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13

CVMP Recommendations for action

14

‘Off-label use’ is defined in Article 1(16) of Directive 2001/82/EC 1 on the Community code relating to

15

veterinary medicinal products (hereafter referred to as the ‘Directive’) as ‘the use of a veterinary

16

medicinal product that is not in accordance with the summary of the product characteristics, including

17

the misuse and serious abuse of the product’. The cost of development of veterinary medicinal

18

products (VMPs) inevitably leads to limited availability of products authorised for species and

19

indications representing smaller market sectors. In addition, veterinary prescribing evolves rapidly,

20

reflecting changing trends or advances in veterinary practice. Although it is preferable that VMPs are

21

used in-line with an evidence-based summary of product characteristics (SPC), the prescribing cascade

22

is established under EU legislation to address this lack of authorised VMPs, with its use expected to be

23

‘by way of exception’ and in particular ‘to avoid causing unacceptable suffering’ 2. Not all off-label use

24

practices are consistent with this requirement of the cascade.

25

Due to a lack of official data on the extent of off-label antimicrobial 3 use, and specific research on

26

impacts, it is only possible to speculate about the potential risks to animal and public health and

27

acceptability of these practices based on general principles.

28

Responsible off-label use of antimicrobials includes a consideration of factors such as the availability of

29

treatments for a minor species or indications not included on the SPC, changes to dosing regimens to

30

accommodate the susceptibility of the target pathogen or the need to address a particular patient’s

31

physiological status or health disease characteristics. This may be seen as acceptable provided that

32

potential additional impacts on public and animal health due to antimicrobial resistance (AMR) are

33

taken into account and risk management measures are implemented (see recommendations below).

34

Cascade use for groups of animals and use of human-only authorised antimicrobials in companion

35

animals require careful consideration.

36

Some types of off-label antimicrobial use cannot be considered as cascade use and the potential

37

associated risks cannot be justified. These include use of antimicrobials for practical or economic

38

reasons, systematic preventive use in groups of animals, unintentional under- or over-dosing and

39

concomitant use of two or more antimicrobials without proper diagnosis. Such practices are of high

40

concern, in particular when they involve group treatments and/or use of CIAs.

41

The CVMP concludes that the following recommendations should be considered in relation to the off-

42

label use of veterinary medicinal products containing antimicrobial substances:

43

1. Although the Directive makes provisions for cascade use, there is no official collection of data on

44

the extent or nature of off-label use, or requirement for monitoring. There is therefore very little

45

evidence on which to base an assessment of the risk due to AMR that off-label use actually poses

46

to animal and public health.

47

It is recognised that establishing a formal system to collect prescription data on off-label use in all

48

countries could be burdensome on veterinarians and competent authorities. Hence, a limited

49

research initiative to investigate the major off-label uses, particularly of antimicrobials that are
1

Condolidated version of Directive 2001/82/EC of the European Parliament and of the Council of 6 November 2001 on the
Community code relating to veterinary medicinal products (OJ L 311, 28.11.2001, p. 1).
2
Articles 10 and 11 of Directive 2001/82/EC, as amended by Directive 2004/28/EC.
3
Antimicrobial agent: A naturally occurring, semi-synthetic or synthetic substance that exhibits antimicrobial activity (kill or
inhibit the growth of micro-organisms) at concentrations attainable in vivo. Antiparasitics and substances classed as
disinfectants or antiseptics are excluded from this definition (OIE Terrestrial Animal Health Code definition). In the context
of this reflection paper the focus is on compounds acting against bacteria.
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50

currently only authorised for human use, is recommended. Knowledge of the extent and evolving

51

nature of off-label use would be of value in identifying therapeutic gaps, and in further evaluating

52

the potential risk to animal and public health due to AMR. In the longer term it could help in

53

measuring the effectiveness of measures taken to manage the risks around off-label use.

54

Responsible body: Research institutes, government bodies with responsibility for policy-making

55

and surveillance in the area of AMR.

56

2. Prescribing under the cascade should be supported by a full diagnostic investigation including

57

bacterial culture and antimicrobial susceptibility testing, where possible. If feasible it should be

58

limited to treatment of individual animals.

59

Responsible body: Prescribing veterinarians, policy-makers.

60

3. When prescribing under the cascade, veterinarians should take into account the importance of the

61

antimicrobial to human medicine and the risk for transmission of AMR from treated animals to

62

humans. In particular, veterinarians should take these factors into account in the benefit-risk

63

assessment before prescribing antimicrobials that are presently only authorised for use in human

64

medicine (AMEG Category 3) (EMA/AMEG, 2014), which are critically important antimicrobials

65

(CIAs) for use in human medicine as one of few alternatives to treat serious disease, and for which

66

the AMEG considered the risk for spread of resistance to be high. This could be facilitated by use

67

of treatment guidelines that have already considered these aspects (see below). Use of Category 3

68

antimicrobials should be kept to an absolute minimum.

69

Responsible body: Prescribing veterinarians, professional bodies preparing treatment guidelines.

70
71

4. The development by regional professional bodies of evidence-based treatment guidelines is
encouraged. Such guidelines can support responsible off-label use of antimicrobials by taking into

72

account the local AMR situation and product availability in the Member State in addition to the

73

general clinical evidence base. Any off-label uses recommended in these guidelines, should comply

74

with the conditions of articles 10 and 11 of the Directive (cascade). A One Health approach should

75

be adopted so that the potential impact on public health is included in the risk assessment

76

underlying this guidance. Guidelines should emphasise prudent use principles, especially in regards

77

to CIAs. Guidelines should be regularly updated and veterinarians trained in their use and the use

78

of SPCs through stewardship programmes. As articles and papers published in press and scientific

79

journals are also influential in prescribing decisions made by veterinarians, it should be made clear

80

when their recommendations are not in line with SPC use and any conflicts of interest should be

81

declared.

82

Responsible body: Veterinary professional bodies, universities, veterinarians, journal editors.

83

5. Off-label systematic preventive use of antimicrobials in groups of animals is not considered to be

84

compatible with the principles of the cascade and should not take place. Such use is considered not

85

to be in line with the criteria of article 10 and 11 of the Directive. Detailed recommendations are

86

given in the RONAFA report (EMA/EFSA, 2017).

87

6. As documented in the CVMP’s strategy on antimicrobials 2016-2020 (EMA/CVMP, 2016), when

88

conducting referral procedures and SPC harmonisation, further consideration should be given to

89

developing methodologies to avoid the loss of indications from the SPCs of lower risk older

90

antimicrobial veterinary medicinal products.

91

Responsible body: CVMP
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92

6. The pharmaceutical industry should be encouraged to develop and market VMPs containing

93

Category 1 substances or other antimicrobials of lower risk for public health to address therapeutic

94

gaps and broaden their indications, thereby reducing the need for off-label use. For Minor Uses and

95

Minor Species (MUMS), this could largely be achieved through extensions to existing VMPs. It is

96

also necessary for these products to be marketed across the EU.

97

Responsible body: Pharmaceutical industry. It is also the responsibility of CVMP and competent

98

authorities to provide scientific advice on the data requirements for MA applications.

99

7. Further research is needed into the impact on antimicrobial resistance selection of administration

100

of antimicrobials by non-authorised routes for practical reasons to groups of animals, e.g.

101

administration in liquid feed to pigs.

102

Responsible body: Research organisations, livestock associations.

103
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133

1. Introduction

134

Medical treatments for animal diseases have evolved extensively over the last 100 years. A wide

135

variety of pharmaceutical agents are marketed, but only a minority of these are authorised for use in

136

animals, with specific indications. This relative paucity of approved veterinary medicinal products

137

(VMPs) for the wide diversity of animal species and disorders, results in veterinarians using products

138

outside of the authorised conditions of use detailed in their summaries of product characteristics

139

(SPCs) in order to treat disease and alleviate suffering. This is known as ‘off-label’ use and is of

140

particular relevance to minor species and/or minor indications, as defined in the CVMP guidance on the

141

classification of veterinary medicinal products indicated for minor use minor species (MUMS)/limited

142

market (EMA/CVMP/388694/2014). In these cases, the regulatory costs for the pharmaceutical

143

industry associated with developing new medicines and maintaining them on the market are too great

144

compared to the return on investment.

145

There are specific concerns relating to the off-label use of antimicrobials, for example administration

146

when not indicated, use of incorrect doses or improper route of administration. These practices may

147

lead to ineffective or unnecessary antimicrobial use and thereby pose an unjustified risk to animal and

148

public health due to potential dissemination of antimicrobial resistance (AMR).

149

In the scientific literature, there are few references in which the off-label use of veterinary medicinal

150

products has been investigated. Recently, a survey of practising veterinarians by the German Federal

151

Office of Consumer Protection and Food Safety reported that, of the 146 veterinary practices taking

152

part, 74% reported off-label use of systemic anti-infectives (Biedermann, 2014).

153

2. Scope

154

This document intends to define off-label use and provide relevant examples of off-label use of

155

antimicrobials in animals and the underlying reasons for these practices. The circumstances when off-

156

label use is compatible with responsible use of antimicrobials will be explored. The goal is to identify

157

and focus on areas that may cause unacceptable public and animal health risks due to dissemination of

158

antimicrobial resistance. Off-label antimicrobial use in companion animals and food-producing animals

159

will be addressed.

160

This reflection should not be interpreted as promoting any therapeutic recommendations regarding off-

161

label use of antimicrobials.

162

3. Definition and legal aspects of ‘Off-label’ use

163

The Summary of Product Characteristics (SPC) is the regulatory document containing information on

164

the approved uses of a medicinal product. In EU legislation it is considered implicit that, for authorised

165

veterinary medicines, veterinarians should follow the conditions for use as set out in the SPC. Use

166

outside of the SPC is commonly referred to as ‘off-label’ use and is defined in the European Directive

167

2001/82/EC:

168

“The use of a veterinary medicinal product that is not in accordance with the summary of the product

169

characteristics (SPC), including the misuse and serious abuse of the product.”

170

Acknowledging that approved indications for veterinary medicinal products might not address all

171

clinical needs, legal provisions are in place to allow use outside of the approved conditions of use.

172

Thus, it is recognised that there are clinical situations in which off-label product use is necessary and
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173

appropriate. In EU legislation, the relevant legal text permitting such use is detailed in Articles 10 and

174

11 of the Directive, (known as ‘the cascade principle’). The principle of the cascade is that if no

175

suitable veterinary medicine is authorised in the member state to treat a condition, the veterinary

176

surgeon responsible for the animal may, ‘by way of exception’ and ‘in particular to avoid causing

177

unacceptable suffering’, treat the animal in accordance with the following sequence in descending

178

order of priority:

179

•

180
181

A VMP authorised in the member state for use in another animal species or for a different condition
in the same species,

•

if there is no such product, then either:

182

– a medicine authorised for human use in the member state; or

183

– a VMP authorised in another member state for use in the same species or another species;

184

•

if there is no product referred to above, a VMP prepared extemporaneously

185

AMR risk assessments are performed before approval of veterinary medicinal products and any

186

identified risks are mitigated by specific warnings and/or restrictions in the SPC. This includes

187

establishment of a maximum residue limit (MRL) specific to the antimicrobial substance and a

188

withdrawal period specific to the VMP to ensure that antimicrobial residues in food produce do not

189

exceed levels that could impact the colonisation barrier or population of AMR bacteria in the colon of

190

the consumer. In the interest of food safety, food-producing animals may only be treated under the

191

cascade with medicines which contain substances listed in the Table of Allowed Substances included in

192

the Annex to in Commission Regulation (EU) No 37/2010 4, i.e. for which MRLs have been established

193

where needed. Where products are used in accordance with ‘the cascade’, minimum withdrawal

194

periods are prescribed by law 5.

195

While much off-label use is to address the absence of authorised products (for a specific species or

196

indication), there are other factors that may result in off-label use of VMPs. For example, De Briyne et

197

al. (2013) reported the results of a voluntary survey of veterinary practitioners on factors that

198

influence antimicrobial prescribing habits. In this survey, which included 3004 responses from 25

199

European countries, respondents ranked training/literature as well as their own experience higher than

200

SPCs as important sources of information influencing their prescribing behaviour. Furthermore,

201

approximately 50% of the same respondents stated that they viewed the SPC only occasionally and/or

202

seldom before treatment. Thus, off-label use may occur unintentionally since other sources of

203

information on product use are utilised more commonly than the authorised SPC.

204

Further, the authorisation of antimicrobial VMPs in accordance with current SPC guidance has the

205

potential to lead to more off-label use. Previously, indications tended to be broad and were simply

206

stated as, for example: ‘for bacterial infections susceptible to [the concerned antimicrobial]’, and thus

207

only very few uses in the authorised target species would have been classified as off-label. Where

208

‘older’ lower risk antimicrobials have been the subject of a recent review, specific narrow indications

209

against named target pathogens have been introduced (as specified in the revised EU guideline on the

210

SPC for antimicrobial products) resulting in increasing examples of off-label use by veterinarians

211

wishing to adhere to responsible use principles.

212
4
Commission Regulation (EU) No 37/2010 of 22 December 2009 on pharmacologically active substances and their
classification regarding maximum residue limits in foodstuffs of animal origin (Official Journal of the European Union, 2010).
5
Article 11(2) of Directive 2001/82/EC.
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213

4. Collection of official data on off-label use

214

There are no official data on the volume of antimicrobials used off-label in the EU. The ESVAC project

215

collects data on sales of antimicrobials within the EU but they are obtained mostly from wholesalers

216

and Marketing Authorisation Holders, and detailed data on the conditions of use are not collected. In

217

addition, no data on the sales of antimicrobial products used in animals but authorised for use in

218

humans are collected (EMA/ESVAC, 2016).

219

In regards to use under the cascade, the use of the expressions, ‘by way of exception’, and ‘in

220

particular to avoid unacceptable suffering’ allows legislators to indicate that off-label use is restricted.

221

However, the implementation of the cascade legislation may differ between EU Member States. Data

222

on off-label use has been collected as part of surveys of antimicrobial use in various member states

223

(Biedermann, 2014; Cazeau et al., 2009; Gay et al., 2012) (see annex), but overall information on the

224

extent and nature of off-label use is limited. Consequently, it is only possible to speculate about the

225

risks to animal and public health based on general principles.

226

228

5. Reasons for off-label antimicrobial use and associated
risks

229

The choice to use an antimicrobial off-label is made by the prescribing veterinarians under their

230

personal responsibility. Although all antimicrobial use carries an AMR risk, off-label use might be

227

231

associated with additional risks for public and animal health, beyond those that have been established

232

according to labelled use and are mitigated as far as possible with advice in the SPC. The additional

233

risks that are especially important for antimicrobials include:

234

•

235
236

Ineffective treatment due to incorrect choice of antimicrobial or dosing regimen for the target
pathogen

•

Selection and dissemination of antimicrobial resistance (AMR) in target pathogens, due to e.g.

237

−

Under-dosing (intentional or unintentional)

238

−

Inappropriate route of administration

239

−

Prolonged dosing for chronic conditions

240

•

Selection and dissemination of antimicrobial resistance (AMR) in commensal bacteria and zoonotic

241

pathogens of relevance to public health, due to e.g.

242

−

Prolonged treatment duration

243

−

Exposure to antimicrobials superfluous to animal health needs, especially when group

244

treatments are involved

245

−

Use of human-only authorised CIAs

246

−

Application of inadequate withdrawal periods resulting in antimicrobial residues in food produce

247

which exceed the microbiological ADI

248

The occurrence of adverse events in the treated animal may be related to the off-label use of

249

antimicrobials, as for off-label use of any medicine, and hence is not a focus in this reflection paper;

250

although, some examples are given in the annex.
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251

Some common reasons for off-label use of antimicrobials in veterinary medicine, together with

252

consideration of the potential added risks and risk management, are discussed below.

253

5.1. Unmet medical need

254

Clinical practice is a dynamic environment, where not all indications are covered by authorised

255

antimicrobial medicines. Some indications, although important, maybe too limited for pharmaceutical

256

companies to seek regulatory approval (e.g. septic arthritis, peritonitis, meningitis), and thus

257

veterinarians will use antimicrobials off-label because of a medical need unmet by VMPs on the market

258

(‘minor uses’). In many instances this would entail use of an antimicrobial authorised for a different

259

indication in the same species, but otherwise in accordance with the SPC. This should preferably be

260

accompanied by antimicrobial susceptibility testing, in accordance with responsible use principles.

261

Considering that treatment is necessary, with appropriate clinical monitoring this practice would not be

262

expected to increase the AMR risk beyond that associated with labelled use.

263

The AMEG report (EMA/AMEG, 2014) identified that a further primary area of concern regarding the

264

availability of antimicrobial medicines was for minor species such as rabbits, game and minor fish

265

species. Off-label use of antimicrobials in goats (and sheep) has been identified as relatively frequent

266

(Gay et al, 2012; see annex). The validity of direct extrapolation of dose regimens from major to minor

267

species may be impacted by differences in species pharmacokinetics and also differences in the

268

susceptibility of the target pathogens to be treated (Toutain et al., 2010). In this case, care should be

269

taken to ensure that the dose is effective and, for food-animal species, that adequate withdrawal

270

periods are applied in order to limit the AMR risk.

271

Other unmet indications are more controversial.

272

The objective of surgical prophylaxis is to reduce postoperative infections at the surgical site, thereby

273

reducing morbidity, mortality, and treatment costs. Based on experiences in human medicine, the

274

benefit of prolonged antimicrobial therapy within the post-operative period has not been supported by

275

the scientific literature (Classen et al., 1992; Mangram et al., 1999; Stone et al., 1976; Stratchounski

276

et al., 2005), even for clean-contaminated surgeries (De Chiara et al., 2010). However, there is

277

support in human medicine for prophylactic antimicrobial administration in the immediate peri-

278

operative period, as documented in published guidelines (Bratzler et al., 2013). There are few studies

279

investigating the use of surgical antimicrobial prophylaxis in veterinary medicine. Dumas et al. (2016)

280

recommended that, when considering the need for prophylactic antimicrobial use for abdominal

281

surgery in periparturient cows, risk factors such as levels of wound contamination, potential

282

pathogens, host immune status, surgical technique and duration of procedure should be evaluated by

283

surgeons on a case-by-case basis.

284

Veterinarians may resort to antimicrobial treatment based on clinical signs that indicate a possible

285

infection at an important body site/s (e.g. joint, eye, peritoneum, bone, septicaemia, endocarditis)

286

without all clinical indicators or other evidence being present (e.g. bacterial culture and susceptibility

287

testing). It is possible that a non-infectious cause could be driving clinical signs (e.g. trauma, immune-

288

mediated). Treatment when there is a lack of clinical indicators could be due to the need for quick

289

clinical intervention based on the serious nature of the condition or known poor accuracy

290

(sensitivity/specificity) of culture (e.g. joint or blood culture). In human medicine, a de-escalation of

291

these practices has been associated with either no negative clinical impact (Gonzalez et al., 2013;

292

Mokart et al., 2014) or improved patient outcome, including for life-threatening conditions such as

293

sepsis (Garnacho-Montero et al., 2014).
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294

Use of antimicrobials only authorised for use in humans

295

Information on the extent of use of human-only authorised antimicrobials in animals is lacking;

296

however, due to the absence of MRLs, their use is limited to non-food species only. The annex to this

297

document includes examples of these substances and the indications for which they are used in

298

companion animals. Substances include antimicrobials classed as CIAs for human health by the WHO

299

(WHO, 2012) such as carbapenems, glycopeptides (vancomycin), linezolid and rifampicin. It is noted

300

that the emergence of multi-drug resistance in companion animal pathogens is a driver for their use,

301

and the CVMP’s Reflection paper on the risk of antimicrobial resistance transfer from companion

302

animals (EMA/CVMP, 2015) identified that several multi-drug resistant pathogenic bacteria are shared

303

between companion animals and humans.

304

In 2014, the AMEG reviewed the off-label use of human-only authorised antimicrobials in veterinary

305

medicine (EMA/AMEG, 2014). It was concluded that in the absence of data on the extent of use, the

306

risk to public health could not be estimated; however, it was recommended that the use of

307

carbapenems and glycopeptides in veterinary medicine should be kept to a minimum and risk

308

management options were suggested:

309

•

To establish a list of diseases where off-label use would be possible;

310

•

To require official declaration of use of carbapenems to the relevant authority.

311

An overarching recommendation was to include in future legislation flexible tools to allow prohibiting or

312

limitation of off-label use in animals of certain antimicrobials/classes authorised only in human

313

medicine following an unfavourable hazard characterisation or benefit-risk assessment.

314

5.2. Systematic group preventive use of antimicrobials

315

Routine preventive administration of broad spectrum antimicrobials to piglets immediately after birth,

316

at the time of castration and at weaning, and to veal calves on arrival at farm (Jørgensen et al., 2007;

317

Pardon et al., 2012; Timmerman et al., 2006) (see annex) have been reported. In these cases of

318

systematic preventive treatment of piglets and veal calves at times of ‘stress’, antimicrobials are

319

administered off-label as a management tool often to groups of animals (Callens et al., 2012).

320

Changes to management practices, e.g. improving hygiene and nutrition, minimizing transport and use

321

of vaccination could eliminate the need for this off-label antimicrobial use. This issue is discussed

322

further in the RONAFA report (EMA/EFSA, 2017). Firm data on the extent of this use are not available,

323

but some studies suggest that it may be prevalent in some member states (Callens et al., 2012;

324

Moreno, 2014). It is especially of concern when such off-label use also relates to CIAs. The off-label

325

preventive use of 3rd and 4th generation cephalosporins in day-old chicks has been associated with

326

dissemination of resistance genes through the poultry production pyramid (Baron et al, 2014; see

327

annex) and the occurrence of resistant infections in humans (Dutil et al., 2010; see annex). In these

328

cases the increased risk for AMR development cannot be justified. Following a European Commission

329

Decision issued in 2012 (EMA/CVMP, 2012), the off-label use of 3rd and 4th generation cephalosporins

330

in poultry has been contraindicated in SPCs.

331

Dysbacteriosis

332

Oral group medications for young food animals account for a substantial amount of antimicrobial use.

333

The most common reasons include gastrointestinal diseases (Pardon et al., 2012; Persoons et al.,

334

2012; Timmerman et al., 2006). More recent evidence points to a cascade of physiological and farm

335

management factors (diet composition, environmental stress) at the root of neonatal/weaning
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336

diarrhoea, creating a phenomenon known as dysbacteriosis. Dysbacteriosis is a non-specific enteritis

337

following from a disturbance in the equilibrium of the gut microbiota, similar to small intestinal

338

bacterial overgrowth in human medicine (Abu-Shanab and Quigley, 2009). In veal calves, Escherichia

339

coli and Clostridium perfringens often are the bacteria that overgrow the digestive tract (Pardon et al.,

340

2012). In broilers, dysbacteriosis and necrotic enteritis are major indications for group antimicrobial

341

treatments (Persoons et al., 2012). Dysbacteriosis is not included as an indication on the SPCs for

342

antimicrobial medicines although antimicrobials are essentially used to treat or prevent the effects of

343

dysbacteriosis.

344

Any off-label use of an antimicrobial VMP as a substitute for addressing underlying nutritional or

345

management factors cannot be justified.

346

5.3. Alternative routes of administration

347

Certain clinical procedures and methods are becoming accepted as optimal treatment strategies.

348

Among these are alternative routes of antimicrobial administration, especially those that are known to

349

increase concentrations at sites of infection that are difficult to reach. These include intra-synovial

350

antimicrobial injections, regional limb perfusion, and intra-osseous infusions (Cruz et al., 2006) (see

351

annex). Some alternative routes are not well proven but commonly practised (e.g. inhalation,

352

intrauterine, and intraperitoneal administration, guttural pouch instillation; see annex).

353

The impact of the route of administration on pharmacokinetics, and hence antimicrobial effectiveness

354

and development of AMR in target pathogens, should always be considered when prescribing

355

antimicrobials ‘off-label’.

356

Where treatment of individual animals is concerned, the AMR public health impact will consequently be

357

limited. However, there are other examples where antimicrobials are administered regularly by a non-

358

authorised route for practical reasons to groups of animals. In northern European countries, it was

359

estimated in 2008 that a significant proportion of grow-to-finish pig farms used liquid feed 6. Heller et

360

al. (2016) (see annex) suggested that liquid feed containing antimicrobials is a reservoir of

361

antimicrobial resistant bacteria in swine production. The possible associated impact of such practices

362

on animal and public health warrants further investigation.

363

5.4. Individual patient characteristics

364

The prescribing veterinarian may consider off-label treatment to address patient features such as

365

breed, age or underlying conditions, e.g. renal or hepatic disease, or known hypersensitivity to a

366

particular antimicrobial substance, which may limit the choice of authorised alternatives.

367

In neonates, differences in physiological characteristics and their rate of maturation may result in

368

increased oral drug absorption, lower binding to plasma proteins (particularly albumin), differences in

369

distribution of lipophilic and hydrophilic antimicrobials and differences in metabolism and elimination

370

(Baggot and Giguère, 2013). These variations can make the prediction of dose and dosage intervals

371

difficult or unreliable in neonates and antimicrobial dosing regimens that differ from those approved for

372

adults are often recommended.

373

Where evidence-based, off-label use to address patient characteristics is aimed at improving target

374

animal safety and effectiveness of treatment. Because such use mostly concerns individual animals,

375

the impact on AMR selection is consequently reduced.
6

http://www.wattagnet.com/articles/970-fresh-surge-of-interest-in-liquid-feeding
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376

5.5. Use of combinations of antimicrobials

377

Complex medical conditions and those involving polymicrobial infections tend to attract broad spectrum

378

antimicrobial coverage and combinations of antimicrobial treatments. Examples of recognized

379

combination treatments include macrolides and rifampicin for treatment of Rhodococcus equi infections

380

in foals (synergistic effect) and gentamicin and clindamycin for peritonitis after intestinal spillage

381

(broad spectrum antimicrobial therapy) (Giguère et al., 2013). Possible drug interactions (both kinetic

382

and dynamic) and susceptibility of the specific target pathogens need to be considered, and in many

383

cases the information given in the SPC is not sufficient to allow for an estimation of the benefits and

384

risks associated with concomitant treatments.

385

Treatment with two or more different antimicrobials administered concomitantly may not be clearly

386

regarded as off-label use; however, in many cases such use appears to be unnecessary and probably

387

reflects a lack of proper diagnosis rather than a true need. On farrow-to-finish pig farms in Spain, it

388

was found that combinations of colistin, amoxicillin and zinc oxide were used in feed preventively in

389

the preweaning stage (Moreno, 2014). Pardon et al. (2012) found that for veal calves in Belgium, in

390

33.3% of oral group treatments a combination of two antimicrobial products was used, mostly for

391

arrival prevention and treatment of respiratory disease.

392

Circumstances where the use of combinations (beyond authorised ‘fixed combination’ products) may

393

be justified are limited. Except in an emergency situation with known risk factors, use of combinations

394

should be based on culture and susceptibility testing. Unjustified combination antimicrobial treatment

395

causes unnecessary exposure of both target pathogens and bacteria of relevance to public health.

396

5.6. Practical considerations

397

Availability of appropriate package sizes, strength, convenience of application, and costs may be

398

considered important and as a rationale for off-label use by the prescriber, especially when dealing

399

with exotic species. A European survey investigating the antimicrobial prescribing behaviour of

400

veterinary practitioners (De Briyne et al., 2013), found that economic factors were less important than

401

other (e.g. responsible use) factors in influencing prescribing decisions. However, Gibbons et al. (2013)

402

found that costs, treatment frequency and shorter withdrawal periods were important considerations

403

for cattle practitioners in Ireland. In a questionnaire survey carried out by the German Federal Office of

404

Consumer Protection and Food Safety, a common reason stated by large animal practitioners for off-

405

label antimicrobial use was the impracticality to stock their vehicles with all marketed antimicrobials for

406

all indications (Biedermann, 2014). This suggests that at least some of the off-label use of systemic

407

antibiotics in large animals could be based on practical reasons rather than the requirements of the

408

specific disease (Biedermann, 2014).

409

Although treatment compliance is an important consideration when prescribing antimicrobials, practical

410

or economic reasons alone cannot be seen as acceptable justification for off-label use.

411

5.7. Alternative dosing regimens (posologies)

412

Sometimes a veterinarian may consider that the effective treatment of a particular condition requires a

413

different approach than that which appears in the SPC, either by increasing the dose or changing the

414

dosing interval and/or duration. Lees & Shojaee Aliabadi (2002) indicate that treatment optimisation of

415

a bacterial disease requires that antimicrobial doses are adapted to the susceptibility of the targeted

416

microbe (i.e. minimum inhibitory concentration-MIC) and pharmacokinetic variability. When treating

Reflection paper on off-label use of antimicrobials in veterinary medicine in the
European Union
EMA/CVMP/AWP/237294/2017

Page 12/34

417

food-producing species, changing the dosing regimen may impact on the withdrawal period (see

418

section 4).

419

Dose changes may be common for some antimicrobials (e.g. beta lactams) where there are limited

420

concerns regarding the margin of safety. Veterinarians may increase doses for better penetration into

421

difficult sites of infection (e.g. CSF, tendons, bones). Furthermore, labelled doses are tailored to the

422

indicated bacteria and may not reflect the requirements for other types of bacterial infections.

423

Canine pyoderma is an example of a chronic disease where treatment guidelines often suggest dosing

424

regimens that exceed the dose and duration of treatment stated in the SPC (Beco et al., 2013) (see

425

annex). Although chronic complex diseases requiring long-term antimicrobial treatment usually involve

426

individual companion animals, they are associated with increased risk for selection of AMR and, where

427

possible, use should be made of regular culture and susceptibility testing and evidence-based

428

treatment guidelines, which may also provide guidance on reducing the zoonotic risk (Beco et al.,

429

2013).

430

European surveys on antimicrobial use in cattle and pigs show that antimicrobials are frequently either

431

over- or under-dosed (Gay et al., 2012; Pardon et al., 2012; Timmerman et al., 2006) (see annex) for

432

reasons not always related to dose optimisation. In veal calves it was considered that under-dosing in

433

oral group treatments may have been related to under-estimation of bodyweight (unintentional) or use

434

of lower doses to treat dysbacteriosis (intentional). It was speculated that under-dosing was associated

435

with macrolide- and tetracycline resistance in respiratory pathogens in veal calves (Pardon et al.,

436

2012). Under-dosing of oral group antimicrobial treatments was also commonly found on pig farms in

437

Belgium (Callens et al., 2012; Timmerman et al., 2006) (see annex) where it was hypothesized to be

438

related to confusion between dosing according to animal body weight or to the quantity of feed/water.

439

In a survey of farrow-to-finish pig farms in Spain, long treatment durations of in-feed antimicrobials

440

ranging up to 60 days during the growing phase were suggested as indicating discretionary use

441

(Moreno, 2014).

442

In aquaculture it is speculated that unintentional under-dosing of antimicrobials may occur due to poor

443

homogeneity of medicated feed as a result of on-farm mixing, and suppression of appetite which may

444

be due to disease, palatability issues and/or changes in environmental temperature (FVE, 2014).

445

Sub-optimal dosing of antimicrobials carries the risk for ineffective treatment and selection of AMR in

446

target pathogens (McKellar et al., 2004). Unintentional under-dosing may be more likely with group

447

treatments, and should be avoided by weighing animals prior to treatment and providing clear dosing

448

instructions. There is no justification for intentional under-dosing.

449

Use of dosing regimens exceeding those in the SPC presents a risk of exposure of consumers to

450

antimicrobial residues unless withdrawal periods are suitably adjusted. Prolonged dosing for prevention

451

of disease increases the risk of AMR selection in both bacteria of relevance to public health and

452

potential target pathogens through collateral exposure; it cannot be justified and is a particular risk

453

when it involves mass medication (see also 5.2).

454

5.8. Non-antibacterial purposes

455

Several antimicrobial agents have been found to have other effects on the body (e.g. anti-

456

inflammatory, immunomodulatory or prokinetic properties) and are sometimes given for non-bacterial

457

purposes (D'Agostino et al., 1998; Lester et al., 1998; Vos et al., 2012). For example, macrolides,

458

doxycycline and metronidazole are known to modulate the immune response and the purpose of

459

treatment may be to exploit this effect on the immune system. Tetracyclines can be used for their
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460

additional anti-inflammatory properties. Gentamicin is sometimes given as an intra-vitreal eye

461

injection, in dogs and horses, to chemically ablate the ciliary body epithelium for uncontrollable

462

glaucoma (König et al., 2003). Another non-bacterial effect of antimicrobials that is sometimes utilised

463

is binding to bacterial endotoxins (e.g. polymyxin B) (see annex).

464

These types of treatments are likely to be used only for individual animals; however, possible impacts

465

on AMR in commensal organisms and target pathogens should be considered.

466

5.9. Treatment guidelines

467

There is an increasing trend in veterinary medicine for the publication of treatment guidelines by

468

veterinary associations, or veterinary specialist societies. By their nature, these guidelines often

469

include off-label recommendations (e.g. different indications, doses, routes-of-administration), which

470

may be based on veterinary specialists’ advice, peer-reviewed publications or knowledge of changes in

471

bacterial susceptibility patterns since the original approval of older antimicrobial products. Well

472

researched treatment guidelines have a role to assist veterinarians, if they take into account modern

473

research findings (e.g. systematic reviews) as well as results of national or regional surveillance of

474

antimicrobial resistance.

475

A concern about accepting treatment guidelines as defining ‘appropriate’ off-label antimicrobial use is

476

that the basis for the recommendations may not be clear. For example, the priorities could relate solely

477

to animal species-considerations (e.g. conservative broad spectrum antimicrobial use for individual

478

companion animal medicine) without considerations for the ‘one-health’ public health perspectives of

479

AMR. Also, such recommendations are not always ‘in-concert’ with national or EU surveillance

480

programs that may monitor trends in regards to public health aspects of AMR. For example, not all

481

species (e.g. companion animals, horses) are part of such surveillance programmes. When preparing

482

treatment guidelines, the authors should give consideration to the impact of recommendations on off-

483

label use on the risk to public health from AMR.

484

6. Reflections and conclusions on off-label antimicrobial use

485

As there is no organized collection of data on the volume of off-label antimicrobial use in the EU, and a

486

lack of published studies devoted to the topic, it is only possible to speculate about the risks to animal

487

and public health and acceptability of these practices based on general principles. Potential risks

488

related to off-label use that are especially important for antimicrobials include lack of effectiveness and

489

increased AMR risk to animal and public health.

490

According to the current EU legislation, use in compliance with the cascade is expected to be ‘by way

491

of exception’. Where an antimicrobial product is used in the intended target species for an

492

unauthorised indication at the dose regimen detailed in the SPC, and if this use is supported by

493

bacterial culture and susceptibility testing with appropriate clinical monitoring, then there is unlikely to

494

be any additional risk to animal or public health due to AMR compared to authorised use.

495

Where an antimicrobial product is used under the cascade in an unauthorised species, by a different

496

route of administration and/or there is an adjustment to the dosing regimen, then consideration should

497

be given to potential risks for lack of effectiveness and increased selection pressure for AMR due to (i)

498

a change in bacterial exposure to the antimicrobial in the animal, and (ii) possible antimicrobial

499

residues in food produce. Measures to mitigate the potential risks include limiting such use to the

500

treatment of individual animals, use of culture and susceptibility testing, attention to differences in

501

pharmacokinetics and application of statutory minimum withdrawal periods.
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502

Cascade use for groups of animals as compared to individuals requires particularly careful

503

consideration because of the higher antimicrobial exposure. However, the cascade use of human-only

504

authorised antimicrobials in individual companion animals should be kept to an absolute minimum

505

following a careful benefit-risk assessment as these are often last-resort antimicrobials and close

506

contact between humans and pets is a prime opportunity for exchange of MDR organisms.

507

The use of proper diagnosis coupled with bacterial culture and susceptibility testing (where possible)

508

are paramount when applying the cascade. Treatment guidelines, SPC information (sections 5.1, 5.2),

509

availability of veterinary clinical break-points and access to local AMR surveillance data can all further

510

assist the veterinarian. Given that peer-reviewed scientific literature or veterinary conferences can be

511

quoted as evidence for some off-label practices, editors could be encouraged to carefully consider the

512

concepts of appropriate and inappropriate off-label antimicrobial uses in their journal scientific policy

513

for the acceptance of manuscripts.

514

Some types of off-label antimicrobial use cannot be considered as cascade use and the associated risks

515

cannot be justified. These include use of antimicrobials for practical or economic reasons, systematic

516

preventive use in groups of animals, unintentional under- or over-dosing and concomitant use of two

517

or more antimicrobials without proper diagnosis. Such practices are of high concern when they also

518

involve group treatments and/or use of CIAs.

519
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520

Annex

521

1. Examples of off label use in different species

522

The summary below provides an overview of off-label use practices in the EU. The overview does not

523

imply that the CVMP endorses all of these practices.

524

1.1. Ruminants

525

According to the findings of a questionnaire survey carried out by the German Federal Office of

526

Consumer Protection and Food Safety, a greater proportion of veterinarians applied off-label use of

527

systemic antibiotics for cattle or calves (30%) than for minor species (Biedermann, 2014). Up to 20%

528

of off-label uses of systemic antibiotics were reported for sheep and goats. The majority of

529

veterinarians reported that the off-label use concerned antimicrobial veterinary medicines already

530

approved for ruminants but used for another indication or dose. Cattle was the species most frequently

531

linked to reports of adverse effects involving off-label use of systemic antibiotics (Biedermann, 2014).

532

Particularly notable were anaphylactic shock reactions after off-label use of penicillins and tetracyclines

533

– often with a fatal outcomes. The reasons for the classification as off-label ranged from excessively

534

low or (more frequently) excessively high dose to unapproved species, unapproved indication or

535

application route.

536

In a publication describing the use of antibiotics in ruminants in France (Gay et al., 2012) data were

537

collected from questionnaires sent to veterinarians. All the antibiotics used in bovines had a marketing

538

authorisation for bovine use. Off-label use represented 13% of the prescriptions. The analysis of the

539

posologies (combinations of the dose, frequency and length of administration) prescribed by the

540

veterinarians were according to the SPC indications in 53% of the prescriptions, but in 31% of the

541

cases the antibiotics were overdosed and in 16% of the cases were underdosed. Gay et al. (2012) also

542

investigated the use of VMPs for sheep and goats, in which off-label use was relatively frequent; 16%

543

of the prescriptions for ovines were for VMPs without an indication for the species and 43% of the

544

prescriptions for caprines were without an indication for the species.

545

In another questionnaire to practitioners in France on the use of antibiotics in bovines (Cazeau et al.,

546

2009), of 3001 prescriptions 184 (6%) were for an alternative route-of-administration to that

547

recommended in the SPC. For example, of the 184 prescriptions, 56 (30.4%) were administered

548

intraperitoneally when the approved route was for intramuscular or subcutaneous injection. Forty

549

prescriptions (21.7%) were administered intramuscularly with VMPs intended for intravenous and/or

550

subcutaneous injection. Twenty-seven prescriptions were administered intravenously, with VMPs for

551

intramuscular administration, and sixteen prescriptions (8.7%) were administered subcutaneously with

552

VMPs intended for intramuscular injection. Also, out of 2986 prescriptions, 396 (13.3%) were for

553

off-label indications (Table 1).

554
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555

Table 1. Distribution of the classes of antimicrobials used for indications not included on the label of

556

the VMP
Classes of antimicrobials

Number prescriptions

Frequency (%)

Cephalosporins (+others)

131

33.1

Penicillins (+others)

100

25.3

Fluoroquinolones

76

19.2

Tetracyclines (+others)

30

7.6

Non-classified

23

5.8

Aminoglycosides

12

3.0

Phenicols

8

2.0

Penicillins+aminoglycosides

7

1.8

Macrolides (+others)

6

1.5

Sulfamides (+others)

2

0.5

Other

1

0.3

TOTAL

396

557

In this same study the compliance to the SPC dose was calculated by comparing to the dose

558

prescribed. Of 3048 prescriptions in 2004, 404 prescriptions (15.9%) were overdosed and 122

559

prescriptions (4%) were underdosed. Of 3010 prescriptions, 256 (8.5%) were administered at a

560

frequency lower than the recommended frequency and 85 (2.8%) at a frequency higher than that

561

recommended.

562

Pardon et al. (2012), studied antimicrobial use in veal calves in intensive systems in Belgium in 2007

563

09. They identified that under-dosing occurred in 43.7% of group treatments – this was often related

564

to use of oxytetracycline and tylosin to treat dysbacteriosis. Amoxicillin as preventive treatment on

565

arrival was over-dosed. An explanation was possible over-estimation of body weight at arrival, and

566

under-estimation later in the production cycle at time of treatment of dysbacteriosis, although lower

567

doses were often prescribed for dysbacterosis. Under-dosing practices were speculated as being linked

568

to resistance to macrolides and tetracyclines detected in Pasteurellaceae in veal calves in Belgium.

569

1.2. Pigs

570

In the questionnaire survey carried out by the German Federal Office of Consumer Protection and Food

571

Safety, 15% of the off-label uses of systemic antibiotics reported by veterinarians treating food-

572

producing animals were recorded in pigs (Biedermann, 2014). This is consistent with anecdoctal

573

information that off-label use of antimicrobials is uncommon in pigs due to the larger range of VMP

574

antimicrobials approved for this species. The majority of veterinarians reported that the off-label use

575

concerned antimicrobial VMPs already approved for swine but used for another indication or dose. For

576

example, some macrolides, pleuromutilins and florfenicol products are approved for respiratory

577

diseases but used for sepsis indications. Another example from a Danish survey involved the off-label

578

use of ceftiofur. Despite the fact that ceftiofur is indicated for treatment of respiratory disease, this

579

small survey found that it was used for other indications (e.g. systematic p preventive treatment in

580

one-day-old piglets, treatment of diarrhoea or arthritis) (Jørgensen et al., 2007). At the time of this

581

survey, the data from the Danish programme for surveillance of antimicrobial resistance in bacteria

582

from livestock, foods and humans (DANMAP) showed that consumption of ceftiofur in pig production

583

had increased markedly over the previous five years and that approximately 80% of the total amount

584

prescribed for pigs in 2005 was used in sows/piglets. This strongly indicated that off-label use was
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585

common since bacterial respiratory diseases are relatively uncommon in sows and piglets compared

586

with slaughter pigs. It should be noted that the Danish pig industry introduced a voluntary ban on the

587

use of cephalosporins in 2010 and use reported to DANMAP in 2015 was extremely low at 1 kg

588

(DANMAP, 2016). Callens et al. (2012) commented that the introduction of ceftiofur in a long-acting

589

formulation in 2003 may have explained a shift towards its use on Belgian pig farms as it offered

590

farmers a practical advantage over repeated administration of shorter acting formulations.

591

A Belgian survey which quantified antimicrobial drug consumption in pigs (Timmerman et al., 2006)

592

found that off-label group treatments with injectable antimicrobial drugs were mostly administered

593

immediately after birth and at the time of castration, mainly for prophylaxis, and included broad

594

spectrum penicillins and cephalosporins. Group treatments for diarrhoea were mainly metaphylactic,

595

using fluoroquinolones and aminoglycosides. Colistin was administered mainly to prevent postweaning

596

diarrhoea. Dosing information was also calculated, revealing interesting differences between oral and

597

injectable antimicrobials. For example, overall 50–75% of the oral formulations were underdosed. Of

598

the four most frequently used antimicrobials, doxycycline was overdosed in 50–75% of the cases. On

599

the other hand, trimethoprim-sulphonamides were underdosed in 50–75% of the cases. Amoxicillin

600

and colistin were underdosed in 50 and 90% of the cases, respectively. It was proposed that

601

underdosing of oral antimicrobials was probably caused by administering antimicrobials per 1000 kg

602

feed or per 1000 L water, instead of per kilogram body weight, suggesting an unintentional off-label

603

administration. Injectable formulations were almost always overdosed (>90%). This is probably due to

604

the use of a standard therapy for young piglets, which is not based on a correct estimation of the body

605

weight. Another possible reason might be the difficulty of administering small amounts (<0.5 mL) to

606

piglets. Only the narrow spectrum injectable penicillins were underdosed. The same observations of

607

under and overdosing were confirmed later in another Belgian study of fattening pigs (Callens et al.,

608

2012). In that study 93% of the group treatments were for preventative reasons and often lacked a

609

precise diagnosis. Although there was not a well-founded justification for the repeated use of

610

preventive group treatments, farmers at large production facilities often considered the preventive use

611

of antimicrobials, despite the associated cost, as a necessity to achieve less disease, lower mortality

612

and better production results, as well as easier and less labour intensive to implement than treatment

613

of clinically diseased animals after losses have occurred (Callens et al., 2012).

614

A significant number of swine farms are set up to deliver feed to pigs as liquid feed. Due to the design

615

of such farms, it is not usually practical to medicate the pigs using dry medicated meal or pellets, or

616

via the drinking water as intake may be reduced. Consequently, there are anecdotal reports of liquid

617

fed pigs being medicated via the liquid feed, using products designed for medication via drinking

618

water. Liquid feeding systems are coated with a biofilm. Heller et al. (2016) found that administration

619

of antimicrobial premixes in liquid feed increased the number of feed samples containing tetracycline-

620

resistant Enterobacteriaceae and the number of tetracycline-resistant Enterobacteriaceae per sample.

621

It was suggested that liquid feed containing antimicrobials is a reservoir of antimicrobial resistant

622

bacteria in swine production.

623

In the German questionnaire survey (Biedermann, 2014) the majority of the adverse event reports

624

for pigs concerned macrolides, particularly products containing tildipirosin. The reasons for the off-label

625

administration varied (e.g. indication not approved, use of a mixing syringe, overdosing, animal too

626

young, etc.), but the reactions described were very similar. In most cases there were general allergic

627

reactions, often resulting in death. The reporting of these reactions has led to the product literature

628

being amended and appropriate warnings being included. Another focus of the reports was penicillins,

629

particularly benzylpenicillin in combination with the aminoglycoside dihydrostreptomycin. In most
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630

cases there was overdosing. The adverse signs described ranged from apathy, vomiting and diarrhoea

631

to neurological signs and death.

632

1.3. Horses

633

A large postal questionnaire was conducted including 740 veterinarians that treat horses in the UK

634

(Hughes et al., 2013), with a return rate of 38%. Less than 1% of practices had antimicrobial use

635

guidelines. Trimethoprim-sulfonamides were most commonly prescribed in each clinical scenario.

636

Eleven percent of prescriptions were for antimicrobial drugs not licensed for use in horses in the UK.

637

Five percent of prescriptions for licensed antimicrobials were used at doses under the recommended

638

dose rate and 56% over the recommended dose rate. Fluoroquinolones and 3rd- and 4th-generation

639

cephalosporins accounted for 1 and 3% of prescriptions, respectively. Veterinary surgeons working at

640

referral practices were more likely to prescribe 3rd- and 4th-generation cephalosporins and

641

fluoroquinolones and antimicrobials off-label, whereas those working in first-opinion practices were

642

more likely to prescribe potentiated sulfonamides.

643

Unmet medical need

644

Surveys have shown that up to 39-98% of equine surgeries, including elective procedures, are given

645

perioperative prophylactic antimicrobials (Olds et al., 2006; Weese and Cruz, 2009). However, this

646

heavy use of perioperative prophylactic antimicrobials is despite the fact that the incidence of post-

647

operative infections is very low (0-0.9%) for common elective surgeries (e.g. carpal arthroscopy)

648

(McIlwraith et al., 1987; Olds et al., 2006; Ridge, 2011; Weese and Cruz, 2009). Another study

649

reported no association between antimicrobial use and infections associated with elective arthroscopic

650

surgery in horses (Olds et al., 2006). In an American survey of 761 hospitalised horses, at total of 511

651

(67.2%) received an inappropriate amount of antimicrobial preoperatively (Dallap Schaer et al., 2012).

652

The majority of these horses underwent colic surgery. Under-dosing was the most common inaccuracy

653

observed. In addition to this, timing of antimicrobial administration was considered inadequate (e.g.

654

>one hour before surgery), with 88 (11.6%) of horses receiving the antimicrobial at the appropriate

655

time (Dallap Schaer et al., 2012). In the majority of cases, antimicrobial therapy was continued for an

656

average of 3.8 days. Out of the 761 horses followed, 680 received the combination of penicillin and

657

gentamicin, 16 received ceftiofur and gentamicin and only 22 horses received a single antimicrobial.

658

Broad spectrum perioperative antimicrobial prophylaxis (e.g. combinations of penicillin and gentamicin)

659

are also used commonly for equine colic surgeries (Traub-Dargatz et al., 2002), as well as cefquinome

660

(Widmer et al., 2009). This practice of broad spectrum antimicrobial prophylaxis has been linked to

661

high rates of faecal shedding of CTX-M producing E. coli in horses as well as nosocomial post-operative

662

infections (Damborg et al., 2012).

663

Alternative routes of administration

664

Alternative routes of administration are common in equine medicine, including intra-synovial, regional

665

limb perfusion, inhalation and intrauterine administration. Recommendations are available for

666

antimicrobial impregnated beads for local administration into surgical sites, especially bone (Cruz et

667

al., 2006). Additional antimicrobials are sometimes given during colic surgery, including by intra-

668

operative abdominal lavage antimicrobials and/or placement along the incision during closure (Dallap

669

Schaer et al., 2012).

670

Instillation of penicillin into the equine guttural pouches, following infections or carrier status with

671

Streptococcus equi, has become common practice. This is believed to help eliminate the bacteria, as
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672

well as preventing horses from subsequently becoming carriers of strangles (Verheyen et al., 2000).

673

However, the true efficacy of this practice has not been critically evaluated.

674

Individual patient characteristics

675

Due to the practicalities of handling horses, there is a bias towards use of oral antimicrobials (e.g.

676

trimethoprim-sulfonamide) for ease-of-administrations. As horses are hindgut fermenters, there are

677

very few safe options for oral antimicrobial medication. Doxycycline is regularly used off-label in equine

678

practice because it can be given orally, in spite of poor oral bioavailability in adult horses (Winther et

679

al., 2011).

680

Neonates and foals are often treated with antimicrobials off-label. Some reasons for this include the

681

fact that foals are not (yet) hindgut fermenters, and so antimicrobials that can cause severe colitis in

682

mature horses do not carry the same risk in foals. In addition, antimicrobials that are cost prohibitive

683

in mature horses can be chosen for foals. In neonatal foals the dosage given tends to be higher than

684

that for adult horses. The higher incidence of bacterial infections in neonates has led to preventive

685

administration of antimicrobials in the first days of life. A recent study found no difference in the

686

incidence of infectious disease between neonatal foals treated with preventive antimicrobials and those

687

that were not treated (Wohlfender et al., 2009). Further examples of off-label recommendations for

688

foals and adults in the scientific literature are listed in Table 2.

689

Table 2. Examples of off-label antimicrobial use recommendations for foals
Antimicrobial

Reason for use

Examples

Ceftiofur

Higher doses:

4.4 mg/kg IM q12hrs, (Kol et al., 2005)
4.4 to 6 mg/kg IV q6-12 hrs, (Benedice,
2008)
5 mg/kg IV q6h, decreasing to q24hrs,
(Butters, 2008)
10 mg/kg IV q6hrs (Wong et al., 2008)
constant rate infusion at 1.5 mg/kg/hr neonates (Corley and Hollis, 2009)

Ceftriaxone

Meningitis/septicemia

25 mg/kg IV every 12 hrs in foals, (Ringger
et al., 1998)

Cefpodoxime protexil

Septicemia/diarrhea

10 mg/kg q6-12hrs per os, (Carrillo et al.,
2005)

Penicillin (potassium or

Septicemia – human

constant rate infusion: 22,000-44,000 IU/kg,

sodium)

preparations for

q24 hrs, at a rate of 2,750-7,333 IU/kg/hr.

intravenous use

(Corley and Hollis, 2009)

Septicemia/septic arthritis

20-25 mg/kg IV/intra-articular q24hrs.

Amikacin

(Bucki et al., 2004; McKenzie and Furr,
2003)
Amoxycillin/clavulanic

Pneumonia/septicemia

30 mg/kg, q6-8hrs PO (Love et al., 1981)

Omphalophlebitis

10 mg/kg PO BID twice daily, (Sampieri et

Lawsonia intracellularis

al., 2006; Womble et al., 2007)

acid
Doxycycline hyclate

Rhodococcus equi
Ticarcillin-clavulate

Gram negative septicaemia

50-100 mg/kg IV QID, (Wilson et al., 1991);

resistant to

(Sweeney et al., 1988)
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Antimicrobial

Reason for use

Examples

aminoglycosides, or

Constant rate infusion, at 8-16 mg/kg/h

compromised renal

(Corley and Hollis, 2009).

function
Marbofloxacin

Septicemia

(Corley and Hollis, 2009)

Chloramphenicol /

Foals < 4months

20mg/kg IM q24-48hrs (Corley and Hollis,

Florfenicol

Septicemia, meningitis,

2009)

osteomyelitis
Metronidazole

Clostridium difficile

15-25 mg/kg q8hrs PO 46, or 25 mg/kg

Diarrhea

q12hrs, (Giguère, 2009; Sweeney et al.,
1986)

Clindamycin

osteomyelitis caused by

(Corley and Hollis, 2009)

Gram positive bacteria and
other sensitive organisms
Imipenem

Septicemia

Adults: 10-20 mg/kg IV q6hrs, advocated
as the dosing regimen of choice, (Orsini et
al., 2005a)
Foals: 10-15 mg/kg IV q6-12 hrs. Constant
rate infusion at 0.4-0.8 mg/kg/hr, (Corley
and Hollis, 2009)

Vancomycin

MRSA

7.5 mg/kg IV q12h (Giguère et al., 2008;

Septic

Orsini et al., 2005b),

arthritis/osteomyelitis

300 mg in 60 mL of saline [0.9% NaCl]

Clostridium difficile

solution, (Rubio-Martinez et al., 2006)

macrolide-resistant
Rhodococcus equi in foals
690

Unavailability of medicines

691

There is a perceived lack of effective veterinary antimicrobials approved for Rhodococcus equi infection

692

in young foals. Drugs of first-choice for the treatment of Rhodococcus equi infection are the

693

combination of human medicinal product macrolides (e.g. erythromycin, azithromycin, clarithromycin)

694

and rifampicin (Giguère, 2001; Giguère et al., 2004), for a minimum of four weeks. Azithromycin and

695

rifampicin is endorsed currently for Rhodococcus equi infections by the CVMP in the ‘Essential

696

substances for Horses’ updated list (Official Journal of the European Union, 2013). Other antimicrobials

697

sometimes used include tulathromycin (Venner et al., 2013b) and doxycycline (Venner et al., 2013a).

698

Preventive azithromycin for the first two weeks of life reduced the incidence of Rhodococcus equi from

699

approximately 20% to 5% in one randomized study (Chaffin et al., 2008); however, the benefit/s of

700

preventive antimicrobials are not supported by all (Venner et al., 2012). The cumulative incidence of

701

macrolide and rifampin resistance in Rhodococcus equi has been increasing over the past 10 years and

702

foals infected with resistant isolates are more likely to die than foals infected with susceptible isolates

703

(Giguère et al., 2010).

704

Another example of an unmet need is clostridial diseases (e.g. C.difficile, C.perfringens) associated

705

with colitis (e.g. colitis X, duodenitis-jejunitis syndrome, antimicrobial-associated diarrhoea) which is

706

being increasingly recognised. As in human medicine, Clostridium difficile diarrhoea carries a grave

707

prognosis without treatment (Cohen and Woods, 1999; Magdesian et al., 2002). There are no approved

708

medicines for this condition, and thus many horses are treated with metronidazole, as the drug-of-
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709

choice. However, up to 43% of metronidazole-resistant C. difficile isolates from horses have been

710

reported in certain geographic locations (Jang et al., 1997; Magdesian et al., 2002).

711

Other examples where there is a lack of authorised antimicrobial treatments include the indications of

712

anaplasmosis (Anaplasma phagocytophila), mycoplasma (M. felis, M. equirhinis), contagious equine

713

metritis (Taylorella equigenitalis), Lyme’s disease (Borrelia burgdorferi), proliferative enteropathy in

714

foals (Lawsonia intracellularis), dermatophilosis (Dermatophilus congolensis), Pneumocystis carinii in

715

foals and leptosporosis in horses (L. hardjo, L. pomona, L. bratislava, L. ichterohaemorrhagicae).

716

Other recommendations endorsed by the CVMP in the ‘Essential substances for Horses’ updated list 7

717

include ticarcillin for Klebsiella spp., as well as amikacin for septic arthritis specifically for foals. When

718

prescribing under the cascade, veterinarians should take into account the importance of the

719

antimicrobial to human medicine and the risk for transmission of AMR from treated animals to humans.

720

Equine Antimicrobial use for non-antimicrobial indications

721

It is common practice to inject neonatal foals born with contracted tendons with one or two high doses

722

of oxytetracycline (40–60 mg/kg) (Kasper et al., 1995). This disease is not related to any bacterial

723

infection. The use of oxytetracycline for this purpose in foals is due to a unique side-effect that causes

724

temporary tendon relaxation, possibly related to calcium chelation.

725

Polymyxin B is used for the treatment of endotoxemia in horses, due to its unique property of binding

726

to non-specific endotoxins in the blood (Morresey and Mackay, 2006). Endotoxins (free-floating) are

727

produced commonly in the equine gastrointestinal tract and can be absorbed systemically secondary to

728

a gastrointestinal disease, or due to a bacterial infection. Recently, human medicine has a renewed

729

interest in polymyxins (colistin) for the treatment of patients with multi-resistant bacterial infections,

730

and it is now regarded as a critically important antimicrobial class. Recently, doxycycline has been

731

promoted as a treatment for equine osteoarthritis (Maher et al., 2014). Low-dose, low-frequency off-

732

label oral administration of doxycycline can attain in vivo synovial fluid concentrations and has

733

chondroprotective effects through reduction of matrix metalloproteinase (MMP)-13 activity, while

734

remaining below MIC 90 of most equine pathogens.

735

1.4. Poultry

736

There have been anecdotal reports of the administration of antimicrobials in poultry by in ovo injection,

737

in some cases combined with vaccination. In this case antimicrobials are used to control the early

738

mortality rate associated with E. coli, and automatically administered in ovo to broilers or by

739

subcutaneous injection to 1-day-old future layers. Use of aminoglycosides (e.g. gentamicin) has also

740

been described in automated systems by in ovo administration or injection to 1-day-old chicks for the

741

control of omphalitis and Salmonella spp. (Ashraf et al., 2002; Bailey and Line, 2001). Once

742

antimicrobial resistant bacteria are selected and established within the hatchery environment,

743

grandparent and/or parent flocks, then these resistance genes can persist throughout the poultry

744

production pyramid, leading to the dissemination to a large number of birds including subsequent

745

generations on numerous farms in different countries (Baron et al., 2014). In other words, this vertical

746

or horizontal transmission of resistant bacteria or genes can persist in the absence of antimicrobial

747

selection pressure during the whole lifecycle of the flock (Baron et al., 2014). In the case of
7
Official Journal of the European Union. 2013. Commission Regulation (EU) No 122/2013 of 12 February 2013 amending
Regulation (EC) No 1950/2006 establishing, in accordance with Directive 2001/82/EC of the European Parliament and of the
Council on the Community code relating to veterinary medicinal products, a list of substances essential for the treatment of
equidae. In http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1416502774573&uri=CELEX:32013R0122..
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748

cephalosporins, especially 3rd- and 4th-generation, this is especially relevant as such use implies a high

749

risk for spread of ESBLs to humans via food. There are no MRLs established for use of cephalosporins

750

in poultry in the EU, however use both in ovo and in one day chickens has been strongly suspected.

751

Outside the EU such practice is common and treatment of one day-old chickens with ceftiofur is

752

authorised in the United States 8. Furthermore, there is evidence of correlations between use of

753

cephalosporins and occurrence of resistant infections in humans (Dutil et al., 2010) and poultry and

754

poultry products are most frequently reported to carry ESBL and/or AmpC-producing bacteria. In the

755

EU, following an Article 35 referral on veterinary medicinal products containing 3rd- and 4th-generation

756

cephalosporins, a recommendation for a contraindication of use was made as follows: ‘Do not use in

757

poultry (including eggs) due to risk of spread of antimicrobial resistance to humans.’

758

Within the EU, off-label antimicrobial treatments are thought to be relatively uncommon in modern

759

poultry production. In part, this is due to the wide range of antimicrobial VMPs approved for chickens.

760

The exception is for minor poultry species (e.g. turkeys, ducks, etc.). The EU statutory withdrawal

761

periods (7 days for eggs, 28 days for meat from poultry) following off-label antimicrobial use are a

762

disincentive for such practices due to the short production cycle for poultry.

763

Avian intestinal spirochaetosis, due to Brachyspira pilosicoli, has been highlighted as an important

764

production disease in layers, both caged and free-range (Burch et al., 2006). For this indication,

765

tiamulin has been widely used off-label.

766

In a Belgian study, quantification of antimicrobial drug use was assessed based on the defined daily

767

doses and used daily doses (Persoons et al., 2012). Tylosin was underdosed in most of the

9

768

administrations whereas amoxicillin and trimethoprim-sulfonamide were slightly overdosed in the

769

average flock. The main off-label indication for antimicrobials was dysbacteriosis (non-specific bacterial

770

enteritis). It was not always clear as to the farmer’s interpretation of dysbacteriosis. It was defined

771

separately from necrotic enteritis, and usually quite indefinitely as ‘watery excrements’. It can be

772

questioned whether treatment was always necessary in these cases, as mild digestive disturbances

773

following change of feed or after vaccination of the birds might resolve without therapy.

774

1.5. Aquaculture

775

In Europe, more than 35 different species of fish and shellfish are produced in a variety of intensive

776

(tanks) or extensive (natural) systems, encompassing diverse environmental needs. Although there

777

has been a marked reduction in the therapeutic use of antibiotics in aquaculture in the EU since the

778

1990s - following the development of effective vaccines and improvements to husbandry methods

779

(ACMSF, 1999; EMA/EFSA, 2017) - beyond the major fish species (salmon and trout), there is a lack of

780

authorised medicines for the variety of diseases seen in the minor and newer species to aquaculture

781

(Alderman and Hastings, 1998). Cited examples include hatchery infections in seabass and

782

streptococcal infections in sturgeon and tilapia (FVE, 2017) . The low availability of fish medicines is

783

compounded by challenges associated with their development (Storey, 2005).

784

The FVE (2014) reported that only a few antimicrobials are authorised in different EU member states,

785

especially those with a small aquaculture industry, leading to the frequent need for veterinarians to

786

prescribe under the cascade. In this case, the statutory 500 degree day withdrawal period can be very

787

long in cold water conditions, further limiting the choice of treatments close to harvest.
8
9

http://www.accessdata.fda.gov/

http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/cephalosporins_35/WC500121720.pdf
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788

Antimicrobials are most commonly administered to farmed fish in feed. In many EU countries there is

789

limited access to feed mills prepared to produce medicated feed for fish, especially in relatively small

790

quantities. As a result, antimicrobials are often prepared at farm level by coating or top-dressing

791

already pelleted feed in dedicated mixers (FVE, 2014). These mixers often do not achieve the same

792

level of homogeneity of mixing as regulated feed mills. In addition, appetite suppression in diseased

793

fish and due to changes in environmental temperature can make it difficult to achieve the desired dose

794

rate and may lead to unintentional under-dosing.

795

Although the direct risk of transfer of AMR from farmed fish to humans appears to be low in the EU

796

(Alderman, 1998), aquatic systems are a significant reservoir for environmental release and spread of

797

AMR bacteria and resistance genes (Taylor et al., 2011).

798

The lack of availability of authorised medicines for ornamental fish is a specific issue. Dobiasova et al.

799

(2014) found that 19% of isolates of Aeromonas spp. from koi carp bred in the Czech Republic and

800

24% of isolates from imported ornamental fish were harbouring plasmid-mediated quinolone resistance

801

genes. Ornamental fish producers often administer antimicrobials to increase the survival of fish during

802

shipment, commonly using nitrofurans, quinolones and oxytetracycline. Imported ornamental fish may

803

be diseased by Aeromonas sp., Pseudomonas sp., Staphylococcus sp., Acinetobacter sp., Flexibacter

804

sp., Mycobacteria sp., which have zoonotic potential. Antimicrobial resistance in Aeromonas spp. from

805

imported ornamental fish and their carriage water was highlighted as a concern for public health

806

(Verner-Jeffreys et al., 2009).

807

1.6. Companion animals (dogs and cats, etc.)

808

The extent of off-label use of antimicrobials in dogs and cats, especially critically important

809

antimicrobials for human medicine, is an under-investigated area. Examples are shown in Table 3.

810

Although many of the examples listed reflect off-label use due to the unavailability of authorised

811

veterinary medicines, there are also several examples in which antimicrobials are used to treat non-

812

infectious conditions (Bernstein, 2009; Jauernig et al., 2001; Rosenkrantz, 2004; Rothstein et al.,

813

1997; White et al., 1992). In some cases certain antimicrobials are used off-label in parasitic

814

infections, such as leishmaniosis (Bianciardi et al., 2004; Pennisi et al., 2005) or giardiasis (Zygner et

815

al., 2008), although there is little scientific evidence to support such use. The use of human authorised

816

products in dogs and cats is not restricted by considerations of food residues as in food-producing

817

animals. Thus, the use of human approved antimicrobials, which do not have veterinary authorisation,

818

is more common practice in companion animals. Moreover, although in some instances the dosing

819

must be extrapolated from experience in human medicine, often data on pharmacokinetics and

820

pharmacodynamics in companion animal species are available.

821

The extent of use of human approved antimicrobials in dogs and cats varies depending on country,

822

antimicrobial class and species (Grave et al., 1992; Holso et al., 2005; Odensvik et al., 2001). In

823

aforementioned surveys the proportion of human approved drugs in canine and feline antimicrobial

824

prescriptions ranged from 13-80% by animal species and by country, likely reflecting the availability of

825

veterinary medicines. This was in contrast to a UK survey performed in 2012, where only 2% of canine

826

and feline prescriptions contained a drug which was not licensed for these species (Knights et al.,

827

2012).

828

As in horses, antimicrobials are commonly used prophylactically in surgical procedures in companion

829

animals (Knights et al., 2012; Rantala et al., 2004) . Although there is evidence that preoperative

830

and/or perioperative use of antimicrobials is useful in reducing the risk of postoperative infections in

831

many cases, the benefit of such use can be diminished due to suboptimal or improper timing or dosing
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832

of drugs (Knights et al., 2012). Another example of the off-label use of antimicrobials is the

833

administration to an animal which does not have clinical signs of infections but is considered at-risk

834

due to impaired immunity because of a disease or medication (Chretin et al., 2007; Kohn et al., 2006).

835

The use of antimicrobials as a part of supportive treatment is often recommended by the relevant

836

veterinary textbooks even though there is very little or no evidence on efficacy of antimicrobials in

837

such circumstances.

838

Chronic pyoderma in dogs is an example of a disease where peers’ (experts’) guidelines advocate the

839

use antimicrobials that for many substances is not compliant with SPC directions (Beco et al., 2013).

840

Recommended effective dose rates (especially for fluoroquinolones) and durations significantly exceed

841

those that are documented in SPCs, and ‘third-line’ antimicrobials include substances such as

842

rifampicin and tobramycin that are not currently authorised for use in animals. Based on a small study

843

of 23 dogs, cefalexin as long term ‘weekend therapy’ was suggested as potentially beneficial in dogs

844

with idiopathic recurrent pyoderma, reducing relapses (Carlotti et al., 2004).

845

Off-label antimicrobial use – like any drug use - may lead to adverse effects. According to a recent

846

report regarding adverse event surveillance of veterinary medicines in the UK, approximately 7% of

847

reported events were associated with the use of authorised products contrary to the SPC instructions

848

(Davis et al., 2015). Of more than 5300 adverse event reports, 75% concerned dogs and cats. Only

849

0.8% of all reports were associated with human drugs (Davis et al., 2015). The majority of adverse

850

events related to human drugs were due to intra-venous use of amoxicillin-clavulanic acid compounds.

851

Another study reported that approximately 7% of suspected adverse events were related to the off-

852

label use of antimicrobials in a ten year follow-up period (Diesel, 2011). In a German study,

853

veterinarians reported that 90% of the off-label drug use was for dogs and cats (Kirsch, 2004). As in

854

the UK study, most of the reported adverse events were from dogs due to off-label use of systemic

855

amoxicillin with or without clavulanic acid (Biedermann, 2014).

856

One important driving force toward off-label use of antimicrobials, especially critically important

857

antimicrobials for human use, is the emergence of multi-drug resistance among pathogens of

858

companion animals. Examples are meticillin resistant Staphylococcus aureus (MRSA) (Catry et al.,

859

2010), meticillin resistant Staphylococcus pseudintermedius (MRSP) (van Duijkeren et al., 2011), and

860

extended spectrum beta-lactamase or carbapenemase producing Gram-negative rods (ESBLs)

861

(Abraham et al., 2014; Guerra et al., 2014). This has resulted in a potential pressure for veterinarians

862

to use critically important antimicrobials authorised for human medicine (Papich, 2012; Papich, 2013).

863

Such drugs could constitute last resort alternatives not only for animals, but also for humans.

864

Table 3. Examples of the off-label use of antimicrobials in dogs and cats
Antimicrobial and off-label use

References

The use of enrofloxacin in brucellosis

(Ledbetter et al., 2009; Wanke et
al., 2006)

Local application of injectable ticarcillin for the treatment of otitis

(Nuttall, 1998)

externa caused by pseudomonas in dogs
The use of linezolide for the treatment of canine MRSP

(Foster et al., 2014)

bacteremia and discospondylitis
The use of metronidazole and spiramycin for treating

(Pennisi et al., 2005)

leismaniosis in dogs
The use of enrofloxacin and metronidazole in leishmaniosis

(Bianciardi et al., 2004)

The use of cefotaxime for the treatment of septicaemia in dogs

(Sumano et al., 2004)
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Antimicrobial and off-label use

References

Intra-articular administration of amikacin for the treatment of

(Hewes and Macintire, 2011)

septic arthritis
The use of enrofloxacin/ metronidazole /doxycycline in treating

(Lin and Huang, 2010)

babesiosis in dogs
The local use of various injectable antimicrobials for the

(Morris, 2004)

treatment of canine otitis externa
The use of prophylactic antimicrobials perioperatively

(Knights et al., 2012)

The administration of gentamicin as aerosol in dogs

(Riviere et al., 1981)

The use of doxycycline for treating canine osteoarthritis

(Jauernig et al., 2001)

The use of azithromycin for papillomatosis in dogs

(Bernstein, 2009)

The use of azithromycin for giardiosis in dogs

(Zygner et al., 2008)

The use of doxycycline and ivermectin combination for treatment

(Bazzocchi et al., 2008)

of dirofilariosis due to bacterial endosymbiot Wolbachia
The use of tetracyclines for treating immune mediated skin

(Rosenkrantz, 2004; White et al.,

diseases in dogs

1992)

The use of erythromycin for treating gastric motility disorders

(Hall and Washabau, 1999)

The use of tetracycline in combination with niacinamide for

(Rothstein et al., 1997)

treatment of sterile pyogranuloma/granuloma syndrome
The use of minocycline in the treatment of canine

(Clifford et al., 2000)

hemangiosarcoma
The use of tetracyclines for variety of ophthalmic conditions

(Federici, 2011)

(adopted for veterinary use)
The use of metronidazole as a part of treatment regimen for

(Jergens et al., 2010)

canine inflammatory bowel disease
865

For other types of companion animals, in total 72% of veterinarians reported that they used off-label

866

administration of medicines weekly or even daily in the case of rabbits, guinea pigs and birds, from a

867

recent German survey. The most frequent off-label uses of medicines for rabbits and guinea pigs were

868

for the gastrointestinal tract and systemic infections. Almost 50% related to drugs for functional

869

gastrointestinal disorders. Where off-label administration was concerned, 98% of veterinarians

870

participating reported using a medicine approved for another animal species (Biedermann, 2014). The

871

survey also uncovered that serious side effects, often resulting in death, have also been reported for

872

off-label use of cefovecin, which is contraindicated from use in small herbivores such as rabbits and

873

guinea pigs (Kirsch, 2004). The other reports concerned enrofloxacin, amoxicillin, oxytetracycline and

874

sulphadoxine/trimethoprim.

875
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