoglycoside streptomycin sulphate veterinary 
dicural antimicrobial fluoroquinolone fluoroquinolone difloxacin veterinary 
doraflox antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
doxivet antimicrobial tetracycline tetracycline doxycycline hyclate veterinary 
doxxsol antimicrobial tetracycline tetracycline doxycycline hyclate veterinary 
doxycyclin antimicrobial tetracycline tetracycline doxycycline dual-generic 
doxycycline antimicrobial tetracycline tetracycline doxycycline dual-generic 
doxyval antimicrobial tetracycline tetracycline doxycycline hyclate veterinary 
doxyveto antimicrobial tetracycline tetracycline doxycycline hyclate veterinary 
draxxin antimicrobial macrolide macrolide tulathromycin veterinary 
duofast antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
duphacillin antimicrobial beta-lactam beta-lactam ampicillin veterinary 
duphacycline antimicrobial tetracycline tetracycline oxytetracycline veterinary 
duphamox antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
duphapen antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
duphatrim antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
dynaclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
easotic antimicrobial aminoglycoside aminoglycoside gentamicin veterinary 
econor antimicrobial other antimicrobial other antimicrobial valnemulin veterinary 
efex antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
eficur antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
engemycin antimicrobial tetracycline tetracycline oxytetracycline veterinary 
enrocare antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
enrodexil antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
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enrofloxxeden antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
enrotron antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
enrox antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
enroxil antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
equibactin antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
erythrocin antimicrobial macrolide macrolide erythromycin veterinary 
erythromycn antimicrobial macrolide macrolide erythromycin dual-generic 
erythromycin antimicrobial macrolide macrolide erythromycin dual-generic 
erythroped antimicrobial macrolide macrolide Erythromycin Ethylsuccinate human 
excenel antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
exocin antimicrobial fluoroquinolone fluoroquinolone ofloxacin human 
fenflor antimicrobial amphenicol amphenicol florfenicol veterinary 
fenoflox antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
filtabac antimicrobial other antimicrobial other antimicrobial bronopol none 
filta bac antimicrobial other antimicrobial other antimicrobial bronopol none 
filtaclear antimicrobial other antimicrobial other antimicrobial bronopol none 
flagyl antimicrobial nitroimidazole metronidazole metronidazole human 
flordofen antimicrobial amphenicol amphenicol florfenicol veterinary 
florfenikel antimicrobial amphenicol amphenicol florfenicol veterinary 
florgane antimicrobial amphenicol amphenicol florfenicol veterinary 
florinject antimicrobial amphenicol amphenicol florfenicol veterinary 
florkem antimicrobial amphenicol amphenicol florfenicol veterinary 
florocol antimicrobial amphenicol amphenicol florfenicol veterinary 
floron antimicrobial amphenicol amphenicol florfenicol veterinary 
florvio antimicrobial amphenicol amphenicol florfenicol veterinary 
floxabactin antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
forakef antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
forcyl antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
fortum antimicrobial beta-lactam cephalosporin generation three ceftazidime pentahydrate human 
framomycin antimicrobial aminoglycoside aminoglycoside framycetin sulphate veterinary 
fuciderm antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
fucidermisaderm antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
fucidin antimicrobial fusidic acid fusidic acid fusidic acid human 
fucithalmic antimicrobial fusidic acid fusidic acid fusidic acid dual-generic 
fucithalmicisathal antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
genta equine antimicrobial aminoglycoside aminoglycoside gentamicin veterinary 
gentamicin antimicrobial aminoglycoside aminoglycoside gentamicin sulphate dual-generic 
genticin antimicrobial aminoglycoside aminoglycoside gentamicin sulphate human 
hexasol antimicrobial tetracycline tetracycline oxytetracycline veterinary 
hydrodoxx antimicrobial tetracycline tetracycline doxycycline veterinary 
hymatil antimicrobial macrolide macrolide tilmicosin veterinary 
hypersol antimicrobial tetracycline tetracycline oxytetracycline veterinary 
ibaflin antimicrobial fluoroquinolone fluoroquinolone ibafloxacin veterinary 
intradine antimicrobial sulphonamide sulphonamide sulphadimidine veterinary 
isaderm antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
isalthal antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
isathal antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
karidox antimicrobial tetracycline tetracycline doxycycline veterinary 
kefloril antimicrobial amphenicol amphenicol florfenicol veterinary 
kelacyl antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
kepravine antimicrobial beta-lactam cephalosporin generation one cephalonium veterinary 
kesium antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
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kexxtone antimicrobial other antimicrobial other antimicrobial monensin veterinary 
kflor antimicrobial amphenicol amphenicol florfenicol veterinary 
klpoult antimicrobial other antimicrobial other antimicrobial thymol veterinary 
klaricid antimicrobial macrolide macrolide clarithromycin human 
kloxerate antimicrobial beta-lactam beta-lactam ampicillin veterinary 
kloxerate antimicrobial beta-lactam beta-lactam cloxacillin veterinary 
lactaclox antimicrobial beta-lactam beta-lactam ampicillin veterinary 
lactaclox antimicrobial beta-lactam beta-lactam cloxacillin veterinary 
lactatrim antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
lanflox antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
lincocin antimicrobial aminoglycoside aminoglycoside neomycin veterinary 
lincocin antimicrobial lincosamide lincosamide lincomycin veterinary 
lincofeed antimicrobial lincosamide lincosamide lincomycin veterinary 
lincoject antimicrobial lincosamide lincosamide lincomycin veterinary 
lincosol antimicrobial lincosamide lincosamide lincomycin veterinary 
lincospectin antimicrobial aminoglycoside aminoglycoside spectinomycin veterinary 
lincospectin antimicrobial lincosamide lincosamide lincomycin veterinary 
mamyzin antimicrobial beta-lactam beta-lactam penethamate hydroiodide veterinary 
marbiflox antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marbocare antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marbocyl antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marbokem antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marbonor antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marbosol antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marbosyva antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marbotab antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marbox antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marboxidin antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
marfloquin antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
masterflox antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
mastiplan antimicrobial beta-lactam cephalosporin generation one cefapirin veterinary 
maxitrol antimicrobial aminoglycoside aminoglycoside neomycin sulphate human 
maxitrol antimicrobial other antimicrobial other antimicrobial polymyxin b sulphate human 
maxyl antimicrobial beta-lactam amoxicillin amoxicillin trihydrate veterinary 
methoxasol antimicrobial sulphonamide potentiated sulphonamide sulfamethoxazole-trimethoprim veterinary 
metricure antimicrobial beta-lactam cephalosporin generation one cefapirin veterinary 
metronidazol antimicrobial nitroimidazole metronidazole metronidazole human 
metronidazole antimicrobial nitroimidazole metronidazole metronidazole human 
metronidizol antimicrobial nitroimidazole metronidazole metronidazole human 
micotil antimicrobial macrolide macrolide tilmicosin veterinary 
milbotyl antimicrobial macrolide macrolide tilmicosin veterinary 
multiject antimicrobial aminoglycoside aminoglycoside neomycin sulphate veterinary 
multiject antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
multishield antimicrobial aminoglycoside aminoglycoside neomycin sulphate veterinary 
multishield antimicrobial beta-lactam beta-lactam penethamate hydroiodide veterinary 
multishield antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
mycinor antimicrobial lincosamide clindamycin clindamycin veterinary 
mycoflor antimicrobial amphenicol amphenicol florfenicol veterinary 
nafpenzal antimicrobial aminoglycoside aminoglycoside dihydrostreptomycin veterinary 
nafpenzal antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
naxcel antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
neopen antimicrobial aminoglycoside aminoglycoside neomycin veterinary 
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neopen antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
nifencol antimicrobial amphenicol amphenicol florfenicol veterinary 
nisamox antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
nisinject antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
norfenicol antimicrobial amphenicol amphenicol florfenicol veterinary 
norobrittin antimicrobial beta-lactam beta-lactam ampicillin veterinary 
norocillin antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
norocillin antimicrobial beta-lactam penicillin benzathine benzyl penicillin veterinary 
noroclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
noroclavsynuloxtab antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
noroclav250mg antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
noroclox antimicrobial beta-lactam beta-lactam cloxacillin veterinary 
norodine antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
norotril antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
norotyl antimicrobial macrolide macrolide tylosin veterinary 
norzol antimicrobial nitroimidazole metronidazole metronidazole benzoate human 
nuflor antimicrobial amphenicol amphenicol florfenicol veterinary 
nuflorgold antimicrobial amphenicol amphenicol florfenicol veterinary 
occrycetin antimicrobial tetracycline tetracycline oxytetracycline hydrochloride veterinary 
octacillin antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
opticlox antimicrobial beta-lactam beta-lactam cloxacillin veterinary 
orbax antimicrobial fluoroquinolone fluoroquinolone orbifloxacin veterinary 
orbenin antimicrobial beta-lactam beta-lactam cloxacillin veterinary 
ornicure antimicrobial tetracycline tetracycline doxycycline veterinary 
orojet antimicrobial aminoglycoside aminoglycoside streptomycin sulphate veterinary 
orojet antimicrobial aminoglycoside aminoglycoside neomycin sulphate veterinary 
osurnia antimicrobial amphenicol amphenicol florfenicol veterinary 
otomax antimicrobial aminoglycoside aminoglycoside gentamicin veterinary 
oxycare tab antimicrobial tetracycline tetracycline oxytetracycline veterinary 
oxycomplex antimicrobial tetracycline tetracycline oxytetracycline veterinary 
oxytetracycline antimicrobial tetracycline tetracycline oxytetracycline dual-generic 
oxytetracyclines antimicrobial tetracycline tetracycline oxytetracycline dual-generic 
oxytet antimicrobial tetracycline tetracycline oxytetracycline dual-generic 
oxytetrin antimicrobial tetracycline tetracycline oxytetracycline veterinary 
parofor antimicrobial aminoglycoside aminoglycoside paromomycin veterinary 
pathocef antimicrobial beta-lactam cephalosporin generation three cefoperazone veterinary 
pathozone antimicrobial beta-lactam cephalosporin generation three cefoperazone veterinary 
duphapen antimicrobial aminoglycoside aminoglycoside dihydrostreptomycin sulphate veterinary 
penacare antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
penecillin antimicrobial beta-lactam penicillin procaine benzylpenicillin dual-generic 
penicillin antimicrobial beta-lactam penicillin procaine benzylpenicillin dual-generic 
penstrep antimicrobial aminoglycoside aminoglycoside dihydrostreptomycin sulphate veterinary 
penstrep antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
perlium antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
pharmasin antimicrobial macrolide macrolide tylosin veterinary 
phenoxymethylpenicillin antimicrobial beta-lactam penicillin phenoxymethylpenicillin potassium dual-generic 
phenoxypen antimicrobial beta-lactam penicillin phenoxymethylpenicillin potassium veterinary 
pirsue antimicrobial lincosamide lincosamide pirlimycin hydrochloride veterinary 
posatex antimicrobial fluoroquinolone fluoroquinolone orbifloxacin veterinary 
potencil antimicrobial beta-lactam penicillin phenoxymethylpenicillin potassium veterinary 
powdox antimicrobial tetracycline tetracycline doxycycline veterinary 
powerflox antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 



Appendix One     Material relating to Chapter Two 

205 
 

Identifying string Pharmaceutical family Pharmaceutical class Pharmaceutical sub-class Active Substances Authorisation 
pulmodox antimicrobial tetracycline tetracycline doxycycline veterinary 
pulmotil antimicrobial macrolide macrolide tilmicosin veterinary 
pyceze antimicrobial other antimicrobial other antimicrobial bronopol veterinary 
quiflor antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
quinoflox antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
readycef antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
resflor antimicrobial amphenicol amphenicol florfenicol veterinary 
rifadin antimicrobial rifamycin rifamycin rifampicin human 
rilexine antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
ronaxan antimicrobial tetracycline tetracycline doxycycline veterinary 
ronoxan antimicrobial tetracycline tetracycline doxycycline veterinary 
ronaxon antimicrobial tetracycline tetracycline doxycycline veterinary 
selectan antimicrobial amphenicol amphenicol florfenicol veterinary 
septrin antimicrobial sulphonamide potentiated sulphonamide sulfamethoxazole-trimethoprim human 
sheptaclox antimicrobial beta-lactam beta-lactam ampicillin veterinary 
sheptaclox antimicrobial beta-lactam beta-lactam cloxacillin veterinary 
shotaflor antimicrobial amphenicol amphenicol florfenicol veterinary 
softiflox antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
sogecoli antimicrobial other antimicrobial other antimicrobial colistin sulphate veterinary 
soludox antimicrobial tetracycline tetracycline doxycycline hyclate veterinary 
spectam antimicrobial aminoglycoside aminoglycoside spectinomycin veterinary 
spectron antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
spirovet antimicrobial macrolide macrolide spiramycin veterinary 
stabox antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
stomorgyl antimicrobial nitroimidazole-macrolide metronidazole-spiramycin metronidazole-spiramycin veterinary 
strenzen antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
streptacare antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
strinacin antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
sulfatrim antimicrobial sulphonamide potentiated sulphonamide sulfamethoxazole-trimethoprim veterinary 
surolan antimicrobial other antimicrobial other antimicrobial polymyxin b sulphate veterinary 
synulox antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
synuloxnoroclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
synutrim antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
taf spray antimicrobial amphenicol amphenicol thiamphenicol veterinary 
terramycin antimicrobial tetracycline tetracycline oxytetracycline veterinary 
tetra delta antimicrobial aminoglycoside aminoglycoside neomycin veterinary 
tetra delta antimicrobial aminoglycoside aminoglycoside dihydrostreptomycin veterinary 
tetra delta antimicrobial other antimicrobial other antimicrobial novobiocin veterinary 
tetra delta antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
tetradelta antimicrobial aminoglycoside aminoglycoside dihydrostreptomycin veterinary 
tetradelta antimicrobial aminoglycoside aminoglycoside neomycin veterinary 
tetradelta antimicrobial other antimicrobial other antimicrobial novobiocin veterinary 
tetradelta antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
tetramin antimicrobial tetracycline tetracycline oxytetracycline veterinary 
tetroxy antimicrobial tetracycline tetracycline oxytetracycline veterinary 
tetsol antimicrobial tetracycline tetracycline tetracycline hydrochloride veterinary 
therios antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
thymovar antimicrobial other antimicrobial other antimicrobial thymol veterinary 
tiacil antimicrobial aminoglycoside aminoglycoside gentamicin sulphate veterinary 
tiamvet antimicrobial other antimicrobial other antimicrobial tiamulin hydrogen fumarate veterinary 
tilmicosol antimicrobial macrolide macrolide tilmicosin veterinary 
tilmodil antimicrobial macrolide macrolide tilmicosin veterinary 
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tilmovet antimicrobial macrolide macrolide tilmicosin veterinary 
timentin antimicrobial beta-lactam clavulanic-acid-potentiated-ticarcillin ticarcillin-clavulanic acid human 
tobradex antimicrobial aminoglycoside aminoglycoside tobramycin human 
tribissen antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
tribrissen antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
trigoderm antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
trimacare antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
trimediazine antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
trimedoxine antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
truleva antimicrobial beta-lactam cephalosporin generation three ceftiofur veterinary 
tsefalen antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
tsefelan antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
tylan antimicrobial macrolide macrolide tylosin veterinary 
tyluvet antimicrobial macrolide macrolide tylosin veterinary 
ubiflox antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
ubrolexin antimicrobial aminoglycoside aminoglycoside kanamycin veterinary 
ubrolexin antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
ubrostar antimicrobial aminoglycoside aminoglycoside framycetin sulphate veterinary 
ubrostar antimicrobial beta-lactam beta-lactam penethamate hydroiodide veterinary 
ubrostar antimicrobial beta-lactam penicillin benethamine penicillin veterinary 
ultrapen antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
uniprim antimicrobial sulphonamide potentiated sulphonamide sulfadiazine-trimethoprim veterinary 
unisol antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
veraflox antimicrobial fluoroquinolone fluoroquinolone pradofloxacin veterinary 
vetmulin antimicrobial other antimicrobial other antimicrobial tiamulin veterinary 
vetremox antimicrobial beta-lactam amoxicillin amoxicillin trihydrate veterinary 
vetrimoxin antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
xclindacyl antimicrobial lincosamide clindamycin clindamycin veterinary 
xeden antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
zactran antimicrobial macrolide macrolide gamithromycin veterinary 
zinacef antimicrobial beta-lactam cephalosporin generation two cefuroxime sodium human 
zithromax antimicrobial macrolide macrolide azithromycin dihydrate human 
zobuxa antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
zodan antimicrobial lincosamide clindamycin clindamycin veterinary 
zodon antimicrobial lincosamide clindamycin clindamycin veterinary 
zuprevo antimicrobial macrolide macrolide tildipirosin veterinary 
kaolin antimicrobial other antimicrobial other antimicrobial thymol veterinary 
collatamp antimicrobial aminoglycoside aminoglycoside gentamicin sulphate human 
enrocar antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
marbofloquin antimicrobial fluoroquinolone fluoroquinolone marbofloxacin human 
metronidozole antimicrobial nitroimidazole metronidazole metronidazole human 
stomogyl antimicrobial nitroimidazole-macrolide metronidazole-spiramycin metronidazole-spiramycin veterinary 
panolog antimicrobial aminoglycoside aminoglycoside neomycin sulfate none 
panolog antimicrobial other antimicrobial other antimicrobial thiostrepton none 
streptacare antimicrobial aminoglycoside aminoglycoside dihydrostreptomycin sulphate veterinary 
pen  strep antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
sulphatrim antimicrobial sulphonamide potentiated sulphonamide sulfamethoxazole-trimethoprim veterinary 
vibramycind antimicrobial tetracycline tetracycline doxycycline monohydrate human 
pen  strep antimicrobial aminoglycoside aminoglycoside dihydrostreptomycin sulphate veterinary 
amox la injectionml antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
tylosin antimicrobial macrolide macrolide tylosin veterinary 
clavucill antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
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trimethoprim tabs antimicrobial other antimicrobial other antimicrobial trimethoprim human 
vibravenous antimicrobial tetracycline tetracycline doxycycline veterinary 
co trimazole antimicrobial sulphonamide potentiated sulphonamide sulfamethoxazole-trimethoprim human 
vibramycin d antimicrobial tetracycline tetracycline doxycycline monohydrate human 
erythrsusp antimicrobial macrolide macrolide Erythromycin Ethylsuccinate human 
oxycare 250mg antimicrobial tetracycline tetracycline oxytetracycline veterinary 
oxycare 100mg antimicrobial tetracycline tetracycline oxytetracycline veterinary 
oxycare  250mg antimicrobial tetracycline tetracycline oxytetracycline veterinary 
oxycare  100mg antimicrobial tetracycline tetracycline oxytetracycline veterinary 
oxycare  tab antimicrobial tetracycline tetracycline oxytetracycline veterinary 
metronizadole antimicrobial nitroimidazole metronidazole metronidazole human 
oxycare 50mg antimicrobial tetracycline tetracycline oxytetracycline veterinary 
oxycare  50mg antimicrobial tetracycline tetracycline oxytetracycline veterinary 
tylacare antimicrobial macrolide macrolide tylosin none 
stormogyl antimicrobial nitroimidazole-macrolide metronidazole-spiramycin metronidazole-spiramycin veterinary 
marbodex antimicrobial fluoroquinolone fluoroquinolone marbofloxacin veterinary 
tobramycin antimicrobial aminoglycoside aminoglycoside tobramycin human 
pen amp strep antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
synuclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin Amoxicillin-Clavulanic Acid veterinary 
synulclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-Clavulanic Acid veterinary 
enrofloxacin antimicrobial fluoroquinolone fluoroquinolone enrofloxacin veterinary 
bactoban antimicrobial other antimicrobial other antimicrobial mupirocin human 
clavasept tab antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
metrobactin antimicrobial nitroimidazole metronidazole metronidazole veterinary 
synuloclav antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
depomycin forte antimicrobial beta-lactam penicillin procaine benzylpenicillin veterinary 
depomycin forte antimicrobial aminoglycoside streptomycin dihydrostreptomycin sulphate veterinary 
pen amp strep antimicrobial aminoglycoside streptomycin dihydrostreptomycin sulphate veterinary 
syunlox antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
betafuse antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
riexine antimicrobial beta-lactam cephalosporin generation one cefalexin veterinary 
chloamphenicol antimicrobial amphenicol amphenicol chloramphenicol human 
covenia antimicrobial beta-lactam cephalosporin generation three cefovecin veterinary 
isthal antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
batafuse antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
betfuse antimicrobial fusidic acid fusidic acid fusidic acid veterinary 
synuox antimicrobial beta-lactam clavulanic-acid-potentiated-amoxicillin amoxicillin-clavulanic acid veterinary 
betamax antimicrobial beta-lactam amoxicillin amoxicillin veterinary 
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Table 1.3 

Orthogonal polynomial contrast coding values (to two decimal places) utilised for 

construction of eight mixed effects binomial regression models, modelling the probability of 

canine and feline total, systemic, topical and highest priority critically important 

antimicrobial (HPCIA) antimicrobial prescription in a network of United Kingdom small 

animal veterinary sites. The models incorporate practice and site as random effects and the 

ordinal variable quarter as a fixed effect. The variable quarter (Q2 2014 to Q1 2016) was 

codified using the orthogonal polynomial coding system. 

Linear Quadratic Cubic Quartic Quintic Sextic Septic 

-0.54 0.54 -0.43 0.28 -0.15 0.06 -0.02 

-0.39 0.08 0.31 -0.52 0.49 -0.31 0.12 

-0.23 -0.23 0.43 -0.12 -0.36 0.55 -0.36 

-0.08 -0.39 0.18 0.36 -0.32 -0.31 0.60 

0.08 -0.39 -0.18 0.36 0.32 -0.31 -0.60 

0.23 -0.23 -0.43 -0.12 0.36 0.55 0.36 

0.39 0.08 -0.31 -0.52 -0.49 -0.31 -0.12 

0.54 0.54 0.43 0.28 0.15 0.06 0.02 
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Table 1.4 

Parameter estimates from eight fitted mixed effects binomial regression models, modelling 

the probability of canine and feline total, systemic, topical and highest priority critically 

important antimicrobial prescription. The models incorporate practice and site as random 

effects and the ordinal variable quarter as a fixed effect. The variable quarter (Q2 2014 - Q1 

2016) was codified using an orthogonal polynomial coding system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Standard deviation 
b Standard error 
c Highest priority critically important antimicrobial  

Species Model Random effect Variance SD a Fixed effect β SE b P 
Canine Total Practice 0.04 0.19 Intercept -1.70 0.02  
  Site 0.02 0.13 Quarter - linear fit -0.13 0.01 <0.01 
     Quarter - quadratic fit 0.01 0.01 0.61 
     Quarter - cubic fit 0.01 0.01 0.18 
     Quarter - quartic fit -0.07 0.01 <0.01 
     Quarter - quintic fit -0.03 0.01 <0.01 
     Quarter - sextic fit 0.01 0.01 0.13 
     Quarter - septic fit 0.01 0.01 0.25 
Canine Systemic Practice 0.06 0.23 Intercept -2.16 0.02  
  Site 0.04 0.20 Quarter - linear fit -0.19 0.01 <0.01 
     Quarter - quadratic fit -0.02 0.01 0.22 
     Quarter - cubic fit 0.04 0.01 <0.01 
     Quarter - quartic fit -0.08 0.01 <0.01 
     Quarter - quintic fit -0.04 0.01 <0.01 
     Quarter - sextic fit 0.02 0.01 0.06 
     Quarter - septic fit 0.02 0.01 0.10 
Canine Topical Practice 0.03 0.18 Intercept -2.62 0.02  
  Site 0.01 0.12 Quarter - linear fit -0.06 0.02 <0.01 
    Quarter - quadratic fit 0.04 0.02 0.01 
   Quarter - cubic fit -0.03 0.01 0.02 
   Quarter - quartic fit -0.06 0.01 <0.01 
    Quarter - quintic fit -0.01 0.01 0.65 
    Quarter - sextic fit -0.00 0.01 0.93 
    Quarter - septic fit -0.00 0.02 0.82 
Canine HPCIA c Practice 0.20 0.45 Intercept -3.16 0.04  
  Site 0.18 0.42 Quarter - linear fit -0.06 0.04 0.11 
    Quarter - quadratic fit -0.05 0.03 0.14 
   Quarter - cubic fit 0.13 0.03 <0.01 
    Quarter - quartic fit 0.03 0.03 0.34 
    Quarter - quintic fit -0.07 0.03 0.03 
    Quarter - sextic fit -0.05 0.03 0.11 
    Quarter - septic fit -0.00 0.04 0.91 
Feline Total Practice 0.06 0.25 Intercept -1.75 0.02  
  Site 0.03 0.16 Quarter - linear fit -0.20 0.02 <0.01 
     Quarter - quadratic fit 0.03 0.02 0.09 
     Quarter - cubic fit 0.01 0.01 0.50 
     Quarter - quartic fit 0.02 0.01 0.15 
     Quarter - quintic fit -0.02 0.01 0.13 
     Quarter - sextic fit -0.03 0.02 0.06 
     Quarter - septic fit -0.00 0.02 0.93 
Feline Systemic Practice 0.08 0.28 Intercept -1.93 0.02  
  Site 0.04 0.20 Quarter - linear fit -0.21 0.02 <0.01 
     Quarter - quadratic fit 0.01 0.02 0.45 
     Quarter - cubic fit 0.03 0.02 0.09 
     Quarter - quartic fit 0.03 0.02 0.11 
     Quarter - quintic fit -0.03 0.02 0.05 
     Quarter - sextic fit -0.03 0.02 0.05 
     Quarter - septic fit -0.01 0.02 0.70 
Feline Topical Practice 0.03 0.17 Intercept -3.44 0.02  
  Site 0.02 0.16 Quarter - linear fit -0.16 0.04 <0.01 
     Quarter - quadratic fit 0.11 0.04 <0.01 
     Quarter - cubic fit -0.07 0.03 0.02 
     Quarter - quartic fit -0.02 0.03 0.53 
     Quarter - quintic fit 0.01 0.03 0.72 
     Quarter - sextic fit -0.02 0.03 0.60 
     Quarter - septic fit 0.04 0.04 0.33 
Feline HPCIA c Practice 0.14 0.38 Intercept -1.01 0.03  
  Site 0.04 0.19 Quarter - linear fit 0.11 0.03 <0.01 
     Quarter - quadratic fit -0.00 0.03 0.89 
     Quarter - cubic fit -0.02 0.02 0.51 
     Quarter - quartic fit 0.01 0.02 0.70 
     Quarter - quintic fit -0.01 0.02 0.82 
     Quarter - sextic fit 0.02 0.02 0.53 
     Quarter - septic fit -0.02 0.03 0.46 
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Table 1.5 

Parameter estimates from eight fitted mixed effects binomial regression models, modelling 

the probability of canine and feline total, systemic, topical and highest priority critically 

important antimicrobial (HPCIA) prescription. The models incorporate practice and site as 

random effects and the ordinal variable quarter as a fixed effect. The variable quarter was 

codified using a backwards difference contrast coding system. 

a Standard deviation 
b Standard error 
c Odds ratio 
d 95% Confidence interval 

Species Model Random 
effect 

Variance SD a Fixed effect β SE b OR c Lower 95% CI d Upper 95% CI d P 

Canine Total Practice 0.04 0.19 Intercept -1.70 0.02 0.18 0.18 0.19  

  Site 0.02 0.13 2014 Q3 cf. 2014 Q2 -0.06 0.01 0.94 0.92 0.97 <0.01 

    2014 Q4 cf. 2014 Q3 0.04 0.01 1.04 1.02 1.06 <0.01 

   2015 Q1 cf. 2014 Q4 -0.02 0.01 0.98 0.96 1.00 0.09 

   2015 Q2 cf. 2015 Q1 -0.07 0.01 0.93 0.91 0.95 <0.01 

   2015 Q3 cf. 2015 Q2 -0.04 0.01 0.96 0.95 0.98 <0.01 

   2015 Q4 cf. 2015 Q3 -0.02 0.01 0.98 0.96 0.99 <0.01 

   2016 Q1 cf. 2015 Q4 -0.10 0.01 0.91 0.89 0.92 <0.01 

Canine Systemic Practice 0.06 0.23 Intercept -2.16 0.02 0.12 0.11 0.12  

  Site 0.04 0.20 2014 Q3 cf. 2014 Q2 -0.07 0.01 0.93 0.91 0.96 <0.01 

    2014 Q4 cf. 2014 Q3 0.07 0.01 1.07 1.05 1.10 <0.01 

   2015 Q1 cf. 2014 Q4 -0.00 0.01 1.00 0.97 1.02 0.74 

   2015 Q2 cf. 2015 Q1 -0.09 0.01 0.91 0.89 0.93 <0.01 

   2015 Q3 cf. 2015 Q2 -0.06 0.01 0.94 0.92 0.96 <0.01 

   2015 Q4 cf. 2015 Q3 -0.05 0.01 0.95 0.93 0.97 <0.01 

   2016 Q1 cf. 2015 Q4 -0.14 0.01 0.87 0.85 0.89 <0.01 

Canine Topical Practice 0.03 0.18 Intercept -2.62 0.02 0.07 0.07 0.08  

  Site 0.01 0.12 2014 Q3 cf. 2014 Q2 -0.06 0.02 0.95 0.91 0.98 <0.01 

    2014 Q4 cf. 2014 Q3 -0.01 0.02 1.00 0.97 1.03 0.76 

   2015 Q1 cf. 2014 Q4 -0.04 0.02 1.00 0.93 0.99 <0.01 

   2015 Q2 cf. 2015 Q1 -0.04 0.02 0.96 0.93 0.99 0.01 

   2015 Q3 cf. 2015 Q2 -0.01 0.01 0.99 0.96 1.01 0.27 

   2015 Q4 cf. 2015 Q3 0.02 0.01 1.02 0.99 1.04 0.16 

   2016 Q1 cf. 2015 Q4 -0.05 0.01 0.95 0.93 0.97 <0.01 

Canine HPCIA Practice 0.20 0.45 Intercept -3.16 0.04 0.04 0.04 0.05  

  Site 0.18 0.42 2014 Q3 cf. 2014 Q2 0.04 0.04 1.04 0.96 1.13 0.34 

    2014 Q4 cf. 2014 Q3 0.07 0.03 1.07 1.00 1.14 0.04 

   2015 Q1 cf. 2014 Q4 0.08 0.04 1.08 1.01 1.16 0.02 

   2015 Q2 cf. 2015 Q1 -0.01 0.04 0.99 0.92 1.06 0.70 

   2015 Q3 cf. 2015 Q2 -0.12 0.03 0.88 0.84 0.94 <0.01 

   2015 Q4 cf. 2015 Q3 -0.05 0.03 0.95 0.91 1.01 0.08 

   2016 Q1 cf. 2015 Q4 -0.02 0.03 0.98 0.93 1.03 0.45 

Feline Total Practice 0.06 0.25 Intercept -1.75 0.02 0.17 0.17 0.18  

  Site 0.03 0.16 2014 Q3 cf. 2014 Q2 -0.14 0.02 0.87 0.83 0.90 <0.01 

    2014 Q4 cf. 2014 Q3 0.03 0.02 1.03 1.00 1.06 0.08 

   2015 Q1 cf. 2014 Q4 0.02 0.02 1.02 0.99 1.06 0.19 

   2015 Q2 cf. 2015 Q1 -0.02 0.02 0.98 0.94 1.01 0.19 

   2015 Q3 cf. 2015 Q2 -0.09 0.01 0.92 0.89 0.94 <0.01 

   2015 Q4 cf. 2015 Q3 -0.07 0.01 0.93 0.91 0.95 <0.01 

   2016 Q1 cf. 2015 Q4 -0.09 0.01 0.91 0.89 0.94 <0.01 

Feline Systemic Practice 0.08 0.28 Intercept -1.93 0.02 0.15 0.14 0.15  

  Site 0.04 0.20 2014 Q3 cf. 2014 Q2 -0.13 0.02 0.88 0.84 0.91 <0.01 

    2014 Q4 cf. 2014 Q3 0.04 0.02 1.04 1.01 1.08 0.01 

   2015 Q1 cf. 2014 Q4 0.03 0.02 1.03 1.00 1.07 0.07 

   2015 Q2 cf. 2015 Q1 -0.02 0.02 0.98 0.94 1.02 0.30 

   2015 Q3 cf. 2015 Q2 -0.10 0.02 0.90 0.88 0.93 <0.01 

   2015 Q4 cf. 2015 Q3 -0.08 0.01 0.92 0.90 0.95 <0.01 

   2016 Q1 cf. 2015 Q4 -0.10 0.01 0.91 0.88 0.93 <0.01 

Feline Topical Practice 0.03 0.17 Intercept -3.44 0.02 0.03 0.03 0.03  

  Site 0.02 0.16 2014 Q3 cf. 2014 Q2 -0.20 0.04 0.82 0.76 0.90 <0.01 

    2014 Q4 cf. 2014 Q3 -0.05 0.04 0.95 0.89 1.02 0.19 

   2015 Q1 cf. 2014 Q4 -0.03 0.04 0.97 0.89 1.02 0.42 

   2015 Q2 cf. 2015 Q1 -0.07 0.04 0.94 0.87 1.01 0.11 

   2015 Q3 cf. 2015 Q2 -0.03 0.03 0.98 0.92 1.03 0.39 

   2015 Q4 cf. 2015 Q3 -0.03 0.03 0.97 0.92 1.02 0.26 

   2016 Q1 cf. 2015 Q4 -0.07 0.03 0.94 0.89 0.99 0.01 

Feline HPCIA Practice 0.14 0.38 Intercept -1.01 0.03 0.37 0.34 0.39  

  Site 0.04 0.19 2014 Q3 cf. 2014 Q2 0.06 0.03 1.06 0.99 1.13 0.10 

    2014 Q4 cf. 2014 Q3 -0.00 0.03 1.00 0.95 1.13 0.93 

   2015 Q1 cf. 2014 Q4 -0.01 0.03 0.99 0.94 1.05 0.73 

   2015 Q2 cf. 2015 Q1 0.03 0.03 1.03 0.98 1.10 0.26 

   2015 Q3 cf. 2015 Q2 0.04 0.03 1.04 1.00 1.09 0.07 

   2015 Q4 cf. 2015 Q3 0.05 0.02 1.05 1.01 1.10 0.01 

   2016 Q1 cf. 2015 Q4 0.06 0.02 1.07 1.02 1.11 <0.01 
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Table 1.6 

Canine antimicrobial prescription (systemic and topical) by class as percentage of total prescriptions for each main presenting complaint in a network of 

United Kingdom small animal veterinary sites (data collected from 1 April 2014 to 31 March 2016). 

Antimicrobial class 

Gastroenteric Respiratory Pruritus Trauma Tumour Kidney disease Other unwell Post-operative Vaccination Other healthy 

% 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a 

Aminoglycoside 1.2 1.0-1.4 1.9 1.3-2.6 18.8 17.8-19.8 4.4 3.9-5.0 3.7 3.2-4.3 2.9 1.8-3.9 12.4 11.7-13.0 7.1 6.2-7.9 23.4 21.4-25.3 14.3 12.4-16.1 

Amphenicol 0.09 0.04-0.13 0.3 0.1-0.5 2.1 1.7-2.6 1.5 1.2-1.8 0.4 0.2-0.6 0.6 0.1-1.0 2.5 2.2-2.9 1.8 1.4-2.2 1.7 1.1-2.4 2.1 1.7-2.6 

Other antimicrobial  b 1.2 0.1-2.3 1.3 0.8-1.9 10.2 9.2-11.3 2.2 1.9-2.6 2.6 2.1-3.2 2.4 1.3-3.5 7.6 7.0-8.1 4.5 3.8-5.3 13.5 12.0-15.0 9.5 7.5-11.4 

β-lactam (total) 47.3 43.0-51.6 62.0 58.8-65.2 34.2 32.4-36.1 68.0 66.3-69.8 61.8 59.5-64.1 77.3 73.6-81.0 42.1 40.9-43.4 56.9 54.7-59.1 18.8 16.3-21.3 39.6 36.2-42.9 

  Amoxicillin 15.6 12.5-18.8 5.9 3.9-7.9 1.3 0.7-1.9 9.0 6.6-11.4 5.9 4.0-7.9 5.9 3.7-8.1 4.4 3.3-5.4 5.1 3.9-6.2 1.7 1.0-2.4 6.0 3.9-8.2 

  Other β-lactam c 0.09 0.03-0.16 0.3 0.0-0.5 0.2 0.0-0.4 0.5 0.0-1.2 0.7 0.0-1.7 0.7 0.0-1.6 0.3 0.0-0.6 0.3 0.0-0.8 0.1 0.0-0.3 0.8 0.0-2.1 

  First generation cephalosporin 0.6 0.3-0.9 2.9 2.2-3.7 20.3 18.7-21.8 7.4 6.4-8.5 9.7 8.2-11.3 4.9 3.0-6.9 5.8 5.3-6.3 7.4 6.4-8.5 4.7 4.0-5.4 6.3 5.3-7.1 

  Second generation cephalosporin 0.04 0.01-0.07 0.03 0.00-0.07 0.00 0.00-0.01 0.2 0.0-0.5 0.04 0.00-0.09 0.0 <0.01 0.03 0.01-0.05 0.08 0.00-0.16 0.0 <0.01 0.03 0.00-0.06 

  Third generation cephalosporin 0.5 0.4-0.7 1.3 1.0-1.7 1.2 0.9-1.4 0.7 0.5-0.9 1.1 0.7-1.5 2.4 1.3-3.5 1.0 0.8-1.2 0.9 0.6-1.1 0.4 0.3-0.6 0.7 0.5-0.9 

  Clavulanic acid potentiated amoxicillin 30.2 26.6-33.9 51.7 47.9-55.4 11.4 10.3-12.4 50.2 47.2-53.1 44.2 41.5-46.9 63.3 58.4-68.2 30.6 29.6-31.7 43.1 40.8-45.5 11.9 9.9-13.8 25.8 23.1-28.5 

  Penicillin 0.1 0.0-0.2 0.0 <0.01 0.0 <0.01 0.02 0.00-0.03 0.05 0.00-0.11 0.1 0.0-0.3 0.02 0.01-0.04 0.03 0.00-0.09 0.01 0.00-0.02 0.06 0.01-0.11 

Fluoroquinolone 4.3 0.7-7.9 6.2 4.5-8.0 4.5 3.7-5.2 2.3 1.9-2.6 2.7 2.1-3.4 5.7 3.1-8.3 5.1 4.4-5.8 4.8 4.2-5.5 3.1 2.4-3.9 3.7 3.0-4.4 

Fusidic acid 1.9 1.7-2.2 3.1 2.8-3.7 25.4 24.1-26.7 12.6 11.6-13.6 16.5 15.2-17.8 5.1 3.5-6.7 18.9 18.0-19.7 13.2 12.3-14.2 32.3 30.0-34.7 19.7 18.4-21.1 

Lincosamide 1.2 0.8-1.7 1.2 0.8-1.5 2.9 2.3-3.4 5.8 4.8-6.8 8.2 6.9-9.8 1.4 0.6-2.3 6.4 5.8-7.0 5.5 4.5-6.3 3.2 2.7-3.8 5.5 4.5-6.5 

Macrolide 1.1 0.0-2.3 0.0 <0.01 0.01 0.00-0.02 0.02 0.00-0.05 0.04 0.00-0.11 0.0 <0.00 0.04 0.00-0.09 0.06 0.00-0.14 0.2 0.0-0.3 0.2 0.0-0.6 

Nitroimidazole 33.5 28.4-38.5 0.8 0.5-1.0 0.3 0.2-0.3 1.3 0.6-2.0 1.6 0.5-2.7 1.2 0.5-2.0 2.6 2.2-3.0 3.6 2.9-4.4 2.1 1.4-2.8 2.9 2.3-3.5 

Nitroimidazole-macrolide 5.0 3.0-7.1 0.2 0.0-0.4 0.06 0.03-0.10 0.13 0.05-0.20 0.3 0.1-0.4 0.2 0.0-0.7 0.4 0.3-0.6 0.4 0.2-0.6 0.3 0.2-0.4 0.9 0.3-1.4 

Rifamycin 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.00 

Sulphonamide 2.3 0.1-4.5 6.1 3.9-8.1 1.5 1.0-2.0 1.4 0.9-1.9 1.5 1.0-2.1 2.7 1.0-4.4 1.2 0.9-1.5 1.3 0.9-1.7 0.9 0.4-1.3 0.9 0.6-1.1 

Tetracycline 1.0 0.6-1.3 16.9 14.4-19.4 0.2 0.1-0.2 0.3 0.2-0.4 0.4 0.1-0.7 0.4 0.0-1.0 0.8 0.6-1.0 0.8 0.5-1.0 0.5 0.4-0.7 0.9 0.6-1.0 

a 95% Confidence interval 
b Polymyxin b sulphate, mupirocin, novobiocin, thymol and bronopol 
c Ampicillin and cloxacillin  
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Table 1.7 

Feline antimicrobial prescription (systemic and topical) by class as percentage of total prescriptions for each main presenting complaint in a network of 

United Kingdom small animal veterinary sites (data collected from 1 April 2014 to 31 March 2016). 

Antibiotic class 

Gastroenteric Respiratory Pruritus Trauma Tumour Kidney disease Other unwell Post-operative Vaccination Other healthy 

% 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a % 95% CI a 

Aminoglycoside 0.8 0.4-1.2 1.3 0.9-1.6 8.3 7.3-9.2 1.5 1.2-1.9 1.5 0.8-2.2 0.7 0.2-1.3 5.0 4.6-5.5 3.8 2.8-4.7 13.5 11.8-15.3 6.1 5.2-7.0 

Amphenicol 0.1 0.0-0.2 1.0 0.6-1.3 0.3 0.1-0.5 0.7 0.5-0.8 0.3 0.0-0.6 0.3 0.0-0.6 2.0 1.7-2.3 1.0 0.7-1.4 2.0 1.4-2.5 1.6 1.1-2.0 

Other antimicrobial  b 1.0 0.0-2.1 0.7 0.4-1.0 5.7 4.8-6.6 0.6 0.5-0.7 1.1 0.5-1.7 0.7 0.1-1.3 3.0 2.7-3.3 2.3 1.7-2.9 7.0 5.8-8.2 3.8 3.2-4.3 

β-lactam (total) 71.2 67.3-75.2 74.5 71.7-77.2 62.2 59.6-64.8 85.3 83.2-87.4 79.8 76.8-83.8 90.9 88.7-93.2 68.1 66.4-69.7 71.7 69.7-73.7 41.5 37.5-45.5 65.8 63.5-68.2 

  Amoxicillin 26.3 22.4-30.2 8.5 6.1-10.9 5.4 3.3-7.4 14.1 11.0-17.2 11.5 8.8-14.2 10.4 7.4-13.3 12.3 9.9-14.8 12.8 10.0-15.5 6.1 3.9-8.3 13.7 8.1-19.3 

  Other β-lactam c 0.1 0.0-0.2 0.1 0.0-0.2 0.1 0.0-0.2 0.1 0.0-0.2 0.0 <0.01 0.0 <0.01 0.08 0.00-0.17 0.03 0.00-0.08 0.1 0.0-0.3 0.05 0.0-0.09 

  First generation cephalosporin 0.03 0.00-0.08 0.3 0.1-0.5 1.5 1.0-2.0 0.4 0.2-0.5 0.5 0.1-0.9 0.4 0.0-1.1 0.3 0.2-0.4 0.3 0.1-0.5 0.3 0.1-0.6 0.3 0.2-0.5 

  Second generation cephalosporin 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.04 0.00-0.07 0.0 <0.00 0.1 0.0-0.4 0.0 <0.01 0.05 0.00-0.12 0.0 <0.01 0.01 0.00-0.04 

  Third generation cephalosporin 17.5 14.9-20.1 41.8 38.5-45.1 46.0 43.2-48.9 39.9 35.9-43.9 49.2 45.0-53.4 56.8 51.7-61.9 35.0 32.5-37.5 34.2 30.9-37.4 23.5 20.3-26.6 34.4 30.3-38.4 

  Clavulanic acid potentiated amoxicillin 27.3 24.5-30.1 23.8 20.9-26.7 9.2 7.7-10.6 30.7 27.0-34.5 18.6 15.6-21.7 23.3 18.9-27.8 20.4 18.5-22.2 24.4 21.6-27.2 11.4 9.2-13.6 17.4 14.3-20.4 

  Penicillin 0.2 0.0-0.4 0.04 0.00-0.10 0.04 0.00-0.09 0.01 0.00-0.03 0.0 <0.01 0.0 <0.01 0.02 0.00-0.03 0.1 0.0-0.2 0.0 <0.01 0.04 0.00-0.09 

Fluoroquinolone 3.9 0.3-7.5 6.3 3.4-9.2 1.4 0.9-1.9 2.3 0.3-4.3 3.3 1.6-5.0 2.7 1.2-4.2 3.3 2.0-4.6 3.0 2.3-3.7 1.9 1.0-2.8 2.6 1.7-3.5 

Fusidic acid 2.0 1.5-2.4 6.5 5.6-7.4 20.0 18.4-21.5 4.7 4.2-5.1 5.6 4.3-6.8 2.4 1.4-3.5 11.9 11.2-12.6 9.1 8.0-10.3 28.6 26.2-31.0 13.2 11.9-14.5 

Lincosamide 1.4 0.5-2.3 1.1 0.7-1.5 1.9 1.3-2.6 4.7 3.7-5.6 7.0 4.8-9.2 1.9 1.0-2.9 4.8 4.0-5.6 7.2 5.8-8.6 3.3 2.5-4.1 4.3 3.5-5.1 

Macrolide 0.5 0.0-1.0 0.2 0.0-0.3 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.02 0.00-0.05 0.03 0.00-0.07 0.06 0.00-0.13 0.05 0.00-0.10 

Nitroimidazole 14.6 11.8-17.3 0.3 0.0-0.6 0.1 0.0-0.2 0.13 0.05-0.22 0.7 0.2-1.3 0.4 0.0-0.8 0.7 0.6-0.9 0.8 0.5-1.2 0.8 0.3-1.2 1.1 0.7-1.6 

Nitroimidazole-macrolide 3.7 2.2-5.2 0.06 0.00-0.14 0.0 <0.01 0.01 0.00-0.02 0.1 0.0-0.2 0.0 <0.00 0.2 0.1-0.3 0.3 0.1-0.4 0.4 0.1-0.6 0.6 0.2-1.0 

Rifamycin 0.03 0.00-0.08 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 0.0 <0.01 

Sulphonamide 0.2 0.1-0.4 0.09 0.00-0.19 0.1 0.0-0.2 0.01 0.00-0.02 0.0 <0.01 0.0 <0.01 0.05 0.02-0.09 0.03 0.00-0.08 0.0 <0.01 0.01 0.00-0.03 

Tetracycline 0.6 0.1-1.0 8.1 6.7-9.5 0.1 0.0-0.2 0.1 0.0-0.2 0.6 0.1-1.0 0.0 <0.01 1.0 0.8-1.1 0.7 0.4-1.0 1.1 0.7-1.4 0.9 0.7-1.2 

a 95% Confidence interval 
b Polymyxin b sulphate, mupirocin, novobiocin, thymol and bronopol 
c Ampicillin and cloxacillin 
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Figure 1.1 

Geographical representation of UK small animal veterinary site locations (red points) that 

have contributed data to the Small Animal Veterinary Surveillance Network (SAVSNET) 

project. 
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Table 2.1 
List of dog breeds observed in electronic health records compiled by the Small Animal 

Veterinary Surveillance Network (SAVSNET), categorised into genetically related breed 

groups as described by Vonholdt et al. (2010). 

Dog breed Breed group Dog breed Breed group 
Afghan hound Ancient-spitz Bloodhound Scent hound 
Akita Ancient-spitz Dachshund Scent hound 
Alaskan malamute Ancient-spitz Rhodesian ridgeback Scent hound 
American eskimo dog Ancient-spitz Borzoi Sight hound 
Basenji Ancient-spitz Deerhound Sight hound 
Chow chow Ancient-spitz Greyhound Sight hound 
Ibizan hound Ancient-spitz Irish wolfhound Sight hound 
New guinea singing dog Ancient-spitz Italian greyhound Sight hound 
Saluki Ancient-spitz Whippet Sight hound 
Samoyed Ancient-spitz Cairn terrier Small terriers 
Shar-pei Ancient-spitz Jack russell terrier Small terriers 
Siberian husky Ancient-spitz Norwich terrier Small terriers 
Crossbreed Crossbreed Scottish terrier Small terriers 
Australian shepherd Herding West highland white terrier Small terriers 
Australian terrier Herding Yorkshire terrier Small terriers 
Border collie Herding American cocker spaniel Spaniel 
Collie (generic) Herding Brittany Spaniel 
Old english sheepdog Herding Cavalier king charles spaniel Spaniel 
Rough collie Herding Cocker spaniel Spaniel 
Shetland sheepdog Herding English springer spaniel Spaniel 
Smooth collie Herding German pointer Spaniel 
Welsh corgi Herding Irish water spaniel Spaniel 
American bulldog Mastiff-like King charles spaniel Spaniel 
Bernese mountain dog Mastiff-like Spaniel (sussex) Spaniel 
Boerboel Mastiff-like Springer spaniel Spaniel 
Boston terrier Mastiff-like Welsh springer spaniel Spaniel 
Boxer Mastiff-like Chihuahua Toy 
Brazillian mastiff Mastiff-like Griffon bruxellois Toy 
Briard Mastiff-like Miniature pinscher Toy 
Bull terrier Mastiff-like Papillon Toy 
Bulldog Mastiff-like Pekingese Toy 
Bullmastiff Mastiff-like Pomeranian Toy 
Dogo argentino Mastiff-like Pug Toy 
Dogue de bordeaux Mastiff-like Shih tzu Toy 
French bulldog Mastiff-like Affenpinscher Unclassified 
Glen of imaal terrier Mastiff-like Airedale terrier Unclassified 
Great dane Mastiff-like Alaskan klee kai Unclassified 
Mastiff Mastiff-like American water spaniel Unclassified 
Neapolitan mastiff Mastiff-like Anatolian shepherd dog Unclassified 
Rottweiler Mastiff-like Australian cattle dog Unclassified 
Saint bernard Mastiff-like Australian kelpie Unclassified 
Spanish mastiff Mastiff-like Australian silky terrier Unclassified 
Staffordshire bull terrier Mastiff-like Azawakh Unclassified 
Kuvasz Pastoral Barbet Unclassified 
Flat coated retriever Retriever Bavarian mountain hound Unclassified 
Golden retriever Retriever Bearded collie Unclassified 
Labrador retriever Retriever Beauceron Unclassified 
Newfoundland Retriever Bedlington terrier Unclassified 
Basset (generic) Scent hound Belgian shepherd dog Unclassified 
Basset fauve de bretagne Scent hound Bergamasco Unclassified 
Basset griffon vendeen Scent hound Berger picard Unclassified 
Basset hound Scent hound Bichon frise Unclassified 
Beagle Scent hound Bolognese Unclassified 
Border terrier Unclassified Kai ken Unclassified 
Bouvier des flandres Unclassified Kangal dog Unclassified 
Boykin spaniel Unclassified Keeshond Unclassified 
Bracco italiano Unclassified Kerry blue terrier Unclassified 
Braque d'auvergne Unclassified Kokoni Unclassified 
Broholmer Unclassified Komondor Unclassified 
Bruno jura hound Unclassified Kooikerhondje Unclassified 
Bulgarian hound Unclassified Korean jindo Unclassified 
Canaan dog Unclassified Kyrgyz sighthound Unclassified 
Cane corso Unclassified Kyi-leo Unclassified 
Carpathian shepherd dog Unclassified Lagotto romagnolo Unclassified 
Catalan sheepdog Unclassified Lakeland terrier Unclassified 
Caucasian shepherd dog Unclassified Lancashire heeler Unclassified 
Cesky terrier Unclassified Leonberger Unclassified 
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Dog breed Breed group Dog breed Breed group 
Cesky fousek Unclassified Lhasa apso Unclassified 
Chesapeake bay retriever Unclassified Louisiana catahoula Leopard dog Unclassified 
Chinese crested Unclassified Lowchen Unclassified 
Cimarron uruguayo Unclassified Lucas terrier Unclassified 
Cirneco dell'etna Unclassified Maltese Unclassified 
Clumber spaniel Unclassified Manchester terrier Unclassified 
Coton de tulear Unclassified Maremma sheepdog Unclassified 
Croatian sheepdog Unclassified Mexican hairless Unclassified 
Curly coated retriever Unclassified Mi-ki Unclassified 
Czechoslovakian wolfdog Unclassified Mountain dog (generic) Unclassified 
Dalmatian Unclassified Munsterlander Unclassified 
Dandie dinmont terrier Unclassified Nenets herding laika Unclassified 
Dutch shepherd dog Unclassified New zealand huntaway Unclassified 
East siberian laika Unclassified Norfolk terrier Unclassified 
English setter Unclassified Norwegian buhund Unclassified 
Entlebucher mountain dog Unclassified Norwegian elkhound Unclassified 
Estrela mountain dog Unclassified Norwegian lundehund Unclassified 
Eurasier Unclassified Nova scotia duck tolling retriever Unclassified 
Fell terrier Unclassified Old danish pointer Unclassified 
Field spaniel Unclassified Otterhound Unclassified 
Finnish lapphund Unclassified Patterdale terrier Unclassified 
Finnish spitz Unclassified Perro de presa canario Unclassified 
Fox terrier Unclassified Phalene Unclassified 
Foxhound Unclassified Pharaoh hound Unclassified 
Galgo espanol Unclassified Pinscher Unclassified 
German pinscher Unclassified Pit bull terrier Unclassified 
German spitz Unclassified Plumber terrier Unclassified 
Gordon setter Unclassified Podenco canario Unclassified 
Grand gascon saintongeois Unclassified Pointer Unclassified 
Greater swiss mountain dog Unclassified Polish lowland sheepdog Unclassified 
Greek harehound Unclassified Portuguese cattle dog Unclassified 
Greenland dog Unclassified Portuguese podengo Unclassified 
Hamiltonstovare Unclassified Portuguese pointer Unclassified 
Harriah hound Unclassified Pyrenean mountain dog Unclassified 
Heeler (generic) Unclassified Pyrenean sheepdog Unclassified 
Hound (generic) Unclassified Ratonero bodeguero andaluz Unclassified 
Hovawart Unclassified Retriever (generic) Unclassified 
Hungarian puli Unclassified Russian black terrier Unclassified 
Hungarian vizsla Unclassified Sage ashayeri Unclassified 
Irish setter Unclassified Sage mazandarani Unclassified 
Irish terrier Unclassified Sapsali Unclassified 
Italian spinone Unclassified Schipperke Unclassified 
Jagdterrier Unclassified Sealyham terrier Unclassified 
Japanese chin Unclassified Serbian hound Unclassified 
Japanese shiba inu Unclassified Setter (generic) Unclassified 
Japanese spitz Unclassified Shepherd dog (generic) Unclassified 
Shikoku Unclassified Transylvanian hound Unclassified 
Silken windhound Unclassified Volpino italiano Unclassified 
Skye terrier Unclassified Weimaraner Unclassified 
Sloughi Unclassified Welsh terrier Unclassified 
Slovak rough-haired pointer Unclassified Karelian bear dog Unclassified 
Soft-coated wheaten terrier Unclassified Unknown / missing Unknown-missing 
Spaniel (generic) Unclassified Dobermann Working dog 
Spanish water dog Unclassified German shepherd dog Working dog 
Spitz (generic) Unclassified Giant schnauzer Working dog 
Stabyhoun Unclassified Havanese Working dog 
Swedish vallhund Unclassified Miniature poodle Working dog 
Terrier (generic) Unclassified Miniature schnauzer Working dog 
Tibetan spaniel Unclassified Poodle (generic) Working dog 
Tibetan terrier Unclassified Portuguese water dog Working dog 
Tornjak Unclassified Schnauzer Working dog 
Tosa inu Unclassified Standard poodle Working dog 
Toy terrier Unclassified Toy poodle Working dog 
Trailhound Unclassified   
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Table 2.2 

List of cat breeds observed in electronic health records compiled by the Small Animal 

Veterinary Surveillance Network (SAVSNET), categorised into genetically related breed 

groups as described by Lipinski et al. (2008). 

Cat breed Breed group 
Balinese Asian 
Birman Asian 
Burmese Asian 
Havana brown Asian 
Japanese bobtail Asian 
Korat Asian 
Siamese Asian 
Singapura Asian 
Crossbreed Crossbreed 
Sokoke East Africa 
Egyptian mau Mediterranean 
Turkish angora Mediterranean 
Turkish van Mediterranean 
Asian Unclassified 
Australian mist Unclassified 
Bengal Unclassified 
Chausie Unclassified 
Colorpoint shorthair Unclassified 
Cornish rex Unclassified 
Dilmun Unclassified 
Donskoy Unclassified 
German rex Unclassified 
Khao manee Unclassified 
Laperm Unclassified 
Manx Unclassified 
Munchkin Unclassified 
Nebelung Unclassified 
Ocicat Unclassified 
Oriental Unclassified 
Pixie-bob Unclassified 
Ragamuffin Unclassified 
Ragdoll Unclassified 
Rex (generic) Unclassified 
Savannah cat Unclassified 
Scottish fold Unclassified 
Selkirk rex Unclassified 
Serengeti cat Unclassified 
Seychellois Unclassified 
Snowshoe Unclassified 
Somali Unclassified 
Unknown / missing Unknown / missing 
Abyssinian West Europe 
American shorthair West Europe 
Brazilian shorthair West Europe 
British West Europe 
Chartreux West Europe 
Devon rex West Europe 
Exotic West Europe 
Maine coon West Europe 
Norwegian forest 

Pat 

West Europe 
Persian West Europe 
Russian blue West Europe 
Siberian West Europe 
Sphynx West Europe 
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Table 2.3 

Descriptive demographic summary of sick canine and feline consultations utilised for 

analyses of factors associated with antimicrobial prescription, focusing on the percentage of 

consultations contributed by a range of genetically similar breed groups, as defined by 

Vonholdt et al. (2010) for dog breeds, and Lipinski et al. (2008) for cat breeds. 

Breeds % of consults (CI a) Breeds % of consults (CI a) 

Dog breed group Cat breed group 

Ancient / spitz 1.3 (1.2-1.4) Asian 3.5 (3.3-3.8) 

Crossbreed 22.1 (21.4-22.8) Crossbreed 87.6 (86.3-88.8) 

Herding 4.7 (4.4-5.1) Mediterranean 0.1 (0.1-0.1) 

Mastiff-like 9.5 (9.1-9.9) West Europe 6.4 (5.3-7.5) 

Retriever 14.5 (13.8-15.2) Unclassified 2.5 (2.3-2.7) 

Scent hound 2.6 (2.5-2.8) Unknown / missing 4.0 (3.1-4.8) 

Sight hound 1.6 (1.5-1.8)   

Small terriers 12.8 (12.4-13.2)   

Spaniel 13.7 (13.3-14.1)   

Toy 4.7 (4.4-5.0)   

Working dog 5.2 (5.0-5.4)   

Unclassified 11.3 (10.9-11.6)   

Unknown  / missing 1.2 (1.0-1.4)   
a 95% Confidence interval 
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Table 2.4 

Canine systemic antimicrobial: Descriptive summary of the percentage of total sick canine 

consultations where an animal was prescribed at least one systemic antimicrobial against a 

range of categorical and continuous factors. For ease of display, factors utilised as continuous 

variables when statistically modelling are shown categorised as ordinal variables. 

Variable Category % a CI b Variable Category % a CI b 
Categorical factors Practice type Mixed 26.6 25.0-28.3 

Country England 25.7 24.7-26.7 Small animal 25.4 24.3-26.4 
Scotland 26.8 24.9-28.7 Small & equine 23.1 20.2-25.9 
Wales 24.7 22.3-27.1 Small & large 28.7 26.2-31.2 

Main 

presenting 

complaint 

Gastroenteric 40.2 37.7-42.7 Accreditation Not accredited 28.4 26.3-30.5 
Respiratory 42.9 41.0-44.8 Accredited 25.2 24.3-26.1 
Pruritus 27.0 25.7-28.4 Hospital status No hospital site 26.2 25.2-27.2 
Trauma 22.5 21.5-23.6 1+ hospital 23.9 22.7-25.1 
Tumour 18.4 17.5-19.3 Referral interest No 26.0 25.1-26.9 
Kidney disease 30.1 27.4-32.8 Yes 25.1 23.2-26.9 
Other unwell 22.0 21.3-22.8 Employed RCVS 

AVP d 

None 26.3 25.3-27.2 
Sex Female 25.9 24.9-26.8 1+ AVP 24.0 22.2-25.8 

Male 25.6 24.7-26.4 Employed RCVS 

specialist d 

None 25.8 25.0-26.7 
Neuter  

status 

Un-neutered 27.4 26.5-28.2 1+ specialist 22.0 19.1-24.8 
Neutered 24.8 24.0-25.7 Continuous factors 

Insurance 

status 

Un-insured 26.7 25.9-27.6 Age (years) 0 ≤ 1 25.7 24.5-26.9 
Insured 23.7 22.7-24.7 1.1 ≤ 5 27.3 26.2-28.3 

Microchip 

status 

Un-microchipped 26.4 25.5-27.3 5.1≤ 10 25.6 24.8-26.5 
Microchipped 25.2 24.3-26.1 10.1 ≤ 15 24.4 23.5-25.3 

Vaccination 

status 

Unvaccinated 27.3 26.4-28.2 15.1 ≤ 24.9 23.6-26.1 
Vaccinated 25.1 24.2-26.0 rIMD quintile e 1 26.3 25.1-27.5 

Owner urban 

status 

Rural 26.2 25.0-27.3 2 25.6 24.7-26.5 
Urban 25.5 24.5-26.4 3 26.1 25.2-27.0 

Genetic  

breed  

group c 

Ancient / spitz 28.8 26.7-30.8 4 26.0 24.9-27.1 
Crossbreed 24.9 23.9-25.8 5 24.9 23.7-26.0 
Herding 26.5 25.2-27.8 Dogs per 

household f 

0.0 ≤ 0.4 25.6 24.6-26.6 
Mastiff-like 26.2 25.2-27.1 0.41 ≤ 0.8 26.3 25.0-27.7 
Retriever 23.4 22.3-24.5 0.81 ≤ 1.2 25.1 23.4-26.8 
Scent hound 25.6 24.0-27.1 1.21 ≤ 1.6 24.1 22.0-26.1 
Sight hound 29.5 27.6-31.5 1.61 ≤ 2.0 25.1 23.1-27.1 
Small terrier 27.3 26.2-28.4 2.01 ≤ 29.3 26.4-32.2 
Spaniel 26.5 25.4-27.5 Dogs per km2 f 0 ≤ 200 25.8 24.9-26.7 
Toy 24.7 23.4-25.9 200.1 ≤ 400 25.5 24.4-26.5 
Working dog 27.4 26.4-28.4 400.1 ≤ 600 25.9 24.9-27.0 
Unclassified 26.0 25.0-27.0 600.1 ≤ 800 25.9 24.7-27.1 
Unknown 24.3 22.6-26.1 800.1 ≤ 1000 26.1 24.5-27.7 
   1000.1 ≤ 25.2 23.8-26.5 

a Percentage of consultations where at least one systemic antimicrobial was prescribed 
b 95% Confidence Interval 
c Vonholdt et al., 2010 
d Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
e Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
f Aegerter et al., 2017 
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Table 2.5 

Feline systemic antimicrobial: Descriptive summary of the percentage of total sick feline 

consultations where an animal was prescribed at least one systemic antimicrobial against a 

range of categorical and continuous factors. For ease of display, factors later utilised as 

continuous variables are shown categorised as ordinal variables. 

Variable Category % a CI b Variable Category % a CI b 
Categorical factors Accreditation Not accredited 36.4 34.2-38.6 

Country England 32.5 31.5-33.5 Accredited 32.2 31.2-33.2 
Scotland 37.0 33.9-40.1 Hospital status No hospital 

site 

33.3 32.2-34.4 
Wales 33.4 29.9-37.0 1+ hospital 31.2 29.5-32.9 

Main 

presenting 

complaint 

Gastroenteric 30.5 28.1-32.9 Referral interest No 33.2 32.1-34.3 
Respiratory 53.0 50.6-55.4 Yes 31.9 30.1-33.8 
Pruritus 26.8 24.9-28.7 Employed RCVS 

AVP d 

None 33.4 32.3-34.5 
Trauma 53.5 52.3-54.7 1+ AVP 31.3 29.4-33.2 
Tumour 20.7 19.0-22.3 Employed RCVS 

specialist d 

None 32.9 32.0-33.9 
Kidney disease 20.7 18.8-22.6 1+ specialist 29.0 24.7-33.4 
Other unwell 27.2 26.1-28.2 Continuous factors 

Sex Female 30.1 29.1-31.1 Age (years) 0 ≤ 1 34.8 33.1-36.5 
Male 35.4 34.4-36.4 1.1 ≤ 5 40.7 39.5-41.9 

Neuter  

status 

Un-neutered 33.1 31.9-34.2 5.1≤ 10 37.9 36.8-39.0 
Neutered 32.8 31.8-33.8 10.1 ≤ 15 29.2 28.1-30.3 

Insurance 

status 

Un-insured 33.8 32.8-34.8 15.1 ≤ 23.3 22.3-24.3 
Insured 28.9 27.7-30.1 rIMD quintile e 1 33.9 32.2-35.5 

Microchip 

status 

Un-microchipped 32.2 31.3-33.2 2 33.6 32.4-34.9 
Microchipped 33.9 32.8-35.1 3 33.4 32.3-34.5 

Vaccination 

status 

Unvaccinated 33.6 32.6-34.6 4 33.5 32.3-34.6 
Vaccinated 32.2 31.2-33.2 5 30.9 29.4-32.3 

Owner urban 

status 

Rural 34.8 33.3-36.2 Cats per 

household f 

0.0 ≤ 0.4 32.4 31.3-33.6 
Urban 32.1 31.1-33.1 0.41 ≤ 0.8 33.5 32.0-35.0 

Genetic  

breed  

group c 

Asian 33.1 30.7-35.5 0.81 ≤ 1.2 31.5 29.2-33.9 
Crossbreed 32.9 31.9-33.8 1.21 ≤ 1.6 35.1 31.6-38.6 
Mediterranean 42.5 27.5-57.4 1.61 ≤ 2.0 35.2 31.3-39.1 
West europe 30.8 29.1-32.4 2.01 ≤ 36.9 31.7-42.2 
Unclassified 34.7 32.2-37.3 Cats per km2 f 0 ≤ 200 33.6 32.5-34.6 
Unknown 34.0 32.4-35.6 200.1 ≤ 400 32.7 31.5-33.9 

Practice type Mixed 35.4 32.8-38.0 400.1 ≤ 600 32.1 30.6-33.6 
Small animal 32.2 31.1-33.2 600.1 ≤ 800 32.2 30.7-33.7 
Small & equine 28.7 22.4-35.0 800.1 ≤ 1000 33.1 30.9-35.3 
Small & large 37.7 32.7-42.7 1000.1 ≤ 31.6 29.9-33.3 

a Percentage of consultations where at least one systemic antimicrobial was prescribed 
b 95% Confidence Interval 
c Lipinski et al., 2008 
d Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
e Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
f Aegerter et al., 2017 
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Table 2.6 

Canine antimicrobial: Descriptive summary of the percentage of total sick canine 

consultations where an animal was prescribed at least one antimicrobial (systemic, topical 

or systemic highest priority critically important (HPCIA) compared against animal breed, 

including breeds where in excess of 2,500 consultations were recorded. 

Genetic 

breed group a 

                                               

Dog breed 

 Systemic Topical Systemic HPCIA d 
n consults % b 95% CI c % 95% CI % 95% CI 

Crossbreed Crossbreed 59,010 24.9 23.9-25.8 13.3 12.9-13.7 1.2 0.9-1.4 
Herding Border collie 9,821 26.7 25.2-28.2 8.1 7.5-8.7 1.0 0.6-1.5 

Border terrier 5,225 24.3 22.6-26.1 16.0 14.7-17.3 1.4 0.9-1.8 
Mastiff-like Boxer 4,780 22.6 21.0-24.2 17.7 16.4-19.1 0.7 0.4-0.9 

Bulldog 2,530 32.7 30.5-34.9 23.3 21.3-25.3 1.1 0.6-1.6 
Staffordshire bull terrier 9,719 24.8 23.6-26.0 15.6 14.8-16.5 0.7 0.5-1.0 

Retriever Golden retriever 6,223 26.3 24.4-28.1 15.1 13.9-16.4 1.0 0.7-1.4 
Labrador retriever 30,977 22.7 21.6-23.8 15.2 14.5-15.9 1.0 0.7-1.2 

Scent hound Dachshund 3,065 25.1 22.7-27.4 9.6 8.4-10.9 2.7 1.8-3.5 
Small terrier Jack russell terrier 14,869 26.1 24.9-27.4 16.7 15.8-17.7 1.4 1.1-1.8 

West highland white terrier 11,040 28.9 27.5-30.3 10.8 10.0-11.7 2.9 2.4-3.5 
Yorkshire terrier 6,328 27.6 25.9-29.2 11.0 10.4-11.6 3.2 2.6-3.8 

Spaniel Cavalier King Charles spaniel 7,586 22.5 21.1-24.0 14.0 13.1-14.9 1.3 0.9-1.7 
Cocker spaniel 15,312 27.8 26.5-29.2 18.1 17.2-18.9 1.7 1.4-2.1 
English springer spaniel 6,774 26.3 24.8-27.9 14.1 13.1-15.2 1.3 0.9-1.7 
Springer spaniel 4,073 27.4 25.6-29.2 15.5 14.1-16.8 1.4 0.9-1.9 

Toy Chihuahua 2,583 26.5 24.3-28.8 7.9 6.8-9.0 2.3 1.5-3.1 
Pug 2,679 24.7 22.6-26.7 21.5 19.9-23.1 1.8 1.1-2.4 
Shih tzu 5,938 23.4 21.8-25.0 17.3 16.2-18.5 2.0 1.6-2.5 

Unclassified Bichon frise 3,314 25.8 24.2-27.4 18.7 17.1-20.4 1.4 0.9-1.8 
Lhasa apso 3,060 26.5 24.3-28.7 17.3 15.5-19.1 2.4 1.7-3.1 

Unknown Unknown 3,182 24.3 22.5-26.1 12.1 10.8-13.3 0.9 0.5-1.3 
Working dog German shepherd dog 6,695 28.4 27.0-29.8 13.5 12.5-14.4 1.1 0.7-1.6 

Schnauzer 3,376 27.2 25.2-29.1 12.3 11.0-13.5 1.2 0.7-1.8 
a Vonholdt et al., 2010 
b Percentage of consultations where at least one antimicrobial was prescribed 

c 95% Confidence Interval 
d Highest priority critically important antimicrobial 
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Table 2.7 

Feline antimicrobial: Descriptive summary of the percentage of total sick feline consultations 

where an animal was prescribed at least one antimicrobial (systemic, topical or systemic 

highest priority critically important (HPCIA) compared against animal breed, including breeds 

where in excess of 1,000 consultations were recorded. 

Genetic 

breed group a 

                 

Cat breed 

 Systemic Topical Systemic HPCIA d 

n consults % b 95% CI c % 95% CI % 95% CI 

Asian Burmese 1,314 32.1 28.8-35.4 8.9 6.8-11.0 18.8 15.6-22.0 

Asian Siamese 1,814 35.3 31.9-38.7 5.0 3.9-6.2 17.6 14.8-20.4 

Crossbreed Crossbreed 93,599 32.9 31.9-33.8 5.7 5.5-5.9 17.2 16.1-18.4 

Unclassified Bengal 1,024 37.0 33.1-40.9 8.8 6.7-11.0 20.3 16.8-23.8 

Unknown Unknown 4,244 34.0 32.4-35.6 7.4 6.5-8.3 18.0 15.6-20.3 

West europe British 2,707 29.1 26.1-32.2 9.5 7.3-11.6 14.6 12.2-17.0 

West europe Persian 1,870 29.9 26.6-33.2 11.0 9.3-12.7 16.1 13.4-18.8 
a Lipinski et al., 2008 
b Percentage of consultations where at least one antimicrobial was prescribed 

c 95% Confidence Interval 
d Highest priority critically important antimicrobial 
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Table 2.8 

Canine systemic antimicrobial: Parameter estimates from a series of univariable mixed effect 

logistic regression models assessing the association between a range of animal, owner, 

practitioner and practice-related factors and the probability of prescribing a systemic 

antimicrobial in dogs. Random effects include animal, site, and practice. 

Variable Category β SE a OR b CI c P 

Categorical factors 

Country England (Intercept) -1.16 0.03 0.31 0.30-0.33  
Scotland 0.04 0.05 1.04 0.94-1.16 0.45 
Wales -0.02 0.07 0.98 0.86-1.12 0.76 

Main presenting complaint Gastroenteric (Intercept) -0.46 0.03 0.63 0.59-0.67  
Other unwell -0.93 0.02 0.34 0.38-0.41 <0.01 
Kidney disease -0.39 0.06 0.68 0.61-0.76 <0.01 
Pruritus -0.65 0.02 0.52 0.51-0.54 <0.01 
Respiratory 0.11 0.03 1.12 1.06-1.17 <0.01 
Trauma -0.86 0.02 0.42 0.41-0.44 <0.01 
Tumour -1.17 0.03 0.31 0.30-0.33 <0.01 

Sex Female (Intercept) -1.15 0.03 0.32 0.30-0.33  
Male -0.01 0.01 0.99 0.97-1.01 0.19 

Neuter 

status 

Un-neutered (Intercept) -1.08 0.03 0.34 0.32-0.36  
Neutered -0.12 0.01 0.89 0.87-0.91 <0.01 

Microchip status Un-microchipped (Intercept) -1.14 0.03 0.32 0.30-0.34  
Microchipped -0.03 0.01 0.97 0.95-0.99 0.01 

Vaccination status Un-vaccinated (Intercept) -1.10 0.03 0.33 0.32-0.35  
Vaccinated -0.09 0.01 0.92 0.90-0.94 <0.01 

Insurance status Un-insured (Intercept) -1.11 0.03 0.33 0.31-0.35  
Insured -0.14 0.01 0.87 0.85-0.89 <0.01 

Owner urban status Urban (Intercept) -1.16 0.03 0.31 0.30-0.33  
Rural 0.01 0.01 1.01 0.98-1.03 0.71 

Genetic breed group d Retriever (Intercept) -1.28 0.03 0.28 0.26-0.29  
Crossbreed  0.08 0.02 1.08 1.05-1.12 <0.01 
Ancient / spitz 0.27 0.05 1.32 1.20-1.44 <0.01 
Herding 0.14 0.03 1.15 1.09-1.22 <0.01 
Mastiff-like 0.16 0.02 1.17 1.12-1.22 <0.01 
Scent hound 0.13 0.04 1.13 1.06-1.21 <0.01 
Sight hound 0.30 0.04 1.35 1.25-1.47 <0.01 
Small terrier 0.20 0.02 1.22 1.17-1.27 <0.01 
Spaniel 0.16 0.02 1.17 1.13-1.22 <0.01 
Toy 0.06 0.03 1.06 1.01-1.12 0.03 
Unclassified 0.13 0.02 1.14 1.09-1.19 <0.01 
Unknown 0.12 0.05 1.13 1.03-1.24 0.01 
Working dog 0.21 0.03 1.24 1.18-1.30 <0.01 

Practice type Small animal (Intercept) -1.19 0.03 0.31 0.29-0.32  
Mixed 0.16 0.07 1.18 1.03-1.34 0.02 
Small & equine -0.04 0.15 0.96 0.71-1.30 0.79 
Small & large 0.16 0.14 1.17 0.89-1.55 0.27 

Accreditation Not accredited (Intercept) -0.93 0.07 0.40 0.35-0.46  
1+ accredited site -0.27 0.07 0.77 0.66-0.89 <0.01 

Hospital status No hospital site (Intercept) -1.14 0.03 0.32 0.30-0.34  
1+ hospital site -0.09 0.06 0.91 0.81-1.04 0.16 

Referral interest No (Intercept) -1.12 0.03 0.33 0.31-0.35  
Yes -0.11 0.05 0.89 0.80-0.99 0.04 

Employed RCVS AVP e None (Intercept) -1.13 0.03 0.32 0.31-0.34  
1+ AVP -0.14 0.06 0.87 0.77-0.98 0.02 

Employed RCVS specialist e None (Intercept) -1.15 0.03 0.32 0.30-0.33  
1+ specialist -0.18 0.15 0.84 0.63-1.11 0.21 

Continuous factors 

Age (years) Intercept -1.14 0.03 0.32 0.31-0.34  
Age - linear -0.10 0.01 0.90 0.88-0.92 <0.01 
Age - quadratic -0.03 0.01 0.97 0.96-0.99 <0.01 
Age - cubic 0.02 0.01 1.02 1.02-1.03 <0.01 

rIMD f Intercept -1.16 0.03 0.31 0.30-0.33  
rIMD -0.02 0.01 0.98 0.97-1.00 0.04 

Dogs per household g Intercept -1.16 0.03 0.31 0.30-0.33  
Dogs per household -0.01 0.01 0.99 0.98-1.01 0.24 

Dogs per km2 g Intercept -1.16 0.03 0.31 0.30-0.33  
Dogs per km -0.01 0.01 1.00 0.98-1.01 0.34 

a Standard Error 
b Odds Ratio 
c 95% Confidence Interval 
d Vonholdt et al., 2010 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
f Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
g Aegerter et al., 2017 
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Table 2.9 

Feline systemic antimicrobial: Parameter estimates from a series of univariable mixed effect 

logistic regression models assessing the association between a range of animal, owner, 

practitioner and practice-related factors and the probability of prescribing a systemic 

antimicrobial in cats. Random effects include animal, site, and practice. 

Variable Category β SE a OR b CI c P 

Categorical factors 

Country England (Intercept) -0.77 0.03 0.46 0.44-0.49  
Scotland 0.06 0.09 1.06 0.90-1.26 0.47 
Wales 0.34 0.10 1.40 1.15-1.71 <0.01 

Main presenting complaint Gastroenteric (Intercept) -0.83 0.04 0.44 0.41-0.47  
Kidney disease -0.47 0.05 0.62 0.56-0.69 <0.01 
Other unwell -0.20 0.03 0.82 0.78-0.87 <0.01 
Pruritus -0.23 0.03 0.79 0.74-0.85 <0.01 
Respiratory 0.91 0.04 2.49 2.32-2.69 <0.01 
Trauma 0.99 0.03 2.68 2.53-2.84 <0.01 
Tumour -0.58 0.05 0.56 0.51-0.62 <0.01 

Sex Female (Intercept) -0.88 0.03 0.42 0.39-0.44  
Male 0.26 0.02 1.30 1.26-1.34 <0.01 

Neuter 

status 

Un-neutered (Intercept) -0.74 0.03 0.48 0.45-0.51  
Neutered -0.00 0.02 1.00 0.96-1.04 0.87 

Microchip status Un-microchipped (Intercept) -0.80 0.03 0.45 0.43-0.48  
Microchipped 0.14 0.02 1.15 1.12-1.19 <0.01 

Vaccination status Un-vaccinated (Intercept) -0.73 0.03 0.48 0.46-0.51  
Vaccinated -0.03 0.02 0.97 0.94-1.00 0.05 

Insurance status Un-insured (Intercept) -0.71 0.03 0.49 0.47-0.52  
Insured -0.20 0.02 0.82 0.79-0.86 <0.01 

Owner urban status Urban (Intercept) -0.76 0.03 0.47 0.44-0.50  
Rural 0.04 0.02 1.05 1.00-1.09 0.04 

Genetic breed group d West europe (Intercept) -0.88 0.04 0.41 0.38-0.45  
Asian 0.14 0.05 1.15 1.04-1.27 0.01 
Crossbreed 0.14 0.03 1.16 1.0-1.23 <0.01 
Mediterranean 0.48 0.26 1.61 0.97-2.67 0.06 
Unclassified 0.22 0.06 1.25 1.11-1.39 <0.01 
Unknown 0.18 0.05 1.19 1.08-1.31 <0.01 

Practice type Small animal (Intercept) -0.79 0.03 0.45 0.43-0.48  
Mixed 0.24 0.08 1.27 1.10-1.47 <0.01 
Small & equine -0.02 0.17 0.98 0.70-1.38 0.90 
Small & large 0.25 0.16 1.29 0.94-1.76 0.11 

Accreditation Not accredited (Intercept) -0.54 0.08 0.58 0.50-0.68  
1+ accredited site -0.23 0.09 0.80 0.67-0.94 <0.01 

Hospital status No hospital site (Intercept) -0.72 0.03 0.49 0.46-0.52  
1+ hospital site -0.13 0.07 0.88 0.76-1.01 0.07 

Referral interest No (Intercept) -0.71 0.03 0.49 0.46-0.53  
Yes -0.11 0.06 0.90 0.79-1.01 0.08 

Employed RCVS AVP e None (Intercept) -0.71 0.03 0.49 0.46-0.53  
1+ AVP -0.18 0.07 0.84 0.73-0.96 0.01 

Employed RCVS specialist e None (Intercept) -0.74 0.03 0.48 0.45-0.51  
1+ specialist -0.14 0.17 0.87 0.62-1.21 0.41 

Continuous factors 

Age (years) Intercept -0.64 0.03 0.53 0.50-0.56  
Age - linear -0.53 0.02 0.59 0.57-0.61 <0.01 
Age - quadratic -0.13 0.01 0.87 0.86-0.89 <0.01 
Age - cubic 0.12 0.01 1.13 1.11-1.15 <0.01 

rIMD f Intercept -0.74 0.03 0.48 0.45-0.50  
IMD -0.03 0.01 0.97 0.96-0.99 <0.01 

Cats per household g Intercept -0.74 0.03 0.48 0.45-0.50  
Cats per household -0.00 0.01 1.00 0.97-1.02 0.73 

Cats per km2g Intercept -0.74 0.03 0.48 0.45-0.50  
Cats per km -0.02 0.01 0.98 0.97-1.00 0.02 

a Standard Error 
b Odds Ratio 
c 95% Confidence Interval 
d Lipinski et al., 2008 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
f Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
g Aegerter et al., 2017 
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Table 2.10 

Canine systemic antimicrobial: Parameter estimates from a final multivariable mixed effect 

logistic regression model assessing the association between a range of animal, owner, 

practitioner and practice-related factors and the probability of prescribing a systemic 

antimicrobial in dogs. Random effects include animal, site, and practice. 

Variable Category β SE a OR b CI c P 

Intercepts England -0.08 0.08 0.93 0.80-1.08 0.33 
Scotland -0.06 0.09 0.94 0.79-1.12 0.50 
Wales -0.13 0.09 0.88 0.73-1.05 0.15 

Categorical factors 

Main 

presenting 

complaint 

Gastroenteric - - 1.00 - - 
Kidney disease -0.38 0.06 0.68 0.61-0.76 <0.01 
Other unwell -0.94 0.02 0.39 0.38-0.40 <0.01 
Pruritus -0.68 0.02 0.51 0.49-0.53 <0.01 
Respiratory 0.10 0.03 1.11 1.06-1.17 <0.01 
Trauma -0.89 0.02 0.41 0.40-0.43 <0.01 
Tumour -1.18 0.03 0.31 0.29-0.32 <0.01 

Neuter status Not neutered - - 1.00 - - 
Neutered -0.11 0.01 0.90 0.88-0.92 <0.01 

Sex Female - - 1.00 - - 
 Male -0.03 0.01 0.97 0.95-0.99 <0.01 
Vaccination 

status 

Not vaccinated - - 1.00 - - 
Vaccinated -0.08 0.01 0.93 0.90-0.95 <0.01 

Insurance 

status 

Not insured - - 1.00 - - 
Insured -0.14 0.02 0.87 0.84-0.90 <0.01 

Genetic 

breed group d 

Retriever  - - 1.00 - - 
Ancient / spitz 0.25 0.05 1.28 1.17-1.40 <0.01 
Crossbreed 0.06 0.02 1.06 1.03-1.10 <0.01 
Herding 0.14 0.03 1.15 1.09-1.22 <0.01 
Mastiff-like 0.15 0.02 1.16 1.11-1.21 <0.01 
Scent hound 0.10 0.04 1.11 1.03-1.19 <0.01 
Sight hound 0.31 0.04 1.36 1.25-1.48 <0.01 
Small terrier 0.16 0.02 1.18 1.13-1.22 <0.01 
Spaniel 0.16 0.02 1.17 1.13-1.22 <0.01 
Toy -0.00 0.03 1.00 0.94-1.05 0.92 
Unclassified 0.11 0.02 1.12 1.07-1.16 <0.01 
Unknown 0.09 0.05 1.09 0.99-1.21 0.08 
Working dog 0.19 0.03 1.21 1.15-1.27 <0.01 

Practice type Small animal - - 1.00 - - 
Mixed 0.14 0.07 1.15 1.01-1.30 0.04 
Small & equine -0.05 0.15 0.95 0.71-1.27 0.73 
Small & large 0.13 0.14 1.14 0.86-1.50 0.37 

Accreditation None - - 1.00 - - 
1+ accredited site -0.24 0.08 0.79 0.68-0.92 <0.01 

Referral 

interest 

No - - 1.00 - - 
Yes -0.10 0.05 0.91 0.82-1.00 0.06 

Continuous factors 

Age (years) Age - linear -1.12 0.01 0.89 0.87-0.91 <0.01 
Age - quadratic -0.09 0.01 0.92 0.90-0.93 <0.01 
Age - cubic 0.05 0.01 1.05 1.04-1.07 <0.01 

Interaction terms 

Insurance 

status : Age 

(years) 

Insured : Age 0.08 0.02 1.09 1.04-1.14 <0.01 
Insured : Age - quadratic 0.03 0.01 1.03 1.00-1.06 0.03 
Insured : Age - cubic -0.03 0.01 0.97 0.95-1.00 0.02 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al., 2010 
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Table 2.11 

Feline systemic antimicrobial: Parameter estimates from a final multivariable mixed effect 

logistic regression model assessing the association between a range of animal, owner, 

practitioner and practice-related factors and the probability of prescribing a systemic 

antimicrobial in cats. Random effects include animal, site, and practice. 

Variable Category β SE a OR b CI c P 

Intercepts England -0.81 0.06 0.45 0.39-0.50 <0.01 
Scotland -0.77 0.10 0.46 0.38-0.57 <0.01 
Wales -0.55 0.12 0.58 0.46-0.72 <0.01 

Categorical factors 

Main 

presenting 

complaint 

Gastroenteric - - 1.00 - - 
Kidney disease -0.20 0.07 0.82 0.71-0.94 <0.01 
Other unwell -0.23 0.04 0.79 0.73-0.85 <0.01 
Pruritus -0.37 0.05 0.69 0.63-0.76 <0.01 
Respiratory 0.91 0.06 2.48 2.23-2.77 <0.01 
Trauma 0.59 0.04 1.80 1.65-1.97 <0.01 
Tumour -0.56 0.07 0.57 0.50-0.65 <0.01 

Sex 

 

Female - - 1.00 - - 
Male 0.03 0.05 1.03 0.93-1.14 0.59 

Vaccination 

status 

Not vaccinated - - 1.00 - - 
Vaccinated -0.09 0.02 0.92 0.89-0.95 <0.01 

Insurance 

status 

Not insured - - 1.00 - - 
Insured -0.19 0.02 0.82 0.79-0.86 <0.01 

Genetic 

breed group d 

West europe - - 1.00 - - 
Asian 0.20 0.05 1.22 1.10-1.36 <0.01 
Crossbreed 0.14 0.03 1.16 1.08-1.23 <0.01 
Mediterranean 0.36 0.26 1.43 0.86-2.38 0.17 
Unclassified 0.11 0.06 1.11 0.99-1.24 0.07 
Unknown 0.13 0.05 1.14 1.03-1.26 0.01 

Practice type Small animal - - 1.00 - - 
Mixed 0.18 0.08 1.20 1.03-1.39 0.0162 
Small & equine -0.01 0.18 1.00 0.70-1.41 0.98 
Small & large 0.10 0.17 1.10 0.80-1.53 0.56 

Referral 

interest 

No - - 1.00 - - 
Yes -0.08 0.06 0.92 0.82-1.04 0.18 

Employed 

RCVS AVP e 

None - - 1.00 - - 
1+ AVP -0.10 0.07 0.90 0.79-1.04 0.16 

Continuous factors 

Age (years) Age - linear -0.38 0.02 0.69 0.66-0.70 <0.01 
Age - quadratic -0.08 0.01 0.90 0.90-0.95 <0.01 
Age - cubic 0.10 0.01 1.08 1.08-1.12 <0.01 

Cats per km2 f Cats per km2 - linear -0.02 0.01 0.98 0.97-1.00 0.02 
Interaction terms 

Sex : Age 

(years) 

Male : Age -0.10 0.03 0.91 0.85-0.97 <0.01 
Male : Age - quadratic -0.10 0.02 0.91 0.88-0.94 <0.01 
Male : Age - cubic 0.03 0.02 1.03 1.00-1.06 0.11 

Sex : Main 

presenting 

complaint 

Male : Kidney disease -0.26 0.11 0.77 0.62-0.96 0.02 
Male : Other unwell 0.17 0.05 1.19 1.07-1.32 <0.01 
Male : Pruritus 0.10 0.07 1.10 0.96-1.26 0.16 
Male : Respiratory 0.06 0.08 1.06 0.91-1.23 0.44 
Male : Trauma 0.48 0.06 1.62 1.44-1.82 <0.01 
Male : Tumour 0.15 0.10 1.16 0.96-1.40 0.12 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al, 2008 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
f Aegerter et al., 2017 



Appendix Two  Material relating to Chapter Three 

227 
 

Table 2.12 

Canine topical antimicrobial: Descriptive summary of the percentage of total sick canine 

consultations where an animal was prescribed at least one topical antimicrobial against a 

range of categorical and continuous factors. For ease of display, factors later utilised as 

continuous variables are shown categorised as ordinal variables. 

Variable Category % a CI b Variable Category % a CI b 

Categorical factors Practice type Mixed 13.6 12.9-14.3 
Country England 14.3 13.9-14.6  Small animal 14.3 13.9-14.8 

Scotland 13.4 11.9-14.9 Small & equine 16.2 14.3-18.2 
Wales 14.7 13.9-15.6 Small & large 14.5 13.6-15.4 

Main 

presenting 

complaint 

Gastroenteric 1.8 1.2-2.5 Accreditation Not accredited 13.3 12.3-14.4 
Respiratory 2.9 2.3-3.6 Accredited 14.4 14.0-14.7 
Pruritus 31.7 30.7-32.8 Hospital status No hospital site 14.0 13.6-14.4 
Trauma 6.6 6.2-7.0 1+ hospital 15.0 14.3-15.7 
Tumour 5.9 5.5-6.4 Referral interest No 14.2 13.9-14.6 
Kidney disease 3.2 2.4-4.1 Yes 14.2 13.5-15.0 
Other unwell 15.5 15.0-16.0 Employed RCVS 

AVP d 

None 13.9 13.5-14.3 
Sex Female 13.6 13.3-14.0 1+ AVP 15.3 14.6-15.9 

Male 14.8 14.4-15.2 Employed RCVS 

specialist d 

None 14.3 13.9-14.6 
Neuter  

status 

Un-neutered 15.0 14.6-15.4 1+ specialist 12.0 10.2-13.7 

Neutered 13.8 13.4-14.2 Continuous factors 

Insurance 

status 

Un-insured 14.5 14.2-14.9 Age (years) 0 ≤ 1 16.3 15.6-17.0 
Insured 13.6 13.2-14.1 1.1 ≤ 5 17.6 17.1-18.1 

Microchip 

status 

Un-microchipped 13.4 13.1-13.8 5.1≤ 10 14.5 14.1-14.9 
Microchipped 14.9 14.5-15.3 10.1 ≤ 15 10.4 10.1-10.8 

Vaccination 

status 

Unvaccinated 13.2 12.9-13.6 15.1 ≤ 6.5 5.9-7.2 
Vaccinated 14.6 14.3-15.0 rIMD quintile e 1 14.0 13.3-14.7 

Owner urban 

status 

Rural 14.0 13.6-14.4 2 14.0 13.4-14.6 
Urban 14.4 14.0-14.8 3 14.1 13.6-14.5 

Genetic  

breed  

group c 

Ancient / spitz 15.0 13.5-16.5 4 14.5 14.1-14.9 
Crossbreed 13.3 12.9-13.7 5 14.3 13.7-14.9 
Herding 8.2 7.7-8.7 Dogs per 

household f 

0.0 ≤ 0.4 14.3 13.8-14.8 
Mastiff-like 17.0 16.4-17.6 0.41 ≤ 0.8 14.3 13.8-14.8 
Retriever 15.3 14.7-16.0 0.81 ≤ 1.2 13.7 12.9-14.4 
Scent hound 13.3 12.2-14.3 1.21 ≤ 1.6 14.1 13.0-15.2 
Sight hound 5.3 4.4-6.2 1.61 ≤ 2.0 15.0 13.4-16.6 
Small terrier 12.8 12.3-13.3 2.01 ≤ 14.7 12.5-16.9 
Spaniel 16.1 15.5-16.6 Dogs per km2 f 0 ≤ 200 14.0 13.6-14.4 
Toy 15.5 14.7-16.3 200.1 ≤ 400 14.4 14.0-14.9 
Working dog 13.7 12.9-14.5 400.1 ≤ 600 14.6 14.1-15.0 
Unclassified 15.5 14.9-16.1 600.1 ≤ 800 14.6 14.0-15.2 
Unknown 12.1 10.8-13.4 800.1 ≤ 1000 14.0 13.3-14.8 
   1000.1 ≤ 13.9 13.2-14.6 

a Percentage of consultations where at least one topical antimicrobial was prescribed 
b 95% Confidence Interval 
c Vonholdt et al., 2010 
d Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
e Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
f Aegerter et al., 2017 



Appendix Two  Material relating to Chapter Three 

228 
 

Table 2.13 

Feline topical antimicrobial: Descriptive summary of the percentage of total sick feline 

consultations where an animal was prescribed at least one topical antimicrobial against a 

range of categorical and continuous factors. For ease of display, factors later utilised as 

continuous variables are shown categorised as ordinal variables. 

Variable Category % a CI b Variable Category % a CI b 

Categorical factors Accreditation Not accredited 5.9 5.2-6.5 
Country England 6.0 5.8-6.3  Accredited 6.2 5.9-6.4 

Scotland 6.6 5.5-7.7 Hospital status No hospital site 6.0 5.7-6.2 
Wales 6.6 6.0-7.2 1+ hospital 6.5 6.1-6.9 

Main 

presenting 

complaint 

Gastroenteric 1.1 0.6-1.6 Referral interest No 6.0 5.8-6.3 
Respiratory 5.7 4.9-6.4 Yes 6.3 5.9-6.8 
Pruritus 10.8 10.0-11.7 Employed RCVS 

AVP d 

None 6.1 5.9-6.4 
Trauma 4.6 4.3-5.0 1+ AVP 6.0 5.6-6.4 
Tumour 1.7 1.3-2.1 Employed RCVS 

specialist d 

None 6.1 5.9-6.3 
Kidney disease 0.8 0.5-1.1 1+ specialist 5.3 4.1-6.6 

Other unwell 7.1 6.8-7.4 Continuous factors 

Sex Female 6.0 5.7-6.2 Age (years) 0 ≤ 1 12.4 11.6-13.2 
Male 6.2 6.0-6.5 1.1 ≤ 5 7.7 7.3-8.1 

Neuter  

status 

Un-neutered 7.3 6.8-7.7 5.1≤ 10 6.5 6.1-6.9 
Neutered 5.9 5.6-6.1 10.1 ≤ 15 4.9 4.6-5.2 

Insurance 

status 

Un-insured 6.3 6.1-6.5 15.1 ≤ 3.6 3.3-3.9 
Insured 5.3 4.9-5.8 rIMD quintile e 1 7.0 6.3-7.7 

Microchip 

status 

Un-microchipped 5.9 5.7-6.2 2 6.2 5.8-6.6 
Microchipped 6.4 6.0-6.7 3 6.1 5.7-6.5 

Vaccination 

status 

Unvaccinated 6.2 5.9-6.5 4 6.0 5.7-6.3 
Vaccinated 6.0 5.8-6.3 5 5.8 5.5-6.2 

Owner urban 

status 

Rural 6.3 5.9-6.7 Cats per 

household f 

0.0 ≤ 0.4 6.2 5.9-6.5 
Urban 6.0 5.8-6.3 0.41 ≤ 0.8 5.8 5.5-6.2 

Genetic 

breed  

group c 

Asian 6.9 5.8-8.0 0.81 ≤ 1.2 5.9 5.4-6.4 
Crossbreed 5.7 5.5-5.9 1.21 ≤ 1.6 6.6 5.5-7.6 
Mediterranean 5.5 0.5-10.4 1.61 ≤ 2.0 7.1 5.6-8.7 
West europe 9.5 8.4-10.6 2.01 ≤ 9.2 5.2-13.1 
Unclassified 8.3 7.2-9.5 Cats per km2 f 0 ≤ 200 6.2 5.9-6.6 
Unknown 7.4 6.4-8.3 200.1 ≤ 400 6.1 5.8-6.5 

Practice type Mixed 6.4 5.9-7.0 400.1 ≤ 600 5.9 5.4-6.4 
Small animal 6.0 5.8-6.3 600.1 ≤ 800 5.8 5.4-6.3 
Small & equine 5.7 4.5-6.8 800.1 ≤ 1000 5.9 5.2-6.6 
Small & large 6.4 5.5-7.3 1000.1 ≤ 6.3 5.7-6.8 

a Percentage of consultations where at least one topical antimicrobial was prescribed 
b 95% Confidence Interval 
c Lipinski et al., 2008 
d Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
e Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
f Aegerter et al., 2017 
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Table 2.14 

Canine topical antimicrobial: Parameter estimates from a series of univariable mixed effect 

logistic regression models assessing the association between a range of animal, owner, 

practitioner and practice-related factors and the probability of prescribing a topical 

antimicrobial in dogs. Random effects include animal, site, and practice. 

Variable Category β SE a OR b CI c P 

Categorical factors 

Country England (Intercept) -1.82 0.02 0.16 0.16-0.17  
Scotland 0.03 0.05 1.03 0.93-1.13 0.58 
Wales -0.06 0.06 0.95 0.85-1.06 0.34 

Main presenting complaint Gastroenteric (Intercept) -3.99 0.05 0.02 0.02-0.02  
Kidney disease  0.61 0.14 1.84 1.41-2.41 <0.01 
Other unwell 2.28 0.04 9.79 8.99-10.65 <0.01 
Pruritus 3.23 0.04 25.30 23.23-27.55 <0.01 
Respiratory 0.48 0.07 1.61 1.40-1.85 <0.01 
Trauma 1.32 0.05 3.75 3.43-4.11 <0.01 
Tumour 1.22 0.05 3.38 3.04-3.76 <0.01 

Sex Female (Intercept) -1.87 0.02 0.15 0.15-0.16  
Male 0.10 0.01 1.11 1.08-1.13 <0.01 

Neuter status Un-neutered (Intercept) -1.76 0.02 0.17 0.17-0.18  
Neutered -0.10 0.01 0.91 0.88-0.93 <0.01 

Microchip status Un-microchipped (Intercept) -1.89 0.02 0.15 0.15-0.16  
Microchipped 0.13 0.01 1.14 1.11-1.16 <0.01 

Vaccination status Un-vaccinated (Intercept) -1.90 0.02 0.15 0.14-0.16  
Vaccinated 0.11 0.01 1.12 1.09-1.15 <0.01 

Insurance status Un-insured (Intercept) -1.80 0.02 0.17 0.16-0.17  
Insured -0.07 0.01 0.93 0.91-0.96 <0.01 

Owner urban status Urban (Intercept) -1.81 0.02 0.16 0.16-0.17  
Rural -0.04 0.02 0.97 0.94-1.00 0.02 

Genetic breed group d Retriever (Intercept) -1.72 0.02 0.18 0.17-0.19  
Crossbreed  -0.01 0.06 0.99 0.89-1.11 0.92 
Ancient / spitz -0.16 0.02 0.85 0.82-0.89 <0.01 
Herding -0.70 0.04 0.50 0.46-0.54 <0.01 
Mastiff-like 0.11 0.03 1.11 1.06-1.17 <0.01 
Scent hound -0.18 0.04 0.83 0.77-0.91 <0.01 
Sight hound -1.17 0.07 0.31 0.27-0.36 <0.01 
Small terrier -0.22 0.02 0.80 0.76-0.84 <0.01 
Spaniel 0.04 0.02 1.04 0.99-1.08 0.13 
Toy -0.02 0.03 0.99 0.92-1.05 0.64 
Unclassified 0.01 0.02 1.01 0.96-1.06 0.73 
Unknown -0.29 0.06 0.75 0.66-0.85 <0.01 
Working dog -0.13 0.03 0.88 0.82-0.93 <0.01 

Practice type Small animal (Intercept) -1.81 0.02 0.16 0.16-0.17  
Mixed -0.08 0.04 0.92 0.85-1.00 0.05 
Small & equine 0.17 0.09 1.19 0.99-1.42 0.06 
Small & large 0.00 0.09 1.00 0.84-1.2 0.99 

Accreditation Not accredited (Intercept) -1.90 0.05 0.15 0.14-0.16  
1+ accredited site 0.09 0.05 1.10 1.00-1.20 0.05 

Hospital status No hospital site (Intercept) -1.83 0.02 0.16 0.15-0.17  
1+ hospital site 0.07 0.04 1.07 0.99-1.15 0.09 

Referral interest No (Intercept) -1.83 0.02 0.16 0.16-0.17  
Yes 0.03 0.03 1.03 0.96-1.1.0 0.47 

Employed RCVS AVP e None (Intercept) -1.84 0.02 0.16 0.15-0.17  
1+ AVP 0.08 0.04 1.08 1.01-1.16 0.03 

Employed RCVS specialist e None (Intercept) -1.82 0.02 0.16 0.16-0.17  
1+ specialist -0.18 0.09 0.84 0.70-1.00+ 0.05 

Continuous factors 

Age (years) Intercept -1.74 0.02 0.20 0.17-0.18  
Age - linear -0.32 0.01 0.73 0.71-0.75 <0.01 
Age - quadratic -0.12 0.01 0.89 0.88-0.90 <0.01 
Age - cubic 0.03 0.01 1.03 1.02-1.04 <0.01 

rIMD f Intercept -1.82 0.02 0.16 0.16-0.17 <0.01 
rIMD 0.01 0.01 1.01 0.99-1.02 0.32 

Dogs per household g Intercept -1.82 0.02 0.16 0.16-0.17  
Dogs per household -0.01 0.01 0.99 0.98-1.01 0.40 

Dogs per km2 g Intercept -1.82 0.02 0.16 0.16-0.17  
Dogs per km 0.00 0.01 1.00 0.99-1.01 0.98 

a Standard Error 
b Odds Ratio 
c 95% Confidence Interval 
d Vonholdt et al., 2010 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
f Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
g Aegerter et al., 2017 
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Table 2.15 

Feline topical antimicrobial: Parameter estimates from a series of univariable mixed effect 

logistic regression models assessing the association between a range of animal, owner, 

practitioner and practice-related factors and the probability of prescribing a topical 

antimicrobial in cats. Random effects include animal, site, and practice. 

Variable Category β SEa ORb CIc P 

Categorical factors 

Country England (Intercept) -2.77 0.02 0.06 0.06-0.07  
Scotland 0.07 0.09 1.07 0.90-1.28 0.45 
Wales 0.14 0.09 1.15 0.97-1.36 0.11 

Main 

presenting 

complaint 

Gastroenteric (Intercept) -4.47 0.10 0.01 0.01-0.01  
Kidney disease -0.34 0.23 0.72 0.46-1.11 0.14 
Other unwell 1.89 0.10 6.59 5.40-8.04 <0.01 
Pruritus 2.35 0.11 10.49 8.54-12.89 <0.01 
Respiratory 1.63 0.12 5.10 4.07-6.40 <0.01 
Trauma 1.43 0.11 4.20 3.41-5.17 <0.01 
Tumour 0.42 0.16 1.53 1.13-2.08 0.01 

Sex Female (Intercept) -2.78 0.03 0.06 0.06-0.07  
Male 0.04 0.03 1.05 0.99-1.10 0.11 

Neuter status Un-neutered (Intercept) -2.57 0.04 0.08 0.07-0.08  
Neutered -0.23 0.03 0.79 0.74-0.85 <0.01 

Microchip 

status 

Un-microchipped (Intercept) -2.79 0.03 0.06 0.06-0.07  
Microchipped 0.09 0.03 1.09 1.03-1.16 <0.01 

Vaccination 

status 

Un-vaccinated (Intercept) -2.74 0.03 0.06 0.06-0.07  
Vaccinated -0.02 0.03 0.98 0.93-1.03 0.42 

Insurance 

status 

Un-insured (Intercept) -2.72 0.02 0.07 0.06-0.07  
Insured -0.19 0.04 0.83 0.77-0.89 <0.01 

Owner urban 

status 

Urban (Intercept) -2.77 0.03 0.06 0.06-0.07  
Rural 0.04 0.03 1.04 0.97-1.11 0.26 

Genetic 

breed groupd 

West europe (Intercept) -2.28 0.05 0.10 0.09-0.11  
Asian -0.29 0.09 0.75 0.63-0.88 <0.01 
Crossbreed -0.54 0.05 0.58 0.53-0.64 <0.01 
Mediterranean -0.47 0.49 0.62 0.24-1.64 0.34 
Unclassified -0.13 0.09 0.88 0.74-1.05 0.17 
Unknown -0.29 0.08 0.75 0.64-0.88 <0.01 

Practice type Small animal (Intercept) -2.77 0.03 0.06 0.06-0.07  
Mixed 0.07 0.06 1.08 0.96-1.21 0.20 
Small & equine -0.11 0.14 0.89 0.68-1.18 0.43 
Small & large 0.09 0.12 1.09 0.86-1.39 0.47 

Accreditation Not accredited (Intercept) -2.77 0.06 0.06 0.06-0.07  
1+ accredited site 0.02 0.07 1.02 0.90-1.16 0.74 

Hospital 

status 

No hospital site (Intercept) -2.76 0.03 0.06 0.06-0.07  
1+ hospital site 0.04 0.06 1.05 0.94-1.16 0.42 

Referral 

interest 

No (Intercept) -2.78 0.03 0.06 0.06-0.07  
Yes 0.08 0.05 1.08 0.98-1.19 0.10 

Employed 

RCVS AVPe 

None (Intercept) -2.75 0.03 0.06 0.06-0.07  
1+ AVP -0.03 0.05 0.97 0.87-1.08 0.57 

Employed 

RCVS 

specialiste 

None (Intercept) -2.75 0.02 0.06 0.06-0.07  
1+ specialist -0.13 0.14 0.88 0.66-1.16 0.36 

Continuous factors 

Age (years) Intercept -2.86 0.03 0.06 0.05-0.06  
Age - linear -0.29 0.03 0.75 0.70-0.79 <0.01 
Age - quadratic 0.04 0.02 1.04 1.01-1.08 0.01 
Age - cubic -0.04 0.02 0.96 0.93-0.99 0.01 

rIMDf Intercept -2.76 0.02 0.06 0.06-0.07  
IMD -0.04 0.02 0.96 0.93-0.99 0.01 

Cats per 

householdg 

Intercept -2.75 0.02 0.06 0.06-0.07  
Cats per household 0.01 0.02 1.01 0.97-1.04 0.72 

Cats per km2 g Intercept -2.75 0.02 0.06 0.06-0.07  
Cats per km 0.01 0.01 1.01 0.98-1.03 0.72 

a Standard Error 
b Odds Ratio 
c 95% Confidence Interval 
d Lipinski et al., 2008 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
f Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
g Aegerter et al., 2017 
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Table 2.16 

Canine topical antimicrobial: Parameter estimates from a final multivariable mixed effect 

logistic regression model assessing the association between a range of animal, owner, 

practitioner and practice-related factors and the probability of prescribing a topical 

antimicrobial in dogs. Random effects include animal, site, and practice. 

Variable Category β SE a OR b CI c P 

Intercepts England -4.01 0.07 0.02 0.02-0.02 <0.01 
Scotland -3.88 0.09 0.02 0.02-0.02 <0.01 
Wales -4.06 0.09 0.02 0.01-0.02 <0.01 

Categorical factors 

Main presenting complaint Gastroenteric - - 1.00 - - 
Kidney disease 0.71 0.22 2.03 1.31-3.15 <0.01 
Other unwell 2.41 0.07 11.18 9.78-12.79 <0.01 
Pruritus 3.24 0.07 25.64 22.39-29.35 <0.01 
Respiratory 0.63 0.11 1.88 1.50-2.34 <0.01 
Trauma 1.35 0.07 3.87 3.36-4.46 <0.01 
Tumour 1.15 0.08 3.16 2.68-3.73 <0.01 

Sex 

 

Female - - 1.00 - - 
Male 0.07 0.01 1.08 1.05-1.10 <0.01 

Microchip status Not microchipped - - 1.00 - - 
 Microchipped 0.03 0.01 1.03 1.00-1.06 0.02 
Vaccination status Not vaccinated - - 1.00 - - 

Vaccinated 0.08 0.02 1.08 1.05-1.11 <0.01 
Insurance status Not insured - - 1.00 - - 

Insured -0.10 0.02 0.90 0.88-0.93 <0.01 
Genetic breed group d Retriever  - - 1.00 - - 

Ancient / spitz -0.14 0.06 0.87 0.77-0.97 0.02 
Crossbreed -0.21 0.02 0.81 0.78-0.84 <0.01 
Herding -0.57 0.04 0.57 0.53-0.61 <0.01 
Mastiff-like -0.03 0.03 0.97 0.93-1.03 0.32 
Scent hound -0.25 0.04 0.78 0.71-0.85 <0.01 
Sight hound -0.92 0.07 0.40 0.34-0.46 <0.01 
Small terrier -0.29 0.03 0.75 0.71-0.79 <0.01 
Spaniel 0.04 0.02 1.04 1.00-1.09 0.08 
Toy -0.14 0.03 0.87 0.82-0.93 <0.01 
Unclassified -0.06 0.03 0.94 0.89-0.99 0.01 
Unknown -0.31 0.06 0.74 0.65-0.83 <0.01 
Working dog -0.21 0.03 0.81 0.76-0.87 <0.01 

Hospital status None - - 1.00 - - 
1+ hospital site 0.06 0.04 1.07 0.98-1.16 0.15 

Employed RCVS AVP e None - - 1.00 - - 
1+ AVP 0.08 0.04 1.08 0.99-1.17 0.08 

Employed RCVS specialists e None - - 1.00 - - 
1+ specialist -0.27 0.09 0.77 0.64-0.92 <0.01 

Continuous factors 

Age (years) Age - linear -0.10 0.09 0.91 0.76-1.09 0.30 
Age - quadratic 0.04 0.04 1.04 0.98-1.13 0.39 
Age - cubic 0.04 0.04 1.04 0.96-1.13 0.30 

Interaction terms 

Main presenting complaint  : 

Age (years) 

Kidney disease : Age -0.33 0.27 0.72 0.42-1.22 0.22 
Other unwell : Age -0.30 0.10 0.74 0.61-0.89 <0.01 
Pruritus : Age 0.08 0.10 1.08 0.89-1.31 0.42 
Respiratory : Age -0.01 0.15 0.90 0.66-1.21 0.47 
Trauma : Age 0.01 0.10 1.01 0.82-1.23 0.95 
Tumour : Age -0.15 0.12 0.86 0.69-1.08 0.20 
Kidney disease : Age - 

quadratic 

0.04 0.15 1.04 0.77-1.40 0.79 
Other unwell : Age - 

quadratic 

-0.11 0.05 0.90 0.82-0.98 0.02 
Pruritus : Age - quadratic -0.00 0.05 1.00 0.91-1.09 0.96 
Respiratory : Age - quadratic -0.12 0.08 0.89 0.76-1.03 0.11 
Trauma : Age - quadratic -0.02 0.05 0.98 0.89-1.08 0.68 
Tumour : Age - quadratic 0.14 0.06 1.15 1.02-1.29 0.02 
Kidney disease : Age - cubic -0.01 0.11 0.99 0.79-1.24 0.94 
Other unwell : Age - cubic -0.04 0.04 0.97 0.89-1.05 0.39 
Pruritus : Age - cubic -0.06 0.04 0.94 0.87-1.02 0.15 
Respiratory : Age - cubic -0.01 0.07 0.99 0.86-1.13 0.84 
Trauma : Age - cubic -0.03 0.05 0.97 0.89-1.06 0.56 
Tumour : Age - cubic -0.02 0.05 0.98 0.88-1.08 0.64 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al., 2010 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
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Table 2.17 

Feline topical antimicrobial: Parameter estimates from a final multivariable mixed effect 

logistic regression model assessing the association between a range of animal, owner, 

practitioner and practice-related factors and the probability of prescribing a topical 

antimicrobial in cats. Random effects include animal, site, and practice. 

Variable Category β SE a OR b CI c P 

Intercepts England -3.98 0.17 0.02 0.01-0.03 <0.01 
Scotland -3.94 0.19 0.02 0.01-0.03 <0.01 
Wales -3.91 0.19 0.02 0.01-0.03 <0.01 

Categorical factors 

Main 

presenting 

complaint 

Gastroenteric - - 1.00 - - 
Kidney disease -0.98 0.50 0.38 0.14-1.00 0.05 
Other unwell 1.79 0.16 5.96 4.37-8.12 <0.01 
Pruritus 2.13 0.16 8.37 6.09-11.51 <0.01 
Respiratory 1.21 0.18 3.36 2.35-4.82 <0.01 
Trauma 1.34 0.17 3.82 2.76-5.28 <0.01 
Tumour 0.38 0.25 1.46 0.90-2.36 0.12 

Sex 

 

Female - - 1.00 - - 
Male 0.05 0.03 1.05 1.00-1.11 0.06 

Neutered 

status 

Not neutered - - 1.00 - - 
Neutered -0.06 0.04 0.94 0.88-1.01 0.09 

Insurance 

status 

Not insured - - 1.00 - - 
Insured -0.13 0.04 0.88 0.82-0.95 <0.01 

Genetic 

breed 

group d 

West europe - - 1.00 - - 
Asian -0.14 0.09 0.87 0.73-1.03 0.10 
Crossbreed -0.50 0.05 0.61 0.55-0.67 <0.01 
Mediterranean -0.40 0.50 0.67 0.25-1.78 0.42 
Unclassified -0.24 0.09 0.79 0.66-0.95 0.01 
Unknown -0.43 0.08 0.65 0.56-0.77 <0.01 

Referral 

interest 

No - - 1.00 - - 
Yes 0.08 0.05 1.08 0.98-1.19 0.11 

Continuous factors 

Age (years) Age - linear 0.08 0.26 1.09 0.65-1.82 0.75 
Age - quadratic -0.12 0.14 0.89 0.68-1.17 0.40 
Age - cubic -0.14 0.14 0.87 0.66-1.15 0.34 

Interaction terms 

Main 

presenting 

complaint  : 

Age (years) 

Kidney disease : Age 1.14 0.68 3.11 0.82-11.84 0.10 
Other unwell : Age -0.61 0.27 0.54 0.32-0.91 0.02 
Pruritus : Age 0.18 0.27 1.19 0.70-2.03 0.52 
Respiratory : Age -0.34 0.31 0.71 0.39-1.29 0.26 
Trauma : Age 0.07 0.28 1.07 0.62-1.85 0.82 
Tumour : Age -0.07 0.38 0.93 0.44-1.95 0.85 
Kidney disease : Age - quadratic 0.52 0.32 1.69 0.89-3.18 0.11 
Other unwell : Age - quadratic 0.16 0.14 1.17 0.89-1.53 0.26 
Pruritus : Age - quadratic 0.42 0.14 1.52 1.15-2.02 <0.01 
Respiratory : Age - quadratic 0.26 0.16 1.29 0.95-1.77 0.11 
Trauma : Age - quadratic 0.22 0.15 1.24 0.93-1.65 0.14 
Tumour : Age - quadratic 0.16 0.20 1.18 0.80-1.73 0.41 
Kidney disease : Age - cubic -0.51 0.33 0.60 0.31-1.16 0.13 
Other unwell : Age - cubic 0.14 0.14 1.15 0.87-1.52 0.33 
Pruritus : Age - cubic 0.04 0.15 1.04 0.78-1.38 0.81 
Respiratory : Age - cubic -0.03 0.16 0.97 0.70-1.33 0.84 
Trauma : Age - cubic 0.06 0.15 1.06 0.79-1.42 0.70 
Tumour : Age - cubic 0.10 0.19 1.10 0.75-1.61 0.62 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al, 2008 
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Table 2.18 

Canine systemic highest priority critically important antimicrobial (HPCIA): Descriptive 

summary of the percentage of total sick canine consultations where an animal was 

prescribed at least one systemic HPCIA against a range of categorical and continuous factors. 

For ease of display, factors later utilised as continuous variables are shown categorised as 

ordinal variables. 

Variable Category % a CI b Variable Category % a CI b 

Categorical factors Practice type Mixed 1.7 1.0-2.3 

Country England 1.4 1.2-1.7 Small animal 1.3 1.1-1.5 
Scotland 1.4 0.9-1.8 Small & equine 1.2 0.7-1.6 
Wales 1.1 0.7-1.6 Small & large 1.5 1.0-1.9 

Main 

presenting 

complaint 

Gastroenteric 1.7 0.8-2.7 Accreditation Not accredited 1.7 1.1-2.4 
Respiratory 2.8 2.4-3.3 Accredited 1.4 1.1-1.6 
Pruritus 1.6 1.3-1.8 Hospital status No hospital site 1.5 1.3-1.8 
Trauma 0.5 0.4-0.7 1+ hospital 1.0 0.9-1.1 
Tumour 0.8 0.6-1.0 Referral interest No 1.5 1.2-1.7 
Kidney disease 2.2 1.5-2.8 Yes 1.2 1.0-1.5 
Other unwell 1.5 1.3-1.8 Employed RCVS 

AVP d 

None 1.5 1.2-1.7 
Sex Female 1.4 1.2-1.7 1+ AVP 1.3 1.0-1.5 

Male 1.4 1.2-1.6 Employed RCVS 

specialist d 

None 1.4 1.2-1.6 
Neuter  

status 

Un-neutered 1.4 1.2-1.6 1+ specialist 0.8 0.5-1.1 
Neutered 1.4 1.2-1.7 Continuous factors 

Insurance 

status 

Un-insured 1.3 1.1-1.6 Age (years) 0 ≤ 1 0.6 0.5-0.8 
Insured 1.5 1.3-1.8 1.1 ≤ 5 1.1 0.8-1.3 

Microchip 

status 

Un-microchipped 1.5 1.3-1.7 5.1≤ 10 1.4 1.2-1.6 
Microchipped 1.4 1.1-1.6 10.1 ≤ 15 1.9 1.7-2.2 

Vaccination 

status 

Unvaccinated 1.5 1.3-1.7 15.1 ≤ 2.9 2.1-3.6 
Vaccinated 1.4 1.2-1.6 rIMD quintile e 1 1.1 0.9-1.4 

Owner urban 

status 

Rural 1.6 1.3-2.0 2 1.2 1.0-1.4 
Urban 1.3 1.1-1.5 3 1.5 1.2-1.7 

Genetic 

breed  

group c 

Ancient / spitz 0.9 0.5-1.3 4 1.6 1.3-2.0 
Crossbreed 1.2 0.9-1.4 5 1.3 1.1-1.5 
Herding 1.2 0.7-1.6 Dogs per 

household f 

0.0 ≤ 0.4 1.3 1.1-1.5 
Mastiff-like 1.0 0.8-1.1 0.41 ≤ 0.8 1.6 1.2-2.0 
Retriever 1.0 0.7-1.2 0.81 ≤ 1.2 1.4 1.0-1.8 
Scent hound 1.9 1.4-2.4 1.21 ≤ 1.6 1.2 0.9-1.5 
Sight hound 1.4 0.9-1.8 1.61 ≤ 2.0 1.7 1.1-2.2 
Small terrier 2.3 1.9-2.6 2.01 ≤ 1.2 0.6-1.8 
Spaniel 1.5 1.3-1.8 Dogs per km2 f 0 ≤ 200 1.5 1.2-1.7 
Toy 2.2 1.8-2.6 200.1 ≤ 400 1.4 1.2-1.6 
Working dog 1.4 1.1-1.8 400.1 ≤ 600 1.4 1.1-1.7 
Unclassified 1.5 1.2-1.8 600.1 ≤ 800 1.4 1.1-1.7 
Unknown 0.9 0.5-1.3 800.1 ≤ 1000 1.5 1.0-2.0 
   1000.1 ≤ 1.3 1.0-1.5 

a Percentage of consultations where at least one systemic HPCIA antimicrobial was prescribed 
b 95% Confidence Interval 
c Vonholdt et al., 2010 
d Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
e Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
f Aegerter et al., 2017 
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Table 2.19 

Feline systemic highest priority critically important antimicrobial (HPCIA): Descriptive 

summary of the percentage of total sick feline consultations where an animal was prescribed 

at least one systemic HPCIA against a range of categorical and continuous factors. For ease 

of display, factors later utilised as continuous variables are shown categorised as ordinal 

variables. 

Variable Category % a CI b Variable Category % a CI b 

Categorical factors Accreditation Not accredited 14.5 10.5-18.4 

Country England 17.1 16.0-18.1 Accredited 17.7 16.6-18.7 
Scotland 17.5 9.8-25.3 Hospital status No hospital site 17.0 15.7-18.4 
Wales 18.0 14.9-21.1 1+ hospital 17.4 15.6-19.1 

Main 

presenting 

complaint 

Gastroenteric 6.9 5.9-7.9 Referral 

interest 

No 17.5 16.1-18.8 
Respiratory 29.4 26.9-31.9 Yes 16.2 14.3-18.2 
Pruritus 19.8 18.1-21.5 Employed 

RCVS AVP d 

None 17.3 15.9-18.6 
Trauma 27.1 24.6-29.5 1+ AVP 16.8 14.8-18.7 
Tumour 12.3 11.0-13.7 Employed RCVS 

specialist d 

None 17.1 16.0-18.2 
Kidney disease 13.7 11.9-15.5 1+ specialist 16.5 12.5-20.5 
Other unwell 14.2 13.2-15.2 Continuous factors 

Sex Female 16.3 15.2-17.4 Age (years) 0 ≤ 1 10.6 9.2-12.0 
Male 17.9 16.7-19.1 1.1 ≤ 5 19.0 17.5-20.6 

Neuter  

status 

Un-neutered 16.3 15.0-17.7 5.1≤ 10 20.3 19.0-21.6 
Neutered 17.3 16.2-18.4 10.1 ≤ 15 16.6 15.6-17.7 

Insurance 

status 

Un-insured 17.6 16.5-18.8 15.1 ≤ 14.5 13.5-15.5 
Insured 15.0 13.7-16.2 rIMD quintile e 1 16.3 14.6-18.0 

Microchip 

status 

Un-microchipped 16.8 15.7-17.9 2 17.2 15.5-18.8 
Microchipped 17.6 16.4-18.8 3 17.8 16.3-19.3 

Vaccination 

status 

Unvaccinated 17.5 16.3-18.7 4 17.5 16.2-18.8 
Vaccinated 16.8 15.7-17.8 5 16.5 15.1-17.8 

Owner urban 

status 

Rural 18.7 16.9-20.5 Cats per 

household f 

0.0 ≤ 0.4 16.4 15.0-17.8 
Urban 16.5 15.4-17.6 0.41 ≤ 0.8 17.7 16.0-19.4 

Genetic 

breed  

group c 

Asian 17.2 15.2-19.3 0.81 ≤ 1.2 16.6 14.6-18.6 
Crossbreed 17.2 16.1-18.3 1.21 ≤ 1.6 23.8 19.7-27.8 
Mediterranean 22.0 7.1-36.9 1.61 ≤ 2.0 17.6 12.7-22.4 
West europe 15.3 13.8-16.9 2.01 ≤ 21.6 11.1-32.0 
Unclassified 16.6 14.7-18.6 Cats per km2 f 0 ≤ 200 17.7 16.2-19.1 
Unknown 18.0 15.6-20.3 200.1 ≤ 400 16.7 15.4-18.0 

Practice type Mixed 18.8 16.1-21.5 400.1 ≤ 600 16.6 15.3-18.0 
Small animal 16.5 15.3-17.8 600.1 ≤ 800 16.8 15.5-18.1 
Small & equine 18.2 12.7-23.7 800.1 ≤ 1000 17.3 15.2-19.4 
Small & large 20.1 14.4-25.9 1000.1 ≤ 17.0 15.1-19.0 

a Percentage of consultations where at least one systemic HPCIA was prescribed 
b 95% Confidence Interval 
c Lipinski et al., 2008 
d Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
e Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
f Aegerter et al., 2017 
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Table 2.20 

Canine systemic highest priority critically important antimicrobial (HPCIA): Parameter 

estimates from a series of univariable mixed effect logistic regression models assessing the 

association between a range of animal, owner, practitioner and practice-related factors and 

the probability of prescribing a HPCIA in dogs. Random effects include animal, site, and 

practice. 

Variable Category β SE a OR b CI c P 

Categorical factors 

Country England (Intercept) -4.80 0.07 0.01 0.01-0.01 1 
Scotland -0.15 0.19 0.86 0.59-1.24 0.42 
Wales -0.11 0.20 0.90 0.61-1.32 0.59 

Main presenting complaint Gastroenteric (Intercept) -4.54 0.08 0.01 0.01-0.01  
Kidney disease  0.31 0.18 1.36 0.95-1.95 0.09 
Other unwell -0.21 0.06 0.81 0.73-0.91 <0.01 
Pruritus -0.18 0.07 0.84 0.74-0.95 <0.01 
Respiratory 0.44 0.08 1.55 1.31-1.82 <0.01 
Trauma -1.13 0.08 0.32 0.27-0.38 <0.01 
Tumour -0.80 0.11 0.45 0.37-0.56 <0.01 

Sex Female (Intercept) -4.80 0.07 0.01 0.01-0.01  
Male -0.03 0.04 0.97 0.90-1.05 0.47 

Neuter status Un-neutered (Intercept) -4.82 0.07 0.01 0.01-0.01  
Neutered 0.00 0.04 1.00 0.92-1.09 0.94 

Microchip status Un-microchipped (Intercept) -4.75 0.07 0.01 0.01-0.01  
Microchipped -0.12 0.04 0.88 0.82-0.96 <0.01 

Vaccination status Un-vaccinated (Intercept) -4.73 0.07 0.01 0.01-0.01  
Vaccinated -0.13 0.04 0.88 0.81-0.96 <0.01 

Insurance status Un-insured (Intercept) -4.86 0.07 0.01 0.01-0.01  
Insured 0.13 0.04 1.13 1.04-1.23 <0.01 

Owner urban status Urban (Intercept) -4.83 0.07 0.01 0.01-0.01  
Rural 0.03 0.05 1.04 0.95-1.14 0.49 

Genetic breed group d Retriever (Intercept) -5.19 0.09 0.01 0.01-0.01  
Crossbreed  0.06 0.22 1.07 0.69-1.64 0.78 
Ancient / spitz 0.24 0.08 1.27 1.09-1.47 <0.01 
Herding 0.08 0.12 1.09 0.86-1.37 0.50 
Mastiff-like 0.09 0.10 1.09 0.90-1.33 0.37 
Scent hound 0.67 0.13 1.95 1.52-2.51 <0.01 
Sight hound 0.34 0.17 1.41 1.01-1.97 0.04 
Small terrier 0.80 0.08 2.23 1.91-2.61 <0.01 
Spaniel 0.45 0.08 1.58 1.34-1.80 <0.01 
Toy 0.90 0.10 2.45 2.02-2.99 <0.01 
Unclassified 0.43 0.09 1.53 1.29-1.81 <0.01 
Unknown 0.18 0.22 1.20 0.77-1.85 0.43 
Working dog 0.45 0.11 1.57 1.27-1.93 <0.01 

Practice type Small animal (Intercept) -4.85 0.07 0.01 0.01-0.01  
Mixed 0.18 0.17 1.20 0.86-1.66 0.29 
Small & equine -0.10 0.40 0.91 0.42-1.98 0.80 
Small & large 0.08 0.35 1.09 0.55-2.15 0.81 

Accreditation Not accredited (Intercept) -4.65 0.18 0.01 0.01-0.01  
1+ accredited site -0.19 0.19 0.83 0.57-1.20 0.33 

Hospital status No hospital site (Intercept) -4.78 0.07 0.01 0.01-0.01  
1+ hospital site -0.17 0.16 0.84 0.62-1.15 0.28 

Referral interest No (Intercept) -4.80 0.08 0.01 0.01-0.01  
Yes -0.06 0.14 0.94 0.72-1.23 0.66 

Employed RCVS AVP e None (Intercept) -4.79 0.07 0.01 0.01-0.01  
1+ AVP -0.13 0.16 0.87 0.64-1.19 0.39 

Employed RCVS specialist e None (Intercept) -4.81 0.06 0.01 0.01-0.01  
1+ specialist -0.26 0.38 0.77 0.37-1.62 0.49 

Continuous factors 

Age (years) Intercept -4.81 0.07 0.01 0.01-0.01  
Age - linear 0.20 0.04 1.22 1.13-1.32 <0.01 
Age - quadratic -0.03 0.03 0.97 0.93-1.02 0.23 
Age - cubic 0.04 0.02 1.04 1.01-1.08 0.01 

rIMD f Intercept -4.82 0.06 0.01 0.01-0.01  
rIMD 0.02 0.02 1.02 0.97-1.07 0.39 

Dogs per household g Intercept -4.82 0.06 0.01 0.01-0.01  
Dogs per household 0.02 0.03 1.03 0.97-1.09 0.40 

Dogs per km2 g Intercept -4.82 0.06 0.01 0.01-0.01  
Dogs per km -0.02 0.02 0.98 0.94-1.02 0.31 

a Standard Error 
b Odds Ratio 
c 95% Confidence Interval 
d Vonholdt et al., 2010 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
f Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
g Aegerter et al., 2017 
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Table 2.21 

Feline systemic highest priority critically important antimicrobial (HPCIA): Parameter 

estimates from a series of univariable mixed effect logistic regression models assessing the 

association between a range of animal, owner, practitioner and practice-related factors and 

the probability of prescribing a HPCIA in cats. Random effects include animal, site, and 

practice. 

Variable Category β SEa ORb CIc P 

Categorical factors 

Country England (Intercept) -1.71 0.06 0.18 0.16-0.20  
Scotland 0.07 0.12 1.07 0.86-1.35 0.54 
Wales 0.18 0.17 1.20 0.86-1.68 0.29 

Main 

presenting 

complaint 

Gastroenteric (Intercept) -2.71 0.07 0.07 0.06-0.08  
Kidney disease 0.75 0.07 2.12 1.84-2.44 <0.01 
Other unwell 0.79 0.05 2.20 2.02-2.41 <0.01 
Pruritus 1.17 0.05 3.23 2.92-3.57 <0.01 
Respiratory 1.72 0.05 5.57 5.00-6.19 <0.01 
Trauma 1.68 0.05 5.35 4.88-5.87 <0.01 
Tumour 0.57 0.07 1.77 1.55-2.01 <0.01 

Sex Female (Intercept) -1.76 0.06 0.17 0.15-0.19  
Male 0.13 0.02 1.14 1.10-1.18 <0.01 

Neuter 

status 

Un-neutered (Intercept) -1.78 0.06 0.17 0.15-0.19  
Neutered 0.10 0.03 1.11 1.06-1.16 <0.01 

Microchip 

status 

Un-microchipped (Intercept) -1.73 0.06 0.18 0.16-0.20  
Microchipped 0.08 0.02 1.09 1.05-1.13 <0.01 

Vaccination 

status 

Un-vaccinated (Intercept) -1.67 0.06 0.19 0.17-0.21  
Vaccinated -0.05 0.02 0.95 0.91-0.98 <0.01 

Insurance 

status 

Un-insured (Intercept) -1.67 0.06 0.19 0.17-0.21  
Insured -0.13 0.03 0.88 0.84-0.93 <0.01 

Owner urban 

status 

Urban (Intercept) -1.71 0.06 0.18 0.16-0.20  
Rural 0.06 0.03 1.06 1.01-1.11 0.03 

Genetic breed 

groupd 

West europe (Intercept) -1.88 0.07 0.15 0.13-0.17  
Asian 0.19 0.07 1.21 1.06-1.37 <0.01 
Crossbreed 0.20 0.04 1.23 1.13-1.33 <0.01 
Mediterranean 0.11 0.32 1.12 0.60-2.09 0.73 
Unclassified 0.15 0.07 1.16 1.01-1.34 0.04 
Unknown 0.14 0.06 1.15 1.02-1.30 0.02 

Practice type Small animal (Intercept) -1.73 0.06 0.18 0.16-0.20  
Mixed 0.10 0.16 1.11 0.81-1.50 0.52 
Small & equine 0.27 0.37 1.30 0.64-2.67 0.47 
Small & large 0.28 0.32 1.32 0.71-2.46 0.38 

Accreditation Not accredited (Intercept) -1.93 0.16 0.15 0.11-0.20  
1+ accredited site 0.27 0.17 1.31 0.93-1.83 0.12 

Hospital status No hospital site (Intercept) -1.67 0.06 0.19 0.17-0.21  
1+ hospital site -0.14 0.15 0.87 0.65-1.16 0.34 

Referral 

interest 

No (Intercept) -1.67 0.07 0.19 0.17-0.22  
Yes -0.08 0.12 0.92 0.72-1.17 0.50 

Employed RCVS 

AVPe 

None (Intercept) -1.69 0.06 0.19 0.16-0.21  
1+ AVP -0.04 0.14 0.96 0.73-1.27 0.77 

Employed RCVS 

specialiste 

None (Intercept) -1.70 0.06 0.18 0.16-0.21  
1+ specialist 0.06 0.34 1.07 0.55-2.06 0.85 

Continuous factors 

Age (years) Intercept -1.51 0.06 0.22 0.20-0.25  
Age - linear -0.38 0.02 0.68 0.66-0.71 <0.01 
Age - quadratic -0.20 0.01 0.82 0.80-0.83 <0.01 
Age - cubic 0.17 0.01 1.18 1.16-1.20 <0.01 

rIMDf Intercept -1.69 0.06 0.18 0.17-0.21  
IMD 0.00 0.01 1.00 0.98-1.03 0.83 

Cats per 

householdg 

Intercept -1.69 0.06 0.18 0.17-0.21  
Cats per household 0.01 0.02 1.01 0.98-1.04 0.54 

Cats per km2 g Intercept -1.69 0.06 0.18 0.16-0.21  
Cats per km -0.01 0.01 0.99 1.00-1.01 0.28 

a Standard Error 
b Odds Ratio 
c 95% Confidence Interval 
d Lipinski et al., 2008 
e Royal College of Veterinary Surgeons (RCVS) Advanced Veterinary Practitioner (AVP) and / or specialist status 
f Rescaled Indices of Multiple Deprivation (rIMD) quintile, 1 = most deprived 
g Aegerter et al., 2017 
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Table 2.22 

Canine systemic highest priority critically important antimicrobial (HPCIA): Parameter 

estimates from a final multivariable mixed effect logistic regression model assessing the 

association between a range of animal, owner, practitioner and practice-related factors and 

the probability of prescribing a systemic HPCIA in dogs. Random effects include animal, site, 

and practice. 

Variable Category β SE a OR b CI c P 

Intercepts England -4.77 0.11 0.01 0.01-0.01 <0.01 
Scotland -4.91 0.21 0.01 0.01-0.01 <0.01 
Wales -4.88 0.22 0.01 0.01-0.01 <0.01 

Categorical factors 

Main 

presenting 

complaint 

Gastroenteric - - 1.00 - - 
Kidney disease 0.11 0.18 1.12 0.78-1.60 0.55 
Other unwell -0.33 0.06 0.72 0.64-0.80 <0.01 
Pruritus -0.23 0.07 0.79 0.70-0.90 <0.01 
Respiratory 0.29 0.09 1.33 1.13-1.57 <0.01 
Trauma -1.16 0.08 0.31 0.27-0.37 <0.01 
Tumour -0.92 0.11 0.40 0.32-0.49 <0.01 

Vaccination 

status 

Not vaccinated - - 1.00 - - 
Vaccinated -0.10 0.04 0.91 0.83-0.99 0.03 

Insurance 

status 

Not insured - - 1.00 - - 
Insured 0.15 0.05 1.16 1.07-1.27 <0.01 

Genetic 

breed 

group d 

Retriever  - - 1.00 - - 
Ancient / spitz 0.12 0.22 1.13 0.73-1.74 0.60 
Crossbreed 0.24 0.08 1.27 1.09-1.48 <0.01 
Herding 0.04 0.12 1.04 0.82-1.32 0.73 
Mastiff-like 0.16 0.10 1.17 0.97-1.43 0.11 
Scent hound 0.67 0.13 1.96 1.52-2.52 <0.01 
Sight hound 0.43 0.17 1.54 1.10-2.15 0.01 
Small terrier 0.67 0.08 1.96 1.67-2.29 <0.01 
Spaniel 0.45 0.08 1.57 1.33-1.84 <0.01 
Toy 0.94 0.10 2.56 2.10-3.12 <0.01 
Unclassified 0.39 0.09 1.47 1.24-1.74 <0.01 
Unknown 0.23 0.22 1.25 0.81-1.94 0.31 
Working dog 0.45 0.11 1.56 1.75-1.93 <0.01 

Continuous factors 

Age (years) Age - linear 0.19 0.04 1.21 1.12-1.31 <0.01 

Age - quadratic -0.06 0.03 0.95 0.90-0.99 0.03 
Age - cubic 0.04 0.02 1.04 1.01-1.08 0.01 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al., 2010 
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Table 2.23 

Feline systemic highest priority critically important antimicrobial (HPCIA): Parameter 

estimates from a final multivariable mixed effect logistic regression model assessing the 

association between a range of animal, owner, practitioner and practice-related factors and 

the probability of prescribing a systemic HPCIA in cats. Random effects include animal, site, 

and practice. 

Variable Category β SE a OR b CI c P 

Intercepts England -2.79 0.21 0.06 0.04-0.09 <0.01 
Scotland -2.74 0.24 0.07 0.04-0.10 <0.01 
Wales -2.55 0.24 0.08 0.05-0.12 <0.01 

Categorical factors 

Main 

presenting 

complaint 

Gastroenteric - - 1.00 - - 
Kidney disease 0.55 0.25 1.74 1.08-2.82 0.02 
Other unwell 0.59 0.12 1.80 1.43-2.26 <0.01 
Pruritus 1.08 0.13 2.95 2.28-3.81 <0.01 
Respiratory 1.50 0.14 4.47 3.41-5.85 <0.01 
Trauma 1.06 0.12 2.89 2.27-3.67 <0.01 
Tumour 0.38 0.18 1.46 1.04-2.06 0.03 

Sex 

 

Female - - 1.00 - - 
Male 0.12 0.03 1.13 1.07-1.19 <0.01 

Vaccination 

status 

Not vaccinated - - 1.00 - - 
Vaccinated -0.06 0.02 0.95 0.91-0.98 <0.01 

Insurance 

status 

Not insured - - 1.00 - - 
Insured -0.14 0.03 0.87 0.83-0.92 <0.01 

Owner urban 

status 

Urban - - 1.00 - - 
 Rural 0.05 0.03 1.05 1.00-1.11 0.06 
Genetic 

breed group d 

West Europe - - 1.00 - - 
Asian 0.21 0.07 1.23 1.08-1.40 <0.01 
Crossbreed 0.14 0.04 1.16 1.06-1.26 <0.01 
Mediterranean 0.11 0.32 1.12 0.59-2.11 0.73 
Unclassified 0.14 0.07 1.15 1.00-1.33 0.06 
Unknown 0.12 0.06 1.12 0.99-1.27 0.07 

Accreditation Not accredited - - 1.00 - - 
1+ accredited site 0.10 0.22 1.10 0.72-1.69 0.65 

Continuous factors 

Age (years) Age - linear -0.23 0.03 0.80 0.76-0.85 <0.01 
Age - quadratic -0.13 0.02 0.85 0.85-0.90 <0.01 
Age - cubic 0.13 0.01 1.14 1.11-1.17 <0.01 

Interaction terms 

Main 

presenting 

complaint  : 

Accreditation 

Kidney disease : 1+ accredited site 0.23 0.26 1.26 0.76-2.08 0.37 
Other unwell : 1+ accredited site 0.21 0.13 1.23 0.96-1.58 0.10 
Pruritus : 1+ accredited site 0.00 0.14 1.00 0.76-1.32 1.00 
Respiratory : 1+ accredited site 0.23 0.15 1.26 0.94-1.69 0.12 
Trauma : 1+ accredited site 0.64 0.13 1.90 1.46-2.47 <0.01 
Tumour : 1+ accredited site 0.19 0.19 1.21 0.83-1.75 0.32 

Sex : Age 

(years) 

Male : Age - linear -0.06 0.04 0.95 0.87-1.02 0.17 

Male : Age - quadratic -0.09 0.02 0.91 0.87-0.95 <0.01 
Male : Age - cubic 0.02 0.02 1.02 0.98-1.06 0.32 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al, 2008
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Table 3.1 

Pharmaceutical agent four-level hierarchical ontology for veterinary and human-authorised pharmaceutical agents prescribed to companion animals in a 

large network of veterinary practices in the UK. Ontology partially adapted from the WHO’s ATCvet reference schema. 

Pharmaceutical family Pharmaceutical super-class Pharmaceutical class Active substance 
Allergy Antihistamine Cetirizine Cetirizine Dihydrochloride 
Allergy Antihistamine Chlorphenamine Chlorphenamine 
Allergy Antihistamine Clemastine Clemastine Hydrogen Fumarate 
Allergy Antihistamine Cyproheptadine Cyproheptadine 
Allergy Antihistamine Diphenhydramine Diphenhydramine Hydrochloride 
Allergy Antihistamine Hydroxyzine Hydroxyzine Dihydrochloride 
Allergy Antihistamine Loratadine Loratadine 
Allergy Antihistamine Olopatadine Olopatadine Hydrochloride 
Anabolic Anabolic Steroid Anabolic Steroid Nandrolone 
Anti-infective Anti-infective Methenamine Methenamine Hippurate 
Anti-inflammatory Glucocorticoid Glucocorticoid Betamethasone 
Anti-inflammatory Glucocorticoid Glucocorticoid Betamethasone Valerate 
Anti-inflammatory NSAID Profen Carprofen 
Anti-inflammatory NSAID Coxib Cimicoxib 
Anti-inflammatory Glucocorticoid Glucocorticoid Prednoleucotropin 
Anti-inflammatory Glucocorticoid Glucocorticoid Dexamethasone 
Anti-inflammatory Glucocorticoid Glucocorticoid Dexamethasone Sodium Phosphate 
Anti-inflammatory Glucocorticoid Glucocorticoid Dexamethasone Phenylpropionate 
Anti-inflammatory Glucocorticoid Glucocorticoid Dexamethasone Isonicotinate 
Anti-inflammatory NSAID Coxib Firocoxib 
Anti-inflammatory NSAID Fenamate Flunixin 
Anti-inflammatory Glucocorticoid Glucocorticoid Hydrocortisone Aceponate 
Anti-inflammatory Glucocorticoid Glucocorticoid Hydrocortisone 
Anti-inflammatory NSAID Profen Ketoprofen 
Anti-inflammatory NSAID Coxib Mavacoxib 
Anti-inflammatory NSAID Oxicam Meloxicam 
Anti-inflammatory Glucocorticoid Glucocorticoid Methylprednisolone Acetate 
Anti-inflammatory Glucocorticoid Glucocorticoid Methylprednisolone 
Anti-inflammatory Janus1 Selective Inhibitor Oclacitinib Oclacitinib 
Anti-inflammatory Disease Modifying Osteoarthritis Drug Disease Modifying Osteoarthritis Drug Pentosan Polysulphate Sodium 
Anti-inflammatory NSAID Pyrazolone Phenylbutazone 
Anti-inflammatory Glucocorticoid Glucocorticoid Prednisolone 
Anti-inflammatory NSAID Coxib Robenacoxib 
Anti-inflammatory Ocular Ocular Sodium Hyaluronate 
Anti-inflammatory NSAID Pyrazolone Suxibuzone 
Anti-inflammatory NSAID Fenamate Tolfenamic Acid 
Anti-inflammatory Glucocorticoid Glucocorticoid Beclometasone Dipropionate 
Anti-inflammatory NSAID Acetic Acid Derivative Bromfenac Sodium Sesquihydrate 
Anti-inflammatory Glucocorticoid Glucocorticoid Budesonide 
Anti-inflammatory NSAID Acetic Acid Derivative Diclofenac Sodium 
Anti-inflammatory Glucocorticoid Glucocorticoid Fluocinolone Acetonide 
Anti-inflammatory Glucocorticoid Glucocorticoid Fluorometholone 
Anti-inflammatory NSAID Profen Flurbiprofen Sodium 
Anti-inflammatory Glucocorticoid Glucocorticoid Fluticasone Propionate 
Anti-inflammatory NSAID Acetic Acid Derivative Ketorolac Trometamol 
Anti-inflammatory NSAID Oxicam Piroxicam 
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Pharmaceutical family Pharmaceutical super-class Pharmaceutical class Active substance 
Anti-inflammatory Mast Cell Stabiliser Cromoglicate Sodium Cromoglicate 
Anti-inflammatory Glucocorticoid Glucocorticoid Triamcinolone Acetonide 
Anti-inflammatory Glucocorticoid Glucocorticoid Mometasone Furoate 
Neurological Analgesic Analgesic Cinchophen 
Anti-inflammatory Glucocorticoid Glucocorticoid Betamethasone Sodium Phosphate 
Anti-inflammatory Glucocorticoid Glucocorticoid Dexamethasone Acetate 
Anti-inflammatory Glucocorticoid Glucocorticoid Hydrocortisone Acetate 
Antimicrobial Fluoroquinolone Fluoroquinolone Marbofloxacin 
Antimicrobial Beta Lactam Cephalosporin Generation Three Ceftiofur 
Antimicrobial Fluoroquinolone Fluoroquinolone Danofloxacin 
Antimicrobial Macrolide Macrolide Tylvalosin 
Antimicrobial Tetracycline Tetracycline Oxytetracycline 
Antimicrobial Beta Lactam Beta Lactam Ampicillin 
Antimicrobial Aminoglycoside Aminoglycoside Amikacin Sulphate 
Antimicrobial Beta Lactam Clavulanic Acid Potentiated Amoxicillin Amoxicillin Clavulanic Acid 
Antimicrobial Beta Lactam Amoxicillin Amoxicillin 
Antimicrobial Beta Lactam Amoxicillin Amoxicillin Trihydrate 
Antimicrobial Tetracycline Tetracycline Chlortetracycline Hydrochloride 
Antimicrobial Lincosamide Clindamycin Clindamycin 
Antimicrobial Other antimicrobial Other antimicrobial Thymol 
Antimicrobial Macrolide Macrolide Tilmicosin 
Antimicrobial Aminoglycoside Aminoglycoside Apramycin 
Antimicrobial Aminoglycoside Aminoglycoside Apramycin Sulphate 
Antimicrobial Tetracycline Tetracycline Oxytetracycline Hydrochloride 
Antimicrobial Other antimicrobial Other antimicrobial Polymyxin B Sulphate 
Antimicrobial Other antimicrobial Other antimicrobial Mupirocin 
Antimicrobial Fluoroquinolone Fluoroquinolone Enrofloxacin 
Antimicrobial Macrolide Macrolide Tylosin 
Antimicrobial Aminoglycoside Aminoglycoside Neomycin 
Antimicrobial Sulphonamide Sulphonamide Sulfadiazine 
Antimicrobial Sulphonamide Potentiated Sulphonamide Sulfadoxine Trimethoprim 
Antimicrobial Beta Lactam Beta Lactam Cloxacillin 
Antimicrobial Tetracycline Tetracycline Tetracycline Hydrochloride 
Antimicrobial Aminoglycoside Aminoglycoside Framycetin Sulphate 
Antimicrobial Fusidic Acid Fusidic Acid Diethanolamine Fusidate 
Antimicrobial Beta Lactam Cephalosporin Generation One Cefalexin 
Antimicrobial Beta Lactam Cephalosporin Generation Four Cefquinome 
Antimicrobial Beta Lactam Cephalosporin Generation Three Ceftazidime Pentahydrate 
Antimicrobial Beta Lactam Cephalosporin Generation One Cephalonium 
Antimicrobial Amphenicol Amphenicol Chloramphenicol 
Antimicrobial Aminoglycoside Aminoglycoside Gentamicin Sulphate 
Antimicrobial Fluoroquinolone Fluoroquinolone Ciprofloxacin 
Antimicrobial Aminoglycoside Aminoglycoside Gentamicin 
Antimicrobial Sulphonamide Potentiated Sulphonamide Sulfadiazine Trimethoprim 
Antimicrobial Amphenicol Amphenicol Florfenicol 
Antimicrobial Other antimicrobial Other antimicrobial Colistin Sulphate 
Antimicrobial Beta Lactam Cephalosporin Generation Three Cefovecin 
Antimicrobial Sulphonamide Potentiated Sulphonamide Sulfamethoxazole Trimethoprim 
Antimicrobial Beta Lactam Penicillin Benzylpenicillin Sodium 
Antimicrobial Other antimicrobial Other antimicrobial Tiamulin 
Antimicrobial Beta Lactam Penicillin Procaine Benzylpenicillin 
Antimicrobial Aminoglycoside Aminoglycoside Streptomycin Sulphate 
Antimicrobial Fluoroquinolone Fluoroquinolone Difloxacin 
Antimicrobial Tetracycline Tetracycline Doxycycline Hyclate 
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Antimicrobial Tetracycline Tetracycline Doxycycline 
Antimicrobial Macrolide Macrolide Tulathromycin 
Antimicrobial Other antimicrobial Other antimicrobial Valnemulin 
Antimicrobial Macrolide Macrolide Erythromycin 
Antimicrobial Macrolide Macrolide Erythromycin Ethylsuccinate 
Antimicrobial Fluoroquinolone Fluoroquinolone Ofloxacin 
Antimicrobial Nitroimidazole Metronidazole Metronidazole 
Antimicrobial Fusidic Acid Fusidic Acid Fusidic Acid 
Antimicrobial Fluoroquinolone Fluoroquinolone Ibafloxacin 
Antimicrobial Sulphonamide Sulphonamide Sulphadimidine 
Antimicrobial Other antimicrobial Other antimicrobial Monensin 
Antimicrobial Macrolide Macrolide Clarithromycin 
Antimicrobial Lincosamide Lincosamide Lincomycin 
Antimicrobial Aminoglycoside Aminoglycoside Spectinomycin 
Antimicrobial Beta Lactam Beta Lactam Penethamate Hydroiodide 
Antimicrobial Beta Lactam Cephalosporin Generation One Cefapirin 
Antimicrobial Aminoglycoside Aminoglycoside Neomycin Sulphate 
Antimicrobial Aminoglycoside Aminoglycoside Dihydrostreptomycin 
Antimicrobial Beta Lactam Penicillin Benzathine Benzyl Penicillin 
Antimicrobial Nitroimidazole Metronidazole Metronidazole Benzoate 
Antimicrobial Fluoroquinolone Fluoroquinolone Orbifloxacin 
Antimicrobial Aminoglycoside Aminoglycoside Paromomycin 
Antimicrobial Beta Lactam Cephalosporin Generation Three Cefoperazone 
Antimicrobial Aminoglycoside Aminoglycoside Dihydrostreptomycin Sulphate 
Antimicrobial Beta Lactam Penicillin Phenoxymethylpenicillin Potassium 
Antimicrobial Lincosamide Lincosamide Pirlimycin Hydrochloride 
Antimicrobial Other antimicrobial Other antimicrobial Bronopol 
Antimicrobial Rifamycin Rifamycin Rifampicin 
Antimicrobial Macrolide Macrolide Spiramycin 
Antimicrobial Nitroimidazole Macrolide Metronidazole Spiramycin Metronidazole Spiramycin 
Antimicrobial Amphenicol Amphenicol Thiamphenicol 
Antimicrobial Other antimicrobial Other antimicrobial Novobiocin 
Antimicrobial Other antimicrobial Other antimicrobial Tiamulin Hydrogen Fumarate 
Antimicrobial Beta Lactam Clavulanic Acid Potentiated Ticarcillin Ticarcillin Clavulanic Acid 
Antimicrobial Aminoglycoside Aminoglycoside Tobramycin 
Antimicrobial Aminoglycoside Aminoglycoside Kanamycin 
Antimicrobial Beta Lactam Penicillin Benethamine Penicillin 
Antimicrobial Fluoroquinolone Fluoroquinolone Pradofloxacin 
Antimicrobial Macrolide Macrolide Gamithromycin 
Antimicrobial Beta Lactam Cephalosporin Generation Two Cefuroxime Sodium 
Antimicrobial Macrolide Macrolide Azithromycin Dihydrate 
Antimicrobial Macrolide Macrolide Tildipirosin 
Antimicrobial Tetracycline Tetracycline Doxycycline Monohydrate 
Antimicrobial Other antimicrobial Other antimicrobial Trimethoprim 
Antimycotic Azole Imidazole Clotrimazole 
Antimycotic Azole Triazole Itraconazole 
Antimycotic Azole Imidazole Ketoconazole 
Antimycotic Azole Imidazole Miconazole 
Antimycotic Azole Imidazole Miconazole Nitrate 
Antimycotic Polyene Polyene Nystatin 
Antimycotic Azole Triazole Posaconazole 
Antimycotic Allylamine Allylamine Terbinafine 
Antimycotic Allylamine Allylamine Terbinafine Hydrochloride 
Antimycotic Azole Fluconazole Fluconazole 
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Pharmaceutical family Pharmaceutical super-class Pharmaceutical class Active substance 
Antimycotic Polyene Amphotericin B Amphotericin B 
Antimycotic Intracellular Mitotic Inhibitor Griseofulvin 
Antimycotic Azole Imidazole Enilconazole 
Antimycotic Intracellular Mitotic Inhibitor Griseofulvin 
Antimycotic Azole Clotrimazole Clotrimazole 
Antimycotic Azole Voriconazole Voriconazole 
Antiviral Type1 Interferon Feline Interferon Feline Interferon 
Antiviral Purine Analogue Famciclovir Famciclovir 
Antiviral Purine Analogue Aciclovir Aciclovir 
Antiviral Type1 Interferon Interferon Interferon 
Antiviral Purine Analogue Ganciclovir Ganciclovir 
Bladder Muscarinic Agonist Bethanechol Bethanechol Chloride 
Cardiovascular Anti-coagulant Heparin Heparin Sodium 
Cardiovascular Anti-coagulant Heparin Heparinoid 
Cardiovascular Anti-hypertensive ACE Inhibitor Benazepril Hydrochloride 
Cardiovascular Channel Blocker Class IV Channel Blocker Diltiazem Hydrochloride 
Cardiovascular Anti-hypertensive Ace Inhibitor Enalapril Maleate 
Cardiovascular Adrenergic A1 Agonist Ephedrine 
Cardiovascular Diuretic Loop Diuretic Furosemide 
Cardiovascular Anti-hypertensive Ace Inhibitor Imidapril Hydrochloride 
Cardiovascular Adrenergic B Agonist Isoxsuprine Hydrochloride 
Cardiovascular Cardiovascular PDE3 Inhibitor Pimobendan 
Cardiovascular Positive Inotrope PDEe Inhibitor Propentofylline 
Cardiovascular Anti-hypertensive ACE Inhibitor Ramipril 
Cardiovascular Diuretic Potassium Sparing Diuretic Spironolactone 
Cardiovascular Anti-hypertensive Angiotensin Receptor Blocker Telmisartan 
Cardiovascular Inopressor A1 Agonist Adrenaline 
Cardiovascular Diuretic Potassium Sparing Diuretic Amiloride Hydrochloride 
Cardiovascular Anti-hypertensive Ca Channel Blocker Amlodipine Besilate 
Cardiovascular Anti-coagulant Aspirin Aspirin 
Cardiovascular Anti-hypertensive Beta Blocker Atenolol 
Cardiovascular Diuretic Thiazide Diuretic Bendroflumethiazide 
Cardiovascular Anti-hypertensive Beta Blocker Bisoprolol 
Cardiovascular Anti-hypertensive Beta Blocker Carvedilol 
Cardiovascular Haemostatic Haemostatic Chitosin 
Cardiovascular Anti-coagulant Clopidogrel Clopidogrel Hydrochloride 
Cardiovascular Anti-coagulant Clopidogrel Clopidogrel Hydrogen Sulphate 
Cardiovascular Anti-arrhythmic Muscarinic Agonist Digoxin 
Cardiovascular Anaemia Epoetin Epoetin Beta 
Cardiovascular Anti-arrhythmic Na Channel Blocker Mexiletine Hydrochloride 
Cardiovascular Peripheral Vasodilator Pentoxifylline Pentoxifylline 
Cardiovascular Anti-hypertensive A1 Antagonist Phenoxybenzamine Hydrochloride 
Cardiovascular Anti-hypertensive A1 Agonist Phenylephrine 
Cardiovascular Anti-hypertensive A1 Antagonist Prazosin Hydrochloride 
Cardiovascular Anti-hypertensive Beta Blocker Propranolol Hydrochloride 
Cardiovascular Anti-hypertensive PDE5 Inhibitor Sildenafil 
Cardiovascular Anti-arrhythmic Beta Blocker Sotalol 
Cardiovascular Anti-hypertensive Beta Blocker Timolol Maleate 
Cardiovascular Diuretic Loop Diuretic Torasemide 
Cardiovascular Anaemia Ferrous Sulphate Ferrous Sulphate 
Cardiovascular Anti-hypertensive Beta Blocker Bisoprolol Fumarate 
Cardiovascular Anaemia Epoetin Epoetin Alfa 
Cardiovascular Diuretic Loop Diuretic Torasemide Anhydrous 
Cardiovascular Anti-hypertensive Ca Channel Blocker Amlodipine 
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Cardiovascular Haemofiltration Haemofiltration Medical Device 
Cardiovascular Anaemia Darbepoetin Darbepoetin Alfa 
Cardiovascular Anticholinergic Anticholinergic Glycopyrronium Bromide 
Cardiovascular Anti-hypertensive PDE5 Inhibitor Sildenafil Citrate 
Chemotherapeutic Tyrosine Kinase Inhibitor Tyrosine Kinase Inhibitor Masitinib 
Chemotherapeutic Tyrosine Kinase Inhibitor Tyrosine Kinase Inhibitor Toceranib 
Chemotherapeutic Palliative Alendronate Alendronate Sodium 
Chemotherapeutic Nitrogen Mustard Chlorambucil Chlorambucil 
Chemotherapeutic Nitrogen Mustard Cyclophosphamide Cyclophosphamide 
Chemotherapeutic Cytosin Arabinoside Cytarabine Cytarabine 
Chemotherapeutic S Phase Doxorubicin Doxorubicin 
Chemotherapeutic S Phase Hydroxycarbamide Hydroxycarbamide 
Chemotherapeutic Oestrogen Receptor Modulator Tamoxifen Tamoxifen Citrate 
Chemotherapeutic M Phase Vinca Alkaloid Vinblastine Sulfate 
Chemotherapeutic M Phase Vinca Alkaloid Vincristine 
Chemotherapeutic S Phase Epirubicin Epirubicin 
Chemotherapeutic Non Cell Cycle Specific Lomustine Lomustine 
Chemotherapeutic Non Cell Cycle Specific Carboplatin Carboplatin 
Diagnostic Contrast Dimeglumine Gadopentetate Human 
Diagnostic Contrast Iothalamate Meglumine Human 
Diagnostic Contrast Gadolinium Human 
Diagnostic Contrast Contrast Dimeglumine Gadopentetate 
Diagnostic Contrast Contrast Iohexol 
Ectoparasiticide Insect Growth Regulator Insect Growth Regulator (S) Methoprene 
Ectoparasiticide Isoxazoline Isoxazoline Afoxolaner 
Ectoparasiticide Amitraz Amitraz Amitraz 
Ectoparasiticide Pyrethroid Pyrethroid Cypermethrin 
Ectoparasiticide Insect Growth Regulator Insect Growth Regulator Cyromazine 
Ectoparasiticide Pyrethroid Pyrethroid Deltamethrin 
Ectoparasiticide Neonicotinoid Neonicotinoid Dinotefuran 
Ectoparasiticide Phenylpyrazole Phenylpyrazole Fipronil 
Ectoparasiticide Pyrethroid Pyrethroid Flumethrin 
Ectoparasiticide Isoxazoline Isoxazoline Fluralaner 
Ectoparasiticide Neonicotinoid Neonicotinoid Imidacloprid 
Ectoparasiticide Oxadiazine Oxadiazine Indoxacarb 
Ectoparasiticide Insect Growth Regulator Insect Growth Regulator Lufenuron 
Ectoparasiticide Semicarbazone Semicarbazone Metaflumizone 
Ectoparasiticide Neonicotinoid Neonicotinoid Nitenpyram 
Ectoparasiticide Pyrethroid Pyrethroid Permethrin (Cis:Trans 40:60) 
Ectoparasiticide Pyrethroid Pyrethroid Permethrin (Cis:Trans 25:75) 
Ectoparasiticide Phenylpyrazole Phenylpyrazole Pyriprole 
Ectoparasiticide Insect Growth Regulator Insect Growth Regulator Pyriproxyfen 
Ectoparasiticide Other ectoparasiticide Spinosad Spinosad A/D 85:15 
Ectoparasiticide Other ectoparasiticide Spinosad Spinosad A/D 85:16 
Ectoparasiticide Isoxazoline Isoxazoline Sarolaner 
Endectocide Salicylanilide Salicylanilide Closantel 
Endectocide Macrocyclic Lactone Avermectin Doramectin 
Endectocide Macrocyclic Lactone Avermectin Eprinomectin 
Endectocide Macrocyclic Lactone Avermectin Ivermectin 
Endectocide Macrocyclic Lactone Milbemycin Milbemycin Oxime (A3 And A4) 
Endectocide Macrocyclic Lactone Milbemycin Moxidectin 
Endectocide Macrocyclic Lactone Avermectin Selamectin 
Endocrine Pituitary Adrenal Hypoadrenocorticism Fludrocortisone Acetate 
Endocrine Thyroid Hyperthyroidism Carbimazole 
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Pharmaceutical family Pharmaceutical super-class Pharmaceutical class Active substance 
Endocrine Thyroid Hypothyroidism L Thyroxine Sodium 
Endocrine Pancreas Pancreatic Enzymes Pancreatin 
Endocrine Thyroid Hyperthyroidism Thiamazole 
Endocrine Pituitary Adrenal Hyperadrenocorticism Trilostane 
Endocrine Diabetes Insipidus Diabetes Insipidus Desmopressin Acetate 
Endocrine Hypoglycaemia Hypoglycaemia Diazoxide 
Endocrine Parathyroid Vitamin D Analogue Dihydrotachysterol 
Endocrine Diabetes Melitus Diabetes Melitus Glipizide 
Endocrine Hypoglycaemia Hypoglycaemia Glucose 
Endocrine Pituitary Adrenal ACTH Analogue Tetracosactide Acetate 
Endocrine Pituitary Adrenal Hypoadrenocorticism Desoxycortone Pivalate 
Endocrine Diabetes Melitus Diabetes Melitus Insulin 
Endocrine Diabetes Melitus Diabetes Melitus Insulin Bovine 
Endocrine Diabetes Melitus Diabetes Melitus Insulin Glargine 
Endoparasiticide Coccidiostat Coccidiostat Diclazuril 
Endoparasiticide Anthelmintic Octadepsipeptide Emodepside 
Endoparasiticide Anthelmintic Benzimidazole Febantel 
Endoparasiticide Anthelmintic Benzimidazole Fenbendazole 
Endoparasiticide Anthelmintic Benzimidazole Flubendazole 
Endoparasiticide Coccidiostat Coccidiostat Halofuginone 
Endoparasiticide Anthelmintic Thiazole Levamisole Hydrochloride 
Endoparasiticide Anthelmintic Tetrahydropyrimidine Oxantel 
Endoparasiticide Anthelmintic Benzimidazole Oxfendazole 
Endoparasiticide Antiplatyhelminthic Quinolone Praziquantel 
Endoparasiticide Anthelmintic Tetrahydropyrimidine Pyrantel 
Endoparasiticide Anthelmintic Tetrahydropyrimidine Pyrantel Embonate 
Endoparasiticide Coccidiostat Coccidiostat Sulphadimethoxine Sodium Anhydrous 
Endoparasiticide Coccidiostat Triazinetrione Toltrazuril 
Euthanasia Local Anaesthetic Euthanasia Cinchocaine Hydrochloride 
Euthanasia Euthanasia Euthanasia Pentobarbital Sodium 
Euthanasia Euthanasia Euthanasia Secobarbital Sodium 
Euthanasia Euthanasia Euthanasia NA 
Gastrointestinal Emetic Apomorphine Apomorphine Hydrochloride 
Gastrointestinal Enteritis Clay Attapulgite 
Gastrointestinal Enteritis Charcoal Bone Charcoal 
Gastrointestinal Anti-emetic H2 Antagonist Cimetidine 
Gastrointestinal Anti-diarrhoea Clay Kaolin Light 
Gastrointestinal Anti-emetic Maropitant Maropitant 
Gastrointestinal Anti-emetic Metoclopramide Metoclopramide Hydrochloride 
Gastrointestinal Anti-emetic Proton Pump Inhibitor Omeprazole 
Gastrointestinal Lipid Lipid Propylene Glycol 
Gastrointestinal Anti-bloat Anti-bloat Simethicone 
Gastrointestinal Poison Acetylcysteine Acetylcysteine 
Gastrointestinal Poison Charcoal Activated Charcoal 
Gastrointestinal Antacid Antacid Aluminium Hydroxide 
Gastrointestinal Anti-emetic H2 Antagonist Amantadine Hydrochloride 
Gastrointestinal Reflux Suppressant Reflux Suppressant Calcium Carbonate 
Gastrointestinal Anti-emetic Cinnarizine Cinnarizine 
Gastrointestinal Pro Kinetic Serotonin Rec Agonist Cisapride Monohydrate 
Gastrointestinal Anti-emetic Domperidone Domperidone 
Gastrointestinal Anti-emetic H2 Antagonist Famotidine 
Gastrointestinal Enema Enema Glycerol Bp 
Gastrointestinal Anti-diarrhoea Anti-diarrhoea Ioperamide Hydrochloride 
Gastrointestinal Colonic Lavage Colonic Lavage Macrogol 
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Gastrointestinal Antacid Antacid Magnesium Hydroxide 
Gastrointestinal Anti-emetic Mirtazapine Mirtazapine 
Gastrointestinal Hormone Prostaglandin Analogue Misoprostol 
Gastrointestinal Gastro Protectant Gastro Protectant Potassium Bicarbonate 
Gastrointestinal Anti-emetic Prochlorperazine Prochlorperazine Mesilate 
Gastrointestinal Anti-emetic H1 Antagonist Promethazine Hydrochloride 
Gastrointestinal Anti-emetic H2 Antagonist Ranitidine Hydrochloride 
Gastrointestinal Gastro Protectant Gastro Protectant Sodium Alginate 
Gastrointestinal Enema Enema Sodium Alkylsulphoacetate 
Gastrointestinal Enema Enema Sodium Citrate 
Gastrointestinal Enema Enema Sodium Lauryl Sulphoacetate 
Gastrointestinal Gastro Protectant Sucralfate Sucralfate 
Gastrointestinal Anti-inflammatory Sulfasalazine Sulfasalazine 
Gastrointestinal Gastro Protectant Gastro Protectant Tri Potassium Di Citrato Bismuthate 
Gastrointestinal Anti-diarrhoea Loperamide Loperamide 
Gastrointestinal Anti-bloat Simethicone Simethicone 
Gastrointestinal Laxative Laxative Sterculia 
Gastrointestinal Anti-emetic Alimemazine Alimemazine Tartrate 
Gastrointestinal Anti-inflammatory Osalazine Olsalazine Sodium 
Gastrointestinal Antimuscarinic Propantheline Propantheline Bromide 
Gastrointestinal Chelating Agent Chelating Agent D Penicillamine 
Gastrointestinal Anti-emetic H2 Antagonist Amantidine Hydrochloride 
Hormone Abortion Abortion Aglepristone 
Hormone Oestrus Manipulation Testosterone Testosterone Decanoate 
Hormone Oestrus Manipulation Testosterone Testosterone Isocaproate 
Hormone Oestrus Manipulation Testosterone Testosterone Phenylpropionate 
Hormone Oestrus Manipulation Testosterone Testosterone Propionate 
Hormone Urinary Incontinence Oestrogen Estriol 
Hormone Oestrus Manipulation Progesterone Agonist Megestrol Acetate 
Hormone Oestrus Manipulation Progesterone Agonist Medroxyprogesterone Acetate 
Hormone Oestrus Manipulation GNRH Agonist Deslorelin Acetate 
Hormone Male Hypersexuality Progesterone Agonist Delmadinone Acetate 
Hormone Benign Prostatic Hypertrophy Benign Prostatic Hypertrophy Osaterone Acetate 
Hormone Oestrus Manipulation Progesterone Agonist Norethisterone 
Hormone Peri-partum Oxytocin Oxytocin 
Hormone Oestrus Manipulation GNRH Agonist Buserelin 
Hormone Oestrus Manipulation Gonadotrophin Chorionic Gonadotrophin 
Hormone Oestrus Manipulation Prostaglandin Analogue Cloprostenol 
Hormone Oestrus Manipulation Prostaglandin Dinoprost 
Hormone Oestrus Manipulation GNRH Gonadorelin 
Hormone Oestrus Manipulation Progesterone Progesterone 
Hormone Oestrus Manipulation Progesterone Agonist Proligestone 
Hormone Peri-partum Muscle Stimulant Ergometrine Maleate 
Hormone Oestrus Manipulation Progesterone Agonist Altrenogest 
Immunosuppression Intracellular Ciclosporin Ciclosporin A 
Immunosuppression Intracellular Azathioprine Azathioprine 
Immunosuppression Intracellular Ciclosporin Ciclosporin 
Immunosuppression Intracellular Tacrolimus Tacrolimus Monohydrate 
Immunosuppression Intracellular Mycophenolic Acid Mycophenolic Acid 
Liver Hepato-protective USDA Ursodeoxycholic Acid 
Neurological Anaesthesia Anaesthesia NA 
Neurological Anxiolytic Phenothiazine Acepromazine 
Neurological Anxiolytic Phenothiazine Acepromazine Maleate 
Neurological Induction Agent Alfaxalone Alfaxalone 
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Neurological Reversal Agent A2 Antagonist Atipamezole Hydrochloride 
Neurological Anti-muscarinic Anti-muscarinic Atropine Sulphate 
Neurological Analgesic Opioid Partial Mu Buprenorphine 
Neurological Analgesic Opioid Partial Mu Buprenorphine Hydrochloride 
Neurological Analgesic Opioid Kappa Mu Butorphanol 
Neurological Analgesic Opioid Kappa Mu Butorphanol Tartrate 
Neurological Pseudo Pregnancy Pseudo Pregnancy Cabergoline 
Neurological Behavioural Tricyclic Antidepressant Clomipramine Hydrochloride 
Neurological Analgesic Opioid Codeine Phosphate 
Neurological Sedative A2 Agonist Detomidine Hydrochloride 
Neurological Sedative A2 Agonist Dexmedetomidine Hydrochloride 
Neurological Muscle Relaxant Benzodiazepine Diazepam 
Neurological Sympathomimetic Epinephrine Epinephrine 
Neurological Sympathomimetic Epinephrine Epinephrine Acid Tartrate 
Neurological Analgesic Opioid Mu Fentanyl 
Neurological Behavioural Selective Serotonin Reuptake Inhibitor Fluoxetine 
Neurological Anti-spasmodic Butylscopolamine Hyoscine Butylbromide 
Neurological Anti-convulsant Imepitoin Imepitoin 
Neurological Inhalation Agent Isoflurane Isoflurane 
Neurological Analgesic Nmda Antagonist Ketamine 
Neurological Analgesic Opioid Kappa Levomenthol 
Neurological Local Anaesthetic Amide Linked La Lidocaine Hydrochloride 
Neurological Local Anaesthetic Amide Linked La Lidocaine 
Neurological Sedative A2 Agonist Medetomidine Hydrochloride 
Neurological Local Anaesthetic Amide Linked La Mepivacaine Hydrochloride 
Neurological Anti-spasmodic Metamizole Metamizole 
Neurological Analgesic Opioid Mu Methadone Hydrochloride 
Neurological Analgesic Paracetamol Paracetamol 
Neurological Analgesic Opioid Mu Pethidine Hydrochloride 
Neurological Anti-convulsant Barbiturate Phenobarbital 
Neurological Urinary Incontinence A1 Agonist Phenylpropanolamine 
Neurological Anti-convulsant Potassium Bromide Potassium Bromide 
Neurological Local Anaesthetic Ester Linked La Procaine Hydrochloride 
Neurological Induction Agent Propofol Propofol 
Neurological Sedative A2 Agonist Romifidine 
Neurological Behavioural Monoamine Oxidase Inhibitor Selegiline Hydrochloride 
Neurological Inhalation Agent Sevoflurane Sevoflurane 
Neurological Sedative A2 Agonist Xylazine 
Neurological Muscle Relaxant Benzodiazepine Alprazolam 
Neurological Behavioural Tricyclic Antidepressant Amitriptyline Hydrochloride 
Neurological Vestibular Betahistine Betahistine Dihydrochloride 
Neurological Local Anaesthetic Amide Linked La Bupivacaine Hydrochloride 
Neurological Muscle Relaxant Dantrolene Dantrolene Sodium 
Neurological Benzo Reversal Benzo Reversal Flumazenil 
Neurological Analgesic Ca Channel Blocker Gabapentin 
Neurological Anti-convulsant Levetiracetam Levetiracetam 
Neurological Local Anaesthetic Amide Linked La Levobupivacaine Hydrochloride 
Neurological Muscle Relaxant Carbamic Acid Ester Methocarbamol 
Neurological Muscle Relaxant Benzodiazepine Midazolam Hydrochloride 
Neurological Analgesic Opioid Morphine Sulphate 
Neurological Local Anaesthetic Amide Linked La Prilocaine 
Neurological Anti-convulsant Phenobarbitone Analogue Primidone 
Neurological Local Anaesthetic Ester Linked La Proxymetacaine 
Neurological Anticholinesterase Anticholinesterase Pyridostigmine Bromide 
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Neurological Local Anaesthetic Ester Linked La Tetracaine 
Neurological Analgesic Opioid Tramadol Hydrochloride 
Neurological Local Anaesthetic Amide Linked La Xylocaine 
Neurological Analgesic Opioid Mu Fentanyl Citrate 
Neurological Sedative Fluanisone Fluanisone 
Neurological Anaesthesia Induction Agent Phenoxyethanol 
Neurological Behavioural Tricyclic Antidepressant Imipramine Hydrochloride 
Neurological Anti-hypercranialtensive Mannitol Mannitol 
Neurological Muscle Relaxant Dantrolene Dantolene Sodium 
Neurological Muscle Relaxant Benzodiazepine Carbamazepine 
Neurological Peri-partum B2 Agonist Clenbuterol Hydrochloride 
Ocular Anti Collagenase Anti Collagenase Anti-Collagenase 
Ocular Anti Glaucoma Carbonic Anhydrase Inhibitor Brinzolamide 
Ocular Lubricant Lubricant Carbomer Gel 
Ocular Lubricant Lubricant Carmellose Sodium 
Ocular Lubricant Lubricant Dextran 
Ocular Anti Glaucoma Carbonic Anhydrase Inhibitor Dorzolamide Hydrochloride 
Ocular Fluorescein Fluorescein Fluorescein Sodium 
Ocular Lubricant Lubricant Gel 
Ocular Lubricant Lubricant Hypromellose 
Ocular Anti Glaucoma Prostaglandin Analogue Latanoprost 
Ocular Miotic Muscarinic Agonist Pilocarpine Hydrochloride 
Ocular Lubricant Lubricant Polyvinyl Alcohol 
Ocular Anti Glaucoma Prostaglandin Analogue Travoprost 
Ocular Mydriatic Anticholinergic Tropicamide 
Ocular Ocular Serum EDTA Serum EDTA 
Ocular Lubricant Lubricant Lubricant 
Ocular Ocular Lubricant Ocular Lubricant 
Renal Xanthine Oxidase Inhibitor Allopurinol Allopurinol 
Renal Mitotic Inhibitor Colchicine Colchicine 
Replacement Agent Replacement Agent Calcium Chloride Calcium Chloride Hexahydrate 
Replacement Agent Replacement Agent Citric Acid Citric Acid Anhydrous 
Replacement Agent Replacement Agent Citric Acid Disodium Hydrogen Citrate 
Replacement Agent Replacement Agent Glucose Glucose 
Replacement Agent Replacement Agent Glucose Glucose Anhydrous 
Replacement Agent Replacement Agent Glucose Glucose Monohydrate 
Replacement Agent Replacement Agent Glycine Glycine 
Replacement Agent Replacement Agent Lactose Lactose Monohydrate 
Replacement Agent Replacement Agent Potassium Chloride Potassium Chloride 
Replacement Agent Replacement Agent Potassium Citrate Potassium Citrate Monohydrate 
Replacement Agent Replacement Agent Potassium Phosphate Potassium Dihydrogen Phosphate 
Replacement Agent Replacement Agent Sodium Bicarbonate Sodium Bicarbonate 
Replacement Agent Replacement Agent Sodium Chloride Sodium Chloride 
Replacement Agent Replacement Agent Sodium Citrate Sodium Citrate Dihydrate 
Replacement Agent Replacement Agent Sodium Propionate Sodium Propionate 
Replacement Agent Replacement Agent Sodium Sulphate Anhydrous Sodium Sulphate 
Replacement Agent Replacement Agent Calcium Calcium Carbonate 
Replacement Agent Replacement Agent Calcium Calcium 
Replacement Agent Replacement Agent Calcium Calcium Gluconate 
Replacement Agent Replacement Agent Boric Acid Boric Acid 
Replacement Agent Replacement Agent Magnesium Magnesium Sulphate 
Replacement Agent Replacement Agent Magnesium Magnesium Sulphate Heptahydrate 
Replacement Agent Replacement Agent Potassium Potassium Citratre 
Replacement Agent Replacement Agent Zinc Zinc Gluconate 
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Replacement Agent Replacement Agent Toldimphos Toldimphos Sodium 
Replacement Agent Replacement Agent Phosphorous Phosphorus 
Replacement Agent Replacement Agent Iron Iron 
Replacement Agent Plasma Plasma Equine Plasma 
Replacement Agent Vitamin E Vitamin E Acetate Alpha Tocopheryl Acetate 
Replacement Agent Vitamin C Vitamin C Ascorbic Acid 
Replacement Agent Vitamin D Vitamin D3 Cholecalciferol 
Replacement Agent Vitamin B Vitamin B12 Cyanocobalamin 
Replacement Agent Vitamin B Vitamin B5 Dexpanthenol 
Replacement Agent Vitamin B Vitamin B3 Nicotinamide 
Replacement Agent Vitamin K Vitamin K1 Phytomenadione 
Replacement Agent Vitamin B Vitamin B6 Pyridoxine Hydrochloride 
Replacement Agent Vitamin A Vitamin A Retinol Palmitate 
Replacement Agent Vitamin B Vitamin B2 Riboflavine 
Replacement Agent Vitamin B Vitamin B2 Riboflavine Sodium Phosphate 
Replacement Agent Vitamin B Vitamin B1 Thiamine Hydrochloride 
Replacement Agent Vitamin B Vitamin B12 Hydroxycobalamin Chloride 
Replacement Agent Vitamin D Vitamin D3 Calcitriol 
Replacement Agent Vitamin E Vitamin E D-Alpha Tocopherol 
Replacement Agent Vitamin A Vitamin A Retinol 
Replacement Agent Vitamin D Vitamin D3 Ergocalciferol 
Replacement Agent Vitamin B Vitamin B2 Riboflavin 
Replacement Agent Vitamin B Vitamin B9 Folic Acid 
Replacement Agent Vitamin Vitamin Vitamin 
Replacement Agent Vitamin D Vitamin D Analogue Alfacalcidol 
Replacement Agent IVFT IVFT IVFT 
Respiratory Methylxanthine Methylxanthine Theophylline 
Respiratory Anti-tussive Opioid Dextromethorphan Hydrobromide 
Respiratory Bronchodilator Beta2 Agonist Salbutamol Sulfate 
Respiratory Bronchodilator Beta2 Agonist Salmeterol Xinafoate 
Respiratory Bronchodilator Beta2 Agonist Terbutaline Sulphate 
Respiratory Mucolytic Mucolytic Bromhexine Hydrochloride 
Respiratory Bronchodilator Beta2 Agonist Clenbuterol Hydrochloride 
Respiratory Stimulant Stimulant Doxapram Hydrochloride 
Vaccine Vaccine Vaccine Vaccine 
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Table 3.2 

Regular expression utilised to identify external laboratory diagnostic tests; insulin syringe 

sales, and refunds contained within product descriptions used by a network of UK companion 

animal-treating veterinary practices. 

Category Regular expression 

Diagnostic tests \\sidex[x]?, ^idex[x]?, finn, nwl, tdds, ptds, ctds, capl, ^dvg\ss, ^fi\\s, 
^gr\\s, ^ax\\s, ^lab\\s, ^lf\\s, ^cl\\s, [^a-z]ax\\s, axiom, abbey, ahvla, 
idx, in[ |\\-]?hse, in[ |\\-]?house, glasgow, bristol, pre[ |\\-]?anaes, 
screen, request, accucheck, swab.*charcoal, charcoal.*swab, lab fee, 
phenobarb.*(monitor|profile|test|level|assay|screen|serum), 
suppression,  profile, greenlab, ^labin[t]? , ^laboratory, test  

Insulin syringes caninsulin.*syr, syr.*caninsulin, caninsulin.*needle, needle.*vetpen, 
needle.*caninsulin, vetpen.*needle 

Refunds [^(non)]refund, incorrect, ^refund 



Appendix Three  Material relating to Chapter Four 

251 
 

Table 3.3 

Regular expressions used to identify dispensed pharmaceutical agents within product 

dispensed description, contained within companion animal electronic health records. 

Identifying string Active Substance Identifying string Active Substance 
cetirizine cetirizine dihydrochloride comforion ketoprofen 
cetirazine cetirizine dihydrochloride ketofen ketoprofen 
zirtek cetirizine dihydrochloride trocoxil mavacoxib 
chlorphenamine chlorphenamine metacam meloxicam 
chlorpheniramine chlorphenamine inflacam meloxicam 
piriton chlorphenamine loxicom meloxicam 
tavegil clemastine hydrogen fumarate loxicam meloxicam 
periactin cyproheptadine meloxidyl meloxicam 
benylin chesty diphenhydramine hydrochloride meloxicam meloxicam 
benylin exp diphenhydramine hydrochloride meloxivet meloxicam 
atarax hydroxyzine dihydrochloride revitacam meloxicam 
ucerax hydroxyzine dihydrochloride rheumocam meloxicam 
loratadine loratadine depo medrone methylprednisolone acetate 
chlorphen[ea]ramine chlorphenamine depomedrone methylprednisolone acetate 
diphenydramine diphenhydramine hydrochloride medrone methylprednisolone 
opatanol olopatadine hydrochloride depo med methylprednisolone acetate 
cytopoint lokivetmab apoquel oclacitinib 
laurabolin nandrolone cartrophen pentosan polysulphate 

sodium nandrolin nandrolone prodynam phenylbutazone 
hiprex methenamine hippurate equipalazone phenylbutazone 
isaderm betamethasone prednisolone prednisolone 
norbet betamethasone prednidale prednisolone 
betamethasone betamethasone prednisolne prednisolone 
betnovate betamethasone valerate prednicare prednisolone 
fuciderm betamethasone pred 5m prednisolone 
otomax betamethasone predinicare prednisolone 
carprieve carprofen canaural prednisolone 
carpreive carprofen multiject mc prednisolone 
rimadyl carprofen pred forte prednisolone 
dolagis carprofen prednisilone prednisolone 
canidryl carprofen pred 25m prednisolone 
carprodyl carprofen pred enteric prednisolone 
norocarp carprofen multiject imm prednisolone 
carprox carprofen pred 1m prednisolone 
carprofen carprofen pred non prednisolone 
rimifin carprofen pred vet prednisolone 
cimalgex cimicoxib predforte prednisolone 
plt tablets prednoleucotropin predsol prednisolone 
prednoleuc prednoleucotropin surolan prednisolone 
predno-leucotropin prednoleucotropin synulox lactating prednisolone 
plt tabs prednoleucotropin tetra delta prednisolone 
30x plt prednoleucotropin onsior robenacoxib 
predno leucotropin prednoleucotropin clinitas sodium hyaluronate 
plt please prednoleucotropin danilon suxibuzone 
plt per prednoleucotropin tolfedine tolfenamic acid 
dexadres[eo]n dexamethasone beclazone beclometasone dipropionate 
dexadresson dexamethasone beclametasone beclometasone dipropionate 
duphacort dexamethasone sodium phosphate clenil beclometasone dipropionate 
colvasone dexamethasone sodium phosphate yellox bromfenac sodium 

sesquihydrate dexafort dexamethasone phenylpropionate budesonide budesonide 
dexafort dexamethasone sodium phosphate voltarol diclofenac sodium 
maxitrol dexamethasone synalar fluocinolone acetonide 
voren dexamethasone isonicotinate fml fluorometholone 
aurizon dexamethasone ocufen flurbiprofen sodium 
maxidex dexamethasone flixotide fluticasone propionate 
rapidexon dexamethasone seretide fluticasone propionate 
tobradex dexamethasone acular ketorolac trometamol 
previcox firocoxib feldene piroxicam 
flunixin flunixin piroxicam piroxicam 
hexasol flunixin opticrom sodium cromoglicate 
finadyne flunixin sod cromoglicate sodium cromoglicate 
resflor flunixin sodium cromglycate sodium cromoglicate 
cortavance hydrocortisone aceponate adcortyl triamcinolone acetonide 
easotic hydrocortisone aceponate posatex mometasone furoate 
canesten hydrocortisone metacm meloxicam 
easiotic hydrocortisone aceponate 120x plt prednisolone 
hydrocortisone hydrocortisone 14x plt prednisolone 
budosenide budesonide betamox amoxicillin 
recocam meloxicam bilosin tylosin 
15x plt prednisolone bilovet tylosin 
ketink ketoprofen bimamix neomycin 
betnesol betamethasone sodium phosphate bimamix sulfadiazine 
vista methasone betamethasone sodium phosphate bimotrim sulfadoxine trimethoprim 
7x plt prednisolone bimoxy[l]? amoxicillin 
pred ec prednisolone boflox marbofloxacin 
28x plt prednisolone bovaclox ampicillin 
42x plt prednisolone bovaclox cloxacillin 
marbodex dexamethasone acetate bovocycline tetracycline hydrochloride 
45x plt prednisolone canaural framycetin sulphate 
plt 1000 prednisolone canaural diethanolamine fusidate 
84x plt prednisolone cefalexin cefalexin 
dexamethasone dexamethasone cefaseptin cefalexin 
kenalog triamcinolone acetonide cefavex ceftiofur 
plt tablet prednisolone cefenil ceftiofur 
daktacort hydrocortisone acetate ceffect cefquinome 
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Identifying string Active Substance Identifying string Active Substance 
meloxaid meloxicam cefimam cefquinome 
beclometasone beclometasone dipropionate cefokel ceftiofur 
cron(y|i)x(i|y)n flunixin cefquinor cefquinome 
dexa[\\-| ]?ject dexamethasone ceftazidime ceftazidime pentahydrate 
dinalgen ketoprofen ceftiocyl ceftiofur 
ubro[\\-| ]?yel prednisolone ceftiosan ceftiofur 
meloxidolor meloxicam cemay ceftiofur 
ke[lt]aprofen ketoprofen cephacare cefalexin 
betafuse betamethasone cephacareceporex cefalexin 
dermipred prednisolone cephaguard cefquinome 
Prednicortone prednisolone cephalexin cefalexin 
^plt$ prednisolone cephorum cefalexin 
recicort triamcinolone acetonide ceporex cefalexin 
recicort salicylic acid ceporexcephorum cefalexin 
osteopen pentosan polysulphate sodium cepravin cephalonium 
actimarbo marbofloxacin cevaxel ceftiofur 
actionis ceftiofur cevaxelrtu ceftiofur 
advocin danofloxacin chlorampen chloramphenicol 
aivlosin tylvalosin chloramph chloramphenicol 
alamycin oxytetracycline chloramphen chloramphenicol 
amfipen ampicillin chloramphenacol chloramphenicol 
amikin amikacin sulphate chloramphenical chloramphenicol 
amoxiclav amoxicillin clavulanic acid chloramphenicol chloramphenicol 
amoxi clav amoxicillin clavulanic acid chloromed chlortetracycline 

hydrochloride amoxi clavu amoxicillin clavulanic acid chloromycetin chloramphenicol 
amoxibactin amoxicillin chlorsol chlortetracycline 

hydrochloride amoxicillin amoxicillin cidomycin gentamicin sulphate 
amoxicillinclavulan amoxicillin clavulanic acid ciloxan ciprofloxacin 
amoxicure amoxicillin ciprofloxacin ciprofloxacin 
amoxinsol amoxicillin trihydrate ciproxin ciprofloxacin 
amoxival amoxicillin citramox amoxicillin trihydrate 
amoxycare amoxicillin clamoxyl amoxicillin 
amoxycillin amoxicillin clavamox amoxicillin clavulanic acid 
amoxypen amoxicillin clavapet amoxicillin clavulanic acid 
amoxyclav amoxicillin clavulanic acid clavaseptin amoxicillin clavulanic acid 
ampicaps ampicillin clav[au]bactin amoxicillin clavulanic acid 
ampicare ampicillin clavudale amoxicillin clavulanic acid 
ampicillin ampicillin clinacin clindamycin 
animedazon chlortetracycline hydrochloride clinagel gentamicin 
antirobe clindamycin clinagelvet gentamicin 
apiguard thymol clindacyl clindamycin 
apilife thymol clindaseptin clindamycin 
apotil tilmicosin co trimazine sulfadiazine trimethoprim 
apralan apramycin coamoxiclav amoxicillin clavulanic acid 
apravet apramycin sulphate coamoxyclav amoxicillin clavulanic acid 
aquatet oxytetracycline hydrochloride cobactan cefquinome 
augmentin amoxicillin clavulanic acid colfen florfenicol 
augmentincoamoxi amoxicillin clavulanic acid colibird colistin sulphate 
aurimic polymyxin b sulphate coliplus colistin sulphate 
aurizon marbofloxacin coliscour colistin sulphate 
aurofac chlortetracycline hydrochloride combiclav amoxicillin clavulanic acid 
aurogran chlortetracycline hydrochloride combimox amoxicillin clavulanic acid 
bactroban mupirocin convenia cefovecin 
baytri enrofloxacin convienia cefovecin 
baytril enrofloxacin cotrimazole sulfamethoxazole 

trimethoprim co[ ]?trimoxazole sulfamethoxazole trimethoprim ibaflin ibafloxacin 
crystapen benzylpenicillin sodium intradine sulphadimidine 
curacef ceftiofur isaderm fusidic acid* 
cyclo spray chlortetracycline hydrochloride isalthal fusidic acid* 
cyclosol oxytetracycline isathal fusidic acid* 
denagard tiamulin ka[r]+idox doxycycline 
denaguard tiamulin kefloril florfenicol 
depocillin procaine benzylpenicillin kelacyl marbofloxacin 
devomycin streptomycin sulphate kepravine cephalonium 
dicural difloxacin kesium amoxicillin clavulanic acid 
doraflox enrofloxacin kexxtone monensin 
doxivet doxycycline hyclate kflor florfenicol 
doxxsol doxycycline hyclate klpoult thymol 
doxycyclin doxycycline klaricid clarithromycin 
doxycycline doxycycline kloxerate ampicillin 
doxyval doxycycline hyclate kloxerate cloxacillin 
doxyveto doxycycline hyclate lactaclox ampicillin 
draxxin tulathromycin lactaclox cloxacillin 
duofast sulfadiazine trimethoprim lactatrim sulfadiazine trimethoprim 
duphacillin ampicillin lanflox enrofloxacin 
duphacycline oxytetracycline lincocin neomycin 
duphamox amoxicillin lincocin lincomycin 
duphapen procaine benzylpenicillin lincofeed lincomycin 
duphatrim sulfadiazine trimethoprim lincoject lincomycin 
dynaclav amoxicillin clavulanic acid lincosol lincomycin 
easotic gentamicin linco[ ]?spectin spectinomycin 
econor valnemulin linco[ ]?spectin lincomycin 
efex marbofloxacin mamyzin penethamate hydroiodide 
eficur ceftiofur marbiflox marbofloxacin 
engemycin oxytetracycline marbocare marbofloxacin 
enrocare enrofloxacin marbocyl marbofloxacin 
enrodexil enrofloxacin marbokem marbofloxacin 
enrofloxxeden enrofloxacin marbonor marbofloxacin 
enrotron enrofloxacin marbosol marbofloxacin 
enrox enrofloxacin marbosyva marbofloxacin 
enroxil enrofloxacin marbotab marbofloxacin 
equibactin sulfadiazine trimethoprim marbox marbofloxacin 
erythrocin erythromycin marboxidin marbofloxacin 
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erythromycin erythromycin marfloquin marbofloxacin 
erythroped Erythromycin Ethylsuccinate masterflox marbofloxacin 
excenel ceftiofur mastiplan cefapirin 
exocin ofloxacin maxitrol neomycin sulphate 
fenflor florfenicol maxitrol polymyxin b sulphate 
fenoflox enrofloxacin maxyl amoxicillin trihydrate 
filtabac bronopol methoxasol sulfamethoxazole 

trimethoprim filta bac bronopol metricure cefapirin 
filtaclear bronopol metronida[x]?zol metronidazole 
flagyl metronidazole metronida[z]*ole metronidazole 
flordofen florfenicol metronidizol metronidazole 
florfenikel florfenicol micotil tilmicosin 
florgane florfenicol milbotyl tilmicosin 
florinject florfenicol multiject neomycin sulphate 
florkem florfenicol multiject procaine benzylpenicillin 
florocol florfenicol multishield neomycin sulphate 
floron florfenicol multishield penethamate hydroiodide 
florvio florfenicol multishield procaine benzylpenicillin 
floxabactin enrofloxacin mycinor clindamycin 
forakef cefalexin mycoflor florfenicol 
forcyl marbofloxacin nafpenzal dihydrostreptomycin 
fortum ceftazidime pentahydrate nafpenzal procaine benzylpenicillin 
framomycin framycetin sulphate naxcel ceftiofur 
fuciderm fusidic acid* neopen neomycin 
fucidermisaderm fusidic acid* neopen procaine benzylpenicillin 
fucidin fusidic acid* nifencol florfenicol 
fucithalmic fusidic acid* nisamox amoxicillin clavulanic acid 
fucithalmicisathal fusidic acid* nisinject amoxicillin clavulanic acid 
genta equine gentamicin norfenicol florfenicol 
gentamicin gentamicin sulphate norobrittin ampicillin 
genticin gentamicin sulphate norocillin procaine benzylpenicillin 
hexasol oxytetracycline norocillin benzathine benzyl penicillin 
hydrodoxx doxycycline noroclav amoxicillin clavulanic acid 
hymatil tilmicosin noroclavsynuloxtab amoxicillin clavulanic acid 
hypersol oxytetracycline noroclav250mg amoxicillin clavulanic acid 
noroclox cloxacillin taf spray thiamphenicol 
norodine sulfadiazine trimethoprim terramycin oxytetracycline 
norotril enrofloxacin tetra delta neomycin 
norotyl tylosin tetra delta dihydrostreptomycin 
norzol metronidazole benzoate tetra delta novobiocin 
nuflor florfenicol tetra delta procaine benzylpenicillin 
nuflorgold florfenicol tetradelta dihydrostreptomycin 
occrycetin oxytetracycline hydrochloride tetradelta neomycin 
octacillin amoxicillin tetradelta novobiocin 
opticlox cloxacillin tetradelta procaine benzylpenicillin 
orbax orbifloxacin tetramin oxytetracycline 
orbenin cloxacillin tetroxy oxytetracycline 
ornicure doxycycline tetsol tetracycline hydrochloride 
oroje[c]?t streptomycin sulphate therios cefalexin 
oroje[c]?t neomycin sulphate thymovar thymol 
osurnia florfenicol tiacil gentamicin sulphate 
otomax gentamicin tiamvet tiamulin hydrogen fumarate 
^oxycare tab oxytetracycline tilmicosol tilmicosin 
oxycomplex oxytetracycline tilmodil tilmicosin 
oxytetracycline oxytetracycline tilmovet tilmicosin 
oxytetracyclines oxytetracycline timentin ticarcillin clavulanic acid 
oxytet oxytetracycline tobradex tobramycin 
oxytetrin oxytetracycline tribissen sulfadiazine trimethoprim 
parofor paromomycin tribrissen sulfadiazine trimethoprim 
pathocef cefoperazone trigoderm fusidic acid* 
pathozone cefoperazone trimacare sulfadiazine trimethoprim 
duphapen dihydrostreptomycin sulphate trimediazine sulfadiazine trimethoprim 
penacare procaine benzylpenicillin trimedoxine sulfadiazine trimethoprim 
penecillin procaine benzylpenicillin truleva ceftiofur 
penicill(in)?(?!amine) procaine benzylpenicillin tsefalen cefalexin 
penstrep dihydrostreptomycin sulphate tsefelan cefalexin 
penstrep procaine benzylpenicillin tylan tylosin 
perlium amoxicillin tyluvet tylosin 
pharmasin tylosin ubiflox marbofloxacin 
phenoxymethylpenicillin phenoxymethylpenicillin potassium ubrolexin kanamycin 
phenoxypen phenoxymethylpenicillin potassium ubrolexin cefalexin 
pirsue pirlimycin hydrochloride ubrostar framycetin sulphate 
posatex orbifloxacin ubrostar penethamate hydroiodide 
potencil phenoxymethylpenicillin potassium ubrostar benethamine penicillin 
powdox doxycycline ultrapen procaine benzylpenicillin 
powerflox enrofloxacin uniprim sulfadiazine trimethoprim 
pulmodox doxycycline unisol enrofloxacin 
pulmotil tilmicosin veraflox pradofloxacin 
pyceze bronopol vetmulin tiamulin 
quiflor marbofloxacin vetremox amoxicillin trihydrate 
quinoflox enrofloxacin vetrimoxin amoxicillin 
readycef ceftiofur xclindacyl clindamycin 
resflor florfenicol xeden enrofloxacin 
rifadin rifampicin zactran gamithromycin 
rilexine cefalexin zinacef cefuroxime sodium 
ronaxan doxycycline zithromax azithromycin dihydrate 
ronaxon doxycycline zobuxa enrofloxacin 
selectan florfenicol zodan clindamycin 
septrin sulfamethoxazole trimethoprim zodon clindamycin 
sheptaclox ampicillin zuprevo tildipirosin 
sheptaclox cloxacillin kaolin thymol 
shotaflor florfenicol collatamp gentamicin sulphate 
softiflox marbofloxacin enrocar enrofloxacin 



Appendix Three  Material relating to Chapter Four 

254 
 

Identifying string Active Substance Identifying string Active Substance 
sogecoli colistin sulphate marbofloquin marbofloxacin 
soludox doxycycline hyclate metronidozole metronidazole 
spect[r]?am spectinomycin stomogyl metronidazole spiramycin 
spectron enrofloxacin streptacare dihydrostreptomycin 

sulphate spirovet spiramycin pen[ ]*strep procaine benzylpenicillin 
stabox amoxicillin sulphatrim sulfamethoxazole 

trimethoprim stomorgyl metronidazole spiramycin vibramycind doxycycline monohydrate 
strenzen amoxicillin clavulanic acid pen[ ]*strep dihydrostreptomycin 

sulphate streptacare procaine benzylpenicillin amox la injectionml amoxicillin 
strinacin sulfadiazine trimethoprim tylosin tylosin 
sulfatrim sulfamethoxazole trimethoprim clavucill amoxicillin clavulanic acid 
surolan polymyxin b sulphate trimethoprim tabs trimethoprim 
synulox amoxicillin clavulanic acid vibravenous doxycycline 
synuloxnoroclav amoxicillin clavulanic acid co trimazole sulfamethoxazole 

trimethoprim synutrim sulfadiazine trimethoprim vibramycin d doxycycline monohydrate 
erythrsusp Erythromycin Ethylsuccinate fungizone amphotericin B 
oxycare 250mg oxytetracycline griseofulvin griseofulvin 
oxycare 100mg oxytetracycline imaverol enilconazole 
oxycare  250mg oxytetracycline fungiconazol ketoconazole 
oxycare  100mg oxytetracycline daktarin miconazole nitrate 
oxycare  tab oxytetracycline grisol v pdr griseofulvin 
metronizadole metronidazole intraconazole itraconazole 
oxycare 50mg oxytetracycline marbodex clotrimazole 
oxycare  50mg oxytetracycline vfend voriconazole 
stormogyl metronidazole spiramycin daktacort miconazole nitrate 
marbodex marbofloxacin Itracoanzole itraconazole 
tobramycin tobramycin Fungitraxx itraconazole 
pen amp strep procaine benzylpenicillin virbagen omega feline interferon 
synuclav amoxicillin clavulanic acid famciclovir famciclovir 
synulclav amoxicillin clavulanic acid famvir famciclovir 
osurina florfenicol zovirax aciclovir 
osurinia florfenicol interferon interferon 
metrobactin metronidazole virgan eye ganciclovir 
synclav amoxicillin clavulanic acid aciclovir aciclovir 
^oxycare 250mg oxytetracycline myotonine bethanechol chloride 
 oxycare tab oxytetracycline heparin heparin sodium 
18 clav 75mg amoxicillin clavulanic acid hirudoid heparinoid 
enrofloxacin enrofloxacin nelio benazepril hydrochloride 
bactoban mupirocin benazacare benazepril hydrochloride 
clavasept tab amoxicillin clavulanic acid benazecare benazepril hydrochloride 
synuloclav amoxicillin clavulanic acid benefortin benazepril hydrochloride 
depomycin forte procaine benzylpenicillin cardalis benazepril hydrochloride 
depomycin forte dihydrostreptomycin sulphate fortekor benazepril hydrochloride 
pen amp strep dihydrostreptomycin sulphate hypercard diltiazem hydrochloride 
enrobactin enrofloxacin diltiazem diltiazem hydrochloride 
ubro[\\-| ]?yel dihydrostreptomycin sulphate enacard enalapril maleate 
ubro[\\-| ]?yel penethamate hydroiodide enurace ephedrine 
tylucyl tylosin dimazon furosemide 
pen and strep procaine benzylpenicillin frusecare furosemide 
pen and strep dihydrostreptomycin sulphate frusedale furosemide 
cyclo[ ]?spray chlortetracycline hydrochloride frusol furosemide 
cyclo aero spray chlortetracycline hydrochloride frusamide furosemide 
Metronidaole metronidazole frusimide furosemide 
petalexin cefalexin furosedale furosemide 
betafuse fusidic acid* furosemide furosemide 
clarithromycin clarithromycin frusemide furosemide 
clorogen chloramphenicol prilium imidapril hydrochloride 
doxybactin doxycycline navilox isoxsuprine hydrochloride 
ceflex cefalexin cardisure pimobendan 
minocycline minocycline vetmedin pimobendan 
orniflox enrofloxacin vivitonin propentofylline 
zinnat cefuroxime axetil vivtonin propentofylline 
aurizon clotrimazole vitofyllin propentofylline 
otomax clotrimazole propentofylline propentofylline 
clotrimazole clotrimazole vasotop ramipril 
canestan clotrimazole cardalis spironolactone 
canesten clotrimazole prilactone spironolactone 
itrafungol itraconazole spironalactone spironolactone 
itrafungal itraconazole spironolactone spironolactone 
itraconazole itraconazole tempora spironolactone 
sporanox itraconazole semintra telmisartan 
nizoral ketoconazole adrenalin adrenaline 
clearcoat ketoconazole adreninj adrenaline 
ketaconazole ketoconazole moduret amiloride hydrochloride 
easotic miconazole coamilozide amiloride hydrochloride 
easiotic miconazole amilodipine amlodipine 
malaseb miconazole nitrate amlod[aoy]pine amlodipine 
mycozole miconazole nitrate istin 5 mg amlodipine 
surolan miconazole nitrate istin tab amlodipine 
canaural nystatin istin 5mg amlodipine 
nystan nystatin aspirin aspirin 
nystatin nystatin asprin aspirin 
posatex posaconazole atenolol atenolol 
seleen selenium sulphide tenormin atenolol 
selsun selenium sulphide bendroflumethiazide bendroflumethiazide 
terbinafine terbinafine bisoprolol bisoprolol 
lamisil terbinafine hydrochloride carvedilol carvedilol 
fluconazole fluconazole celox chitosin 
clopidogrel clopidogrel hydrochloride hydroxyurea hydroxycarbamide 
plavix clopidogrel hydrogen sulphate magnevist human contrast 
lanoxin digoxin conray human contrast 
digoxin digoxin mri gadolin human contrast 
neorecormon epoetin beta magnevist dimeglumine gadopentetate 
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mexitil mexiletine hydrochloride omnipaque iohexol 
trental pentoxifylline baritop barium sulphate 
dibenyline phenoxybenzamine hydrochloride barium barium sulphate 
phenoxybenza[m]?ine phenoxybenzamine hydrochloride tuberculin tuberculin 
flumax phenylephrine broadline (s) methoprene 
phenylephrine phenylephrine frontline (s) methoprene 
preperation h phenylephrine certifect (s) methoprene 
hypovase prazosin hydrochloride frontline combo (s) methoprene 
prazosin prazosin hydrochloride permaguard (s) methoprene 
propranolol propranolol hydrochloride nexgard afoxolaner 
sildenafil sildenafil nexguard afoxolaner 
sotalol sotalol aludex amitraz 
timoptol timolol maleate certifect amitraz 
azarga timolol maleate promeris duo amitraz 
cosopt timolol maleate f10 insect cypermethrin 
timolol timolol maleate f10 wound cypermethrin 
torem torasemide rear guard cyromazine 
ferrous sulphate ferrous sulphate rearguard cyromazine 
cardicor bisoprolol fumarate scalibor deltamethrin 
enalapril enalapril maleate vectra dinotefuran 
libeo flav furosemide vectra felis dinotefuran 
eprex epoetin alfa frontline fipronil 
frus 40mg furosemide frontline combo fipronil 
istin amlodipine broadline fipronil 
libeo 10mg furosemide effipro fipronil 
libeo 40mg furosemide eliminall fipronil 
libro 40mg furosemide flevox fipronil 
upcard torasemide anhydrous certifect fipronil 
amodip amlodipine fipnil fipronil 
co amilozide amiloride hydrochloride pestigon fipronil 
immunocept medical device seresto flumethrin 
lebio 40mg furosemide bravecto fluralaner 
x libeo furosemide advantage imidacloprid 
libeo tab furosemide advocate imidacloprid 
clopidrogel clopidogrel hydrochloride prinovox imidacloprid 
vitofylinn propentofylline advantix imidacloprid 
aranesp darbepoetin alfa clearspot imidacloprid 
glycopyrronium bromide glycopyrronium bromide endectrid imidacloprid 
amlodip amlodipine seresto imidacloprid 
ben[a]?zapet Benazepril Hydrochloride activyl indoxacarb 
amlopidine amlodipine program lufenuron 
neorecorim epoetin beta promeris duo metaflumizone 
benanza pet Benazepril Hydrochloride capstar nitenpyram 
viagra sildenafil citrate vectra permethrin (cis:trans 40:60) 
amiodarone amiodarone advantix permethrin (cis:trans 40:60) 
clopidrel clopidogrel activyl permethrin (cis:trans 40:60) 
dobutrex dobutamine vectra felis permethrin (cis:trans 40:60) 
telmisartan telmisartan xenex permethrin (cis:trans 25:75) 
masivet masitinib practic spot pyriprole 
palladia toceranib vectra pyriproxyfen 
alendronic acid alendronate sodium vectra felis pyriproxyfen 
chlorambucil chlorambucil trifexis spinosad a/d 85:15 
leukeran chlorambucil comfortis spinosad a/d 85:16 
cyclophosphamide cyclophosphamide f10sc vet cypermethrin 
endoxana cyclophosphamide frontect fipronil 
cytarabine cytarabine frontect permethrin (cis:trans 40:60) 
doxorubicin doxorubicin nexgard spectra foc afoxolaner 
hydrea cap hydroxycarbamide triflexis spinosad a/d 85:15 
tamoxifen tamoxifen citrate nexgaurd foc afoxolaner 
vinblastine vinblastine sulfate practic 2250 pyriprole 
vincristine vincristine practic large pyriprole 
vincristone vincristine practic 1122 pyriprole 
epirubicin epirubicin practic 4511 pyriprole 
alendronate alendronate sodium practic small pyriprole 
lomustine lomustine practic med pyriprole 
carboplatin carboplatin practic tiny pyriprole 
cylophosphamide cyclophosphamide simparica sarolaner 
hydroxycarbamide hydroxycarbamide clik pour dicyclanil 
crovect cypermethrin (cis:trans 80:20) tetracosa[ct]ide tetracosactide acetate 
molecto cypermethrin (cis:trans 80:20) trilostane trilostane 
ectofly cypermethrin (cis:trans 80:20) thyforan l thyroxine sodium 
clik extra dicyclanil desmotab desmopressin acetate 
spotinor deltamethrin tetracosectide tetracosactide acetate 
clikzin dicyclanil vidlata carbimazole 
deltanil deltamethrin carbimazole carbimazole 
easecto sarolaner a t 10 sol dihydrotachysterol 
closamectin closantel tetracos[c]?a[s]?ctid tetracosactide acetate 
dectomax doramectin zycortal Desoxycortone pivalate 
broadline eprinomectin caninsulin 40[ ]?iuml insulin 
panomec ivermectin caninsulin 40uml insulin 
xeno ivermectin caninsulin 10[ ]?ml insulin 
ivermectin ivermectin caninsulin [ ]?25[ ]?ml insulin 
closamectin ivermectin vetpen insulin 
noropraz ivermectin caninsulin cart insulin 
animec ivermectin caninsulin cartridge insulin 
bimectin ivermectin caninsulin 40iu insulin 
equimax ivermectin minodiab 2.5mg glipizide 
ivomec ivermectin minodiab 5mgtablets glipizide 
noromectin ivermectin minodiab 5mg glipizide 
oramec ivermectin insuvet neutral insulin bovine 
milbemax milbemycin oxime (a3 and a4) lente insulin bovine 
milpro milbemycin oxime (a3 and a4) lantus insulin glargine 
milb cat milbemycin oxime (a3 and a4) hypurin lente insulin bovine 
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milbacter milbemycin oxime (a3 and a4) hypurin prot insulin bovine 
milbactor milbemycin oxime (a3 and a4) hypu zinc insulin bovine 
milbeworm milbemycin oxime (a3 and a4) caninsulin 05ml insulin 
program plus milbemycin oxime (a3 and a4) caninsulin  40 insulin 
program dog tabs plus milbemycin oxime (a3 and a4) caninsulin u40 insulin 
trifexis milbemycin oxime (a3 and a4) ^caninsulin$ insulin 
advocate moxidectin caninsulin 1x10[ ]?ml insulin 
cydectin moxidectin caninsulin bottle insulin 
endectrid moxidectin cainsulin inj insulin 
prinovox moxidectin insulin 25ml insulin 
stronghold selamectin hypurin neut insulin bovine 
equest moxidectin hypurin pzi insulin bovine 
otimectin ivermectin prascend pergolide 
milquantel milbemycin oxime (a3 and a4) prozinc insulin human 
nexgard spectra foc milbemycin oxime (a3 and a4) thyrono[r]?m thiamazole 
triflexis milbemycin oxime (a3 and a4) metopirone metyrapone 
ivermection ivermectin insulalatard insulin human 
milprazon milbemycin oxime (a3 and a4) vecoxan diclazuril 
levafas oxyclozanide profender emodepside 
solantel closantel drontal febantel 
enovex ivermectin drontal plus febantel 
virbamec ivermectin endoguard febantel 
florinef fludrocortisone acetate prazitel febantel 
fludrocortisone fludrocortisone acetate cazitel febantel 
vidalta carbimazole cestem febantel 
forthyron l thyroxine sodium endogard febantel 
levanta l thyroxine sodium veloxa febantel 
leventa l thyroxine sodium panacur fenbendazole 
soloxine l thyroxine sodium granofen fenbendazole 
thyforon l thyroxine sodium wormazole fenbendazole 
thyroxine l thyroxine sodium lapizole fenbendazole 
tryplase pancreatin flubenvet flubendazole 
pancrex pancreatin halocur halofuginone 
felimazole thiamazole levacide levamisole hydrochloride 
felizamole thiamazole dolpac oxantel 
methimazole thiamazole oxfendazole oxfendazole 
thiafeline thiamazole parafend oxfendazole 
vetoryl trilostane broadline praziquantel 
desmopressin desmopressin acetate cazitel praziquantel 
ddavp desmopressin acetate cestem praziquantel 
diazoxide diazoxide dolpac praziquantel 
eudemine diazoxide droncit praziquantel 
at10 oral dihydrotachysterol drontal praziquantel 
glipizide glipizide endogard praziquantel 
minodiab glipizide endoguard praziquantel 
glucogel glucose equimax praziquantel 
synacthen tetracosactide acetate milbemax praziquantel 
tetracos(os)?actide tetracosactide acetate milb cat praziquantel 
milbe[r]?worm praziquantel omeprazole omeprazole 
milpro praziquantel losec omeprazole 
noropraz praziquantel ketosaid propylene glycol 
prazitel plus praziquantel birp 100ml simethicone 
profender praziquantel acetylcysteine acetylcysteine 
quantex praziquantel charcoal activated charcoal 
veloxa praziquantel actidose activated charcoal 
prazitel plus pyrantel charcodote activated charcoal 
cestem pyrantel alucap aluminium hydroxide 
dolpac pyrantel maalox aluminium hydroxide 
prazitel pyrantel mucogel aluminium hydroxide 
Velox a pyrantel amantidine amantadine hydrochloride 
cazitel plus pyrantel lysovir amantadine hydrochloride 
drontal pyrantel embonate symmetrel amantadine hydrochloride 
cazitel pyrantel embonate peptac calcium carbonate 
endogard pyrantel embonate peptak calcium carbonate 
endoguard pyrantel embonate maalox calcium carbonate 
coxi plus sulphadimethoxine sodium anhydrous stugeron cinnarizine 
baycox toltrazuril cisap[r]?ide cisapride monohydrate 
milquantel praziquantel domperidone domperidone 
milprazon praziquantel famoti[t]?dine famotidine 
quantex dog praziquantel micolette enema glycerol BP 
zolvix monepantel imodium ioperamide hydrochloride 
startect abamectin klean prep macrogol 
startect derquantel mucogel magnesium hydroxide 
levafas levamisole hydrochloride maalox magnesium hydroxide 
endospec albendazole mirtazapine mirtazapine 
tolracol toltrazuril mirtizapine mirtazapine 
endofluke triclabendazole zispin mirtazapine 
trodax nitroxynil mirtazipin mirtazapine 
fasinex triclabendazole cytotec misoprostol 
ronidazole ronidazole gaviscon potassium bicarbonate 
dronspot emodepside stemetil prochlorperazine mesilate 
dronspot praziquantel phenergan promethazine hydrochloride 
imizol imidocarb zantac ranitidine hydrochloride 
somulose cinchocaine hydrochloride raniditine ranitidine hydrochloride 
dolethal pentobarbital sodium ranitidine ranitidine hydrochloride 
euthatal pentobarbital sodium gaviscon sodium alginate 
lethobarb pentobarbital sodium peptac sodium alginate 
pentobarb pentobarbital sodium peptak sodium alginate 
pentoject pentobarbital sodium micralax sodium alkylsulphoacetate 
euthanas pentobarbital sodium microlax sodium alkylsulphoacetate 
euth pentobarbital sodium micolette enema sodium citrate 
put to sleep pentobarbital sodium micralax sodium citrate 
 pts pentobarbital sodium microlax sodium citrate 
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last service pentobarbital sodium micolette enema Sodium lauryl sulphoacetate 
put dog to sleep pentobarbital sodium antepsin sucralfate 
somulose secobarbital sodium venter sucralfate 
pentabarbitone pentobarbital sodium salazop[y]?rin sulfasalazine 
zzforcat na salazopryin sulfasalazine 
rip puppy na sulfasalazine sulfasalazine 
^pts pentobarbital sodium sulphasalazine sulfasalazine 
pentojet pentobarbital sodium denoltab Tri potassium di citrato 

bismuthate apometic apomorphine hydrochloride amantadine amantadine hydrochloride 
apo go apomorphine hydrochloride loperamide loperamide 
apogo apomorphine hydrochloride lopermide loperamide 
apomorphine apomorphine hydrochloride apopmorphine apomorphine hydrochloride 
forgastrin attapulgite infacol simethicone 
forgastrin bone charcoal mirtazepine mirtazapine 
zitac cimetidine mirtaziapine mirtazapine 
tagamet cimetidine normacol sterculia 
cimetidine cimetidine pepcid famotidine 
kaogel kaolin light ranitadine ranitidine hydrochloride 
cerenia maropitant ulcyte sucralfate 
cerina maropitant famotidene famotidine 
emeprid metoclopramide hydrochloride alimemazine alimemazine tartrate 
vomend metoclopramide hydrochloride phenegan promethazine hydrochloride 
vomned metoclopramide hydrochloride dipentum olsalazine sodium 
maxolon metoclopramide hydrochloride mirtazaoine mirtazapine 
metoclomprimide metoclopramide hydrochloride probanthine propantheline bromide 
metoclopramide metoclopramide hydrochloride rantidine ranitidine hydrochloride 
metoclopromide metoclopramide hydrochloride carafate sucralfate 
metocloropamide metoclopramide hydrochloride ulgastrin ranitidine hydrochloride 
distamine d penicillamine sporimune ciclosporin a 
symmetral amantidine hydrochloride leflunomide leflunomide 
famotide famotidine myfenax mycophenolic acid 
omeprazol omeprazole destolit ursodeoxycholic acid 
prevomax maropitant ursodi[ao]l ursodeoxycholic acid 
emedog apomorphine hydrochloride ursofalk ursodeoxycholic acid 
sucralfate sucralfate ursogal ursodeoxycholic acid 
ulgastran sucralfate ursodeoxycholic ursodeoxycholic acid 
olsalazine  olsalazine  anaesth na 
ondansetron ondansetron anesth na 
penicillamine d penicillamine sedate na 
ranicalm ranitidine hydrochloride sedation na 
metomotyl metoclopramide hydrochloride sedative na 
alizin aglepristone aneasth na 
sustanon testosterone decanoate anaes per na 
sustanon testosterone isocaproate anaes main na 
sustanon testosterone phenylpropionate anaes 1 na 
sustanon testosterone propionate anaes 2 na 
durateston testosterone decanoate anaes exot na 
durateston testosterone isocaproate anaes ind na 
durateston testosterone phenylpropionate anaes iso na 
durateston testosterone propionate lanaes na 
incurin estriol induction na 
ovarid megestrol acetate premed na 
promone medroxyprogesterone acetate pre med na 
deslorelin deslorelin acetate isoflurane maint na 
suprelorin deslorelin acetate iso main na 
tardak delmadinone acetate ga maint na 
ypozane osaterone acetate pulse ox na 
norethisterone norethisterone ga rabb na 
oxytocin oxytocin ga cat na 
synometrine oxytocin ga dog na 
busol buserelin ga extend na 
receptal buserelin ga ferret na 
veterelin buserelin ga fluid na 
chorulon chorionic gonadotrophin ga mtce na 
estrumate cloprostenol gana iso na 
cyclix cloprostenol ^ga   na 
enzaprost dinoprost ga  rabb na 
ovarelin gonadorelin ga  small na 
prid delta progesterone ga free na 
delvosteron proligestone opd ga iv na 
jill jab proligestone a isopro na 
synometrine ergometrine maleate avian ga na 
yposane osaterone acetate ga per 30 na 
delvo  price proligestone ga  theatre na 
regumate altrenogest ga addit na 
chronogest flugestone acetate ga 3 dog na 
pmsg gonadotrophin ga 5 dog na 
prellim cloprostenol ga and na 
cidr progesterone ga canine na 
oxytobel oxytocin ga feline na 
syncrostim gonadotrophin ga gas down na 
stimovar gonadotrophin ga isoo2 na 
regulin melatonin ga per 20 na 
acegon gonadorelin ga senior na 
syntrometrine oxytocin ga small na 
atopica ciclosporin a gas knock na 
cyclavance ciclosporin a ga monitor na 
cyclovance ciclosporin a sap ga na 
modulis ciclosporin a cat ga  na 
optimmune ciclosporin a ga guinea pig na 
ciclosporin ciclosporin a gaseous maintenance na 
cyclosporin ciclosporin a gen anaes na 
azathioprine azathioprine giant dog ga na 
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imuran azathioprine staff ga pack na 
neoral ciclosporin ga sevo maint na 
sandimmun ciclosporin gas ga na 
sandimun ciclosporin dog ga  na 
protopic tacrolimus monohydrate ga avian na 
tacrolimus tacrolimus monohydrate dope horse na 
protoptic tacrolimus monohydrate 120x plt cinchophen 
mycophenolate mycophenolic acid 14x plt cinchophen 
15x plt cinchophen locaine lidocaine hydrochloride 
7x plt cinchophen lignol lidocaine hydrochloride 
28x plt cinchophen lidocain lidocaine hydrochloride 
42x plt cinchophen lig 4 lidocaine hydrochloride 
45x plt cinchophen lign 4 lidocaine hydrochloride 
plt 1000 cinchophen lignocain lidocaine hydrochloride 
84x plt cinchophen emla cream lidocaine 
plt tablet cinchophen domtorb medetomidine hydrochloride 
 acp acepromazine domitor medetomidine hydrochloride 
sedalin acepromazine dorbene medetomidine hydrochloride 
calmivet acepromazine maleate dormilan medetomidine hydrochloride 
acepromazine acepromazine medetor medetomidine hydrochloride 
acetylpromazine acepromazine medator medetomidine hydrochloride 
relaquine acepromazine medetomidine medetomidine hydrochloride 
alfaxan alfaxalone sedastart medetomidine hydrochloride 
sedastop atipamezole hydrochloride seda start medetomidine hydrochloride 
revertor atipamezole hydrochloride sedator medetomidine hydrochloride 
atipam atipamezole hydrochloride sededorm medetomidine hydrochloride 
alzane atipamezole hydrochloride intra epicaine mepivacaine hydrochloride 
antisedan atipamezole hydrochloride intraepicaine mepivacaine hydrochloride 
seda stop atipamezole hydrochloride buscopan co metamizole 
atropine atropine sulphate comfortan methadone hydrochloride 
atrocare atropine sulphate synthadon methadone hydrochloride 
buprecare buprenorphine methadone methadone hydrochloride 
buprenodale buprenorphine physeptone methadone hydrochloride 
vetergesic buprenorphine pardale paracetamol 
bupaq buprenorphine paracetamol paracetamol 
bupracare buprenorphine calpol paracetamol 
buprenorphine buprenorphine perfalgan paracetamol 
temgesic buprenorphine hydrochloride pethidine pethidine hydrochloride 
alvegesic butorphanol epiphen phenobarbital 
butorphenol butorphanol phenoleptil phenobarbital 
dolorex butorphanol phenobarb phenobarbital 
domtorb butorphanol phenobarbital elixer phenobarbital 
torbugesic butorphanol propalin phenylpropanolamine 
butador butorphanol tartrate urilin phenylpropanolamine 
galastop cabergoline libromide potassium bromide 
kelactin cabergoline potassium bromide potassium bromide 
clomicalm clomipramine hydrochloride adrenacaine procaine hydrochloride 
pardale codeine phosphate willcain procaine hydrochloride 
codeine codeine phosphate inductofol propofol 
equimidine detomidine hydrochloride propoclear propofol 
domosedan detomidine hydrochloride propoflo propofol 
dexdomitor dexmedetomidine hydrochloride propoven propofol 
diazapam diazepam rapinovet propofol 
diazepam diazepam vetofol propofol 
diazemul diazepam sedivet romifidine 
valium diazepam selgian selegiline hydrochloride 
rectubes diazepam sevoflo sevoflurane 
adrenacaine epinephrine sevo mask sevoflurane 
willcain epinephrine sevo per sevoflurane 
lignocain epinephrine acid tartrate sevoflurane sevoflurane 
lignol epinephrine acid tartrate rompun xylazine 
locaine epinephrine acid tartrate sedaxylan xylazine 
recuvyra fentanyl xanax alprazolam 
fentadon fentanyl alprazolam alprazolam 
durogesic fentanyl amitriptyline amitriptyline hydrochloride 
fentanyl fentanyl amitryptiline amitriptyline hydrochloride 
fluoxetine fluoxetine serc 8mg betahistine dihydrochloride 
buscopa[nm] hyoscine butylbromide serc tabs betahistine dihydrochloride 
buscopan co hyoscine butylbromide bupivacaine bupivacaine hydrochloride 
buscopan tab hyoscine butylbromide marcain bupivacaine hydrochloride 
buscopan 10mg hyoscine butylbromide dantrium dantrolene sodium 
pexion imepitoin anexate flumazenil 
isoflo isoflurane gabapentin gabapentin 
anesketin ketamine levetiracetam levetiracetam 
ketamidor ketamine levetiracetum levetiracetam 
ketamine ketamine keppra levetiracetam 
ketaset ketamine chirocaine levobupivacaine 

hydrochloride narketan ketamine robaxin methocarbamol 
vetalar ketamine hypnovel midazolam hydrochloride 
benylin levomenthol morphsulph morphine sulphate 
intubeaze lidocaine hydrochloride ^morphine 10mg morphine sulphate 
morphine 30mg morphine sulphate naloxone naloxone 
morphine lid morphine sulphate ziapam diazepam 
morphine sulp morphine sulphate tilodol tramadol hydrochloride 
emla cream prilocaine zonegran zonisamide 
mysoline primidone trazadone trazadone 
primidone primidone zoletil tiletamine 
proxymetacaine proxymetacaine zoletil zolazepam 
proxy hcl proxymetacaine anti collagenase anti-collagenase 
proxym flour proxymetacaine azarga brinzolamide 
proxymet proxymetacaine azopt brinzolamide 
mestonin pyridostigmine bromide lumecare carbomer gel 
mestinon pyridostigmine bromide viscotears carbomer gel 
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tetracaine tetracaine visco tears carbomer gel 
amethocaine tetracaine visco  tears carbomer gel 
amethoctetra tetracaine visctoears carbomer gel 
tetraciane tetracaine celluvisc carmellose sodium 
tramadol tramadol hydrochloride tears naturale dextran 
tramdol tramadol hydrochloride cosopt dorzolamide hydrochloride 
zamadol tramadol hydrochloride dorzolomide dorzolamide hydrochloride 
zydol tramadol hydrochloride dorzolamide dorzolamide hydrochloride 
xylocaine xylocaine trusopt dorzolamide hydrochloride 
alvergesic butorphanol fl[u]?o[u]?resc[e]?in fluorescein sodium 
porxymethacaine proxymetacaine flouret fluorescein sodium 
midazolam midazolam hydrochloride gel tears gel 
domidine detomidine hydrochloride hypromellose hypromellose 
phenoleptin phenobarbital isopto hypromellose 
phenobsod phenobarbital tears naturale hypromellose 
propofol propofol latanoprost latanoprost 
flumazenil flumazenil xalatan latanoprost 
hypnorm fentanyl citrate pilocarpine pilocarpine hydrochloride 
hypnorm fluanisone liquifilm polyvinyl alcohol 
minims proxy proxymetacaine sno tears polyvinyl alcohol 
cod phos codeine phosphate travatan travoprost 
betahistidine betahistine dihydrochloride tropicamide tropicamide 
anaestamine ketamine mydriacyl tropicamide 
aquased phenoxyethanol tropicaimide tropicamide 
buprevet buprenorphine carbomer eye carbomer gel 
imipramine imipramine hydrochloride serum edta eye drop serum edta 
mannitol mannitol tear naturale dextran 
tipafar atipamezole hydrochloride tear naturale hypromellose 
torbutrol butorphanol xailin night lubricant 
tramacet paracetamol xalatn eye lubricant 
tramacet tramadol hydrochloride endosol ocular lubricant 
amitryptilene amitriptyline hydrochloride mydriacil tropicamide 
dantrolene dantolene sodium allopurinol allopurinol 
xylacare xylazine colchicine colchicine 
perfalgen paracetamol zyloric allopurinol 
carbamezepine carbamazepine duphalyte calcium chloride hexahydrate 
buperenorphine buprenorphine effydral citric acid anhydrous 
planipart clenbuterol hydrochloride lectade disodium hydrogen citrate 
^cat ga$ na cmd 20 no 6 glucose 
 ga  cat na calciject glucose 
 ga  dog na puppystim glucose 
^acp acepromazine powdered glucose glucose anhydrous 
 ga  na glucose 40 glucose anhydrous 
leveritacetum levetiracetam glucose inj glucose anhydrous 
inc analgesia analgesic glucose 5 glucose anhydrous 
pain relief analgesic glucose saline glucose anhydrous 
incga na lectade glucose monohydrate 
ga inc na lifeaid glycine 
including ga na effydral glycine 
inc[l]? Ga na lectade glycine 
buprelieve buprenorphine effydral lactose monohydrate 
chanazine xylazine duphalyte potassium chloride 
clomipramine clomipramine hydrochloride effydral potassium chloride 
citalopram citalopram klean prep potassium chloride 
memantine memantine slow k tab potassium chloride 
^plt$ cinchophen potassium chl potassium chloride 
ga reptile na lectade potassium citrate 

monohydrate topamax topiramate lectade potassium dihydrogen 
phosphate tralieve tramadol hydrochloride lifeaid potassium dihydrogen 
phosphate ketavet ketamine effydral sodium bicarbonate 

sileo dexmedetomidine hydrochloride klean prep sodium bicarbonate 
lectade sodium chloride multivet riboflavine sodium 

phosphate effydral sodium chloride anivit 4bc thiamine hydrochloride 
lifeaid sodium chloride combivit thiamine hydrochloride 
klean prep sodium chloride duphafral thiamine hydrochloride 
sodium chloride sodium chloride duphalyte thiamine hydrochloride 
lectade sodium citrate dihydrate multivet thiamine hydrochloride 
lifeaid sodium propionate multivitamin thiamine hydrochloride 
klean prep anhydrous sodium sulphate thiamine tabs thiamine hydrochloride 
calcichew calcium carbonate neocytamen hydroxycobalamin chloride 
cmp 40 no 5 calcium rocaltrol calcitriol 
calciject calcium benerva thiamine hydrochloride 
calcium calcium calmex thiamine hydrochloride 
calcium gluc calcium gluconate hepato support thiamine hydrochloride 
cmd 20 no 6 boric acid kalm aid thiamine hydrochloride 
cmp 40 no 5 boric acid kalmaid thiamine hydrochloride 
calciject boric acid vitamin b1 inj thiamine hydrochloride 
magnesium sulphate magnesium sulphate vitamin b1 bim thiamine hydrochloride 
magniject magnesium sulphate heptahydrate konakion phytomenadione 
potassium citrate potassium citratre vitamine k1 phytomenadione 
zinc gluconate zinc gluconate vit b12 cyanocobalamin 
foston toldimphos sodium b12 inject cyanocobalamin 
foston 50 toldimphos sodium calmex pyridoxine hydrochloride 
magnesium sulph magnesium sulphate bsp drops pyridoxine hydrochloride 
phosphorus phosphorus complederm pyridoxine hydrochloride 
uniferon iron hepato support pyridoxine hydrochloride 
tetantitox equine plasma senioraid pyridoxine hydrochloride 
vitamin e alpha tocopheryl acetate vitamin b6 pyridoxine hydrochloride 
duphafral alpha tocopheryl acetate vitamin c ascorbic acid 
multivitamin alpha tocopheryl acetate bio lapis cholecalciferol 
vitesel alpha tocopheryl acetate biolapis cholecalciferol 
multivet alpha tocopheryl acetate bsp drops cholecalciferol 
duphafral ascorbic acid pet cal cholecalciferol 
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combivit ascorbic acid petcal cholecalciferol 
anivit 4bc ascorbic acid zolcal cholecalciferol 
duphafral cholecalciferol vitamin e d-alpha tocopherol 
multivitamin cholecalciferol vit b1 thiamine hydrochloride 
multivet cholecalciferol abidec retinol 
anivit b12 cyanocobalamin abidec ergocalciferol 
b12 anivit cyanocobalamin abidec thiamine hydrochloride 
intravit b12 cyanocobalamin abidec riboflavin 
anivit vitamin b12 cyanocobalamin abidec pyridoxine hydrochloride 
duphafral cyanocobalamin abidec nicotinamide 
duphalyte cyanocobalamin abidec ascorbic acid 
intravit 12 cyanocobalamin vitamin k inj phytomenadione 
multivet cyanocobalamin lexpec folic acid 
multivitamin cyanocobalamin neokay phytomenadione 
vitamin b12 cyanocobalamin vitamin inj vitamin 
vitbee cyanocobalamin on ealpha drop alfacalcidol 
duphafral dexpanthenol vitb12 cyanocobalamin 
multivitamin dexpanthenol vitamin[ ]*b1 thiamine hydrochloride 
anivit 4bc nicotinamide one alpha alfacalcidol 
combivit nicotinamide vitamin a nepalm retinol palmitate 
duphafral nicotinamide anivit  b12 cyanocobalamin 
duphalyte nicotinamide vetivex fluids 
multivet nicotinamide aqupharm fluids 
multivitamin nicotinamide vitamin[e]? b complex vitamin b 
niacinamide nicotinamide aquapharm fluids 
nicotinamide nicotinamide gelofusine fluids 
vitamin k1 phytomenadione geloplasma fluids 
anivit 4bc pyridoxine hydrochloride hartman[n]?s fluids 
combivit pyridoxine hydrochloride hypostop dextrose 
duphafral pyridoxine hydrochloride vit(i|e)sel alpha tocopheryl acetate 
duphalyte pyridoxine hydrochloride vit(i|e)sel selenium 
multivet pyridoxine hydrochloride gleptosil iron 
multivitamin pyridoxine hydrochloride calcitriol calcitriol 
multivitamin retinol palmitate corvental theophylline 
multivet retinol palmitate benylin dry dextromethorphan 

hydrobromide duphafral retinol palmitate ventolin salbutamol sulfate 
duphalyte riboflavine seretide salmeterol xinafoate 
duphafral riboflavine sodium phosphate bricanyl terbutaline sulphate 
combivit riboflavine sodium phosphate terbutaline terbutaline sulphate 
multivitamin riboflavine sodium phosphate bisolvon bromhexine hydrochloride 
anivit 4bc riboflavine sodium phosphate bisolven bromhexine hydrochloride 
bisolvan bromhexine hydrochloride vacc  lepto vaccine 
ventipulmin clenbuterol hydrochloride leptopi vaccine 
dopram doxapram hydrochloride vacc canine lepto vaccine 
salbutamol salbutamol sulfate lepto extra vaccine 
salamol salbutamol sulfate check lepto vaccine 
dilaterol clenbuterol hydrochloride 1st lepto vaccine 
pholcodine pholcodine leptokc vaccine 
bronchishield bordetella bronchiseptica dhplepto vaccine 
tracheobronchitis bordetella bronchiseptica lepto booster vaccine 
kennel cough bordetella bronchiseptica course lepto vaccine 
canigen kc bordetella bronchiseptica dhplepto4 vaccine 
kc nobivac bordetella bronchiseptica lepto course vaccine 
nobivac kc bordetella bronchiseptica lepto4 conversions vaccine 
dhppi l kc bordetella bronchiseptica 2nd leptospirosis vaccine 
dhppi l amp kc bordetella bronchiseptica lepto top up vaccine 
nobivac l4kc bordetella bronchiseptica booster1 lepto vaccine 
vacc l4 and kc bordetella bronchiseptica booster2 lepto vaccine 
nobivac vaccine booster3 lepto vaccine 
canigen vaccine booster  lepto vaccine 
canixin vaccine 10wks lepto vaccine 
duramune vaccine lepto 2nd vaccine 
cylap vaccine dhp  lepto vaccine 
eurican vaccine amp lepto vaccine 
feligen vaccine vac dog lepto vaccine 
felocell vaccine leuka vaccine 
fevaxyn vaccine cvr vaccine 
leucogen vaccine flutet vaccine 
leukocell vaccine flu tet vaccine 
versifel vaccine fluent vaccine 
purevax vaccine flu vacc vaccine 
rabisin vaccine flu  ent vaccine 
vangurd vaccine flu ent vaccine 
vanguard vaccine flufie vaccine 
tricat vaccine vacc flu vaccine 
allergy vacc vaccine flu  tet vaccine 
immunotherapy vacc vaccine flu and tet vaccine 
hyposens vacc vaccine flu only vaccine 
autogenous vacc vaccine flu and ent vaccine 
bovilis ringvac vaccine 1st flu vaccine 
bovipast rsp vaccine 2 nd flu vaccine 
bravoxin vaccine 2nd flu vaccine 
rispoval vaccine boost flu vaccine 
parvo vacc vaccine horse flu vaccine 
vacc dog parvo vaccine prequenza vaccine 
vacc parvo vaccine vacc cat flu vaccine 
vaccination parvo vaccine booster flu vaccine 
booster parvo vaccine vaccinate equine flu vaccine 
extra parvo vaccine 3rd flu vaccine 
lepto4 and parvo vaccine bronchshield vaccine 
parvo 3rd vaccine scabivax vaccine 
16w parvo vaccine rotavec vaccine 
additional parvo vaccine canileish vaccine 
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Identifying string Active Substance Identifying string Active Substance 
ducat vaccine tracherine vaccine 
vacc felv vaccine stellamune vaccine 
tricatfelv vaccine dhpl4 vaccine 
1st felv vaccine dhp  l4 vaccine 
fluentfelv vaccine dhp l vaccine 
2nd felv vaccine vac dhp vaccine 
fluenteritisfelv vaccine dhp 2nd vaccine 
rcpfelv vaccine booster dhp vaccine 
dhpp vaccine puppy dhp vaccine 
lepto4 vaccine dhpl vaccine 
lepto 4 vaccine vacc dhp vaccine 
lepto only vaccine dhp single vaccine 
lhcp lepto vaccine course dhp vaccine 
2nd lepto vaccine with dhp vaccine 
booster lepto vaccine dhlp vaccine 
lepto 2 vaccine rabies vac vaccine 
lepto2 vaccine vacc rabies vaccine 
lepto  vacc vaccine rabies boost vaccine 
annual lepto vaccine booster rabies vaccine 
booster leptospirosis vaccine rabies initial vaccine 
second lepto vaccine vacc  rabies vaccine 
vac rabies vaccine boostpil4 vaccine 
rabies primary vaccine with l4 vaccine 
rabies shot vaccine course l4 vaccine 
vaccine rabies vaccine l4 conversion vaccine 
v rabies vaccine restartl4 vaccine 
vac cat rabies vaccine vacc4life l4 vaccine 
vac dog rabies vaccine l42nd vaccine 
rabies course vaccine pup l4 vaccine 
vacc dog rabies vaccine l4 second vaccine 
dogcat rabies vaccine dog l4 vaccine 
vaccinate  rabies vaccine restart l4 vaccine 
vaccinate canine rabies vaccine booster  kc vaccine 
nate cat rabies vaccine kc vacc vaccine 
nate dog rabies vaccine kc only vaccine 
dogcat  rabies vaccine canine kc vaccine 
dogcatrabies vaccine lapsed  kc vaccine 
nate feline rabies vaccine amp kc vaccine 
vaccinate rabies vaccine l  kc vaccine 
pets rabies vaccine lkc vaccine 
vaccination  rabies vaccine vacc kc vaccine 
vaccination rabies vaccine vaccine kc vaccine 
tion canine rabies vaccine kc assured vaccine 
tion rabies vaccine staff kc vaccine 
vaccine cat rabies vaccine ac kc vaccine 
vaccine dog rabies vaccine with kc vaccine 
vaccrabies vaccine dog kc vaccine 
rabies  pass vaccine vac kc vaccine 
tetanus vaccine l2kc vaccine 
eq tet vaccine dogcat kc vaccine 
tet vacc vaccine booster kc vaccine 
da2pp vaccine dog  kc vaccine 
rcp vaccine adult  kc vaccine 
leishmania vacc vaccine course  kc vaccine 
leishmaniasis 2nd vaccine s  kc vaccine 
leishmaniasis 3rd vaccine dogkc vaccine 
leishmaniasis vacc vaccine nasal kc vaccine 
leishmaniasis boost vaccine kc with vaccine 
vaccine leish vaccine lyme vacc vaccine 
leishmania boost vaccine lyme disease vacc vaccine 
vacc leish vaccine vacc dog lymes vaccine 
myxirhd vaccine lyme disease 1st vaccine 
myxi  vhd vaccine vacc lpi vaccine 
myxivhd vaccine lpi boost vaccine 
myxie rhd vaccine lpi crse vaccine 
myxo  rhd vaccine booster lpi vaccine 
myxorhd vaccine booster vaccine 
myxo rhd vaccine 1st vacc vaccine 
myxomatosis  vhd vaccine 2nd vacc vaccine 
myxomatosis rhd vaccine cat vacc vaccine 
myxomatosis boost vaccine dog vacc vaccine 
myxomatosisrhd vaccine dog herpes vaccine 
vhdmyxo vaccine herpes vacc vaccine 
myxo amp vhd vaccine herpes 2nd vaccine 
rhd  myxo vaccine herpesvirus vacc vaccine 
myxohvd vaccine 1st herpes vaccine 
myxomatosis  rhd vaccine 2nd herpes vaccine 
hvd and myx vaccine canine herpes vaccine 
myxomatosis vaccine herpes 1st vaccine 
pentofel vaccine vaccination herpes vaccine 
second trio vaccine vacc dog vaccine 
cat trio vaccine vacc cat vaccine 
trio only vaccine vaccine vaccine 
l4  kc vaccine vaccination vaccine 
l4 kc vaccine dvacc vaccine 
l4kc vaccine vaccinate vaccine 
boostl4 vaccine vacc puppy vaccine 
booster l4 vaccine puppy vac vaccine 
l4 vacc vaccine puppy course vaccine 
l4 2nd vaccine vacc 2nd puppy vaccine 
l4 boost vaccine vacc vaccine 
2nd l4 vaccine tlktri  leu vaccine 
second l4 vaccine vac kitten vaccine 
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Identifying string Active Substance Identifying string Active Substance 
l4 finish vaccine leucx2 kitten vaccine 
kitten vac vaccine vac parvolepto vaccine 
primary vacs vaccine anivac vhd vaccine 
vac 1st vaccine bronchi shield vaccine 
vac 2nd vaccine rabies 1yr vaccine 
vac cat vaccine rabies 3yr vaccine 
vac cp vaccine felvfiv promo vaccine 
vac dog vaccine leptospirosis course vaccine 
vac k cough vaccine dog 1st vac vaccine 
vac pup vaccine dog 2nd vac vaccine 
vac rabbit vaccine vac  dhp vaccine 
12course vaccine vac amnesty vaccine 
lkt leu vaccine vac boost  l2 vaccine 
second pil vaccine vac felv vaccine 
staff pi  l vaccine vacd  puppy vaccine 
pi amp l vaccine vacd  rabies vaccine 
tri cat vaccine vaxcc vaccine 
intranasal bordetella vaccine artuvetrin vaccine 
dog intranasal vaccine second felv vaccine 
ppil vaccine second forcat vaccine 
2nd l[0-9| |(ep)] vaccine filavac vaccine 
1st plcourse vaccine toxovax vaccine 
dhp restart vaccine cevac vaccine 
lepto restart vaccine ovipast vaccine 
enzovax vaccine zulvac vaccine 
vacc  tetanus vaccine heptavac vaccine 
lepto retart vaccine bovilis vaccine 
upgrade to course vaccine footvax vaccine 
full course vaccine leptavoid vaccine 
primary course  kc vaccine glanvac vaccine 
felv 2nd vaccine lambivac vaccine 
staff l4 vaccine equilis vaccine 
staff rhd vaccine proteq vaccine 
versican plus vaccine spirovac vaccine 
felv 1st vaccine porcilis vaccine 
second part of course vaccine campyvax vaccine 
vac adult vaccine bluevac vaccine 
equip ft vaccine ovivac vaccine 
pi  l amnest vaccine ingelvac vaccine 
vhdampmyxo vaccine ceva chlamydia vaccine 
forcat felv vaccine mydiavac vaccine 
vac boost l2 vaccine blackleg vaccine 
vacd pup vaccine duvaxyn vaccine 
vacd rabies vaccine merilym vaccine 
tetantitox vaccine eravac vaccine 
bovidec vaccine letifend vaccine 
staff dhp vaccine   
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Table 3.4 

Frequency of prescription events for selected pharmaceutical families (PF) summarised to 

level of pharmaceutical class (PC) for dogs from a network of United Kingdom companion 

animal veterinary practices. 

Pharmaceutical  
family (PF) 

Pharmaceutical  
class (PC) 

Number of PC prescription  
events (% of PF) 

Antimicrobial Clavulanic acid potentiated amoxicillin 62475 (28.6) 

 

Fusidic acid 39712 (18.2) 
Aminoglycoside 26308 (12.0) 
1st generation cephalosporin 18305 (8.4) 
Other antimicrobial 15685 (7.2) 
Amoxicillin 11631 (5.3) 
Metronidazole 10231 (4.7) 
Clindamycin 9978 (4.6) 
Fluoroquinolone 9430 (4.3) 
Amphenicol 4074 (1.9) 
Potentiated sulphonamide 3242 (1.5) 
Tetracycline 2494 (1.1) 
3rd generation cephalosporin 1943 (0.9) 
Metronidazole - Spiramycin 1653 (0.8) 
Other beta-lactam 774 (0.4) 
Macrolide 336 (0.2) 
Lincosamide 225 (0.1) 
2nd generation cephalosporin 91 (0.04) 
Penicillin 63 (0.03) 
Clavulanic acid potentiated ticarcillin 1 (0.0004) 
Penicillin - streptomycin 1 (0.0004) 

Antimycotic Imidazole 21886 (59.5) 

 

Polyene 14342 (39.0) 
Triazole 443 (1.2) 
Other antimycotic 53 (0.1) 
Allylamine 31 (0.08) 
Mitotic inhibitor 8 (0.02) 
Clotrimazole 2 (0.01) 
Fluconazole 1 (0.003) 

Ectoparasiticide Neonicotinoid 74651 (75.6) 

 

Isoxazoline 9306 (9.4) 
Pyrethroid 5237 (5.3) 
Phenylpyrazole 4364 (4.4) 
Insect growth regulator 3117 (3.2) 
Spinosad 1172 (1.2) 
Oxadiazine 657 (0.7) 
Amitraz 261 (0.3) 
Semicarbazone 3 (0.003) 

Endectocide Milbemycin 110313 (96.9) 

 Avermectin 3574 (3.1) 

Endoparasiticide Quinoline 84525 (77.7) 

 

Benzimidazole 13823 (12.7) 
Tetrahydropyrimidine 10448 (9.6) 
Octadepsipeptide 6 (0.01) 
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Table 3.5 

Frequency of prescription events for selected pharmaceutical families (PF) summarised to 

level of pharmaceutical class (PC) for cats from a network of United Kingdom companion 

animal veterinary practices. 

Pharmaceutical 
family (PF) 

Pharmaceutical 
class (PC) 

Number of PC prescription  
events (% of PF) 

Antimicrobial 3rd generation cephalosporin 25696 (36.2) 

 

Clavulanic acid potentiated amoxicillin 15370 (21.6) 
Amoxicillin 8888 (12.5) 
Fusidic acid 7655 (10.8) 
Aminoglycoside 3175 (4.5) 
Clindamycin 2776 (3.9) 
Fluoroquinolone 2146 (3.0) 
Other antimicrobial 1880 (2.6) 
Metronidazole 934 (1.3) 
Amphenicol 901 (1.3) 
Tetracycline 806 (1.1) 
1st generation cephalosporin 276 (0.4) 
Metronidazole - spiramycin 274 (0.4) 
Lincosamide 156 (0.2) 
Other beta-lactam 51 (0.1) 
Macrolide 38 (0.1) 
Potentiated sulphonamide 34 (0.1) 
Penicillin 21 (0.03) 
2nd generation cephalosporin 10 (0.01) 
Rifamycin 1 (0.001) 

Antimycotic Polyene 1524 (58.4) 

 

Imidazole 1063 (40.7) 
Triazole 23 (0.9) 
Allylamine 1 (0.04) 

Ectoparasiticide Neonicotinoid 36053 (64.5) 

 

Insect growth regulator 8777 (15.7) 
Phenylpyrazole 7564 (13.5) 
Pyrethroid 1339 (2.4) 
Spinosad 1162 (2.1) 
Oxadiazine 999 (1.8) 
Isoxazoline 1 (0.002) 

Endectocide Milbemycin 54955 (86.7) 

 Avermectin 8446 (13.3) 

Endoparasiticide Quinoline 48835 (81.4) 

 

Benzimidazole 4186 (7.0) 
Octadepsipeptide 4179 (7.0) 
Tetrahydropyrimidine 2797 (4.7) 
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Table 3.6 

Frequency of prescription events for selected pharmaceutical families (PF) summarised to 

level of pharmaceutical class (PC) for rabbits from a network of United Kingdom companion 

animal veterinary practices. 

Pharmaceutical 
family (PF) 

Pharmaceutical 
class (PC) 

Number of PC prescription  
events (% of PF) 

Antimicrobial Fluoroquinolone 2215 (49.4) 

 

Fusidic acid 815 (18.2) 
Aminoglycoside 447 (10.0) 
Penicillin 360 (8.0) 
Potentiated sulphonamide 173 (3.9) 
Other antimicrobial 127 (2.8) 
Tetracycline 112 (2.5) 
Amphenicol 74 (1.7) 
Amoxicillin 66 (1.5) 
3rd generation cephalosporin 24 (0.5) 
1st generation cephalosporin 18 (0.4) 
Macrolide 18 (0.4) 
Metronidazole 10 (0.2) 
Clindamycin 9 (0.2) 
Other beta-lactam 5 (0.1) 
Clavulanic acid potentiated amoxicillin 5 (0.1) 
2nd generation cephalosporin 3 (0.1) 

Antimycotic Polyene 61 (51.7) 

 

Imidazole 49 (41.5) 
Other antimycotic 5 (4.2) 
Triazole 3 (2.5) 

Ectoparasiticide Insect growth regulator 168 (59.0) 

 

Neonicotinoid 82 (28.8) 
Pyrethroid 30 (10.5) 
Phenylpyrazole 4 (1.4) 
Isoxazoline 1 (0.4) 

Endectocide Avermectin 753 (98.4) 

 Milbemycin 12 (1.6) 

Endoparasiticide Benzimidazole 547 (98.4) 

 

Quinoline 6 (1.1) 
Triazinetrione 2 (0.4) 
Octadepsipeptide 1 (0.2) 
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Table 3.7 

Summary of the ten most common pharmaceutical co-prescriptions for dogs, cats and 

rabbits at pharmaceutical family (PF) level, summarized from a network of companion animal 

veterinary practices in the UK. Grey shading indicates co-prescription combination not in ten 

most frequently prescribed for that particular species. 

Pharmaceutical 
family (PF) 1 

Pharmaceutical 
family (PF) 2 

Percentage of total co-prescription events 

Dog Cat Rabbit 

Antimicrobial Anti-inflammatory 13.9 11.4 27.1 

Endectocide Ectoparasiticide 11.9 14.2 

 Endoparasiticide Endectocide 10.9 14.3 

Vaccine Endectocide 9.0 11.8 

Vaccine Endoparasiticide 7.8 11.0 3.4 

Endoparasiticide Ectoparasiticide 7.3 9.4 
 

Vaccine Ectoparasiticide 7.0 8.5 

Antimycotic Antimicrobial 5.1 

 

2.4 

Antimycotic Anti-inflammatory 5.1 2.4 

Vaccine Anti-inflammatory 1.8 

 
Endectocide Anti-inflammatory 

 

1.8 

Ectoparasiticide Anti-inflammatory 1.7 

Endectocide Antimicrobial 1.3 

Gastrointestinal Anti-inflammatory 

 

16.4 

Gastrointestinal Antimicrobial 7.1 

Neurological Anti-inflammatory 5.9 

Neurological Gastrointestinal 4.1 

Neurological Antimicrobial 4.0 

Endoparasiticide Antimicrobial 3.0 
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Table 4.1 

Number and relative percentage of the ten most frequently prescribed or co-prescribed 

pharmaceutical classes for systemic antimicrobials; systemic anti-inflammatories; 

gastrointestinal agents, and endoparasiticides / endectocides when summarised for the 

initial diarrhoea presentation and for any following presentations over the subsequent 10 

days (if present). 

a Percentage of total prescribing cases within pharmaceutical family, 95% confidence interval  

Pharmaceutical class(s) n prescribing cases % prescription (CI) a 
Systemic antimicrobial (n cases = 1642) 
Metronidazole 788 47.0 (41.0-53.1) 
Clavulanic acid potentiated amoxicillin 380 22.7 (19.3-26.1) 
Amoxicillin 203 12.1 (8.7-15.6) 
Metronidazole and spiramycin 108 6.5 (3.9-9.1) 
Amoxicillin and metronidazole 64 3.8 (0.3-7.3) 
Clavulanic acid potentiated amoxicillin and metronidazole 39 2.3 (1.5-3.2) 
Clavulanic acid potentiated amoxicillin and amoxicillin 29 1.7 (0.9-2.5) 
Fluoroquinolone 12 0.7 (0.1-1.3) 
Macrolide 10 0.6 (0.0-1.8) 
Potentiated sulphonamide 9 0.5 (0.2-0.9) 
Systemic anti-inflammatory (n cases = 489) 
Glucocorticoid 399 81.3 (73.6-89.1) 
Oxicam 69 14.1 (6.9-21.3) 
Coxib 7 1.5 (0.3-2.6) 
Profen 5 1.0 (0.1-2.0) 
Oclacitinib 4 0.8 (0.0-1.7) 
Glucocorticoid and oxicam 2 0.4 (0.0-1.0) 
Disease modifying osteoarthritis drug 1 0.2 (0.0-0.6) 
Disease modifying osteoarthritis drug and glucorticoid 1 0.2 (0.0-0.6) 
Glucocorticoid and profen 1 0.2 (0.0-0.6) 
Gastrointestinal agent (n cases = 1187) 
Maropitant 554 44.6 (39.9-49.3) 
H2 histamine receptor antagonist 259 20.8 (16.8-24.8) 
Maropitant and  H2 histamine receptor antagonist 199 16.0 (13.3-18.7) 
Metoclopramide 43 3.5 (2.0-4.9) 
Proton pump inhibitor 39 3.1 (1.9-4.3) 
Sulfasalazine 39 3.1 (1.4-4.8) 
Maropitant and proton pump inhibitor 34 2.7 (1.6-3.9) 
Clay 12 1.0 (0.4-1.6) 
Maropitant and sulfasalazine 8 0.6 (0.1-1.2) 
H2 histamine receptor antagonist and  proton pump inhibitor 6 0.5 (0.1-0.8) 
Endoparasiticide / endectocide (n cases = 304) 
Milbemycin and quinoline 146 48.0 (41.5-54.5) 
Benzimidazole 72 23.6 (17.8-29.5) 
Milbemycin 39 12.8 (8.8-16.8) 
Benzimidazole, quinoline and tetrahydropyrmidine 21 6.9 (3.5-10.3) 
Quinoline 15 4.9 (2.4-7.5) 
Benzimidazole and milbemycin 8 2.6 (0.6-4.4) 
Avermectin 1 0.3 (0.0-1.0) 
Benzimidazole, milbemycin and quinoline 1 0.3 (0.0-1.0) 
Benzimidazole, quinoline, milbemycin and tetrahydropyrmidine 1 0.3 (0.0-1.0) 
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Table 4.2 

Systemic anti-inflammatories: Parameter estimates from a series of univariable mixed effects 

logistic regression models, modelling on a case-level the presence of systemic anti-

inflammatory prescriptions against a number of categorical and continuous risk factors. 
 

Variable Category β SE a OR b Lower CI c Upper CI P 
Insurance 
status 

Uninsured (Intercept) -11.96 0.43 0.00 0.00 0.00  
Insured -0.27 0.65 0.76 0.21 2.72 0.68 

Sex Female (Intercept) -11.96 0.48 0.00 0.00 0.00  

Male -0.15 0.52 0.86 0.31 2.41 0.78 
Neutered 
status 

Un-neutered (Intercept) -11.89 0.51 0.00 0.00 0.00  

Neutered -0.20 0.54 0.82 0.28 2.37 0.71 
Vaccination 
status 

Unvaccinated (Intercept) -12.15 0.60 0.00 0.00 0.00  

Vaccinated 0.16 0.61 1.17 0.36 3.87 0.79 
Microchip 
status 

Un-microchipped (Intercept) -11.99 0.51 0.00 0.00 0.00  

Microchipped -0.07 0.53 0.94 0.34 2.62 0.90 
Diarrhoea Without blood (Intercept) -12.28 0.49 0.00 0.00 0.00  

With blood 0.54 0.52 1.72 0.63 4.72 0.29 
Vomit Absent (Intercept) -11.86 0.00 0.00 0.00 0.00  

Without blood 0.09 0.42 1.09 0.48 2.48 0.84 
With blood -3.86 0.00 0.02 0.02 0.02 <0.01 

Other 
clinical signs 

Absent (Intercept) -12.04 0.38 0.00 0.00 0.00  
Present 0.55 1.70 1.73 0.06 48.00 0.75 

Poor 
appetite 

Absent (Intercept) -11.96 0.41 0.00 0.00 0.00  
Present -0.55 0.88 0.58 0.10 3.24 0.53 

Weight loss Absent (Intercept) -12.02 0.39 0.00 0.00 0.00  
Present -0.35 2.77 0.71 0.00 160.45 0.90 

Melaena Absent (Intercept) -12.03 0.39 0.00 0.00 0.00  
Present 0.12 3.92 1.12 0.00 2420.70 0.98 

Severity Mild (Intercept) -12.06 0.42 0.00 0.00 0.00  
Moderate 0.18 0.65 1.20 0.33 4.33 0.78 

Diarrhoea 
pattern 

Large intestinal (Intercept) -11.18 1.90 0.00 0.00 0.00  
Mixed -0.35 1.95 0.70 0.02 32.40 0.86 

Small intestinal -0.68 1.98 0.51 0.01 24.57 0.73 
Unknown -1.26 6.89 0.28 0.00 209419.62 0.86 

Body 
temperature 

Normal / <39 °C (Intercept) -12.42 0.50 0.00 0.00 0.00  
Not recorded 0.94 0.57 2.56 0.85 7.77 0.10 

39.0 °C ≤ 39.4 °C 0.40 0.82 1.49 0.30 7.48 0.63 
39.5 °C ≤ 39.9 °C 0.85 1.25 2.34 0.20 27.08 0.50 

40.0 °C ≤ 1.26 2.02 3.53 0.07 185.33 0.53 
Continuous risk factor 
Age (years) Intercept -12.03 0.41 0.00 0.00 0.00  

Age - linear 0.12 0.25 1.13 0.69 1.85 0.63 
a Standard error 
b Odds ratio 
c 95% Confidence interval
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Table 4.3 

Systemic antimicrobials: Parameter estimates from a series of univariable mixed effects 

logistic regression models, modelling on a case-level the presence of systemic antimicrobial 

prescriptions against a number of categorical and continuous risk factors. 

Variable Category β SE a OR b Lower CI c Upper CI P 
Insurance 
status 

Uninsured (Intercept) -0.14 0.08 0.87 0.74 1.02  
Insured 0.19 0.09 1.20 1.00 1.45 0.05 

Sex Female (Intercept) -0.12 0.09 0.89 0.75 1.05  
Male 0.06 0.08 1.06 0.91 1.24 0.45 

Neutered 
status 

Un-neutered (Intercept) -0.14 0.10 0.87 0.72 1.05  
Neutered 0.08 0.09 1.08 0.91 1.27 0.38 

Vaccination 
status 

Unvaccinated (Intercept) -0.10 0.10 0.90 0.74 1.10  
Vaccinated 0.02 0.09 1.02 0.85 1.22 0.86 

Microchip 
status 

Un-microchipped (Intercept) -0.11 0.09 0.90 0.75 1.07  
Microchipped 0.03 0.08 1.03 0.88 1.20 0.73 

Diarrhoea Without blood (Intercept) -0.63 0.09 0.53 0.45 0.64  
With blood 1.32 0.09 3.76 3.17 4.45 <0.01 

Vomit Absent (Intercept) -0.06 0.08 0.94 0.80 1.10  
Without blood -0.11 0.08 0.90 0.76 1.06 0.21 
With blood 0.21 0.27 1.24 0.74 2.08 0.42 

Other 
clinical signs 

Absent (Intercept) -0.10 0.08 0.91 0.78 1.06  
Present 0.31 0.32 1.36 0.72 2.57 0.34 

Poor 
appetite 

Absent (Intercept) -0.11 0.08 0.90 0.77 1.05  
Present 0.10 0.11 1.11 0.89 1.39 0.36 

Weight loss Absent (Intercept) -0.10 0.08 0.91 0.78 1.05  
Present 0.53 0.37 1.69 0.82 3.50 0.16 

Melaena Absent (Intercept) -0.09 0.08 0.91 0.79 1.06  
Present -0.16 0.61 0.85 0.26 2.80 0.79 

Severity Mild (Intercept) -0.17 0.08 0.84 0.72 0.99  
Moderate 0.47 0.11 1.60 1.30 1.98 <0.01 

Diarrhoea 
pattern 

Large intestinal (Intercept) 0.15 0.09 1.16 0.97 1.39  
Mixed -0.15 0.12 0.86 0.68 1.08 0.20 
Small intestinal -0.42 0.09 0.66 0.55 0.79 <0.01 
Unknown -0.83 0.16 0.43 0.32 0.59 <0.01 

Body 
temperature 

Normal / <39 °C (Intercept) -0.25 0.09 0.78 0.66 0.92  
Not recorded 0.14 0.10 1.15 0.95 1.39 0.15 
39.0 °C ≤ 39.4 °C 0.49 0.12 1.63 1.28 2.07 <0.01 
39.5 °C ≤ 39.9 °C 1.42 0.24 4.13 2.57 6.63 <0.01 
40.0 °C ≤ 1.05 0.44 2.85 1.20 6.75 0.02 

Continuous risk factor 
Age (years) Intercept 0.16 0.10 1.17 0.97 1.41  

Age - linear 0.21 0.08 1.24 1.07 1.43 0.01 
Age - quadratic -0.31 0.08 0.73 0.63 0.85 <0.01 
Age - cubic 0.10 0.04 1.11 1.02 1.21 0.02 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
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Table 4.4 

Gastrointestinal agents: Parameter estimates from a series of univariable mixed effects 

logistic regression models, modelling on a case-level the presence of gastrointestinal agent 

prescriptions against a number of categorical and continuous risk factors. 

Variable Category β SE a OR b Lower CI c Upper CI P 
Insurance 
status 

Uninsured (Intercept) -0.58 0.06 0.56 0.50 0.63  
Insured 0.19 0.09 1.20 1.01 1.43 0.04 

Sex Female (Intercept) -0.46 0.07 0.63 0.56 0.72  

Male -0.15 0.08 0.86 0.74 1.00 0.05 
Neutered 
status 

Un-neutered (Intercept) -0.65 0.08 0.52 0.45 0.61  

Neutered 0.17 0.08 1.19 1.01 1.40 0.03 
Vaccination 
status 

Unvaccinated (Intercept) -0.50 0.08 0.61 0.51 0.71  
Vaccinated -0.03 0.09 0.97 0.82 1.15 0.70 

Microchip 
status 

Un-microchipped (Intercept) -0.59 0.07 0.55 0.48 0.63  
Microchipped 0.12 0.08 1.12 0.97 1.31 0.13 

Diarrhoea Without blood (Intercept) -0.46 0.06 0.63 0.56 0.71  
With blood -0.17 0.08 0.84 0.72 0.98 0.03 

Vomit Absent (Intercept) -1.74 0.09 0.18 0.15 0.21  
Without blood 2.89 0.11 18.00 14.53 22.28 <0.01 

With blood 3.59 0.35 36.33 18.45 71.54 <0.01 
Other 
clinical signs 

Absent (Intercept) -0.53 0.05 0.59 0.53 0.65  

Present 0.26 0.29 1.30 0.73 2.31 0.38 
Poor 
appetite 

Absent (Intercept) -0.75 0.06 0.47 0.42 0.53  

Present 1.53 0.12 4.61 3.67 5.78 <0.01 
Weight loss Absent (Intercept) -0.54 0.05 0.59 0.53 0.65  

Present 0.60 0.34 1.82 0.93 3.55 0.08 
Melaena Absent (Intercept) -0.53 0.05 0.59 0.53 0.65  

Present 0.64 0.58 1.90 0.61 5.93 0.27 
Severity Mild (Intercept) -0.73 0.06 0.48 0.43 0.54  

Moderate 1.17 0.10 3.21 2.62 3.94 <0.01 
Diarrhoea 
pattern 

Large intestinal (Intercept) -0.88 0.07 0.42 0.36 0.48  

Mixed 0.76 0.11 2.14 1.72 2.67 <0.01 
Small intestinal 0.51 0.09 1.67 1.40 1.99 <0.01 

Unknown 0.47 0.14 1.61 1.21 2.13 <0.01 
Body 
temperature 

Normal / <39 °C (Intercept) -0.40 0.06 0.67 0.59 0.76  

Not recorded -0.58 0.07 0.56 0.47 0.68 <0.01 
39.0 °C ≤ 39.4 °C 0.02 0.12 1.02 0.82 1.28 0.83 

39.5 °C ≤ 39.9 °C 0.05 0.21 1.05 0.70 1.58 0.81 
40.0 °C ≤ -0.32 0.40 0.73 0.33 1.59 0.42 

Continuous risk factor 
Age (years) Intercept -0.25 0.08 0.78 0.67 0.90  

Age - linear 0.04 0.07 1.04 0.91 1.20 0.58 
Age - quadratic -0.36 0.07 0.70 0.60 0.80 <0.01 

Age - cubic 0.14 0.04 1.15 1.06 1.24 <0.01 
a Standard error 
b Odds ratio 
c 95% Confidence interval  



Appendix Four  Material relating to Chapter Five 

272 
 

Table 4.5 

Endoparasiticides / endectocides: Parameter estimates from a series of univariable mixed 

effects logistic regression models, modelling on a case-level the presence of endoparasiticide 

/ endectocide prescriptions against a number of categorical and continuous risk factors. 

Variable Category β SE a OR b Lower CI c Upper CI P 
Insurance 
status 

Uninsured (Intercept) -2.54 0.11 0.08 0.06 0.10  
Insured -0.34 0.17 0.71 0.51 0.99 0.05 

Sex Female (Intercept) -2.67 0.12 0.07 0.06 0.09  

Male 0.11 0.14 1.11 0.85 1.45 0.43 
Neutered 
status 

Un-neutered (Intercept) -2.34 0.13 0.10 0.08 0.13  

Neutered -0.43 0.14 0.65 0.50 0.86 <0.01 
Vaccination 
status 

Unvaccinated (Intercept) 
(Intercept) 

-2.17 0.14 0.11 0.09 0.15  
Vaccinated -0.64 0.14 0.53 0.40 0.70 <0.01 

Microchip 
status 

Un-microchipped (Intercept) -2.40 0.12 0.09 0.07 0.12  
Microchipped -0.43 0.14 0.65 0.50 0.86 <0.01 

Diarrhoea Without blood (Intercept) -2.63 0.12 0.07 0.06 0.09  
With blood 0.05 0.14 1.05 0.80 1.37 0.74 

Vomit Absent (Intercept) -2.36 0.11 0.10 0.08 0.12  
Without blood -0.87 0.17 0.42 0.30 0.59 <0.01 

With blood -1.37 0.73 0.26 0.06 1.07 0.06 
Other 
clinical signs 

Absent (Intercept) -2.60 0.10 0.07 0.06 0.09  

Present -0.80 0.74 0.45 0.11 1.91 0.28 
Poor 
appetite 

Absent (Intercept) -2.60 0.11 0.08 0.06 0.09  

Present -0.14 0.21 0.87 0.58 1.30 0.50 
Weight loss Absent (Intercept) -2.63 0.10 0.07 0.06 0.09  

Present 0.80 0.48 2.22 0.87 5.64 0.09 
Melaena Absent (Intercept) -2.61 0.10 0.07 0.06 0.09  

Present -

14.91 

60.34 0.00 0.00 1000< 0.81 
Severity Mild (Intercept) -2.50 0.10 0.08 0.07 0.10  

Moderate -1.05 0.26 0.35 0.21 0.58 <0.01 
Diarrhoea 
pattern 

Large intestinal (Intercept) -2.45 0.13 0.09 0.07 0.11  

Mixed -0.32 0.21 0.72 0.48 1.09 0.12 
Small intestinal -0.37 0.16 0.69 0.50 0.94 0.02 

Unknown -0.00 0.24 1.00 0.63 1.59 0.99 
Body 
temperature 

Normal / <39 °C (Intercept) -2.64 0.12 0.07 0.06 0.09  

Not recorded 0.16 0.16 1.18 0.86 1.61 0.31 
39.0 °C ≤ 39.4 °C -0.05 0.21 0.95 0.63 1.44 0.81 

39.5 °C ≤ 39.9 °C -0.23 0.41 0.79 0.36 1.77 0.57 
40.0 °C ≤ -0.90 1.03 0.41 0.05 3.10 0.39 

Continuous risk factor 
Age (years) Intercept -3.17 0.16 0.04 0.03 0.06  

Age - linear 0.12 0.18 1.13 0.80 1.58 0.50 
Age - quadratic 0.68 0.14 1.98 1.52 2.58 <0.01 

Age - cubic -0.42 0.11 0.66 0.53 0.82 <0.01 
a Standard error 
b Odds ratio 
c 95% Confidence interval  
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Table 4.6 

Gastrointestinal nutraceuticals: Parameter estimates from a series of univariable mixed 

effects logistic regression models, modelling on a case-level dispensing of gastrointestinal 

nutraceuticals against a number of categorical and continuous risk factors. 

Variable Category β SE a OR b Lower CI c Upper CI P 
Insurance 
status 

Uninsured (Intercept) 0.67 0.08 1.95 1.66 2.30  
Insured -0.06 0.10 0.94 0.78 1.13 0.52 

Sex Female (Intercept) 0.61 0.09 1.85 1.55 2.20  

Male 0.08 0.08 1.09 0.93 1.27 0.30 
Neutered 
status 

Un-neutered (Intercept) 0.69 0.10 1.98 1.63 2.41  

Neutered -0.05 0.09 0.96 0.81 1.13 0.59 
Vaccination 
status 

Unvaccinated (Intercept) 0.56 0.10 1.75 1.43 2.15  
Vaccinated 0.13 0.09 1.13 0.95 1.36 0.17 

Microchip 
status 

Un-microchipped (Intercept) 0.66 0.09 1.93 1.61 2.31  
Microchipped -0.01 0.08 0.99 0.85 1.17 0.94 

Diarrhoea Without blood (Intercept) 0.78 0.09 2.19 1.85 2.59  
With blood -0.32 0.08 0.73 0.62 0.85 <0.01 

Vomit Absent (Intercept) 0.89 0.09 2.44 2.05 2.91  
Without blood -0.57 0.09 0.57 0.48 0.67 <0.01 

With blood -1.42 0.28 0.24 0.14 0.42 <0.01 
Other 
clinical signs 

Absent (Intercept) 0.67 0.08 1.96 1.68 2.29  

Present -1.09 0.32 0.34 0.18 0.63 <0.01 
Poor 
appetite 

Absent (Intercept) 0.71 0.08 2.04 1.74 2.40  

Present -0.41 0.12 0.66 0.53 0.83 <0.01 
Weight loss Absent (Intercept) 0.65 0.08 1.92 1.65 2.25  

Present 0.02 0.37 1.02 0.49 2.10 0.96 
Melaena Absent (Intercept) 0.65 0.08 1.92 1.65 2.25  

Present -0.06 0.62 0.94 0.28 3.15 0.92 
Severity Mild (Intercept) 0.78 0.08 2.18 1.85 2.57  

Moderate -0.71 0.11 0.49 0.40 0.61 <0.01 
Diarrhoea 
pattern 

Large intestinal (Intercept) 0.58 0.09 1.79 1.49 2.15  

Mixed 0.13 0.12 1.14 0.90 1.44 0.28 
Small intestinal 0.22 0.09 1.24 1.03 1.50 0.02 

Unknown -0.23 0.15 0.80 0.59 1.07 0.14 
Body 
temperature 

Normal / <39 °C (Intercept) 0.80 0.09 2.23 1.88 2.65  

Not recorded -0.41 0.10 0.66 0.55 0.80 <0.01 
39.0 °C ≤ 39.4 °C -0.11 0.12 0.90 0.71 1.15 0.40 

39.5 °C ≤ 39.9 °C -0.67 0.22 0.51 0.34 0.78 <0.01 
40.0 °C ≤ -0.62 0.41 0.54 0.24 1.19 0.13 

Continuous risk factor 
Age (years) Intercept 0.45 0.10 1.57 1.30 1.90  

Age - linear 0.02 0.08 1.02 0.88 1.18 0.83 
Age - quadratic 0.30 0.08 1.35 1.16 1.56 <0.01 

Age - cubic -0.15 0.04 0.86 0.79 0.93 <0.01 
a Standard error 
b Odds ratio 
c 95% Confidence interval  
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Table 4.7 

Lost to follow-up: Parameter estimates from a series of univariable mixed effects logistic 

regression models, modelling loss to follow-up against a number of categorical and 

continuous risk factors. 

Variable Category β SE a OR b Lower CI c Upper CI P 
Insurance status Uninsured (Intercept) -1.09 0.08 0.34 0.29 0.39  

Insured -0.56 0.11 0.57 0.46 0.72 <0.01 
Sex Female (Intercept) -1.19 0.09 0.30 0.26 0.36  

Male -0.05 0.09 0.95 0.80 1.13 0.55 
Neutered status Un-neutered (Intercept) -0.63 0.09 0.53 0.44 0.64  

Neutered -0.93 0.09 0.40 0.33 0.48 <0.01 
Vaccination 
status 

Unvaccinated (Intercept) -0.32 0.10 0.72 0.59 0.88  
Vaccinated -1.30 0.10 0.27 0.22 0.33 <0.01 

Microchip 
status 

Un-microchipped (Intercept) -0.93 0.09 0.40 0.33 0.47  
Microchipped -0.55 0.09 0.58 0.48 0.69 <0.01 

Diarrhoea Without blood (Intercept) -1.29 0.09 0.28 0.23 0.33  
With blood 0.17 0.09 1.18 0.99 1.41 0.07 

Vomit Absent (Intercept) -1.27 0.08 0.28 0.24 0.33  
Without blood 0.12 0.10 1.12 0.93 1.35 0.22 

With blood 0.40 0.28 1.49 0.86 2.60 0.15 
Other clinical 
signs 

Absent (Intercept) -1.23 0.08 0.29 0.25 0.34  

Present 0.39 0.34 1.48 0.76 2.90 0.25 
Poor appetite Absent (Intercept) -1.25 0.08 0.29 0.25 0.34  

Present 0.20 0.13 1.22 0.95 1.57 0.12 
Weight loss Absent (Intercept) -1.21 0.08 0.30 0.26 0.35  

Present -0.74 0.50 0.48 0.18 1.26 0.14 
Melaena Absent (Intercept) -1.22 0.08 0.29 0.25 0.34  

Present 0.87 0.62 2.39 0.71 8.05 0.16 
Severity Mild (Intercept) -1.29 0.08 0.28 0.24 0.32  

Moderate 0.39 0.12 1.48 1.18 1.86 <0.01 
Diarrhoea 
pattern 

Large intestinal (Intercept) -1.30 0.09 0.27 0.23 0.33  

Mixed 0.16 0.13 1.18 0.91 1.52 0.21 
Small intestinal 0.18 0.10 1.20 0.98 1.47 0.09 

Unknown -0.12 0.18 0.89 0.63 1.25 0.49 
Body 
temperature 

Normal / <39 °C (Intercept) -1.17 0.09 0.31 0.26 0.37  

Not recorded -0.11 0.11 0.90 0.72 1.11 0.33 
39.0 °C ≤ 39.4 °C -0.28 0.14 0.75 0.57 1.00 0.05 

39.5 °C ≤ 39.9 °C 0.17 0.23 1.19 0.75 1.88 0.46 
40.0 °C ≤ 0.60 0.42 1.82 0.81 4.09 0.15 

Systemic  
antimicrobial 

Not prescribed (Intercept) -1.30 0.09 0.27 0.23 0.33  
Prescribed 0.15 0.09 1.16 0.97 1.39 0.11 

Systemic  
anti-
inflammatory 

Not prescribed (Intercept) -1.24 0.08 0.29 0.25 0.34  
Prescribed 0.16 0.14 1.17 0.89 1.53 0.25 

Gastrointestinal 
agent 

Not prescribed (Intercept) -1.33 0.09 0.26 0.22 0.31  
Prescribed 0.28 0.09 1.33 1.11 1.59 <0.01 

Endoparasiticide 
/ endectocide 

Not prescribed (Intercept) -1.20 0.08 0.30 0.26 0.35  
Prescribed -0.18 0.16 0.84 0.62 1.14 0.25 

Gastrointestinal 
nutraceutical 

Not dispensed (Intercept) -1.19 0.10 0.31 0.25 0.37  
Dispensed -0.05 0.10 0.95 0.79 1.15 0.58 

Dietary 
modification 

Not advised (Intercept) -1.08 0.10 0.34 0.28 0.41  
Advised -0.20 0.10 0.82 0.67 0.99 0.04 

Fasting Not advised (Intercept) -1.23 0.08 0.29 0.25 0.34  
Advised 0.06 0.12 1.06 0.84 1.34 0.62 

Continuous risk factor 
Age (years) Intercept -1.13 0.10 0.32 0.27 0.39  

Age - linear -0.17 0.08 0.85 0.72 1.00 0.05 
Age - quadratic -0.18 0.08 0.84 0.71 0.99 0.03 

Age - cubic 0.14 0.05 1.15 1.05 1.26 <0.01 
a Standard error 
b Odds ratio 
c 95% Confidence interval
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Table 4.8 

Day 10 resolution: Parameter estimates from a series of univariable mixed effects logistic 

regression models, modelling diarrhoea resolution at 10 days post-initial presentation 

against a number of categorical and continuous risk factors. 

Variable Category β SE a OR b Lower CI c Upper CI P 
Insurance status Uninsured (Intercept) 3.15 0.18 23.33 16.31 33.36  

Insured -0.12 0.22 0.89 0.58 1.37 0.60 
Sex Female (Intercept) 3.01 0.19 20.24 13.84 29.59  

Male 0.25 0.20 1.28 0.87 1.88 0.21 
Neutered status Un-neutered (Intercept) 3.16 0.24 23.51 14.66 37.72  

Neutered -0.05 0.22 0.96 0.62 1.47 0.84 
Vaccination status Unvaccinated (Intercept) 2.98 0.25 19.65 12.09 31.92  

Vaccinated 0.19 0.23 1.21 0.76 1.90 0.42 
Microchip status Un-microchipped (Intercept) 3.16 0.21 23.66 15.61 35.87  

Microchipped -0.07 0.20 0.93 0.63 1.38 0.73 
Diarrhoea Without blood (Intercept) 3.20 0.19 24.60 16.86 35.88  

With blood -0.20 0.20 0.82 0.56 1.20 0.31 
Vomit Absent (Intercept) 3.06 0.18 21.35 14.93 30.52  

Without blood 0.28 0.22 1.32 0.86 2.05 0.21 

With blood -0.99 0.46 0.37 0.15 0.92 0.03 
Other clinical 
signs 

Absent (Intercept) 3.12 0.17 22.54 16.04 31.67  

Present 0.59 1.03 1.81 0.24 13.51 0.56 
Poor appetite Absent (Intercept) 3.11 0.18 22.45 15.85 31.79  

Present 0.09 0.30 1.10 0.62 1.96 0.75 
Weight loss Absent (Intercept) 3.12 0.17 22.58 16.04 31.79  

Present 0.44 1.03 1.55 0.21 11.62 0.67 
Melaena Absent (Intercept) 3.14 0.18 23.20 16.44 32.74  

Present -1.37 1.13 0.25 0.03 2.31 0.22 
Severity Mild (Intercept) 3.13 0.18 22.78 16.01 32.41  

Moderate -0.02 0.27 0.98 0.58 1.68 0.95 
Diarrhoea pattern Large intestinal (Intercept) 3.36 0.22 28.70 18.59 44.32  

Mixed -0.51 0.28 0.60 0.35 1.03 0.06 
Small intestinal -0.18 0.24 0.83 0.52 1.34 0.45 

Unknown -0.74 0.31 0.48 0.26 0.88 0.02 
Body temperature Normal / <39 °C (Intercept) 3.15 0.14 23.40 17.84 30.69  

Not recorded -0.20 0.23 0.82 0.52 1.29 0.40 
39.0 °C ≤ 39.4 °C -0.01 0.31 0.99 0.55 1.81 0.98 

39.5 °C ≤ 39.9 °C 1.29 1.06 3.62 0.45 28.86 0.23 
40.0 °C ≤ 15.0

8 

1000

< 

1000< 0.00 1000< 0.99 
Systemic  
antimicrobial 

Not prescribed (Intercept) 3.15 0.20 23.36 15.76 34.61  
Prescribed -0.06 0.20 0.95 0.64 1.39 0.77 

Systemic  
anti-inflammatory 

Not prescribed (Intercept) 3.11 0.18 22.49 15.67 32.28  
Prescribed -0.17 0.29 0.84 0.48 1.49 0.56 

Gastrointestinal 
agent 

Not prescribed (Intercept) 3.16 0.23 23.64 15.05 37.13  
Prescribed -0.05 0.21 0.95 0.63 1.42 0.79 

Endoparasiticide / 
endectocide 

Not prescribed (Intercept) 3.19 0.18 24.18 16.95 34.49  
Prescribed -0.54 0.28 0.58 0.34 1.00 0.05 

Gastrointestinal 
nutraceutical 

Not dispensed (Intercept) 3.16 0.19 23.62 16.29 34.24  
Dispensed -0.11 0.20 0.89 0.60 1.32 0.58 

Dietary 
modification 

Not advised (Intercept) 3.10 0.23 22.09 14.11 34.58  
Advised 0.04 0.22 1.04 0.68 1.59 0.85 

Fasting Not advised (Intercept) 3.15 0.18 23.27 16.41 33.00  
Advised -0.18 0.24 0.84 0.52 1.35 0.47 

Continuous risk factor 
Age (years) Intercept 3.47 0.24 32.04 19.87 51.65  

Age - linear -0.35 0.19 0.71 0.49 1.02 0.06 
Age - quadratic -0.42 0.19 0.66 0.45 0.96 0.03 

Age - cubic 0.20 0.11 1.22 0.98 1.53 0.08 
a Standard error 
b Odds ratio 
c 95% Confidence interval



Appendix Four  Material relating to Chapter Five 

276 
 

Table 4.9 

Day 10 resolution: Parameter estimates from a series of univariable mixed effects logistic 

regression models, modelling diarrhoea resolution at 10 days post-initial presentation 

against a number of pharmaceutical families, categorised to active substance. 

Pharmaceutical  
family Category β SE a OR b 

Lower  
CI c 

Upper 
   CI P 

Systemic  
antimicrobial 

No antimicrobial (intercept) 3.14 0.20 23.12 15.53 34.42  
Amoxicillin -0.43 0.37 0.65 0.32 1.34 0.24 
Amoxicillin & metronidazole -0.16 0.67 0.85 0.23 3.18 0.81 
Clavulanic acid potentiated amoxicillin -0.44 0.29 0.65 0.37 1.13 0.13 
Clavulanic acid potentiated amoxicillin  
& metronidazole 

0.20 1.04 1.22 0.16 9.29 0.85 

Metronidazole 0.28 0.27 1.33 0.79 2.24 0.29 
Metronidazole & spiramycin 0.53 0.74 1.70 0.40 7.22 0.48 
Others -0.39 0.49 0.68 0.26 1.78 0.43 

Systemic  
anti-inflammatory 

No anti-inflammatory (intercept) 3.12 0.18 22.66 15.92 32.25  
Glucocorticoid -0.05 0.33 0.95 0.50 1.80 0.88 
Others -0.44 1.05 0.64 0.08 5.04 0.67 
Oxicam -0.62 0.55 0.53 0.18 1.58 0.26 

Gastrointestinal 
agent 

No gastrointestinal agent (intercept) 3.14 0.19 23.09 15.86 33.62  
H2 histamine receptor antagonist -0.37 0.33 0.69 0.36 1.32 0.27 
H2 histamine receptor antagonist  
& maropitant 

-0.59 0.34 0.55 0.23 1.08 0.08 

Maropitant 0.20 0.29 1.22 0.69 2.17 0.50 
Metoclopramide 0.48 1.03 1.62 0.22 12.09 0.64 
Others 0.12 0.53 1.12 0.40 3.17 0.83 
Sulfasalazine -0.47 0.76 0.63 0.14 2.77 0.54 

Endoparasiticide / 
endectocide 

No endo / endectocide (intercept) 3.17 0.18 23.71 16.52 34.01  
Benzimidazole -0.88 0.45 0.42 0.17 1.01 0.05 
Milbemycin -0.88 0.63 0.42 0.12 1.42 0.16 
Milbemycin & quinoline 0.13 0.52 1.14 0.41 3.17 0.81 
Others -0.90 0.54 0.41 0.14 1.18 0.10 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
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Table 5.1 

Primers utilised for amplification of genes associated with E.coli, the ST131:O25b E. coli 

pandemic clone, and Enterobacteriaceae resistance genes associated with ESBL-production; 

ampC-production, or quinolone resistance. Table also includes expected product sizes, 

annealing temperatures and a reference. 

Target Primer Sequence 5’ → 3’ 
Product 
size (bp) 

Annealing 
temp. (⁰C) Reference 

uidA 
uidAF CCAAAAGCCAGACAGAGT 

623 58 
McDaniels et al. 
(1996) uidaR GCACAGCACATCAAAGAG 

uspA 
uspAF CCGATACGCTGCCAATCAGT 

503 56 
Bekal et al. 
(2003) uspAR ACGCAGACCGTAGGCCAGAT 

ST131: 
025b 

trpAF GCTACGAATCTCTGTTTGCC 
427 

65 
(multiplex) 

Clermont et al. 
(2009) 

trpAR GCAACGCGGCCTGGCGGAAG 
025pabBspeF TCCAGCAGGTGCTGGATCGT 

347 
025pabBspeR GCGAAATTTTTCGCCGTACTGT 

blaTEM 
TSO-TF CATTTCCGTGTCGCCCTTATTC 

800 

60 
(multiplex) 

Dallenne et al. 
(2010) 

TSO-TR CGTTCATCCATAGTTGCCTGAC 

blaSHV 
TSO-SF AGCCGCTTGAGCAAATTAAAC 

713 
TSO-SR ATCCCGCAGATAAATCACCAC 

blaOXA 
TSO-OF GGCACCAGATTCAACTTTCAAG 

564 
TSO-OR GACCCCAAGTTTCCTGTAAGTG 

blaCTX-M 
CTX-MU1 ATGTGCAGYACCAGTAARGTKATGGC 

593 58 
Boyd et al. 
(2004) CTX-MU2 TGGGTRAARTARGTSACCAGAAYCAGCGG 

blaCTX-M 

Group 1 
CTX-Mgp1F CCCATGGTTAAAAAATCACTGC 

876 55 
Carattoli et al. 
(2008) CTX-Mgp1R CAGCGCTTTTGCCGTCTAAG 

blaCTX-M 

Group 2 
CTX-Mgp2F ATGATGACTCAGAGCATTCGC 

893 55 
Hopkins et al. 
(2006) CTX-Mgp2R TCAGAAACCGTGGGTTACGAT 

blaCTX-M 

Group 9 
CTX-Mgp9F ATGGTGACAAAGAGAGTGCAAC 

876 55 
Batchelor et al. 
(2005) CTX-Mgp9R TTACAGCCCTTCGGCGATG 

blaAmpC 

CITMf TGGCCAGAACTGACAGGCAAA 
462 64 

Perez-Perez and 
Hanson (2008) CITMr TTTCTCCTGAACGTGGCTGGC 

DHAMf AACTTTCACAGGTGTGCTGGGT 
405 

64 
(multiplex) 

Perez-Perez and 
Hanson (2008) 

DHAMr CCGTACGCATACTGGCTTTGC 
ACCMf AACAGCCTCAGCAGCCGGTTA 

346 
ACCMr TTCGCCGCAATCATCCCTAGC 
EBCMf TCGGTAAAGCCGATGTTGCGG 

302 
EBCMr CTTCCACTGCGGCTGCCAGTT 
FOXMf AACATGGGGTATCAGGGAGATG 

190 
FOXMr CAAAGCGCGTAACCGGATTGG 
MOXMF GCTGCTCAAGGAGCACAGGAT 

520 64 
Perez-Perez and 
Hanson (2008) MOXMR CACATTGACATAGGTGTGGTGC 

qnrA 
qnrAF ATTTCTCACGCCAGGATTTG 

516 

53 
(multiplex) 

Robicsek et al. 
(2006) 

qnrAR GATCGGCAAAGGTTAGGTCA 

qnrB 
qnrBF GATCGTGAAAGCCAGAAAGG 

469 
qnrBR ACGATGCCTGGTAGTTGTTGTCC 

qnrS 
qnrSF ACGACATTCGTCAACTGCAA 

417 
qnrSR TAAATTGGCACCCTGTAGGC 

aac(6’)-Ib 
aac(6’)-Ib-F TTGCGATGCTCTATGATGGGCTA 

420 55 
Park et al. 
(2006) aac(6’)-Ib-R CTCGAATGCCTGGCGTGTTT 

  



Appendix Five  Material relating to Chapter Six 

279 
 

Table 5.2 

Summary of antimicrobial susceptibility test results by species and genetic breed group, as 

defined by Vonholdt et al. (2010) for dogs, and Lipinski et al. (2008) for cats. 

Dogs Cats 

Genetic breed group a % b (CI) c Genetic breed group d % (CI) 

Ancient / spitz 2.2 (2.0-2.4) Asian 6.0 (5.4-6.6) 
Crossbreed 13.7 (13.2-14.3) Crossbreed 71.1 (69.5-72.7) 
Herding 4.6 (4.3-4.9) Mediterranean 0.1 (0.04-0.2) 
Mastiff-like 10.7 (10.3-11.2) Unclassified breeds 3.9 (3.4-4.4) 
Retriever 14.3 (13.8-14.9) Unknown breeds 12.7 (11.4-14.0) 
Scent hound 3.1 (2.9-3.4) West Europe 6.2 (5.6-6.8) 
Sight hound 1.6 (1.5-1.8)  
Small terrier 6.8 (6.5-7.2) 
Spaniel 14.1 (13.6-14.6) 
Toy 4.4 (4.1-4.7) 
Unclassified breeds 9.9 (9.4-10.3) 
Unknown breeds 9.5 (8.7-10.3) 
Working dog 5.0 (4.7-5.3) 

a Vonholdt et al., 2010 
b Percentage of antimicrobial susceptibility test results 
c 95% Confidence interval 
d Lipinski et al., 2008  
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Table 5.3 

Summary of clinical Enterobacteriaceae species isolated with subsequent antimicrobial 

susceptibility tests completed for dogs and cats. 

Bacterial species 
Dogs Cats 

Number of AST results % Number of AST results % 
Escherichia coli 20343 69.359 7497 90.554 
Proteus mirabilis 5326 18.159 268 3.237 
Salmonella species 646 2.203 64 0.773 
Enterobacter cloacae 623 2.124 161 1.945 
Proteus species 619 2.110  25 0.302 
Klebsiella pneumoniae 483 1.647 48 0.580 
Pantoea agglomerans 239 0.815 28 0.338 
Serratia marcescens 169 0.576 40 0.483 
Enterobacter gergoviae 158 0.539 2 0.024 
Klebsiella oxytoca 137 0.467 38 0.459 
Citrobacter koseri 108 0.368 7 0.085 
Klebsiella species 62 0.211 5 0.060 
Enterobacter asburiae 36 0.123 10 0.121 
Serratia liquefaciens 36 0.123 15 0.181 
Morganella morganii 35 0.119 9 0.109 
Enterobacter aerogenes 31 0.106 6 0.072 
Proteus vulgaris 30 0.102 4 0.048 
Citrobacter freundii 28 0.095 5 0.060 
Leclercia adecarboxylata 24 0.082 2 0.024 
Citrobacter braakii 18 0.061 6 0.072 
Proteus hauseri 16 0.055 5 0.060 
Providencia rettgeri 15 0.051 5 0.060 
Raoultella ornithinolytica 14 0.048 3 0.036 
Serratia fonticola 13 0.044 2 0.024 
Escherichia vulneris 10 0.034   
Hafnia alvei 9 0.031 3 0.036 
Providencia stuartii 9 0.031   
Enterobacter amnigenus 8 0.027   
Pantoea species 7 0.024 1 0.012 
Enterobacter ludwigii 6 0.020 1 0.012 
Enterobacter species 6 0.020 2 0.024 
Enterobacter kobei 5 0.017   
Klebsiella variicola 5 0.017   
Proteus penneri 5 0.017 1 0.012 
Raoultella planticola 5 0.017 1 0.012 
Serratia grimesii 4 0.014 2 0.024 
Serratia rubidaea 4 0.014 1 0.012 
Escherichia albertii 3 0.010 1 0.012 
Kluyvera intermedia 3 0.010   
Serratia species 3 0.010 2 0.024 
Citrobacter amalonaticus 2 0.007   
Citrobacter gillenii 2 0.007   
Erwinia billingiae 2 0.007   
Pantoea septica 2 0.007 1 0.012 
Rahnella aquatilis 2 0.007   
Serratia proteamaculans 2 0.007   
Serratia ureilytica 2 0.007 1 0.012 
Buttiauxella gaviniae 1 0.003   
Citrobacter farmeri 1 0.003   
Citrobacter species 1 0.003   
Erwinia persicina 1 0.003   
Erwinia species 1 0.003   
Escherichia fergusonii 1 0.003   
Escherichia hermanii 1 0.003   
Ewingella americana 1 0.003 1 0.012 
Lelliottia amnigena 1 0.003   
Moellerella species 1 0.003   
Pantoea dispersa 1 0.003 1 0.012 
Providencia alcalifaciens 1 0.003 1 0.012 
Raoultella species 1 0.003   
Raoultella terrigena 1 0.003   
Salmonella enterica 1 0.003 1 0.012 
Citrobacter youngae   1 0.012 
Rahnella species   1 0.012 
Serratia odorifera   1 0.012 
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Table 5.4 

Summary of clinical Enterobacteriaceae bacterial species groups isolated from dog and cat samples by sample type / site. 

Bacterial species 
groups 

Sample type / site, % a (CI) b 
Anal region  

(inc. anal sacs) Ear(s) Faeces 
Oronasopharyngeal 

& respiratory Other / mixed Urine 

Dogs 

Enterobacter spp. 1.1 (1.1-1.2) 27.8 (26.0-29.7)  5.0 (4.7-5.4) 47.2 (44.1-50.3 18.8 (17.5-20.0 
Escherichia coli 13.3 (13.1-13.5) 7.3 (7.2-7.4) 1.3 (1.2-1.3) 2.0 (2.0-2.1) 17.5 (17.2-17.7) 58.6 (57.8-59.4) 
Klebsiella pneumoniae 8.1 (7.4-8.8) 6.6 (6.0-7.2) 0.2 (0.2-0.2) 16.1 (14.7-17.6) 24.8 (22.6-27.1) 44.1 (40.2-48.0) 
Other spp. 2.3 (7.7-8.1) 14.8 (13.9-15.7)  5.0 (4.7-5.3) 43.8 (41.1-46.6) 34.1 (32.0-36.2) 
Proteus mirabilis 7.9 (7.7-8.1) 24.9 (24.2-25.5)  0.2 (0.2-0.2) 5.1 (5.0-5.3) 62.0 (60.3-63.6) 
Other Proteus spp. 6.0 (5.5-6.4) 48.7 (45.0-52.3)  0.9 (0.8-1.0 10.7 (9.9-11.6) 33.7 (31.2-36.3) 
Salmonella spp.   92.9 (85.7-100.0) 0.3 (0.3-0.3) 4.6 (4.3-5.0) 2.2 (2.0-2.3) 

Cats 

Enterobacter spp.  6.0 (0.5-0.7)  12.6 (10.9-14.5) 49.5 (42.2-56.6) 31.9 (27.2-36.5) 
Escherichia coli 1.5 (1.4-1.5) 1.8 (1.7-1.8) 1.7 (1.7-1.8) 2.9 (2.8-3.0) 8.3 (8.1-8.5) 83.8 (81.9-85.7) 
Klebsiella pneumoniae 2.1 (1.5-2.7) 10.4 (7.5-13.4) 2.1 (1.5-2.7) 12.5 (9.0-16.0) 37.5 (26.9-48.1) 35.4 (25.4-45.4) 
Other spp. 1.1 (0.9-1.2) 13.6 (11.6-15.6)  12.0 (10.2-13.7) 36.4 (31.2-41.7) 37.0 (31.6-42.3) 
Proteus mirabilis 1.9 (1.6-2.1) 13.8 (12.2-15.5)  0.7 (0.7-0.8) 9.7 (8.5-10.9) 73.9 (65.0-82.7) 
Other Proteus spp. 2.9 (1.9-3.8) 8.6 (5.7-11.4)  2.9 (1.9-3.8) 25.7 (17.2-34.2) 60.0 (40.1-79.9) 
Salmonella spp.   87.7 (66.4-100.0) 3.1 (2.3-3.8) 6.2 (4.7-7.6) 3.1 (2.3-3.8) 

a Percentage of antimicrobial susceptibility test results, by bacterial species groups 
b 95% Confidence interval 
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Table 5.5 

Univariable results from a mixed effects logistic regression model, exploring odds of multi-

drug resistant E. coli at an isolate-level against a range of putative risk factors for dogs. 

Veterinary practice site was included as a random effect in all models. 

Variable Category β SE a OR b (CI) c P 

Sex Female (Intercept) -3.01 0.06 0.05 (0.04-0.06)  
Male -0.01 0.07 0.99 (0.87-1.13) 0.89 
Unspecified 0.12 0.18 1.13 (0.78-1.62) 0.52 

Neuter status Un-neutered (Intercept) -3.09 0.09 0.05 (0.04-0.04)  
Neutered 0.10 0.08 1.11 (0.94-1.31) 0.23 
Unspecified 0.11 0.11 1.12 (0.90-1.37) 0.33 

Genetic breed 
group d 

Retriever (Intercept) -2.90 0.09 0.06 (0.05-0.07)  
Ancient / spitz -0.11 0.25 0.90 (0.56-1.45) 0.66 
Crossbreed -0.27 0.12 0.76 (0.61-0.96) 0.02 
Herding -0.08 0.16 0.92 (0.68-1.25) 0.59 
Mastiff-like -0.23 0.13 0.79 (0.61-1.02) 0.07 
Scent hound -0.09 0.19 0.92 (0.63-1.33) 0.66 
Sight hound 0.00 0.25 1.00 (0.62-1.63) 1.00 
Small terrier -0.41 0.15 0.66 (0.49-0.89) 0.01 
Spaniel -0.18 0.12 0.83 (0.67-1.04) 0.11 
Toy -0.03 0.18 0.97 (0.68-1.39) 0.87 
Not yet genetically classified 0.07 0.12 1.08 (0.85-1.36) 0.54 
Unknown breed -0.08 0.13 0.93 (0.72-1.20) 0.56 
Working dog 0.21 0.15 1.23 (0.93-1.64) 0.15 

Urban / rural 
status 

Urban (Intercept) -3.04 0.06 0.05 (0.04-0.05)  
Rural 0.15 0.10 1.16 (0.95-1.41) 0.14 

Species treated Dog & cat (Intercept) -3.00 0.06 0.05 (0.04-0.06)  
Dog, cat & equine 0.27 0.25 1.31 (0.80-2.13) 0.29 
Dog, cat, equine & farm -0.08 0.13 0.92 (0.72-1.18) 0.51 
Dog, cat & farm 0.01 0.24 1.01 (0.63-1.62) 0.97 

RCVS 
accreditation 

Not accredited (Intercept) -3.03 0.07 0.05 (0.04-0.06)  
Accredited 0.05 0.08 1.05 (0.89-1.23) 0.57 

RCVS hospital 
status 

Not hospital (Intercept) -3.04 0.06 0.05 (0.04-0.05)  
Hospital 0.17 0.12 1.19 (0.93-1.51) 0.16 

Emergency / out 
of hours provider 

Not emergency / OOH (Intercept) -3.00 0.05 0.05 (0.05-0.06)  
Emergency / OOH provider -0.09 0.21 0.92 (0.61-1.38) 0.67 

Referrals only Not referrals-only site (Intercept) -3.02 0.05 0.05 (0.04-0.05)  
Referrals-only site 1.50 0.29 4.48 (2.56-7.83) <0.01 
Mixed site -0.01 0.42 0.99 (0.44-2.24) 0.98 

RCVS AVP e No RCVS AVPs on site (Intercept) -3.01 0.06 0.05 (0.04-0.06)  
RCVS AVPs on site 0.01 0.10 1.01 (0.83-1.23) 0.94 

RCVS Specialist No RCVS specialist on site (Intercept) -3.05 0.05 0.05 (0.04-0.05)  
RCVS specialist on site 0.78 0.16 2.17 (1.58-2.97) <0.01 

Veterinary nurse 
training 

Not VN training site (Intercept) -3.06 0.11 0.05 (0.04-0.06)  
VN training site 0.07 0.11 1.07 (0.87-1.32) 0.53 

Sites per  
postcode 

Single site (Intercept) -3.00 0.05 0.05 (0.05-0.06)  
Multiple sites -0.21 0.24 0.81 (0.51-1.31) 0.39 

Sampling  
type / site 

Urine (Intercept) -3.15 0.06 0.04 (0.04-0.05)  
Anal region (including anal sacs) 0.47 0.09 1.59 (1.33-1.91) <0.01 
Ear(s) -0.90 0.19 0.41 (0.28-0.59) <0.01 
Faeces -0.26 0.34 0.77 (0.40-1.49) 0.44 
Oronasopharyngeal & respiratory 0.76 0.18 2.13 (1.50-3.02) <0.01 
Other sites or mixed 0.59 0.08 1.80 (1.54-2.10) <0.01 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al. (2010) 
e Royal College of Veterinary Surgeons Advanced Veterinary Practitioner  
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Table 5.6 

Univariable results from a mixed effects logistic regression model, exploring odds of multi-

drug resistant E. coli at an isolate-level against a range of putative risk factors for cats. 

Veterinary practice site was included as a random effect in all models. 

Variable Category β SE a OR b (CI) c P 

Sex Female (Intercept) -8.04 0.45 0.00 (0.00-0.00)  
Male 0.30 0.20 1.35 (0.91-2.00) 0.14 
Unspecified 0.54 0.51 1.72 (0.63-4.72) 0.29 

Neuter status Un-neutered (Intercept) -7.79 0.60 0.00 (0.00-0.00)  
Neutered -0.19 0.38 0.83 (0.40-1.74) 0.62 
Unspecified 0.03 0.46 1.03 (0.41-2.54) 0.96 

Genetic breed  
group d 

West Europe (Intercept) -7.52 0.55 0.00 (0.00-0.00)  
Asian -1.12 0.59 0.33 (0.10-1.04) 0.06 
Crossbreed -0.43 0.35 0.65 (0.33-1.30) 0.22 
Not yet genetically classified -1.47 0.74 0.23 (0.05-0.99) 0.05 
Unknown breed -0.56 0.46 0.57 (0.23-1.40) 0.22 

Urban / rural 
status 

Urban (Intercept) -7.88 0.48 0.00 (0.00-0.00)  
Rural -0.37 0.60 0.69 (0.21-2.25) 0.54 

Species treated Dog & cat (Intercept) -7.96 0.00 0.00 (0.00-0.00)  
Dog, cat & equine 0.16 1.20 1.18 (0.11-12.31) 0.89 
Dog, cat, equine & farm 0.05 0.64 1.05 (0.30-3.70) 0.94 
Dog, cat & farm -0.40 1.39 0.67 (0.04-10.31) 0.77 

RCVS 
accreditation 

Not accredited (Intercept) -8.01 0.51 0.00 (0.00-0.00)  
Accredited 0.15 0.41 1.16 (0.52-2.56) 0.72 

RCVS hospital 
status 

Not hospital (Intercept) -7.98 0.48 0.00 (0.00-0.00)  
Hospital 0.55 0.56 1.73 (0.58-5.21) 0.33 

Emergency / out 
of hours provider 

Not emergency / OOH (Intercept) -7.90 0.47 0.00 (0.00-0.00)  
Emergency / OOH provider -0.67 1.19 0.51 (0.05-5.25) 0.57 

Referrals only Not referrals-only site (Intercept) -7.94 0.47 0.00 (0.00-0.00)  
Referrals-only site 0.45 1.55 1.56 (0.08-32.79) 0.77 
Mixed site -0.38 2.25 0.69 (0.01-57.06) 0.87 

RCVS AVP e No RCVS AVPs on site (Intercept) -7.93 0.48 0.00 (0.00-0.00)  
RCVS AVPs on site -0.02 0.50 0.98 (0.37-2.61) 0.96 

RCVS Specialist No RCVS specialist on site (Intercept) -7.94 0.48 0.00 (0.00-0.01)  
RCVS specialist on site 0.95 0.77 2.59 (0.58-11.63) 0.21 

Veterinary nurse 
training 

Not VN training site (Intercept) -7.80 0.62 0.00 (0.00-0.00)  
VN training site -0.17 0.51 0.84 (0.31-2.28) 0.74 

Sites per  
postcode 

Single site (Intercept) -7.92 0.46 0.00 (0.00-0.00)  
Multiple sites -0.30 1.19 0.74 (0.07-7.58) 0.80 

Sampling  
type / site 

Urine (Intercept) -8.14 0.50 0.00 (0.00-0.00)  
Anal region (including anal sacs) 1.62 0.57 5.06 (1.64-15.60) 0.01 
Ear(s) -0.51 1.00 0.60 (0.08-4.31) 0.61 
Faeces 1.18 0.66 3.25 (0.90-11.76) 0.07 
Oronasopharyngeal & respiratory 1.70 0.44 5.46 (2.31-12.90) <0.01 
Other sites or mixed 0.90 0.30 2.45 (1.36-4.41) <0.01 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al. (2008) 
e Royal College of Veterinary Surgeons Advanced Veterinary Practitioner  



Appendix Five  Material relating to Chapter Six 

284 
 

Table 5.7 

Univariable results from a mixed effects logistic regression model, exploring odds of 3rd/4th 

generation cephalosporin resistance in E. coli at an isolate-level against a range of putative 

risk factors for dogs. Veterinary practice site and diagnostic laboratory site was included as 

a random effect in all models. 

Variable Category β SE a OR b (CI) c P 

Sex Female (Intercept) -1.76 0.71 0.17 (0.04-0.69)  
Male -0.06 0.06 0.94 (0.84-1.06) 0.31 
Unspecified 0.28 0.16 1.33 (0.98-1.80) 0.07 

Neuter status Un-neutered (Intercept) -1.80 0.70 0.17 (0.04-0.66)  
Neutered -0.05 0.07 0.95 (0.83-1.10) 0.50 
Unspecified 0.18 0.10 1.19 (0.99-1.43) 0.07 

Genetic breed 
group d 

Retriever (Intercept) -2.00 0.73 0.14 (0.03-0.57)  
Ancient / spitz 0.50 0.22 1.57 (1.02-2.40) 0.04 
Crossbreed 0.28 0.11 1.33 (1.07-1.65) 0.01 
Herding -0.18 0.16 0.84 (0.61-1.15) 0.27 
Mastiff-like 0.37 0.12 1.45 (1.15-1.84) <0.01 
Scent hound 0.49 0.17 1.63 (1.18-2.27) <0.01 
Sight hound -0.34 0.28 0.72 (0.41-1.25) 0.24 
Small terrier 0.43 0.13 1.53 (1.18-1.98) <0.01 
Spaniel 0.26 0.11 1.29 (1.04-1.60) 0.02 
Toy 0.47 0.17 1.60 (1.15-2.21) <0.01 
Not yet genetically classified 0.14 0.12 1.15 (0.90-1.46) 0.27 
Unknown breed 0.25 0.12 1.28 (1.01-1.63) 0.05 
Working dog 0.50 0.14 1.65 (1.24-2.19) <0.01 

Urban / rural 
status 

Urban (Intercept) -1.75 0.71 0.17 (0.04-0.71)  
Rural -0.11 0.09 0.90 (0.76-1.07) 0.23 

Species treated Dog & cat (Intercept) -1.77 0.70 0.17 (0.04-0.68) 0.01 
Dog, cat & equine 0.21 0.20 1.24 (0.84-1.83) 0.29 
Dog, cat, equine & farm -0.22 0.11 0.80 (0.65-0.99) 0.04 
Dog, cat & farm 0.09 0.20 1.09 (0.74-1.61) 0.66 

RCVS 
accreditation 

Not accredited (Intercept) -1.87 0.71 0.16 (0.04-0.62)  
Accredited 0.16 0.07 1.17 (1.03-1.34) 0.02 

RCVS hospital 
status 

Not hospital (Intercept) -1.83 0.70 0.16 (0.04-0.63)  
Hospital 0.18 0.10 1.19 (0.99-1.44) 0.07 

Emergency / out 
of hours provider 

Not emergency / OOH (Intercept) -1.79 0.71 0.17 (0.04-0.67)  
Emergency / OOH provider 0.11 0.16 1.12 (0.82-1.52) 0.47 

Referrals only Not referrals-only site (Intercept) -1.86 0.64 0.16 (0.04-0.55)  
Referrals-only site 1.17 0.26 3.23 (1.96-5.34) <0.01 
Mixed site -0.24 0.33 0.79 (0.41-1.51) 0.47 

RCVS AVP e No RCVS AVPs on site (Intercept) -1.81 0.70 0.16 (0.04-0.64)  
RCVS AVPs on site 0.09 0.08 1.10 (0.94-1.29) 0.25 

RCVS Specialist No RCVS specialist on site (Intercept) -1.94 0.61 0.14 (0.04-0.48)  
RCVS specialist on site 0.66 0.14 1.93 (1.47-2.54) <0.01 

Veterinary nurse 
training 

Not VN training site (Intercept) -1.85 0.71 0.16 (0.04-0.63)  
VN training site 0.09 0.09 1.09 (0.91-1.30) 0.34 

Sites per  
postcode 

Single site (Intercept) -1.78 0.71 0.17 (0.04-0.68)  
Multiple sites -0.09 0.19 0.92 (0.64-1.32) 0.64 

Sampling  
type / site 

Urine (Intercept) -2.05 0.68 0.13 (0.03-0.49)  
Anal region (including anal sacs) 0.27 0.08 1.31 (1.11-1.54) <0.01 
Ear(s) 0.77 0.57 2.16 (0.70-6.63) 0.18 
Faeces 0.08 0.25 1.08 (0.66-1.77) 0.76 
Oronasopharyngeal & respiratory 0.11 0.22 1.11 (0.72-1.70) 0.63 
Other sites or mixed 0.64 0.07 1.90 (1.61-2.18) <0.01 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al. (2010) 
e Royal College of Veterinary Surgeons Advanced Veterinary Practitioner  
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Table 5.8 

Univariable results from a mixed effects logistic regression model, exploring odds of 3rd/4th 

generation cephalosporin resistance in E. coli at an isolate-level against a range of putative 

risk factors for cats. Veterinary practice site and diagnostic laboratory site was included as a 

random effect in all models. 

Variable Category β SE a OR b (CI) c P 

Sex Female (Intercept) -3.01 0.10 0.05 (0.04-0.06)  
Male 0.34 0.11 1.40 (1.14-1.73) <0.01 
Unspecified 0.12 0.30 1.13 (0.63-2.03) 0.69 

Neuter status Un-neutered (Intercept) -3.10 0.21 0.05 (0.03-0.07)  
Neutered 0.27 0.20 1.31 (0.88-1.94) 0.18 
Unspecified 0.13 0.26 1.14 (0.69-1.89) 0.61 

Genetic breed 
group d 

West Europe (Intercept) -2.80 0.21 0.06 (0.04-0.09)  
Asian -0.03 0.29 0.97 (0.55-1.72) 0.92 
Crossbreed 0.02 0.21 1.02 (0.68-1.54) 0.93 
Not yet genetically classified -0.49 0.37 0.62 (0.30-1.27) 0.19 
Unknown breed -0.47 0.26 0.63 (0.38-1.05) 0.08 

Urban / rural 
status 

Urban (Intercept) -2.87 0.10 0.06 (0.05-0.07)  
Rural 0.01 0.18 1.01 (0.71-1.43) 0.98 

Species treated Dog & cat (Intercept) -2.87 0.09 0.06 (0.05-0.07)  
Dog, cat & equine 0.02 0.39 1.02 (0.47-2.20) 0.96 
Dog, cat, equine & farm 0.15 0.21 1.16 (0.76-1.77) 0.48 
Dog, cat & farm -0.47 0.45 0.62 (0.26-1.49) 0.29 

RCVS 
accreditation 

Not accredited (Intercept) -2.99 0.12 0.05 (0.04-0.06)  
Accredited 0.22 0.13 1.25 (0.97-1.59) 0.08 

RCVS hospital 
status 

Not hospital (Intercept) -2.86 0.10 0.06 (0.05-0.07)  
Hospital -0.04 0.18 0.96 (0.67-1.37) 0.83 

Emergency / out 
of hours provider 

Not emergency / OOH (Intercept) -2.87 0.09 0.06 (0.05-0.07)  
Emergency / OOH provider 0.10 0.29 1.10 (0.62-1.94) 0.74 

Referrals only Not referrals-only site (Intercept) -2.89 0.09 0.06 (0.05-0.07)  
Referrals-only site 0.78 0.49 2.17 (0.82-5.72) 0.12 
Mixed site 0.12 0.55 1.13 (0.39-3.33) 0.82 

RCVS AVP e No RCVS AVPs on site (Intercept) -2.87 0.10 0.06 (0.05-0.07)  
RCVS AVPs on site 0.02 0.15 1.02 (0.76-1.38) 0.95 

RCVS Specialist No RCVS specialist on site (Intercept) -2.89 0.09 0.06 (0.05-0.07)  
RCVS specialist on site 0.48 0.26 1.61 (0.97-2.69) 0.07 

Veterinary nurse 
training 

Not VN training site (Intercept) -2.76 0.16 0.06 (0.05-0.09)  
VN training site -0.13 0.16 0.88 (0.65-1.21) 0.44 

Sites per  
postcode 

Single site (Intercept) -2.88 0.09 0.06 (0.05-0.07)  
Multiple sites 0.35 0.30 1.42 (0.79-2.55) 0.24 

Sampling  
type / site 

Urine (Intercept) -2.93 0.09 0.05 (0.05-0.06)  
Anal region (including anal sacs) 0.28 0.37 1.32 (0.63-2.75) 0.46 
Faeces -1.06 0.60 0.35 (0.11-1.12) 0.08 
Oronasopharyngeal & respiratory 0.73 0.25 2.07 (1.28-3.37) <0.01 
Other sites or mixed 0.65 0.16 1.91 (1.39-2.63) <0.01 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al. (2008) 
e Royal College of Veterinary Surgeons Advanced Veterinary Practitioner  
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Table 5.9 

Univariable results from a mixed effects logistic regression model, exploring odds of 

fluoroquinolone resistance in E. coli at an isolate-level against a range of putative risk factors 

for dogs. Veterinary practice site was included as a random effect in all models. 

Variable Category β SE a OR b (CI) c P 

Sex Female (Intercept) -3.34 0.07 0.04 (0.03-0.04)  
Male 0.05 0.07 1.06 (0.92-1.21) 0.45 
Unspecified 0.35 0.19 1.42 (0.98-2.06) 0.07 

Neuter status Un-neutered (Intercept) -3.43 0.10 0.03 (0.03-0.04)  
Neutered 0.19 0.09 1.21 (1.02-1.46) 0.04 
Unspecified 0.03 0.12 1.03 (0.81-1.30) 0.84 

Genetic breed  
group d 

Retriever (Intercept) -3.21 0.10 0.04 (0.03-0.05)  
Ancient / spitz -0.01 0.26 0.99 (0.60-1.64) 0.97 
Crossbreed -0.32 0.13 0.72 (0.56-0.93) 0.01 
Herding -0.23 0.18 0.79 (0.56-1.13) 0.20 
Mastiff-like -0.15 0.14 0.86 (0.66-1.13) 0.28 
Scent hound 0.19 0.19 1.21 (0.84-1.75) 0.30 
Sight hound -0.51 0.33 0.60 (0.32-1.14) 0.12 
Small terrier -0.35 0.17 0.70 (0.51-0.970) 0.03 
Spaniel -0.10 0.12 0.91 (0.71-1.15) 0.41 
Toy 0.05 0.20 1.05 (0.72-1.54) 0.79 
Not yet genetically classified 0.06 0.13 1.06 (0.83-1.37) 0.64 
Unknown breed -0.03 0.14 0.97 (0.74-1.29) 0.85 
Working dog 0.03 0.16 1.03 (0.75-1.43) 0.84 

Urban / rural 
status 

Urban (Intercept) -3.31 0.07 0.04 (0.03-0.04)  
Rural 0.02 0.12 1.02 (0.81-1.28) 0.86 

Species treated Dog & cat (Intercept) -3.28 0.07 0.04 (0.03-0.04)  
Dog, cat & equine 0.26 0.29 1.29 (0.74-2.26) 0.37 
Dog, cat, equine & farm -0.20 0.15 0.82 (0.62-1.09) 0.17 
Dog, cat & farm -0.21 0.29 0.81 (0.46-1.42) 0.47 

RCVS 
accreditation 

Not accredited (Intercept) -3.38 0.08 0.03 (0.03-0.04)  
Accredited 0.14 0.10 1.15 (0.95-1.38) 0.15 

RCVS hospital 
status 

Not hospital (Intercept) -3.36 0.07 0.04 (0.03-0.04)  
Hospital 0.37 0.14 1.44 (1.10-1.90) 0.01 

Emergency / out 
of hours provider 

Not emergency / OOH (Intercept) -3.30 0.07 0.04 (0.03-0.04)  
Emergency / OOH provider 0.00 0.24 1.00 (0.63-1.59) 0.99 

Referrals only Not referrals-only site (Intercept) -3.32 0.07 0.04 (0.03-0.04)  
Referrals-only site 1.75 0.33 5.74 (3.03-10.88) <0.01 
Mixed site -0.10 0.49 0.91 (0.35-2.37) 0.84 

RCVS AVP e No RCVS AVPs on site (Intercept) -3.31 0.07 0.04 (0.03-0.04)  
RCVS AVPs on site 0.01 0.12 1.01 (0.80-1.27) 0.94 

RCVS Specialist No RCVS specialist on site (Intercept) -3.35 0.07 0.04 (0.03-0.04)  
RCVS specialist on site 1.05 0.18 2.85 (2.01-4.04) <0.01 

Veterinary nurse 
training 

Not VN training site (Intercept) -3.42 0.12 0.03 (0.03-0.04)  
VN training site 0.14 0.12 1.15 (0.90-1.46) 0.27 

Sites per  
postcode 

Single site (Intercept) -3.30 0.07 0.04 (0.03-0.04)  
Multiple sites -0.08 0.27 0.92 (0.54-1.57) 0.76 

Sampling  
type / site 

Urine (Intercept) -3.50 0.07 0.03 (0.03-0.04)  
Anal region (including anal sacs) 0.36 0.11 1.43 (1.16-1.75) <0.01 
Ear(s) 0.51 0.13 1.67 (1.30-2.14) <0.01 
Faeces -0.62 0.43 0.54 (0.23-1.25) 0.15 
Oronasopharyngeal & respiratory 0.51 0.21 1.67 (1.10-2.53) 0.02 
Other sites or mixed 0.57 0.09 1.76 (1.49-2.09) <0.01 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al. (2010) 
e Royal College of Veterinary Surgeons Advanced Veterinary Practitioner  
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Table 5.10 

Univariable results from a mixed effects logistic regression model, exploring odds of 

fluoroquinolone resistance in E. coli at an isolate-level against a range of putative risk factors 

for cats. Veterinary practice site was included as a random effect in all models. 

Variable Category β SE a OR b (CI) c P 

Sex Female (Intercept) -8.42 0.52 0.00 (0.00-0.00)  
Male 0.48 0.22 1.61 (1.05-2.48) 0.03 
Unspecified 0.65 0.56 1.91 (0.63-5.77) 0.25 

Neuter status Un-neutered (Intercept) -8.20 0.65 0.00 (0.00-0.00)  
Neutered 0.04 0.44 1.04 (0.43-2.47) 0.94 
Unspecified -0.24 0.55 0.79 (0.27-2.32) 0.66 

Genetic breed 
group d 

West Europe (Intercept) -7.52 0.57 0.00 (0.00-0.00)  
Asian -1.05 0.55 0.35 (0.12-1.03) 0.06 
Crossbreed -0.85 0.36 0.43 (0.21-0.87) 0.02 
Not yet genetically classified -2.04 0.83 0.13 (0.03-0.66) 0.01 
Unknown breed -0.80 0.48 0.45 (0.18-1.15) 0.10 

Urban / rural 
status 

Urban (Intercept) -8.23 0.52 0.00 (0.00-0.00)  
Rural 0.22 0.58 1.24 (0.40-3.87) 0.718 

Species treated Dog & cat (Intercept) -8.20 0.52 0.00 (0.00-0.00)  
Dog, cat & equine -0.11 1.44 0.89 (0.05-14.99) 0.94 
Dog, cat, equine & farm 0.08 0.74 1.08 (0.26-4.60) 0.91 
Dog, cat & farm -0.29 1.51 0.75 (0.04-14.24) 0.85 

RCVS 
accreditation 

Not accredited (Intercept) -8.19 0.56 0.00 (0.00-0.00)  
Accredited -0.02 0.44 0.98 (0.41-2.33) 0.96 

RCVS hospital 
status 

Not hospital (Intercept) -8.24 0.52 0.00 (0.00-0.00)  
Hospital 0.37 0.60 1.44 (0.44-4.69) 0.54 

Emergency / out 
of hours provider 

Not emergency / OOH (Intercept) -8.18 0.51 0.00 (0.00-0.00)  
Emergency / OOH provider -0.40 1.19 0.67 (0.07-6.99) 0.74 

Referrals only Not referrals-only site (Intercept) -8.20 0.00 0.00 (0.00-0.00)  
Referrals-only site 1.27 1.41 3.56 (0.22-56.51) 0.37 
Mixed site -0.58 2.65 0.56 (0.00-100.38) 0.83 

RCVS AVP e No RCVS AVPs on site (Intercept) -8.22 0.52 0.00 (0.00-0.00)  
RCVS AVPs on site 0.09 0.53 1.09 (0.38-3.10) 0.87 

RCVS Specialist No RCVS specialist on site (Intercept) -8.17 0.52 0.00 (0.00-0.00)  
RCVS specialist on site 1.35 0.75 3.87 (0.88-16.97) 0.07 

Veterinary nurse 
training 

Not VN training site (Intercept) -8.21 0.70 0.00 (0.00-0.00)  
VN training site 0.01 0.59 1.01 (0.32-3.18) 0.99 

Sites per  
postcode 

Single site (Intercept) -8.19 0.51 0.00 (0.00-0.00)  
Multiple sites -0.38 1.33 0.68 (0.05-9.25) 0.77 

Sampling  
type / site 

Urine (Intercept) -8.23 0.53 0.00 (0.00-0.00)  
Anal region (including anal sacs) 1.49 0.66 4.45 (1.23-16.10) 0.02 
Ear 1.01 0.71 2.75 (0.69-11.02) 0.15 
Faeces 0.62 0.86 1.87 (0.35-10.04) 0.47 
Oronasopharyngeal & respiratory 0.52 0.58 1.68 (0.54-5.22) 0.37 
Other sites or mixed 0.88 0.32 2.40 (1.28-4.52) 0.01 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al. (2008) 
e Royal College of Veterinary Surgeons Advanced Veterinary Practitioner 
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Table 5.11 

Univariable results from a mixed effects logistic regression model, exploring odds of 

potentiated penicillin resistance in E. coli at an isolate-level against a range of putative risk 

factors for dogs. Veterinary practice site and laboratory site were included as random effects 

in all models. 

Variable Category β SE a OR b (CI) c P 
Sex Female (Intercept) -1.47 0.23 0.23 (0.15-0.36)  

Male -0.02 0.05 0.99 (0.90-1.08) 0.74 
Unspecified 0.28 0.13 1.32 (1.04-1.69) 0.03 

Neuter status Un-neutered (Intercept) -1.49 0.23 0.23 (0.14-0.35)  
Neutered 0.01 0.06 1.01 (0.90-1.14) 0.83 
Unspecified 0.04 0.08 1.04 (0.90-1.21) 0.59 

Genetic breed 
group d 

Retriever (Intercept) -1.61 0.23 0.20 (0.13-0.31)  
Ancient / spitz 0.14 0.17 1.15 (0.81-1.61) 0.44 
Crossbreed 0.10 0.09 1.10 (0.93-1.30) 0.26 
Herding -0.20 0.13 0.82 (0.64-1.05) 0.11 
Mastiff-like 0.35 0.09 1.42 (1.20-1.70) <0.01 
Scent hound 0.24 0.14 1.27 (0.98-1.66) 0.07 
Sight hound 0.04 0.19 1.04 (0.71-1.51) 0.85 
Small terrier 0.26 0.10 1.30 (1.07-1.58) 0.01 
Spaniel 0.11 0.08 1.11 (0.94-1.31) 0.21 
Toy 0.38 0.13 1.47 (1.14-1.89) <0.01 
Not yet genetically classified 0.15 0.09 1.16 (0.97-1.38) 0.11 
Unknown breed 0.12 0.10 1.13 (0.93-1.37) 0.21 
Working dog 0.33 0.11 1.39 (1.11-1.72) <0.01 

Urban / rural 
status 

Urban (Intercept) -1.45 0.23 0.24 (0.15-0.37)  
Rural -0.08 0.07 0.93 (0.81-1.05) 0.23 

Species treated Dog & cat (Intercept) -1.45 0.22 0.24 (0.15-0.36)  
Dog, cat & equine 0.10 0.16 1.11 (0.81-1.50) 0.52 
Dog, cat, equine & farm -0.21 0.08 0.81 (0.69-0.95) 0.01 
Dog, cat & farm 0.08 0.14 1.08 (0.82-1.43) 0.57 

RCVS 
accreditation 

Not accredited (Intercept) -1.49 0.23 0.23 (0.15-0.35)  
Accredited 0.03 0.05 1.03 (0.93-1.14) 0.53 

RCVS hospital 
status 

Not hospital (Intercept) -1.50 0.22 0.22 (0.15-0.35)  
Hospital 0.10 0.07 1.10 (0.96-1.27) 0.18 

Emergency / 
out of hours 
provider 

Not emergency / OOH (Intercept) -1.47 0.22 0.23 (0.15-0.36)  
Emergency / OOH provider 0.05 0.12 1.06 (0.84-1.33) 0.65 

Referrals only Not referrals-only site (Intercept) -1.53 0.20 0.22 (0.15-0.32)  
Referrals-only site 0.95 0.17 2.58 (1.86-3.57) <0.01 
Mixed site -0.35 0.28 0.71 (0.41-1.22) 0.21 

RCVS AVP e No RCVS AVPs on site (Intercept) -1.50 0.22 0.22 (0.15-0.35)  
RCVS AVPs on site 0.09 0.06 1.09 (0.97-1.23) 0.16 

RCVS Specialist No RCVS specialist on site 
(Intercept) 

-1.57 0.20 0.21 (0.14-0.31) <0.01 
RCVS specialist on site 0.52 0.09 1.69 (1.40-2.03) <0.01 

Veterinary 
nurse training 

Not VN training site (Intercept) -1.46 0.23 0.23 (0.15-0.37)  
VN training site -0.01 0.07 0.99 (0.87-1.14) 0.93 

Sites per  
postcode 

Single site (Intercept) -1.46 0.22 0.23 (0.15-0.36)  
Multiple sites -0.18 0.14 0.84 (0.63-1.11) 0.22 

Sampling  
type / site 

Urine (Intercept) -1.71 0.20 0.18 (0.12-0.27)  
Anal region (including anal sacs) 0.19 0.07 1.21 (1.05-1.38) 0.01 
Ear(s) -0.02 0.09 0.98 (0.82-1.18) 0.86 
Faeces 0.08 0.22 1.08 (0.71-1.66) 0.71 
Oronasopharyngeal & respiratory 0.43 0.14 1.54 (1.16-2.03) <0.01 
Other sites or mixed 0.67 0.06 1.95 (1.75-2.18) <0.01 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Vonholdt et al. (2010) 
e Royal College of Veterinary Surgeons Advanced Veterinary Practitioner  
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Table 5.12 

Univariable results from a mixed effects logistic regression model, exploring odds of 

potentiated penicillin resistance in E. coli at an isolate-level against a range of putative risk 

factors for cats. Veterinary practice site and laboratory site were included as random effects 

in all models. 

Variable Category β SE a OR b (CI) c P 

Sex Female (Intercept) -1.76 0.48 0.17 (0.07-0.44)  
Male 0.17 0.08 1.18 (1.02-1.38) 0.03 
Unspecified 0.17 0.20 1.19 (0.80-1.77) 0.40 

Neuter status Un-neutered (Intercept) -1.68 0.50 0.19 (0.07-0.49)  
Neutered -0.01 0.14 0.99 (0.75-1.31) 0.96 
Unspecified -0.03 0.18 0.97 (0.69-1.37) 0.86 

Genetic breed 
group d 

West Europe (Intercept) -1.54 0.49 0.22 (0.08-0.56)  
Asian -0.07 0.20 0.93 (0.63-1.38) 0.72 
Crossbreed -0.16 0.15 0.85 (0.64-1.14) 0.28 
Not yet genetically classified -0.30 0.24 0.74 (0.46-1.19) 0.21 
Unknown breed -0.33 0.18 0.72 (0.50-1.03) 0.07 

Urban / rural 
status 

Urban (Intercept) -1.67 0.48 0.19 (0.07-0.48)  
Rural -0.08 0.12 0.92 (0.72-1.17) 0.50 

Species treated Dog & cat (Intercept) -1.67 0.47 0.19 (0.08-0.47)  
Dog, cat & equine -0.21 0.30 0.81 (0.46-1.45) 0.48 
Dog, cat, equine & farm -0.02 0.15 0.98 (0.73-1.33) 0.91 
Dog, cat & farm -0.38 0.29 0.69 (0.39-1.21) 0.20 

RCVS 
accreditation 

Not accredited (Intercept) -1.76 0.47 0.17 (0.07-0.43)  
Accredited 0.13 0.09 1.13 (0.95-1.35) 0.16 

RCVS hospital 
status 

Not hospital (Intercept) -1.68 0.48 0.19 (0.07-0.47)  
Hospital -0.03 0.12 0.97 (0.76-1.23) 0.78 

Emergency / out 
of hours provider 

Not emergency / OOH (Intercept) -1.72 0.47 0.18 (0.07-0.45)  
Emergency / OOH provider 0.19 0.20 1.21 (0.82-1.78) 0.34 

Referrals only Not referrals-only site (Intercept) -1.72 0.46 0.18 (0.07-0.44) <0.01 
Referrals-only site 0.32 0.33 1.38 (0.73-2.62) 0.32 
Mixed site 0.41 0.38 1.51 (0.71-3.18) 0.28 

RCVS AVP e No RCVS AVPs on site (Intercept) -1.69 0.48 0.19 (0.07-0.47)  
RCVS AVPs on site -0.01 0.11 0.99 (0.81-1.22) 0.93 

RCVS Specialist No RCVS specialist on site (Intercept) -1.73 0.46 0.18 (0.07-0.44)  
RCVS specialist on site 0.17 0.18 1.19 (0.84-1.68) 0.33 

Veterinary nurse 
training 

Not VN training site (Intercept) -1.63 0.48 0.20 (0.08-0.51)  
VN training site -0.08 0.12 0.92 (0.74-1.16) 0.48 

Sites per  
postcode 

Single site (Intercept) -1.70 0.48 0.18 (0.07-0.46)  
Multiple sites 0.39 0.21 1.48 (0.98-2.25) 0.06 

Sampling  
type / site 

Urine (Intercept) -1.82 0.43 0.16 (0.07-0.38)  
Anal region (including anal sacs) -0.12 0.32 0.89 (0.47-1.67) 0.72 
Ear -0.40 0.34 0.67 (0.35-1.30) 0.24 
Faeces -0.18 0.32 0.83 (0.45-1.54) 0.56 
Oronasopharyngeal & respiratory 0.40 0.20 1.49 (1.01-2.21) 0.05 
Other sites or mixed 0.52 0.12 1.67 (1.32-2.12) <0.01 

a Standard error 
b Odds ratio 
c 95% Confidence interval 
d Lipinski et al. (2008) 
e Royal College of Veterinary Surgeons Advanced Veterinary Practitioner 
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Table 5.13 

Phenotypic and genotypic findings for a collection of Enterobacteriaceae isolates collected from canine and feline clinical samples (n =148) which were 

identified by veterinary diagnostic laboratories (n = 3) as being multi-drug resistant, extended spectrum β-lactamase (ESBL) producing, and / or individually 

resistant to 3rd/4th generation cephalosporins, fluoroquinolones and / or polymyxins. 

ID Species Sample type  
site 

Bacterial species 
species 

Confirmed E. coli 
E.coli 

Resistance  
phenotype 

ESBL 
phenotype 

Gene types  
detected 

ST131:O25b 
1 Canine Other / mixed Klebsiella pneumoniae 0 AMP C AUG KF CPD ENF GM TET POTS 0  Not tested 
2 Feline Other / mixed Acinetobacter baumanii 0 AMP C AUG KF CPD ENF GM TET POTS 0  Not tested 
3 Canine Faeces Proteus species 0 AMP AUG KF CPD ENF GM TET POTS 1 blaTEM blaCIT Not tested 
4 Canine Other / mixed Escherichia coli 1 AMP AUG KF CPD ENF GM TET POTS 0 blaTEM blaCIT 0 
5 Canine Ear(s) Klebsiella pneumoniae 0 AMP C KF CPD ENF GM TET POTS 1 blaTEM blaOXA blaCTX-M-15 qnrB aac(6')-Ib Not tested 
6 Canine Other / mixed Escherichia coli 1 AMP C KF CPD ENF GM TET POTS 1 blaTEM blaOXA blaCTX-M9 aac(6')-Ib 0 
7 Canine Urine Escherichia coli 1 AMP C AUG KF CPD ENF TET POTS 0 blaOXA aac(6')-Ib 0 
8 Canine Other / mixed Proteus mirabilis 0 AMP AUG KF CPD ENF GM TET POTS 1 blaTEM blaCIT Not tested 
9 Canine Ear(s) Escherichia coli 1 AMP C AUG KF CPD ENF TET POTS 0 blaTEM blaOXA aac(6')-Ib 0 
10 Canine Other / mixed Acinetobacter baumanii 0 AMP C AUG KF CPD ENF TET POTS 1 blaSHV blaCIT qnrS Not tested 
11 Canine Ear(s) Klebsiella pneumoniae 0 AMP C KF CPD ENF GM TET POTS 1 blaTEM blaSHV blaOXA blaCTX-M-15 qnrB aac(6')-Ib Not tested 
12 Canine Urine Escherichia coli 0 AMP C AUG KF CPD GM TET POTS 1 blaTEM 0 
13 Canine Urine Escherichia coli 1 AMP AUG KF CPD ENF TET POTS 0 blaTEM 0 
14 Canine Urine Escherichia coli 1 AMP AUG KF CPD ENF TET POTS 0 blaTEM 0 
15 Canine Other / mixed Escherichia coli 1 AMP AUG KF CPD ENF TET POTS 0 blaCIT qnrB aac(6')-Ib 0 
16 Canine Oronasal / respiratory Klebsiella pneumoniae 0 AMP C AUG KF CPD ENF POTS 0 blaSHV blaDHA Not tested 
17 Canine Anus Escherichia coli 1 AMP KF CPD ENF GM TET POTS 1 blaOXA blaCTX-M-15 aac(6')-Ib 1 
18 Canine Ear(s) Citrobacter koseri 0 AMP AUG KF CPD ENF TET POTS 1 blaTEM blaSHV blaOXA blaCTX-M-15 blaCIT aac(6')-Ib Not tested 
19 Canine Urine Klebsiella pneumoniae 0 AMP AUG KF CPD ENF TET POTS 1 blaTEM blaSHV blaOXA blaCTX-M-15 blaCIT aac(6')-Ib Not tested 
20 Canine Anus Escherichia coli 1 AMP C KF CPD GM TET POTS 1 blaTEM blaCIT 0 
21 Canine Urine Escherichia coli 1 AMP KF CPD ENF GM TET POTS 1 blaOXA blaCTX-M-15 qnrS aac(6')-Ib 0 
22 Canine Urine Escherichia coli 1 AMP C AUG ENF GM TET POTS 0 blaTEM 0 
23 Canine Ear(s) Escherichia coli 1 AMP C KF CPD ENF GM POTS 0 blaCIT 0 
24 Canine Urine Escherichia coli 1 AMP KF CPD ENF GM TET POTS 1 blaOXA blaCTX-M-15 aac(6')-Ib 0 
25 Feline Urine Escherichia coli 1 AMP C KF CPD ENF GM TET 1 blaCTX-M9 0 
26 Canine Other / mixed Escherichia coli 1 AMP KF CPD ENF GM TET POTS 1 blaOXA blaCTX-M-15 aac(6')-Ib 0 
27 Canine Other / mixed Escherichia coli 1 AMP C KF CPD ENF TET POTS 1 blaTEM blaCTX-M9 0 
28 Canine Urine Escherichia coli 1 AMP C AUG KF CPD TET POTS 1 blaTEM blaOXA blaCTX-M-15 0 
29 Canine Other / mixed Escherichia coli 1 AMP C KF CPD ENF TET POTS 1 blaTEM blaCTX-M-15 qnrS 0 
30 Canine Other / mixed Escherichia coli 1 AMP KF CPD ENF TET POTS 1 blaTEM blaCTX-M-1 0 
31 Canine Other / mixed Klebsiella pneumoniae 0 AMP KF CPD GM TET POTS 1 blaSHV blaCTX-M9 Not tested 
32 Canine Other / mixed Escherichia coli 1 AMP AUG KF CPD TET POTS 1 blaCTX-M9 blaDHA qnrA aac(6')-Ib 0 
33 Feline Other / mixed Klebsiella pneumoniae 1 AMP KF CPD ENF TET POTS 1 blaCTX-M-15 aac(6')-Ib Not tested 
34 Canine Other / mixed Escherichia coli 1 AMP AUG KF CPD TET POTS 1 blaTEM blaCIT 0 
35 Canine Ear(s) Escherichia coli 1 AMP C KF CPD ENF TET 1 blaTEM blaCTX-M-15 0 
36 Feline Urine Escherichia coli 1 AMP AUG KF CPD ENF POTS 1 blaOXA blaCTX-M-15 blaCIT qnrS aac(6')-Ib 0 
37 Canine Other / mixed Escherichia coli 1 AMP KF CPD ENF TET POTS 1 blaOXA blaCTX-M-15 aac(6')-Ib 0 
38 Canine Urine Proteus mirabilis 0 AMP C ENF GM TET POTS 0 blaTEM Not tested 
39 Canine Other / mixed Escherichia coli 1 AMP KF CPD ENF TET POTS 1 blaCTX-M9 0 
40 Canine Other / mixed Klebsiella species 1 AMP C AUG ENF TET POTS 0 blaTEM aac(6')-Ib Not tested 
41 Canine Other / mixed Escherichia coli 1 AMP C AUG KF CPD POTS 0 blaOXA blaCIT 0 
42 Canine Other / mixed Escherichia coli 1 AMP C AUG KF CPD ENF 1 blaOXA blaCTX-M9 aac(6')-Ib 0 
43 Canine Urine Proteus mirabilis 0 AMP C KF CPD ENF TET 1 blaCTXM Not tested 
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44 Feline Urine Escherichia coli 1 AMP KF CPD ENF TET POTS 1 blaCTX-M9 1 
45 Canine Oronasal / respiratory Escherichia coli 1 AMP C AUG ENF TET POTS 0 blaOXA 0 
46 Canine Oronasal / respiratory Escherichia coli 0 AMP C ENF GM TET POTS 0 blaSHV 0 
47 Canine Other / mixed Escherichia coli 1 AMP C AUG ENF TET POTS 0 blaOXA 0 
48 Canine Other / mixed Escherichia coli 1 AMP KF CPD ENF TET POTS 1 blaTEM blaSHV 0 
49 Feline Urine Escherichia coli 1 AMP C KF CPD ENF TET 0  0 
50 Canine Urine Escherichia coli 1 AMP KF CPD ENF GM TET 1 blaOXA blaCTX-M-15 0 
51 Canine Ear(s) Escherichia coli 1 AMP C ENF TET POTS 0 blaTEM aac(6')-Ib 0 
52 Canine Other / mixed Escherichia coli 1 AMP KF ENF TET POTS 1 blaOXA blaCTX-M-15 aac(6')-Ib 1 
53 Canine Other / mixed Escherichia coli 1 AMP ENF GM TET POTS 0 blaTEM 0 
54 Canine Other / mixed Escherichia coli 1 AMP ENF GM TET POTS 0 blaTEM 0 
55 Canine Other / mixed Escherichia coli 1 AMP C ENF TET POTS 0 blaTEM 0 
56 Canine Other / mixed Escherichia coli 1 AMP KF ENF TET POTS 1 blaOXA blaCTX-M-15 aac(6')-Ib 0 
57 Canine Urine Proteus mirabilis 0 AMP C ENF TET POTS 0 blaTEM Not tested 
58 Canine Anus Escherichia coli 1 AMP C KF CPD ENF 1 blaTEM blaOXA blaCTX-M9 aac(6')-Ib 0 
59 Canine Anus Escherichia coli 1 AMP AUG KF CPD POTS 1 blaDHA 0 
60 Canine Urine Enterobacter asburiae 0 AMP AUG KF CPD POTS 0 blaTEM blaACC Not tested 
61 Canine Anus Escherichia coli 1 AMP AUG KF CPD POTS 1 blaCIT aac(6')-Ib 0 
62 Canine Other / mixed Escherichia coli 1 AMP AUG KF CPD TET 1 blaCIT 0 
63 Canine Urine Escherichia coli 1 AMP KF CPD ENF GM 1 blaTEM blaCTX-M-15 1 
64 Canine Urine Escherichia coli 1 AMP C ENF TET POTS 1 blaOXA 0 
65 Feline Urine Escherichia coli 1 AMP AUG KF CPD POTS 0 blaDHA 0 
66 Canine Ear(s) Escherichia coli 1 AMP AUG KF CPD ENF 1 blaCIT 0 
67 Canine Other / mixed Escherichia coli 1 AMP C ENF TET POTS 0 blaTEM 0 
68 Canine Oronasal / respiratory Escherichia coli 1 AMP C ENF TET POTS 0 blaTEM 0 
69 Canine Other / mixed Escherichia coli 1 AMP AUG KF CPD TET 1 blaTEM blaCIT aac(6')-Ib 0 
70 Canine Other / mixed Escherichia coli 1 AMP C AUG ENF POTS 0 blaTEM 0 
71 Canine Other / mixed Escherichia coli 1 AMP AUG KF CPD POTS 0 blaDHA 0 
72 Canine Other / mixed Escherichia coli 1 AMP C KF CPD POTS 0 blaOXA blaCIT 0 
73 Canine Anus Escherichia coli 1 AMP AUG KF CPD ENF 0 blaTEM blaCIT aac(6')-Ib 0 
74 Canine Urine Escherichia coli 1 AMP AUG KF CPD TET  1 blaTEM blaCIT 0 
75 Canine Oronasal / respiratory Escherichia coli 1 KF CPD GM TET POTS 0 blaCIT 0 
76 Canine Urine Escherichia coli 1 AMP AUG ENF TET POTS 0 blaTEM 0 
77 Canine Other / mixed Escherichia coli 1 AMP C AUG ENF POTS 0 blaTEM aac(6')-Ib 0 
78 Feline Urine Escherichia coli 1 AMP AUG KF CPD 1 blaTEM blaCTX-M9 0 
79 Canine Urine Escherichia coli 1 AMP C ENF POTS 0 blaTEM 0 
80 Canine Other / mixed Morganella morganii 0 AMP AUG KF TET 0  Not tested 
81 Canine Other / mixed Escherichia coli 1 AMP ENF TET POTS 0 blaTEM aac(6')-Ib 0 
82 Feline Urine Escherichia coli 1 AMP AUG KF CPD 0  0 
83 Canine Urine Escherichia coli 1 AMP AUG KF CPD 0  0 
84 Canine Urine Escherichia coli 0 AMP AUG KF POTS 0 blaTEM 0 
85 Canine Ear(s) Escherichia coli 1 AMP AUG KF CPD 1 blaCIT 0 
86 Feline Urine Serratia marcescens 0 AMP AUG KF TET 0  Not tested 
87 Canine Other / mixed Escherichia coli 1 AMP C AUG POTS 0 blaTEM blaOXA aac(6')-Ib 0 
88 Canine Urine Escherichia coli 1 AMP AUG KF CPD 0  0 
89 Canine Urine Escherichia coli 1 AMP AUG KF CPD 0  0 
90 Canine Other / mixed Escherichia coli 1 AMP ENF TET POTS 0 blaTEM 0 
91 Canine Urine Escherichia coli 1 AMP AUG KF CPD 0  0 
92 Canine Urine Escherichia coli 1 AMP AUG KF CPD 0 blaDHA aac(6')-Ib 0 
93 Canine Ear(s) Escherichia coli 1 AMP ENF TET POTS 0 blaTEM 0 
94 Canine Urine Proteus mirabilis 0 AMP C TET POTS 0 blaTEM Not tested 
95 Canine Anus Escherichia coli 1 AMP AUG KF CPD 0 blaDHA 0 
96 Feline Urine Serratia marcescens 0 AMP AUG KF TET 0  Not tested 
97 Feline Urine Escherichia coli 1 AMP KF CPD ENF 1 blaCTX-M-15 1 
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98 Canine Other / mixed Escherichia coli 1 AMP ENF TET POTS 0 blaTEM 0 
99 Canine Other / mixed Escherichia coli 1 AMP AUG KF CPD 1 blaDHA 0 
100 Canine Other / mixed Escherichia coli 1 AMP KF CPD POTS 1 blaCTX-M9 0 
101 Canine Urine Escherichia coli 1 AMP KF CPD ENF 1 blaCTX-M9 1 
102 Canine Urine Klebsiella pneumoniae 0 AMP AUG KF ENF 0 blaSHV blaOXA blaDHA aac(6')-Ib Not tested 
103 Canine Other / mixed Escherichia coli 1 AMP AUG KF TET 0  0 
104 Canine Urine Enterobacter cloacae 

complex 
0 AMP C AUG KF 0  Not tested 

105 Canine Anus Escherichia coli 1 AMP C TET POTS 0 blaTEM blaOXA blaCTXM 0 
106 Canine Anus Escherichia coli 1 AMP ENF TET POTS 0 blaTEM 0 
107 Canine Urine Escherichia coli 1 AMP AUG KF TET 0 blaTEM 0 
108 Canine Urine Escherichia coli 0 AMP KF CPD ENF 1 blaSHV blaDHA aac(6')-Ib 0 
109 Canine Urine Escherichia coli 1 AMP KF CPD ENF 1 blaCTX-M-15 0 
110 Canine Other / mixed Escherichia coli 1 AMP ENF TET 0 blaTEM aac(6')-Ib 0 
111 Canine Other / mixed Escherichia coli 1 AMP TET POTS 0 blaTEM 0 
112 Canine Urine Escherichia coli 0 AMP AUG KF 0  0 
113 Canine Urine Escherichia coli 1 AMP AUG KF 0  0 
114 Canine Urine Proteus mirabilis 0 C TET POTS 0  Not tested 
115 Canine Urine Escherichia coli 1 ENF TET POTS 0  0 
116 Canine Ear(s) Proteus mirabilis 0 C TET POTS 0 blaTEM Not tested 
117 Canine Urine Escherichia coli 1 AMP AUG KF 0  0 
118 Canine Urine Escherichia coli 1 AMP KF CPD 0  0 
119 Feline Other / mixed Enterobacter cloacae 

complex 
0 AMP AUG KF 0  Not tested 

120 Canine Urine Enterobacter cloacae 
complex 

0 AMP AUG KF 0 blaACC Not tested 
121 Feline Urine Escherichia coli 1 AMP TET POTS 0 blaTEM 0 
122 Feline Other / mixed Enterobacter cloacae 

complex 
0 AUG KF TET 0  Not tested 

123 Canine Other / mixed Klebsiella pneumoniae 0 AMP KF ENF 0 blaSHV blaOXA blaDHA aac(6')-Ib Not tested 
124 Canine Urine Proteus mirabilis 0 AMP TET POTS 0 blaTEM Not tested 
125 Canine Other / mixed Enterobacter cloacae 

complex 
0 AUG KF 0  Not tested 

126 Canine Urine Proteus mirabilis 0 GM TET 0 blaTEM Not tested 
127 Canine Urine Escherichia coli 0 CPD TET 0 blaTEM blaCIT qnrS 0 
128 Canine Urine Escherichia coli 1 AUG KF 0  0 
129 Canine Urine Proteus mirabilis 0 ENF TET 0  Not tested 
130 Canine Other / mixed Serratia marcescens 0 KF TET 0  Not tested 
131 Canine Faeces Salmonella species 0 AMP TET 0 blaTEM Not tested 
132 Canine Urine Escherichia coli 0 GM TET 0  0 
133 Canine Other / mixed Escherichia coli 0 ENF 0  0 
134 Canine Urine Escherichia coli 0 AMP 0 blaSHV 0 
135 Feline Other / mixed Escherichia coli 1 KF 0  0 
136 Canine Ear(s) Enterobacter cloacae 

complex 
0 C 0  Not tested 

137 Canine Ear(s) Escherichia coli 1 AMP 0 blaTEM 0 
138 Canine Urine Proteus mirabilis 0 TET 0  Not tested 
139 Canine Urine Proteus mirabilis 0 TET 0  Not tested 
140 Canine Urine Klebsiella pneumoniae 0 AMP 0  Not tested 
141 Canine Urine Escherichia coli 1 AUG 0  0 
142 Canine Urine Escherichia coli 0 AMP 0  0 
143 Canine Urine Enterobacter cloacae 

complex 
0  0  Not tested 

144 Feline Urine Escherichia coli 1  0  0 
145 Canine Oronasal / respiratory Enterobacter cloacae 

complex 
1  0  Not tested 

146 Canine Urine Escherichia coli 1  0  0 
147 Canine Urine Enterobacter cloacae 

complex 
0  0  Not tested 

148 Canine Urine Escherichia coli 1  0  0 

Key: AMP = ampicillin; C = Chloramphenicol; AUG = clavulanic acid potentiated amoxicillin; KF = Cephalothin; CPD = Cefpodoxime; ENF = Enrofloxacin; GM = Gentamicin; TET = Tetracycline;  
POTS = Trimethoprim potentiated sulphonamide 


