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Introduction

On the 17 February 2020, the European Medicines Agency (EMA, the Agency) received a request from
the European Commission to provide scientific advice for the establishment of a list of antimicrobials
that, as per Article 107(6) of Regulation (EU) 2019/6 (the Regulation) [1], shall not be used in
accordance with Articles 112, 113 and 114 of the Regulation or may only be used in accordance with
these articles subject to certain conditions. The list will be established by means of implementing acts
adopted by the European Commission.

The purpose of this list, together with the list of antimicrobials reserved for human use established
under Article 37(5) and enacted under Commission Implementing Regulation (EU) 2022/1255 [2], is to
help preserve the efficacy of certain antimicrobials for humans and/or animals by promoting prudent
antimicrobial use and thereby reducing the risk from antimicrobial resistance (AMR).

According to the request from the Commission, the scientific advice should also take into account the
fact that sufficient availability of antimicrobials should be ensured to secure animal health, including for
limited markets and exceptional circumstances.

The Committee for Veterinary Medicinal Products of EMA (CVMP) formed an expert group to prepare
the scientific advice. In line with the Commission’s request to ensure coherence and complementarity
between the two advices, several of the experts had also been members of the working group for the
CVMP’s advice for the Article 37(5) Human Reserved List [3]. These included two experts on human
infectious diseases, nominated each through the European Centre for Disease Prevention and Control
(ECDC) and CHMP’s Infectious Diseases Working Party (IDWP), and one expert nominated from
European Food Safety Authority (EFSA). The group was also composed of ten members selected from
the European network of experts on the basis of recommendations from the national competent
authorities and two Agency staff members, all with expertise in the area of antimicrobial resistance.

The expert group submitted their report to the CVMP on 2 May 2023.

The CVMP adopted the scientific advice on 15 June 2023.

Summary

Legal context

Promoting the responsible use of antimicrobials in animals with the aim to reduce the risk of
antimicrobial resistance to human, animal and public health is a cornerstone of the Regulation. Article
107(6) is one of several measures included in the Regulation in this respect.

Article 107(6) provides that the Commission may, by means of implementing acts, and taking into
consideration scientific advice of the Agency, establish a list of antimicrobials which:

(a) shall not be used in accordance with Articles 112, 113 and 114; or

(b) shall only be used in accordance with Articles 112, 113 and 114 subject to certain
conditions.

When establishing the list above, the same provision states that the Commission shall take account the
following criteria:

(a) risks to animal or public health if the antimicrobial is used in accordance with Articles 112,
113 and 114;
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(b) risk for animal or public health in case of development of antimicrobial resistance;
(c) availability of other treatments for animals;
(d) availability of other antimicrobial treatments for humans;

(e) impact on aquaculture and farming if the animal affected by the condition receives no
treatment.

As explained in following sections, these same criteria were taken into account by EMA for the present
scientific advice.

In turn, Articles 112, 113 and 114! of the Regulation provide, amongst others, that, by way of
derogation from Article 106(1) of the Regulation, when no veterinary medicinal product is authorised
for an indication in a particular animal species, the veterinarian may exceptionally use a veterinary or
human medicinal product outside the terms of a marketing authorisation [1]. The purpose of these
derogations is to facilitate treatment of diseases and in animal species for which authorised veterinary
medicinal products are not available, in order to avoid causing unacceptable animal suffering.

Article 107(6) is complementary to Article 37(5) of the Regulation, which tasks the Commission with
the responsibility to designate antimicrobials or groups of antimicrobials that are reserved for the
treatment of certain infections in humans (the Human Reserved List). Accordingly, antimicrobials or
groups of antimicrobials in the Human Reserved List cannot be authorised in veterinary medicines or,
as provided by Article 107(5) of the Regulation, used in accordance with Articles 112, 113 and 114.

Whilst Article 107(6) aims further to preserve the efficacy of certain antimicrobials for human and
animal health, this should be balanced against the aim of Articles 112, 113 and 114 stated above.

It bears noting that Article 107(7) allows a Member State to further restrict or prohibit the use of
certain antimicrobials in animals on its own territory if the administration is contrary to national policy
on prudent use.

Considerations behind the development of the advice

The criteria under Article 107(6), listed above, are discussed in detail in the context of the
development of the Agency’s advice in Section 3.1.1. of this document. In brief:

Criterion (a) is understood primarily to address the risks to the safety of the target (treated) animal
and to the consumer of food-animal produce that may result from the use of an antimicrobial in
accordance with Articles 112, 113 and 114.

Criterion (b) is dependent on the importance of the antimicrobial for treating diseases in humans and
animals, the likelihood of selection and transmission of resistance and the extent of use of the
antimicrobial in the EU.

In relation to criteria (c) and (d), the availability of other antimicrobials for human diseases, and of
alternative treatments for animal diseases, is also important in determining the consequences and
hence risk to animal or human health in case of development of resistance to a particular antimicrobial
class. In this perspective, (c) and (d) are linked to criterion (b). In addition, if conditions are proposed
to limit the use of certain antimicrobials animals in accordance with Articles 112, 113 and 114, then it
is necessary to consider the availability of alternative treatments, particularly for limited markets and
exceptional circumstances.

L Articles 112, 113 and 114 relate, respectively, to non-food-producing animal species, food-producing terrestrial animal
species and food-producing aquatic species.
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Criterion (e) is understood to relate to the situation whereby a proposed prohibition or conditions on
antimicrobial use in accordance with Articles 112, 113 and 114 leave no treatment options for
animal(s) affected by certain diseases. Impacts on aquaculture and farming could include production
losses and effects on animal health and welfare, amongst others.

Considerations on the potential conditions to be placed on use of medicinal products in
accordance with Articles 112, 113 and 114

Article 107(6)(b) is silent on the nature of the conditions that may qualify as "certain conditions”
applicable to the use in accordance with Articles 112, 113 and 114. In developing the present
scientific advice, potential conditions were considered based around the types of use allowed stepwise
under Articles 112, 113 and 114, such as: use to treat indications or animal species not included in the
Summary of Product Characteristics (SPC); use of different (including human-authorised) formulations
and routes of administration; use of veterinary medicines authorised in third countries.

The potential usefulness for AMR risk management and impacts of the conditions that were considered
are discussed in Section 3.1.2. The proposed conditions include, for example, restrictions on use for
certain indications, limitation to use in individual animals only and restrictions on the route of
administration. A condition requiring target pathogen identification and antimicrobial susceptibility
testing was also considered to be an important risk management measure and is discussed further in
the Annex 1. The conditions are summarised in Summary Table 1.

Considerations relating to Articles 112, 113 and 114 that are of particular relevance for the
present advice

The following additional considerations were particularly relevant for the evaluation of different
antimicrobial classes:

e The use in accordance with Articles 112, 113 and 114 should be ‘exceptional’ and 'in particular to
avoid causing unacceptable suffering’, as stated in the first paragraph of said provisions;

e Articles 113(4) and 114(6) require that substances used to treat food-producing species in
accordance with Articles 113 and 114 shall be allowed in accordance with Table 1 of the Annex to
Regulation (EC) No 470/2009 (relating to establishment of residue limits) [4].

e Article 115(5) provides a derogation from Articles 113(1) and (4) of the Regulation for substances
listed as essential for the treatment of equine species or bringing added clinical benefit compared
with other treatment options available for equine species; although at time of preparation of this
advice, Commission Regulation (EC) 1950/2006 remains in force. The antimicrobials/indications
included in Regulation (EC) 1950/2006, as clarified by the European Commission, have not been
assessed under Article 107(6) of Regulation (EU) 2019/6.

Matters outside scope of this advice

The present scientific advice only addresses antimicrobial use in accordance with Articles 112, 113 and
114 of the Regulation, i.e. illegal use under EU legislation is not addressed in this advice.

Reference in this scientific advice to the use of antimicrobials outside the terms of their marketing
authorisations shall not be construed as a scientific opinion of the CVMP in favour of such uses.
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Methodology
Methodology for Antibiotics

Antibiotics were primarily addressed in pharmacological classes. Background information was first
compiled relating to each antibiotic class with potential veterinary use in the EU. This information
related to, for example, the availability of different formulations authorised in veterinary medicinal
products (VMPs) for use in different animal species, the authorised indications and the maximum
residue limit (MRL) status of individual substances in the class. Information on use of the class outside
the terms of the marketing authorisation was also gathered from published sources and from an ‘open
call for data’ published by the Agency. The evaluation of the class was then conducted in four steps. In
the first step, the Article 107(6) criteria (b), (c) and (d) were reviewed in relation to the risk to public
and animal health due to AMR associated with the use of the antimicrobial in animals and availability of
alternative treatments. It was considered that for some classes of antibiotics, based on this evaluation,
a decision could be made to recommend that no restrictions should be placed on use under Articles
112, 113 and 114 and the evaluation stopped at the end of Step 1. For the remaining classes, Step 2
considered the conditions that could be placed on use of the class outside the terms of the marketing
authorisation(s) to mitigate any additional AMR risk associated with such use. In Step 3, criteria (a)
and (e) were then evaluated considering use of the antibiotic outside the terms of the marketing
authorisation and in the context of the proposed conditions. Finally, in Step 4, taking into account the
previous steps, the conditions were concluded. As part of this exercise, it was considered if conditions
alone would be sufficient to fulfil the aim of Article 107(6), or if it should be recommended that the
antibiotic should not be used in accordance with Articles 112, 113 and 114. The evaluations are
presented in Section 4. of the advice, with separate monographs for each antibiotic class.

Methodology for Antivirals

There are currently no direct-acting antivirals authorised in veterinary medicinal products in the EU,
and none are compliant with the requirement of Articles 113(4) and 114(6) (i.e. ‘allowed’ in
accordance with Table 1 of the Annex to the MRL Regulation (EC) No 470/2009 [4]); therefore, they
can only be used in non-food-producing animals, including non-food-producing equines, under Article
112 of the Regulation (an exception is made for substances/indications for equine species as referred
to under Article 115(5), see above). Consequently, uses in accordance with Articles 113 and 114 were
not considered.

Firstly, a review of the literature was undertaken to identify potential therapeutic uses of antiviral
substances in non-food-producing animals in the EU. The findings are presented in Section 5.1. of the
advice. The following antivirals were identified as having widespread use for treatment of specific
diseases in animals under Article 112: cidofovir, famciclovir, idoxuridine, remdesivir and
valacyclovir/acyclovir. These substances were then evaluated against the criteria of Article 107(6)
using the same step-wise process as outlined above for the antibiotics. In respect of criterion (b), it is
important to note that, except for remdesivir, those antivirals for which it was previously assessed
under Article 37(6) that there is a risk of transmission of antiviral resistant organisms from animals to
humans are included in the Annex to Regulation (EU) 2022/1255 and are reserved for use in humans
[2]. Therefore, for the remaining antivirals that have been reviewed in this exercise, it had already
been concluded by CVMP that there is no significant risk for human health due to antiviral-resistance
developing from their use in animals in the EU.
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Methodology for Antiprotozoals and Antifungals

Antiprotozoals and antifungals were grouped in pharmacological classes and all those found to have
potential veterinary use in the EU were evaluated. As for the antibiotics, background information was
compiled, but with particular reference to publications identified for the advice relating to the Article
37(5) Human Reserved List [3]. Each class was then evaluated against each of the Article 107(6)
criteria (a) to (e), where found applicable. The results of the evaluations are presented in Sections 6.
(Antifungals) and 7. (Antiprotozoals) of this advice. In particular, regarding criterion (b), for many
antiprotozoal and antifungal drugs, there is a paucity of evidence which in some cases makes it difficult
to perform an assessment of the potential risk to animal health and public health due to drug-
resistance. However, for other classes/substances, more certain conclusions can be drawn if the class
is not related to drugs used in human medicine or where it is used to treat diseases in humans or
animals that are not zoonotic/contagious and hence there is no obvious transmission pathway for drug
resistance. Based on criteria (b), (¢) and (d), it was considered if conditions should be placed on use
under Articles 112, 113 and 114.

Conditions were proposed only for use of echinocandins and amphotericin B in accordance with Article
112. As these substances cannot be used in food-producing animals in the absence of MRL status and
there is no evidence for their need in other farmed animals, criterion (e) did not need to be evaluated.
In the light of the conclusions for the criteria (a) to (d), it was then considered if conditions alone
would be sufficient to fulfil the aim of Article 107(6). As this was the case for both echinocandins and
amphotericin B, no antiprotozoals or antifungals have been recommended to be prohibited from use
under Articles 112, 113 and 114.

Background information and sources

In considering this advice, the working group has paid attention to publications from international
bodies mentioned in the Commission’s request, including the OIE2 List of Antimicrobial agents of
Veterinary Importance and the WHO’s CIA List and AWaRe classification of antibiotics, and to previous
publications from the Agency including the AMEG’s Categorisation of antibiotics in the European Union
and the Reflection paper on off-label use? of antimicrobials in veterinary medicine in the European
Union [5-9]. Recommendations in these publications have been considered, insofar as they were
relevant to the present scientific advice; however, the context and criteria differ to greater or lesser
extent from those in the legislation underlying this advice.

This advice also refers in many places to the Agency’s advice provided in relation to the Article 37(5)
Human Reserved List [3], noted above.

Other sources of information used include official reports and opinions from EMA, ECDC and EFSA,
Summaries of Product Characteristics for EU-authorised medicines, textbooks and studies and reviews
published in scientific journals. For the latter, relevance to the EU-situation has been considered for
international publications. In addition, evidence was gathered from an ‘open call for data’ in which
interested parties were invited to submit information on the uses and availability of antimicrobials in
the EU to treat serious infections in animals, including uses outside the terms of a marketing
authorisation. See Sections 2.2.4. , 2.2.5. and Annex 3.

2 The acronym for the World Organisation for Animal Health has recently changed from OIE to WOAH to reflect the full
name of the organisation.

3 The CVMP’s reflection paper makes a distinction between ‘off-label use’ - the use of a veterinary medicinal product that is
not in accordance with the summary of product characteristics, including the misuse and serious abuse of the product - and
cascade use, that falls within the narrower definition of the legal derogations in force at the time.
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The data sources mentioned provide a significant body of evidence relating to the importance of
different antimicrobial classes/substance in human and veterinary medicine, the occurrence of AMR in
animals and its transmission between animals and from animals to humans.

Uncertainties and data gaps

Uncertainties and data gaps were identified in the process of developing the advice, key of which is the
lack of research or systematic collection of data indicating the types or extent of use of antimicrobials
outside the terms of a VMP marketing authorisation. See Section 3.2.

However, pursuant to Article 107(6)(b) of the Regulation, when conditions are recommended for the
use of antimicrobial VMPs in accordance with Articles 112, 113 and 114, the conditions that are
proposed are considered by the CVMP to be justified based on the referenced available evidence and
expert judgement.

Recommendations

Based on the evaluations presented in Sections 4., 5. , 6. and 7. of this advice report, the following
recommendations are made relating to the use of antimicrobial medicinal products and the provisions
of Article 107(6) of the Regulation:

Table (a) Antimicrobials that shall not be used in accordance with Articles 112, 113 and 114

Antimicrobial class/substance

None

Table (b) Antimicrobials that shall only be used in accordance with Articles 112, 113 and 114 subject
to certain conditions

Antimicrobial Conditions for use outside the terms of the marketing authorisation
class/substance

Aminopenicillin-beta For those indications not included in the SPC of the concerned product, use
lactamase inhibitor must be based on target pathogen identification and antimicrobial

(BLI) combinations susceptibility testing that demonstrates that aminopenicillin-BLI are likely to
be effective and that antimicrobials from a lower AMEG category would not

See Section 4.4.
( ) be effective, unless it can be justified that this is not possible.

e Not to be used in poultry

e Not to be used in food-producing aquaculture

3rd- and 4th- e For those indications not included in the SPC of the concerned product, use
generation must be based on target pathogen identification and antimicrobial
cephalosporins susceptibility testing that demonstrates that 3rd- and 4th-generation

cephalosporins are likely to be effective and that antimicrobials from a lower
AMEG category would not be effective, unless it can be justified that this is
not possible.

(See Section 4.7.)

e Use of 3rd- and 4th-generation cephalosporins under Article 113 to treat
salmonellosis should be restricted to use of injectable products in individual
animals with potentially life-threatening infections.
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Antimicrobial

Conditions for use outside the terms of the marketing authorisation

(See Section 4.8.)

class/substance
Not to be used in poultry.
Not to be used in food-producing aquaculture
To be used in individual animals only. Exemption: Ornamental or
conservation aquatic animals kept in closed water tanks.
Polymyxins Conditions do not apply to use of polymyxin B for systemic treatment for

endotoxaemia associated with severe colic and other gastrointestinal
diseases in equines.*

For those indications not included in the SPC of the concerned product, use
must be based on target pathogen identification and antimicrobial
susceptibility testing that demonstrates that polymyxins are likely to be
effective and that antimicrobials from a lower AMEG category would not be
effective, unless it can be justified that this is not possible.

Formulations intended for oral group administration must not be used for
treatment or metaphylaxis of Salmonella spp.

Must not be used for the treatment or metaphylaxis of Salmonella spp. in
poultry.

Not for use in food-producing aquaculture.

When the intended route of administration is outside that included in the SPC
of the concerned VMP, or when using an extemporaneous formulation, the
product should be administered to individual animals, only.

Human medicinal products should be administered to individual animals only.

IAmphenicols

(See Section 4.18. )

For those indications not included in the SPC of the concerned product, use
must be based on target pathogen identification and antimicrobial
susceptibility testing that demonstrates that amphenicols are likely to be
effective and that antimicrobials from a lower AMEG category would not be
effective, unless it can be justified that this is not possible.

Quinolones and
Fluoroquinolones

(See Section 4.20. )

For those indications not included in the SPC of the concerned product, use
must be based on target pathogen identification and antimicrobial
susceptibility testing that demonstrates that (fluoro)quinolones are likely to
be effective and that antimicrobials from a lower AMEG category would not
be effective, unless it can be justified that this is not possible.

Use of (fluoro)quinolones under Article 113 to treat salmonellosis should be
restricted to use of injectable products in individual animals with potentially
life-threatening infection.

Must not be used for the treatment or metaphylaxis of Salmonella spp. in
poultry.

4 Substance / indication included in Commission Regulation (EC) 1950/2006.
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Antimicrobial
class/substance

Conditions for use outside the terms of the marketing authorisation

When the proposed route of administration is outside the terms of the SPC,
or when using an extemporaneous formulation, the product should be
administered to individual animals, only.

Human medicinal products should be administered to individual animals,
only.

Rifamycins

(See Section 4.23.)

Conditions apply to use of human medicinal products, extemporaneous

preparations and VMPs authorised in third countries, only. They do not apply
to EU-authorised VMPs containing rifaximin. In addition, they do not apply to
the use of rifampicin for the treatment of Rhodococcus equi infections in
equines.4

Use must be based on target pathogen identification and antimicrobial
susceptibility testing that demonstrates that rifamycins are likely to be
effective and that antimicrobials from a lower AMEG category would not be
effective, unless it can be justified that this is not possible. See ‘Special note
regarding the diagnosis of mycobacterial infections in companion animals
and antimicrobial susceptibility testing’ in Annex 1.

For treatment of mycobacteria and MDR staphylococci, only.
Not to be used for prophylaxis of Rhodococcus equi infection.

To be used in individual animals only.

Substances used
solely to treat
tuberculosis or other
mycobacterial
diseases (‘TB drugs’)

(See Section 4.24.)

Use must be based on target pathogen identification and antimicrobial
susceptibility testing that demonstrates that TB drugs are likely to be
effective. See ‘Special note regarding the diagnosis of mycobacterial
infections in companion animals and antimicrobial susceptibility testing’ in
Annex 1.

To be used in individual animals only

Riminofenazines

(See Section 4.25.)

Use must be based on target pathogen identification and antimicrobial
susceptibility testing that demonstrates that riminofenazines are likely to be
effective. See ‘Special note regarding the diagnosis of mycobacterial
infections in companion animals and antimicrobial susceptibility testing’ in
Annex 1.

To be used in individual animals only.

Pseudomonic acids

(See Section 4.27.)

Use must be based on target pathogen identification and antimicrobial
susceptibility testing that demonstrates that Pseudomonic acids are likely to
be effective and that antimicrobials from a lower AMEG category would not
be effective, unless it can be justified that this is not possible. See ‘Special
note on the use of AST for pathogens treated topically or locally’ in Annex 1.

To be used only for treatment of MRSA and MRSP infections. Veterinary-
authorised topical treatments for staphylococcal infections should not have
been effective.
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Antimicrobial Conditions for use outside the terms of the marketing authorisation
class/substance

e Not to be used for routine decolonisation of MRSA/P.
e To be used in individual animals only.

e For topical administration only.

Remdesivir e For treatment of feline infectious peritonitis only.

(See Section 5.3.)

Echinocandins e For use only as a last resort treatment for individual animals, where
alternative treatments have been shown not to be, or unlikely to be,
effective and preferably after target pathogen identification and susceptibility
testing.

(See Section 6. )

Amphotericin B e In cases where used for treatment of leishmaniasis, or for treatment of other
diseases in animals in regions where leishmaniasis is endemic, amphotericin
B is to be used only as last resort when other treatments have failed, or can
be expected to fail.

(See Section 7. )

Further considerations

e For certain antimicrobial classes, it has been recommended that a condition should be applied for
their use in accordance with Articles 112, 113 and 114 to be based on the results of target
pathogen identification and antimicrobial susceptibility testing. This condition is elaborated in more
detail in Annex 1. Specific circumstances have been taken into account, e.g. the availability of
reliable testing methods for certain pathogens or antimicrobials, or to allow exemptions for
particular animal species.

e This advice has been established based on current scientific knowledge. It is suggested that the
recommendations should be reviewed, as and when appropriate, in the light of new scientific
evidence or emerging information. This new information could include, in both human and
veterinary contexts, emergence of new diseases or changes in the epidemiology of existing
diseases, changes in antimicrobial drug resistance and changes in availability and patterns of
antimicrobial use.
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1. Terms of reference and scope

1.1. Request from the European Commission for scientific advice regarding
implementing measures under Article 107(6) of the Regulation

On the 17 February 2020, the Agency received a request from the European Commission to provide
scientific advice for the establishment of the list of antimicrobials that, as per Article 107(6) of
Regulation (EU) 2019/6, shall not be used in accordance with Articles 112, 113 and 114 of the
Regulation or may only be used in accordance with these articles subject to certain conditions. The list
will be established by means of implementing acts adopted by the European Commission.

The purpose of this list, together with the list of antimicrobials reserved for human use (Article 37(5))
[3], is to help preserve the efficacy of certain antimicrobials by promoting prudent antimicrobial use
and thereby reducing the risk to public and animal health due to antimicrobial resistance.

According to Article 107(6), whilst establishing the list, five criteria (a) to (e) should be taken into
account. These criteria are set out in Section 1.2. below, ‘Legislative background’.

The Commission’s request additionally notes the need to ensure sufficient availability of antimicrobials
to secure animal health, including for limited markets® and exceptional circumstances.

Attention is drawn to several relevant background documents:

e The OIE List of Antimicrobial agents of Veterinary Importance and the recommendations of the OIE
AMR working group, particularly in relation to fluoroquinolones, 3rd- and 4th-generation
cephalosporins and colistin [5].

e The WHO CIA List and the AWaRe classification of antibiotics, noting that recommendations are
made as to use of certain antibiotics in order to preserve their efficacy [6, 7].

e The considerations in the Agency’s Reflection paper on off-label use of antimicrobials in veterinary
medicine in the European Union [9].

e The AMEG's Categorisation of antibiotics in the European Union, although considering that there
are divergences with the WHO CIA List and that it was developed for a different purpose [8].

The Commission’s request also advises that bans or conditions on the use of antimicrobials in
accordance with Articles 112, 113 and 114, shall not apply to animals or products of animal origin
imported into the EU from third countries.

It should be noted that at the time of the submission to the Commission of this advice for Article
107(6), the list of substances which are essential for the treatment of equine species under Article
115(5), and the list of substances which may be used in aquatic species in accordance with Article
114(1), were still under development.

1.2. Legislative background

Promoting the responsible use of antimicrobials in animals in order to reduce the risk of antimicrobial
resistance to human, animal and public health is a cornerstone of Regulation (EU) 2019/6 on
veterinary medicinal products (‘the Regulation’). In this respect, recital (41) of the Regulation notes
that ‘use that is not covered by the marketing authorisation of certain new or critically important
antimicrobials for humans should be restricted in the veterinary sector.’ In addition, recital (42)

> ‘limited market’ refers to (a) VMPs for diseases that occur infrequently or limited geographical areas; (b) VMPs for
species other than cattle, sheep for meat production, pigs, chickens, dogs and cats.
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indicates that, in the context of applications for antimicrobial VMPs and considering potential risks to
humans or animals from development of antimicrobial resistance, if necessary, conditions may be
needed restricting use of the product that is not in accordance with the terms of the marketing
authorisation. In this respect, Article 107 of the Regulation, relating to the use of antimicrobial
medicinal products, includes several relevant provisions of which Article 107(6) specifically relates to
use outside the terms of the marketing authorisation.

Article 107(6): Provisions on use of antimicrobial medicinal products in accordance with
Articles 112, 113 and 114

Article 107(6) of the Regulation states that the Commission may establish, by means of implementing
acts, a list of antimicrobials which:

(a) shall not be used in accordance with Articles 112, 113 and 114; or

(b) shall only be used in accordance with Articles 112, 113 and 114 subject to certain
conditions

Whilst establishing the list, the following criteria should be taken into account:

a) risks to animal or public health if the antimicrobial is used in accordance with Articles 112,
113 and 114;

b) risk for animal or public health in case of the development of antimicrobial resistance;
c) availability of other treatments for animals;
d) availability of other antimicrobial treatments for humans;

e) impact on aquaculture and farming if the animal affected by the condition receives no
treatment.

Articles 112, 113 and 114 - Use of medicinal products outside the terms of the marketing
authorisation

In turn, Articles 112, 113 and 114 of the Regulation provide, amongst others, that, by way of
derogation from Article 106(1)% of the Regulation, when no veterinary medicinal product is authorised
for an indication in a particular animal species, the veterinarian may exceptionally use a veterinary or
human medicinal product outside the terms of a marketing authorisation. Articles 112, 113 and 114
refer to such use in non-food-producing animal species, food-producing terrestrial animal species and
food-producing aquatic species, respectively.

Prescribing outside the terms of the marketing authorisation is expected to be exceptional and ‘in
particular to avoid causing unacceptable suffering’. The provisions allow use of veterinary medicines
authorised in another member state, for different species or for different indications. If no such
suitable veterinary medicinal products are available, use of authorised human medicinal products, or
otherwise, extemporaneously prepared products, is allowed. In the absence of any of these options, a
veterinary medicinal product authorised in a third country for the same animal species and indication
may be used.

Use of medicines according to Articles 112, 113 and 114 is under the direct personal responsibility of a
prescribing veterinarian, who may delegate the administration to another person.

6 Article 106(1) states: ‘Veterinary medicinal products shall be used in accordance with the terms of the marketing
authorisation.’

Scientific advice under Article 107(6) of Regulation (EU) 2019/6 for the establishment of a list of
antimicrobials which shall not be used in accordance with Articles 112, 113 and 114 of the same Regulation or
which shall only be used in accordance with th
Page 14/358



In line with Articles 113(4) for terrestrial and 114(6) for aquatic food-producing animal species, any
active substance prescribed under these Articles shall be ‘allowed’ in accordance with Table 1 of the
Annex to Regulation (EC) No 470/2009 for the establishment of residue limits [4]. If no withdrawal
period is stated in the SPC for the species under treatment, then it should be set by the veterinarian in
accordance with the provisions of Article 115. In addition, for aquatic food-producing animals, it is
proposed that in future a list of substances for use in accordance with Article 114(1)(b) and (c) will be
established, paying specific attention to risks to the environment alongside other considerations.

Antimicrobials reserved for treatment of certain infections in humans

In addition to the provisions of Article 107(6), Article 37(5) of the Regulation states that the
Commission shall, by means of implementing acts, designate antimicrobials or groups of antimicrobials
reserved for the treatment of certain infections in humans (the Human Reserved List). According to
Article 107(5), these antimicrobials shall not be used in accordance with Articles 112, 113 and 114.
The Annex to Commission Implementing Regulation (EU) 2022/1255 lists these designated substances,
which are hence out of scope of this advice [2].

National restrictions in individual Member States

It bears noting that Article 107(7) allows a Member State to further restrict or prohibit the use of
certain antimicrobials in animals on its territory if the administration is contrary to national policy on
prudent use.

Particular considerations relating to equine species

Article 115(5) provides a derogation from Articles 113(1) and (4) of the Regulation for substances
listed as essential for the treatment of equine species or bringing added clinical benefit compared with
other treatment options available for equine species; although at time of preparation of this advice,
Commission Regulation (EC) 1950/2006 remains in force. The antimicrobials/indications included in
Regulation (EC) 1950/2006,” as clarified by the Commission, should not be assessed against the
criteria laid down in Article 107(6) of Regulation (EU) 2019/6 in the context of this advice.

Definition of ‘antimicrobial’

According to Article 4(12) of the Regulation, ‘antimicrobial’ means any substance with a direct action
on micro-organisms used for treatment or prevention of infections or infectious disease, including
antibiotics, antivirals, antifungals and antiprotozoals.

2. Background information

2.1. Documents referenced in the request for scientific advice

2.1.1. The WOAH List of Antimicrobials of Veterinary Importance

The World Organisation for Animal Health /OIE List of Antimicrobials of Veterinary Importance
addresses antimicrobials (antibiotics and certain anticoccidials) authorised for use in food-producing
animals and does not include substances used only in human medicine [5]. It is based on two criteria:

e Criterion 1. Identification of the veterinary importance of the antimicrobial by more than 50% of
OIE member countries responding to a questionnaire.

7 To be replaced by implementing acts to be adopted by the Commission pursuant to Article 115(5) of Regulation (EU)
2019/6.
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e Criterion 2. The class is identified as essential against a specific infection where there is a lack of
sufficient therapeutic alternatives.

According to these criteria, antimicrobial agents are classified in three categories, Veterinary Critically
Important Antimicrobial Agents (VCIA), Veterinary Highly Important Antimicrobial Agents (VHIA) and
Veterinary Important Antimicrobial Agents (VIA).

Recognising that fluoroquinolones, 3rd- and 4th-generation cephalosporins and colistin are also
considered critically important for human health, amongst others the following recommendations are
made:

'Not to be used as a first line treatment unless justified, when used as a second line treatment, it
should ideally be based on the results of bacteriological tests; and

Extra-label/off-label use should be limited and reserved for instances where no alternatives are
available. Such use should be in agreement with the national legislation in force’

In relation to antimicrobial (sub) classes that are used only in human medicine and not included in the
WOAH/OQIE List, a recommendation is made: “Recognising the need to preserve the effectiveness of the
antimicrobial agents in human medicine, careful consideration should be given regarding their potential
use (including extra-label/off-label use) / authorisation in animals.”

2.1.2. The WHO's List of Critically Important Antimicrobials for Human
Medicine (6" revision)

The WHO'’s List of Critically Important Antimicrobials for Human Medicine is a ranking of medically
important antimicrobials® for risk management of antimicrobial resistance arising due to non-human
use [6]. It is built on two criteria:

e Criterion 1 (C1): The antimicrobial class is the sole, or one of limited available therapies, to treat
serious bacterial infections in people.

e Criterion 2 (C2): 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.

On this basis, antimicrobial classes are classified as critically important (CIA), highly important (HIA)
or important (IA) for human medicine.

CIAs are further prioritized in terms of the resources to be allocated to risk management strategies
based on three additional prioritisation factors. These relate to: the number of people that might need
treatment (P1), the frequency and intensity of use in humans (P2) and the evidence available to show
transmission of resistance (P3). Considering these additional criteria, the 3rd-, 4th- and 5th-generation
cephalosporins, glycopeptides, macrolides and ketolides, polymyxins and quinolones have been
identified as highest priority CIAs (HPCIAs).

It should be noted that at the time of preparation of this advice, the WHO's List was under revision.

8 The scope of the WHO List is limited to antibacterial antimicrobials that are used in human medicine.
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2.1.3. The WHO’s AWaRe Classification of Antibiotics

The AWaRe classification places antibiotic substances into three stewardship groups: Access, Watch
and Reserve, to highlight the importance of their optimal uses and potential for antimicrobial resistance

[7].

ACCESS - first and second choice antibiotics for the empiric treatment of most common infectious
syndromes, e.g. amoxicillin, doxycycline, gentamicin

WATCH - antibiotics with higher resistance potential whose use as first and second choice treatment
should be limited to a small number of syndromes or patient groups, e.g. macrolides, fluoroquinolones,
and certain 3rd-generation cephalosporins; and

RESERVE - antibiotics to be used mainly as ‘last resort’ treatment options for confirmed or suspected
infections due to multidrug resistant organisms. These antibiotics should be prioritized as key targets
for stewardship, e.g. polymyxins, novel tetracyclines and 5th-generation cephalosporins.

2.1.4. The AMEG Categorisation of antibiotics

The AMEG categorisation of antibiotics differs from the above lists in that it takes account of the
importance of classes/substances in both human and veterinary medicine and that it was developed
from the EU perspective [8]. The AMEG's categorisation is built on four criteria:

1. If the (sub)class or group is authorised for use as a veterinary medicine in the EU

2. The importance of the (sub)class or group to human medicine according to the WHO ranking (6"
revision) and taking into account the EU situation

3. The knowledge of factors influencing the likelihood and possible consequences of AMR transfer from
animals to humans, in particular considering mechanisms where a single gene confers multiresistance
(or resistance to several classes)

4. The availability of alternative antibiotic (sub)classes in veterinary medicine with lower AMR risk to
animal and public health

According to these criteria, antibiotics are placed into 4 categories: A ‘Avoid’, B ‘Restrict’, C ‘Caution’
and D ‘Prudence’.

Category A includes antibiotic classes/substances not authorised in veterinary medicines but authorised
in human medicines in the EU. Other than virginiamycin (streptogramins), none of these substances is
included in the Annex to Regulation (EU) 37/2010 on maximum residue limits (MRLs) and therefore
they cannot be used in food-producing species in the EU.

The AMEG advice notes: 'These antibiotic classes may only be used exceptionally in individual
companion animals in compliance with the prescribing “"cascade”.... The extent of use of these classes,
and hence overall selection pressure for AMR, would be low provided the restrictions detailed in the
prescribing “cascade” are complied with.”’

Category B includes the 3rd- and 4th-generation cephalosporins, quinolones and polymyxins. These
are the WHO’s HPCIAs (at the time of writing), but with the macrolides and those classes in category A
being excluded. The AMEG considered that for Category B substances, the risk to public health
resulting from veterinary use needs to be mitigated by specific restrictions. Especially for this category,
use should be based on the results of susceptibility testing, whenever possible.
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Category C includes substances for which there are in general alternatives in human medicine in the
EU but there are few alternatives in veterinary medicine for certain indications. Substances in this
category may also select for resistance to a substance in category A through specific multiresistance
genes.

Category D includes substances where the AMR risk to public health due to veterinary use is
considered low and for which there are no specific recommendations to avoid use beyond general
principles for the prudent use of antimicrobials.

2.1.5. EMA/CVMP Reflection paper on off-label use of antimicrobials in
veterinary medicine in the EU

The CVMP’s reflection paper on off-label use of antimicrobials [9] addresses the common reasons for
use of antibiotics outside the terms of a marketing authorisation, which include:

e Unmet medical needs e.g. limited availability of products for limited markets

e Use of alternative routes of administration to improve distribution to the site of infection or for
practical reasons of administration

e To address individual patient characteristics e.g. underlying disease or physiology

e Use of alternative dosing regimens to accommodate changes in pathogen susceptibility or chronic
disease

The CVMP’s reflection paper makes a distinction between ‘off-label use’ - the use of a veterinary
medicinal product that is not in accordance with the summary of product characteristics, including the
misuse and serious abuse of the product® — and ‘cascade’ use that falls within the narrower definition
relating to the provisions of Articles 10 and 11 of Directive 2001/82/EC, as amended and in force at
the time of publication of the paper.

It is of interest to note certain conclusions from the CVMP in relation to off-label use of antimicrobials -

“As there is no organized collection of data on the volume of off-label antimicrobial use in the EU, and
a limited number of mainly descriptive published studies devoted to the topic, it is only possible to
speculate about the risks to animal and public health and acceptability of these practices based on
general principles...”

“... Where an antimicrobial product is used in the intended target species for an unauthorised
indication at the dose regimen detailed in the SPC, and if this use is supported by bacterial culture
and susceptibility testing with appropriate clinical monitoring, then there is unlikely to be any
additional risk to animal or public health due to AMR compared to authorised use.”

“"Where an antimicrobial product is used under the cascade in an unauthorised species, by a
different route of administration and/or there is an adjustment to the dosing regimen, then
consideration should be given to potential risks for lack of effectiveness and increased selection
pressure for AMR due to (i) a change in bacterial exposure to the antimicrobial in the animal, and (ii)
possible antimicrobial residues in food produce. Measures to mitigate the potential risks include limiting
such use to the treatment of individual animals, use of culture and susceptibility testing, attention to
differences in pharmacokinetics and application of statutory minimum withdrawal periods.

° Article 1(16) of Directive 2001/82/EC
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Cascade use for groups of animals as compared to individuals requires particularly careful
consideration because of the higher antimicrobial exposure...”

“...the cascade use of human-only authorised antimicrobials in individual companion animals
should be kept to an absolute minimum following a careful benefit-risk assessment as these are often
last-resort antimicrobials and close contact between humans and pets is a prime opportunity for
exchange of multidrug resistant organisms.”

“Some types of off-label antimicrobial use cannot be considered as cascade use and the associated
risks cannot be justified. These include use of antimicrobials for practical or economic reasons alone,
systematic preventive use in groups of animals, intentional under-dosing and concomitant use of two
or more antimicrobials without proper diagnosis. Such practices are of high concern when they also
involve group treatments and/or use of CIAs.”

Recommendations include, amongst others:

“Prescribing under the cascade should be limited to individual animals, if feasible, although it is
recognised that this may not be applicable to all husbandry systems e.g. fish, poultry or for minor
species e.g. food rabbits. Off-label use, in particular that of antimicrobial substances/classes
categorised as critically important with regard to their use in human and animal health (WHO, AMEG),
should be supported by a full diagnostic investigation including bacterial culture and antimicrobial
susceptibility testing (AST), where possible.”

“When prescribing under the cascade, veterinarians should take into account the importance of the
antimicrobial to human medicine and the risk for transmission of AMR from treated animals to humans.
In particular, veterinarians should take these factors into account in the benefit-risk assessment before
prescribing antimicrobials that are presently only authorised for use in human medicine (AMEG
Category 3) [now AMEG Category A] [8, 10], which are CIAs for use in human medicine as one of few
alternatives to treat serious disease, and for which the AMEG considered the risk for spread of
resistance to be high. This could be facilitated by use of treatment guidelines that have already
considered these aspects (see below). Use of Category 3 [Category A] antimicrobials should be kept to
an absolute minimum.”

2.2. Other relevant publications relating to use of antimicrobials outside
the terms of the marketing authorisation

2.2.1. European guidelines for the prudent use of antimicrobials in
veterinary medicine

In 2015, the European Commission published a Notice on Guidelines for the prudent use of
antimicrobials in veterinary medicine [11] that sets out measures to be considered by Member States
when developing and implementing national strategies to combat antimicrobial resistance.

Recommendations are available for critically important antimicrobials that are only authorised for
human use. In particular, it is stated that the off-label use of products containing such antimicrobials in
non-food-producing animals should be avoided and strictly limited to very exceptional cases and where
antimicrobial susceptibility tests have confirmed that no other antimicrobial would be effective. Off-
label use of such products may be necessary to avoid the suffering of diseased animals and should
take into consideration ethical and public health concerns.
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2.2.2. EMA and EFSA joint scientific opinion on measures to reduce the
need to use antimicrobial agents in animal husbandry in the EU (RONAFA
report)

The RONAFA report [12] makes the following recommendations in relation to ‘cascade’ use:

e Further research should be done into the nature and extent of off-label use of antimicrobials in
food-producing animals in the EU, and the associated potential for impacts on AMR.

e When prescribing under the cascade, the risk to public health due to AMR should be taken into
account alongside the need to protect animal welfare.

e Evidence-based treatment guidelines can support responsible off-label use of antimicrobials by
taking into account the local AMR situation and product availability in the member state in addition
to the general clinical evidence base for such use. The potential impact on public health should be
included in the risk assessment underlying this guidance.

2.2.3. CVMP Recommendations and Opinions

In previous years, the CVMP has published reflection papers making recommendations in relation to
specific antimicrobial classes and has conducted referral procedures that addressed issues concerning
certain antimicrobial products or classes. The recommendations and conclusions from these reviews
have been considered in the evaluations conducted under this scientific advice. This advice refers in
many places to the complementary scientific advice provided in relation to the Article 37(5) Human
Reserved List [3].

2.2.4. Published literature sources

In addition to the documents mentioned above, the expert working group has made use of publications
from various sources. Examples include:

e Studies and reviews published in peer-reviewed scientific journals

e Official reports from EU Agencies e.g. EFSA, ECDC and EMA surveillance reports, scientific opinions,
EPARs

e Summaries of Product Characteristics for authorised human and veterinary medicines obtained
from the Union Product Database [13] or databases maintained by National Competent Authorities

e Treatment guidelines published by professional bodies
e Textbooks

The references used have been included in the related parts of the report. Annex 3. includes the
reports, textbooks etc. that were most frequently used.

A systematic literature review was not undertaken. Owing to the nature of the topic, there are few
high-quality studies available investigating the efficacy or safety, or even providing evidence for the
use antimicrobials outside the terms of a marketing authorisation in animals. In addition, these studies
can be difficult to identify through search terms. Due to the very reduced evidence available, very
limited comment can be made upon, and this advice does not endorse, the efficacy or safety of the
reported uses (Disclaimer: this advice report is not intended to be used as treatment guidance.) To
gain more information on the wider use of antimicrobials in animals in the EU, the Agency launched an
open call for data in 2019 (see 2.2.5. ). Information from this call has been cited in the evaluations.
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2.2.5. Open call for data on use of antimicrobials in in animals in the EU

In order to support the Agency in the preparation of this scientific advice and that for the Article 37(5)
Human Reserved List [3], interested parties were invited to submit information via a questionnaire on
the use and availability of antimicrobials in the EU to treat serious infections in animals, including use
outside the terms of a marketing authorisation (referred to as ‘cascade’ use), and to provide any
scientific evidence of the impact on public and animal health that the CVMP should consider
(throughout this advice this is referred to as the ‘open call for data’ or ‘open call’).

The open call for data was posted on 9 December 2019. Responses were accepted until 6 March 2020
and were received from 133 interested parties representing 17 European countries.

Background information and a partial summary report on the findings of the questionnaire are
presented in Section 4 of the Annex to the Agency’s advice relating to Article 37(5) [3]. The limitations
of the questionnaire are noted in the report. Some of the information from the questionnaire has been
included in the antimicrobial monographs in this advice.
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3. Methodology
3.1. Considerations behind the development of the advice

3.1.1. Considerations on criteria (a) to (e) of Article 107(6)

(a) risks to animal or public health if the antimicrobial is used in accordance with Articles
112,113 and 114

Criterion (a) is primarily understood to address the risks to the target (treated) animal and to the
consumer of food-animal produce that may result from use of an antimicrobial outside the marketing
authorisation. It should also be noted that there could be a risk to public health if zoonotic diseases
could not be treated.

Risks to users or to the environment, as clarified by the Commission, were not considered to be
relevant to public health within the context of Article 107(6) and hence this advice.

General points and caveats:

e Noting the flexibility of the provisions in Articles 112, 113 and 114, which allow administration of
substances for unauthorised indications, species and formulations/routes of administration, it is not
possible to be aware of all potential scenarios or to consider them individually.

e Use of any medicine outside the marketing authorisation (not antimicrobials alone) may result in
increased exposure of target animals to the active substance compared with that through
authorised use e.g. due to use at a higher dose, over a longer duration or through administration
to a group rather than individual animals. It may also result in exposure through unconventional
routes of administration that may affect the bioavailability of the active substance.

e However, as a generality, risks associated with use of a medicine outside the marketing
authorisation are accepted as being of low significance compared with risks associated with
authorised use, owing to the ‘exceptional’ nature of such use, as laid out in the legislation.

e It may not be possible to extrapolate the target animal or consumer safety profile across any given
‘class’ of antimicrobials due to different properties of individual substances.

e It is the responsibility of the veterinarian to apply proportionate and effective risk management
measures to address risks to the target animal and consumer when prescribing any veterinary
medicine outside the marketing authorisation.

In relation to safety for target animals, information in the authorised SPC and European Public
Assessment Report (EPAR) is likely to be applicable and may be extrapolated to the altered conditions
of use outside the marketing authorisation (e.g. effects at overdose may be relevant if the dose is
increased). Certain additional information from standard textbooks has been considered in the
evaluations.

Regarding consumer safety, the risk relating to use outside the marketing authorisation is considered
as mitigated through the application of a withdrawal period set in accordance with Article 115.
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(b) risk for animal or public health in case of development of resistance

In relation to Article 107(6), the risk for animal and public health in case of development of AMR, as
indicated in recital (41), is fundamental to the need to place conditions on the use of a particular
antimicrobial substance/class outside the terms of the marketing authorisation.

The AMR risk associated with any antimicrobial use is dependent on many factors. Significantly these
include:

¢ the importance of the antimicrobial for treating diseases in human and animals;

e the likelihood of development, selection and transmission of resistance from animals to humans
and other animals;

e the extent of use of the antimicrobial.

Information in the Agency’s advice for the Article 37(5) Human Reserved List has been used [3], where
relevant considering the different objective of this scientific advice, to support the evaluation of
criterion (b) of Article 107(6).

It is notable that there is very little published information on the extent of use of antimicrobials outside
the marketing authorisation, although this can be influenced by, for example, restrictions on use in
food-producing animals due to residues legislation and the availability of authorised formulations for
group versus individual animal administration only.

(c) availability of other treatments for animals

The availability of other treatments (including alternative antimicrobials) for the animal diseases
treated with any specific antimicrobial (class) is also important in determining the consequences and
hence risk to animal health in case of development of resistance to that substance/class. Therefore,
criterion (c) is linked to criterion (b).

In addition, noting that the derogations provided in Articles 112, 113 and 114 are intended to address
the lack of availability of veterinary medicines to treat certain indications or target species, and that
the Commission’s request highlights the need to ensure availability of antimicrobials to secure animal
health including for limited markets and exceptional circumstances, then if conditions are proposed to
limit use of certain antimicrobials outside the marketing authorisation, it is necessary to consider the
availability of alternative treatments. As previously noted, there is limited published information in this
respect. For antivirals, antiprotozoals and antifungals, due to no or limited availability of veterinary-
authorised medicines for many of the indications, in most cases the use of alternatives will also be
outside a marketing authorisation.

(d) availability of alternative antimicrobial treatments for humans

As for criterion (c), the availability of alternative antimicrobials treatments for the human diseases
treated with any specific antimicrobial (class) is also important in determining the consequences and
hence risk to human health in case of development of resistance to that substance/class. Therefore,
criterion (d) is also linked to criterion (b).

When considering alternatives for both animal and human diseases (criteria (c) and (d)), substances
have been proposed in the evaluations but (even if authorised) may not be appropriate substitutes
according to the specific circumstances of the disease, underlying medical conditions in the patient,
product availability etc.
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(e) impact on aquaculture and farming if the animal affected by the condition receives no
treatment

Criterion (e) is understood to relate to the situation whereby a proposed ban or conditions on
antimicrobial use outside the marketing authorisation leave no treatment options for animal(s) affected
by certain diseases. Impacts might include diminished productivity and quality of yield, reduction in
animal health and welfare, economic losses and societal costs [14]. Information on the prevalence of
these diseases and their outcomes has been considered where available to assess this impact;
however, there is little published information on the burden of animal diseases in Europe, particularly
for those diseases associated with the minor species and indications.

3.1.2. Consideration of potential ‘conditions’ to reduce the AMR risk
relating to the types/nature of use of medicinal products in accordance
with Articles 112, 113 and 114

The legal provisions relating to use of medicinal products outside the terms of the marketing
authorisation are laid out in Articles 112, 113 and 114 of the Regulation and summarised in Section
1.2. of this advice report. Various potential conditions have been considered based around the types of
use allowed in the stepwise approach provided under Articles 112, 113 and 114, such as: use to treat
different indications or animal species not included in the SPC; use of different (including human-
authorised) formulations and routes of administration; use of veterinary medicines authorised in third
countries.

Although there is published evidence of specific uses of some antimicrobials outside the marketing
authorisation and further information has been collected through the open call for data, it is not
possible to have data on all current uses outside the marketing authorisation. Therefore, in addition to
considering evidenced uses, some consideration has also been given to reasonably anticipated uses of
antimicrobials that could result in a significant increase in AMR selection pressure compared with use in
accordance with authorised SPCs, for example, the administration of particular antimicrobials such as
3rd- and 4th-generation cephalosporins in group formulations, if, to date, they have only been
authorised for administration to individual animals.

Note that discrepancies between Member States in, for example, indications in the SPCs for certain
related VMPs, are expected to be resolved as part of the SPC harmonisation exercise foreseen under
Article 69 of the Regulation.

(i) Indications not included in the SPC

One intention of the derogations from Article 106(1) is to enable treatment of less common or minor
indications that may not be included in the SPCs for authorised antimicrobial VMPs. In a questionnaire
conducted to respond to a previous mandate [10], stakeholders were asked to provide examples of
indications for which there is a lack of antimicrobial VMPs and for which new antimicrobials are needed.
The responses referred to coliform infections in food-producing and companion animals (neonatal
diarrhoea, sepsis, mastitis), Brachyspira hyodysenteriae in pigs, enterococcal and mycoplasma
respiratory infections in poultry, bovine respiratory disease (Pasteurellaceae and Mycoplasma spp.) and
bovine interdigital dermatitis. Although many of these indications occur commonly and authorised
products are available, it might be inferred that use of alternative medicines outside the marketing
authorisation is also sometimes necessary to treat them effectively e.g. in case of development of
resistance to authorised antibiotics. According to the ‘open call for data’ conducted for this advice,
cascade use was reported for a wide variety of indications across different species. Frequently cited
were sepsis, bacteraemia, E. coli infections and eye infections in various species, and Rhodococcus
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equi in horses. At present, there are no truly reliable data on the frequency of use of antimicrobial
medicines for indications not included in an SPC.

The CVMP’s reflection paper on off-label use [9] concluded that where an antimicrobial product is used
in the authorised target species for an unauthorised indication at the dose regimen detailed in the SPC,
and if this use is supported by bacterial culture [target pathogen identification] and
susceptibility testing with appropriate clinical monitoring, then there is unlikely to be any additional
risk to animal or public health due to AMR compared with authorised use.

Certain zoonotic target pathogens could be associated with a specific public health risk e.g.
Salmonella Enteritidis. In this case, it could be considered on a case-by-case basis if a condition should
be placed on use outside the SPC for these indications e.g. if the same antibiotic is important to treat
the infection in humans and animals.

The possibility to include conditions on other indications will be dependent on specific knowledge of
lack of efficacy for certain target pathogens. In cases where a target pathogen is intrinsically
resistant to the antibiotic, then this is usually mentioned in the SPC at the time of VMP authorisation if
considered relevant. In cases where acquired resistance has developed in previously/approved target
pathogens since authorisation, then this is often mentioned in warnings included in post-authorisation
revisions to the SPC, and indications may have been deleted if resistance is particularly common (e.g.
resistance in Brachyspira hyodysenteriae to tylosin). It is considered that these circumstances are
better and more flexibly addressed through SPC revisions than through legislative provisions.

Use for prophylaxis - The Regulation includes stringent provisions in relation to the prophylactic use
of antimicrobials under Article 107(3). Additionally, administration of medicated feed containing
antimicrobial VMPs as prophylaxis is prohibited according to the Medicated Feed Regulation (EU)
2019/4 (Article 17(3)). These measures equally apply to the use of antimicrobials under Articles 112,
113 and 114. There is limited requirement to apply further restrictions on prophylaxis unless there is
knowledge of a specific risk identified for particular antimicrobials/classes and/or circumstances.

(ii) Use to treat an animal species not included in the SPC

A further purpose of the derogations from Article 106(1) is to ensure the availability of treatments for
minor species for which there are few authorised medicines, such as rabbits, ducks, bees, fish and
exotic animals. Information collected in the open call for data showed that use of antimicrobial
medicines outside of the SPC was particularly important to treat horses, goats and mink. According to
ESVAC (2021 data), pigs, cattle, poultry and sheep/goats account for 36%, 30%, 14% and 10%,
respectively, of the overall PCU for the 29 EU and EEA reporting countries [15]. Although the overall
extent of use of antimicrobials in the EU for individual species, especially minor species, is unknown, it
should be considered that more than 90% of the food-producing animal biomass relates to major
species.

AMR hazards could be related to specific animal species due to certain pathogenic or commensal
organisms that they harbour e.g. Salmonella spp. in poultry. If a specific AMR risk is identified, it may
be considered if there is a need to prohibit use of a certain antimicrobial in a major animal
species if it is not already authorised in VMPs for use in that species.

Where a certain antimicrobial is already authorised for use in a major species, the relative extent of
additional exposure due to use in a limited market species is likely to be relatively small. Therefore,
considering the need to maintain availability of treatments for minor species and not to disadvantage
smaller livestock sectors where there is greater reliance on use of medicines outside the SPC, it is
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proposed to avoid conditions on use of specific antimicrobials in minor species not included
in the SPC, without specific justification.

It is also noted that although sheep reared for meat do not qualify under ‘limited market provisions’ in
the Regulation, there are fewer antibiotic VMPs authorised for use in this species, with some important
classes not authorised (e.g. 3rd- and 4th-generation cephalosporins, aminopenicillin-BLI
combinations), and use of medicines outside the SPC is important to maintain welfare.

(iii) Use of a different formulation (including extemporaneous formulations) or route of
administration

The CVMP’s reflection paper on off-label use noted the use of alternative routes of administration to
those authorised, particularly for treatment of infection sites where good antimicrobial penetration is
difficult to achieve (e.g. for joint or bone infections) [9]. It was concluded that where sporadic
treatment of individual animals is concerned, the AMR public health impact is consequently limited.
Despite this, certain deviations might be considered as ‘bad practice’ e.g. administration of a topical
product orally where there is no knowledge of the bioavailability of the formulation by this route. This
presents both a potential animal health risk (lack of efficacy, safety) and an unnecessary AMR public
health risk if the treatment is ineffective.

Greater concern was expressed in relation to practices where antimicrobials are regularly administered
by an unauthorised route for practical reasons to groups of animals, or when the effectiveness and
risks of the practice are poorly evidenced e.g. anecdotal administration of antimicrobials by
nebulisation in poultry sheds.

According to AMEG [8] a ranking has been provided listing routes of administration and associated
formulations according to the effect on the selection of AMR. Oral medications administered to groups
of animals via feed, drinking water or milk replacer are postulated in general as higher risk considering
the number of animals treated, potential for inaccuracy of achieving the correct dose uptake and the
impact on the exposed gut microbiota compared with formulations intended for individual animal
administration by parenteral or local routes of administration. Parenterally administered antibiotics that
are actively excreted into the intestine as parent substance or active metabolites and/or antibiotics
that persist in the body due to a long half-life may also exert a more detrimental AMR selection
pressure. Further research is needed into the AMR impact of these products, although an advantage is
that they are intended for use in individual or small numbers of animals [8].

Of the veterinary-authorised antibiotics, all classes are available in formulations for group oral
treatment except cephalosporins (all generations), rifaximin, anti-staphylococcal penicillins,
nitrofurans, nitroimidazoles and steroid antibacterials. Particularly for the 3rd- and 4th-generation
cephalosporins (AMEG Category B) where the potential AMR risk to public health is high, selection
pressure could be significantly increased if these classes were to be used outside the terms of the
marketing authorisation to treat groups of animals by mass oral administration.

To help mitigate the AMR risks associated with administration of an authorised formulation
by an unauthorised route (in any species), or administration of extemporaneous
formulations, a condition could be proposed to allow use in individual animals only or to
restrict use to certain routes of administration.

Although the full importance of aquaculture as a source of antimicrobial-resistant bacteria and
resistance genes of relevance to public and animal health and to environmental ecosystems has yet to
be determined, there is evidence to suggest that aquaculture potentially plays a particularly significant
role as a reservoir contributing to the dissemination of AMR. In the EU, antibiotics are mostly
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administered to aquatic species in medicated feed, of which up to 30% may remain unconsumed and
enter directly into the environment [16]. Further, it is estimated that 70-80% of antibiotic
administered is excreted in active forms, which then persist for prolonged periods in aquatic sediment
[16, 17]. Hence, in addition to selecting for AMR genes in treated fish, antibiotic residues may also
select for resistance in environmental bacteria. These bacteria are present in biofilms on sediment and
aquaculture facilities and also contain high concentrations of bacteriophages, conditions that favour the
dissemination of AMR [18, 19]. Genetic determinants of antimicrobial resistance have been described
in aquaculture environments and are commonly found on mobile genetic elements which are
recognized as the primary source of antimicrobial resistance for important fish pathogens [20]. Based
on existing studies, Caruso concluded that resistance in fish pathogens has been most frequently
reported against oxytetracycline, tetracycline, ampicillin and florfenicol, all of which are representatives
of classes already authorised in aquaculture in the EU [21]. Cabello identified that the same AMR genes
coding for resistance to quinolones and beta-lactams can be found in fish pathogens, human pathogens
and aquatic bacteria [16]. It has also been suggested that the use of antimicrobials in aquaculture,
notably the use of colistin in Asian aquaculture, could be correlated with the emergence of the plasmid-
encoded mobile colistin resistance (MCR) determinants and their ongoing transmission to humans [22-
24].

These findings highlight that aquatic systems represent a potentially important setting (a ‘*hotspot’) for
driving emergence, release, transmission, persistence and spread of AMR bacteria and resistance
genes. At the same time, there is a general lack of marketing authorisations for medications for fish,
especially species other than salmonids, with the only antibiotics identified as authorised for use in
food-production aquaculture in the EU being amoxicillin, enrofloxacin, florfenicol, flumequine, oxolinic
acid, chlor-/oxytetracycline and sulfonamide-trimethoprim, authorised to be administered in-feed only
[25]. In addition, FVE has indicated that for certain aquaculture diseases it would be difficult to
implement measures that would reduce the need for antimicrobials e.g. strawberry disease in trout,
furunculosis in farmed trout and Streptococcosis in sturgeon [26].

There is a need to ensure that antimicrobials already authorised for use in aquaculture remain
available for treatment of minor aquatic species and indications in accordance with Article 114 of the
Regulation. However, considering the high potential for the aquaculture environment to disseminate
AMR, pursuant to Article 107(6)(b) of the Regulation, certain conditions are proposed, as
appropriate, to reduce the risk of the use outside the marketing authorisation of
antimicrobials of high importance and not already authorised in food-production
aquaculture.

(iv) Use of medicinal products authorised for human use (HMP)

In accordance with Article 107(5), medicinal products containing antimicrobials designated as reserved
for human use under Article 37(5) shall not be used in accordance with Articles 112, 113 and 114. The
remaining human-only authorised antimicrobials include certain antibiotics (e.g. amdinopenicillins,
ketolides, pseudomonic acids, rifamycins, streptogramins, riminofenazines, sulfones, other TB drugs)
and various antifungals (e.g. echinocandins, amphotericin B), antivirals (e.g. antiretrovirals) and
antiprotozoals.

Human medicinal products may be used outside the marketing authorisation in animals either because
there is no VMP available in a suitable formulation to treat the disease, or because they contain an
antimicrobial not authorised for veterinary use. Note that the considerations above regarding
unauthorised indications, species, routes of administration and dose duration may equally apply to
human medicinal products (HMPs). The CVMP previously recommended [9] that in particular when
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prescribing AMEG Category 3 (now Category A) antibiotics, account should be taken of their
importance in human medicine and the risk of AMR transfer from animals.

Conditions to help mitigate the AMR risk associated with the use of HMPs in animals could
include a requirement for target pathogen identification and AST, restriction to specific
indications and to allow use in individual animals only.

(v) Use of VMPs authorised in third countries

As the final option, Articles 112(2), 113(2) and 114(4) allow use of VMPs authorised in third countries
for the same animal species and same indication. In this case, no AMR risk assessment will have been
conducted according to the EU circumstances. Prohibitions still apply to antimicrobials that are
designated for human use only under Article 37(5) and to use in food-producing species of
antimicrobials that are not allowed in accordance with the MRL Regulations. It should be noted that
there may be some variability in levels of resistance between target pathogen isolates from the EU and
those from third countries.

To help mitigate the AMR risk associated with the use on VMPs authorised in third countries,
a condition could require target pathogen identification and AST.

Summary of potential conditions to be considered for different types of use outside the
terms of the marketing authorisation

In summary, the following conditions have been considered for use of certain antimicrobial classes
outside the terms of the marketing authorisation, with specific adjustments as needed:

Summary Table 1. Conditions to be considered for certain antimicrobial classes according to the
circumstances of use outside the terms of the marketing authorisation

Type/Nature of use Potential conditions to be considered

Unauthorised indications Target pathogen identification and susceptibility testing* for indications
not included in the SPC

Prohibit use for treatment of certain zoonotic pathogens associated
with public health risk

Unauthorised animal Prohibit use in major animal species (excluding sheep) for which the
species antimicrobial is not yet authorised

Unauthorised route of Restrict to certain routes of administration

administration or Restrict use of extemporaneous formulations

formulation Restrict use to individual animals only

Restrict from use in food-production aquaculture

Use of human medicinal Target pathogen identification and susceptibility testing*
products Restrict to named indications
Restrict to use in individual animals only

Third country VMPs Target pathogen identification and susceptibility testing*
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*A discussion of the practicability of different methods used for target pathogen identification and
susceptibility testing is presented in Annex 1. , where the condition is elaborated in more detail to take
account of specific circumstances e.g. the availability of reliable testing methods for certain pathogens
or antimicrobials, or to allow exemptions for particular animal species.

3.1.3. Consideration of the need to prohibit use outside the terms of the
marketing authorisation

If conditions alone, as discussed above, would not be sufficient in the context of the aim of Article
107(6), then it should be recommended that the antimicrobial should not be used in accordance with
Articles 112, 113 and 114.

3.1.4. Other legal provisions in relation to use in accordance with Articles
112, 113 and 114 that were taken into consideration

The scope of this advice is limited in line with the legal provisions for use of medicinal products under
Articles 112, 113 and 114, as outlined above (Section 1.2. ‘Legislative background’), including:

e That antimicrobials not listed in Table 1 of the Annex to Regulation (EU) 37/2010 cannot
be used in food-producing species. Articles 113(4) and 114(6) require that ‘Pharmacologically
active substances included in the medicinal product used in accordance with [the quoted Articles]
shall be allowed in accordance with Regulation (EC) No 470/2009 and any acts adopted on the
basis thereof.’ In addition, the *Other provisions’ laid out in the MRL Regulation (EU) 37/2010
(e.g. restricting substances from use in animals producing milk or eggs for consumption, or on the
route of administration) are understood equally to apply to use outside the terms of the marketing
authorisation.

e The antimicrobials/indications listed in Regulation (EC) 1950/2006 (in force at this time) as
essential for the treatment of equine species, or that bring added clinical benefit compared
with other treatment options, should not be assessed against the criteria laid down in Article
107(6) of Regulation (EU) 2019/6 in the context of this advice (See Section 1.2).

3.1.5. Grouping of antimicrobials

In most instances, antibiotics, antifungals and antiprotozoals have been reviewed in groups according
to their pharmacological (sub)class. Antiviral substances have been reviewed individually.

To assist with the identification of individual substances that belong to each group of antimicrobials
considered, the related WHO ATC codes and ATC vet codes were included in the Annex 6 of the Article
37(5) Human Reserved List report [3].

Based on this, in this advice tables are included at the beginning of the monograph for each antibiotic
class (see Section 4. ) containing examples of substances in the class that are authorised in veterinary
and human medicine in the EU.

The ATC classification [27] groups substances according to chemical, pharmacological and/or
therapeutic groups. It should be noted that some substances appear in more than one ATC grouping
and have different codes if they are included in different pharmaceutical forms (e.g. for systemic or
topical use) or have different therapeutic uses (e.g. nitroimidazoles, used as antibacterials or
antiprotozoals).
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The tables may not be complete and in some cases it is not possible to verify the authorisation status
due to the absence of a comprehensive database at the time of preparation of this advice.

3.2. Uncertainties and data gaps

Information on EU-authorised veterinary medicines has been extracted from SPCs contained in the
Union Product Database. Since the database was under development and not completely populated or
fully functional during the time of preparation of this advice, some authorised products/indications and
alternative treatment options may have been overlooked. In addition, there is nho comprehensive and
easily searchable database for human medicinal products authorised in the EU or veterinary medicinal
products authorised in third countries; therefore, some potential uses under Articles 112, 113 and 114
may not have been considered.

The key data gap is the lack of research or official collection of data on the use of antimicrobials in
animals outside the terms of a marketing authorisation. Despite extensive searches performed, certain
important related uses may not have come to light in this advice.

The extent/volume of use of antimicrobials for different species/indications outside the terms of a
marketing authorisation is also unknown. An assumption has been made that antimicrobial exposure
through use outside the marketing authorisation of pharmaceutical formulations intended for group
administration is likely to be overall higher than that through formulations for individual
administration; this is uncertain.

There is a lack of reliable published studies investigating the efficacy or safety of antimicrobials when
used outside the terms of a marketing authorisation in animals, and specifically its impacts on AMR.
Many published studies are isolated case reports and some evidence for use in certain
species/indications derives from textbooks in which the original source is not always clear. Lack of, or
poor quality, data can lead to uncertainty in conclusions. However, the standard of evidence for the
present scientific advice is different from that which would be required in a regulatory application when
a body of data are purposefully generated by an applicant with the aim of supporting a claim on, for
example, the safety and efficacy of a given medicinal product.

Several limitations were identified in the Agency’s ‘open call for data on the use of antimicrobials’ and
are documented in the report in Annex 4 to the advice for the Human Reserved List [3]. The
respondents to the survey were self-selected and their understanding of the ‘cascade’ was not
assessed. It cannot be assumed that the findings of the call are fully representative of antimicrobial
use across all sectors of use of veterinary medicines across the EU. Despite the shortcomings of the
open call, the information gathered provides insight into use of antimicrobials outside the terms of a
marketing authorisation and has been used as supportive evidence.

Information on the prevalence of antibiotic resistance in isolates of public health importance from food-
producing animals in the EU has been extracted from joint EFSA/ECDC EU Summary Reports [28];
however, monitoring follows a protocol targeting specific animal categories, bacterial species and
antimicrobial classes and these data can only be partially extrapolated to the evaluation of AMR
relating to veterinary uses outside the marketing authorisation. There is presently no similar EU-wide
programme for systematic monitoring of resistance in target animal pathogens or companion animal
species or for other types of antimicrobials. Otherwise, information on the mechanisms and occurrence
of AMR in pathogens/animal species and to different antimicrobial classes is limited to isolated studies
and reports identified in literature.
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At present, there is very little published information on the burden of animal diseases in the EU and
hence it has been difficult to assess the impact on aquaculture and farming if certain conditions could
no longer be treated.

The data gaps and uncertainties identified above, depending on circumstances, could lead to either
under- or over-estimation of the need for conditions on use under Articles 112, 113 and 114; however,
the proposed conditions are considered by the CVMP to be justified based on the available evidence
(Sections 2.1 and 2.2) and expert judgement.

3.3. Detailed methodology used to evaluate antibiotics

Background information has been compiled for each antibiotic class that has potential veterinary
use in the EU, and for classes authorised in third countries. The most frequently used sources are listed
in Annex 3.

This information includes details relating to the availability of different formulations authorised in VMPs
for use in different animal species, the MRL status of individual substances in the class and the
formulations authorised in human medicinal products (HMPs).

For each class of veterinary antibiotic, the main authorised indications have been identified from SPCs
of VMPs. Considering the nhumber of VMPs and differences in indications across Member States, not all
indications may have been identified.

Recommendations relating to WOAH, WHO and AMEG classifications for the class and any previous
CVMP assessments relating to AMR risk (e.g. in referral procedures) have been documented.

Information has been included from published literature, standard textbooks and from the ‘open call
for data’ relating to uses of substances from the class for indications and target species that, to the
best of the experts’ knowledge, are not in accordance with EU-authorised SPCs.

This background information is presented in the first part of the monograph for each antibiotic class.
The second part of the monograph provides the evaluation of the class against the criteria of Article
107(6) and the consideration of any conditions to be recommended. The evaluation was performed as
follows:

The scope of the evaluation of the class or substances within it has been clarified according to the
legal restrictions on use in food-producing animals under the MRL Regulation (EU) 37/2010 and any
listing in Regulation (EC) 1950/2006 (‘equine list") [29, 30].

Step 1: Assessment against the criteria (b), (c) and (d) of Article 107(6)

The aim of Article 107(6) is to reduce the risk to public and animal health due to AMR that is
associated with use of antimicrobials outside the marketing authorisation, whilst also acknowledging
the need for availability of antimicrobials for limited markets and exceptional circumstances relating to
animal health.

Taking account of this objective and the discussion of the criteria above (Section 3.1.1.), it was
considered that for some classes of antibiotics, based on the evaluation of criteria (b), (c) and (d), a
decision could be made to recommend that no additional legal restrictions should be placed on use
under Articles 112, 113 and 114. For these classes, the evaluation stopped at the end of Step 1.

Step 2: Consideration of the conditions to be placed on use of the antibiotic outside the
marketing authorisation
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Section 3. of this advice includes a detailed discussion of the general use of antimicrobials according to
the steps in Articles 112, 113 and 114 (e.g. use to treat unauthorised indications, use to treat
unauthorised species, use of a different formulation), the additional AMR risk that may be associated
with this use and possible conditions that could be applied to help mitigate this risk. For each antibiotic
class, the suitability of the potential conditions discussed in Section 3.1.2. was considered according to
an evaluation of identified uses outside the SPC and reasonably anticipated uses that could adversely
impact the AMR selection pressure.

Step 3: Consideration of Criteria (a) and (e) in view of proposed conditions on use of the
antibiotic outside the marketing authorisation

Criteria (a) and (e) were then evaluated considering use of the antibiotic outside of the marketing
authorisation and in the context of the proposed conditions. Section 3.1.1. provides an explanation of
how criteria (a) and (e) were applied.

Step 4: Final conclusion

In the light of the evaluation in Steps 1, 2 and 3, the conditions were concluded. As part of this
exercise, its was also considered if conditions alone would be sufficient in the context of the aim of
Article 107(6). If this was not the case, then it would be recommended that the antibiotic should not
be used in accordance with Articles 112, 113 and 114.

3.4. Detailed methodology used to evaluate antivirals

To the best of knowledge, there are currently no direct-acting antiviral substances authorised in
veterinary medicinal products in the EU, and none are compliant with the requirement of Articles
113(4) and 114(6) (i.e. ‘allowed’ in accordance with Table 1 of the Annex to the Regulation (EC)
470/2009 [4]). Therefore, direct-acting antivirals can only be used under Article 112, in non-food-
producing animals, including non-food-producing equines.'® Consequently, uses in accordance with
Articles 113 and 114 were not considered.

A review of antiviral substances was undertaken to identify potential therapeutic uses in non-food-
producing animals in the EU. Antiviral substances included in the Annex to Regulation (EU) 2022/1255,
to be reserved for treatment of certain infections in humans, were excluded from the review.
Substances were identified mainly through textbooks and bibliographic data. Owing to the nature of
the use, some reports are not from peer-reviewed journals but are cited as they provide evidence for
use of the antivirals in veterinary practice. It cannot be excluded that some antiviral substances have
been overlooked.

Regarding species treated, one report was made to the ‘open call for data’ relating to the use of
famciclovir to treat viral infections in pinnipeds; otherwise, although there are experimental studies on
the use of antivirals in laboratory animals, very little published evidence was found to support their
therapeutic use in species other than horses, cats and dogs.

The findings of the review are presented in Section 5.1. of the advice, including a conclusion on
whether there is evidence of ‘widespread’ use of the antiviral to treat specific diseases. The following
antivirals were identified as having widespread use for treatment of animals under Article 112:
cidofovir, famciclovir, idoxuridine, remdesivir and valacyclovir/acyclovir.

10 An exception is acyclovir and idoxuridine, which are out of scope of this advice when used for topical treatment of ocular
ulcers in equines, being listed in Regulation (EC) 1950/2006 (amended by Commission Regulation (EU) 122/2013).
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These antivirals were then evaluated against the criteria of Article 107(6) using the same step-wise
process, as outlined above for the antibiotics.

In respect of criterion (b), it is important to note that those antivirals reported as used to treat
zoonotic infections that are frequent or endemic in the EU or that, due to their spectrum of activity,
may be active against such zoonotic viruses, and for which there is a risk of transmission of antiviral-
resistant organisms from animals to humans, were recommended by CVMP for designation under
Article 37(5) to be reserved for human use only and are included in the Annex to Regulation (EU)
2022/1255 [2]. The only exception was remdesivir. Therefore, for the remaining antivirals that have
been reviewed in this exercise, it has already been concluded that there is no significant risk for human
health due to drug-resistance related to their use in animals in the EU.

3.5. Detailed methodology used to evaluate antifungals and antiprotozoals

All antiprotozoal and antifungal drugs that were found to have potential veterinary use in the EU have
been assessed. Evidence relating to authorised use in human and veterinary medicine and use outside
a marketing authorisation in animals was identified from EU-authorised SPCs, reported uses in
standard textbooks, from the ‘open call for data’ (see 2.2.5. ) and from references and guidelines
identified for the Article 37(5) Human Reserved List report [3]. Note that most veterinary uses outside
the marketing authorisation are based on a very reduced evidence base. The MRL status of individual
substances in the class and availability of authorised VMPs for use in different animal species was also
documented. It was noted that certain substances/indications in equines were out of scope due to
listing in Regulation (EC) 1950/2006 [30].

Each class was then evaluated against each of the Article 107(6) criteria (a) to (e), where found
applicable. In particular, regarding criterion (b), for many antiprotozoal and antifungal drugs,
information on resistance mechanisms, the prevalence of resistance and evidence for transmission of
resistant organisms from animals to humans and other animals is much more limited compared with
that for antibiotics. This lack of evidence in some cases makes it more difficult to perform an
assessment of the potential risk to animal health and public health due to antiprotozoal or antifungal
drug-resistance than it is to do the assessment for antibiotics. However, for some classes/substances,
more certain conclusions can be drawn regarding the AMR risks to public health if the class is not
related to drugs used in human medicine or where it is used to treat diseases in humans or animals
that are not zoonotic/contagious and hence there is no obvious transmission pathway for drug
resistance. In addition, several protozoal and fungal diseases are not endemic or are of very low
prevalence in animals in the EU, and hence resistance due to use of antimicrobials outside a marketing
authorisation could be associated with a low overall risk to animal health. Some of these diseases may
only be seen in animals imported into the EU.

Based on criteria (b), (c) and (d), it was considered if conditions should be placed on use under Articles
112, 113 and 114. Conditions were proposed only for use of echinocandins and amphotericin B in
accordance with Article 112. In regard to criterion (e), these substances cannot be used in food-
producing animals in the absence of MRL status and there is no evidence for need for use in other
farmed animals. In the light of the conclusions for the criteria, it was then considered if conditions
alone would be sufficient in the context of the aim of Article 107(6). As this was the case for both
echinocandins and amphotericin B, no antiprotozoals or antifungals have been recommended to be
prohibited from use under Articles 112, 113 and 114.
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4. Evaluation of antibiotics

4.1. Natural, narrow spectrum penicillins (beta-lactamase-sensitive

penicillins)

4.1.1. Background information

Examples of substances included in the class that are used in veterinary and human

medicine in the EU

Examples of substances authorised for veterinary
use

Examples of ATCvet codes

Benethamine penicillin QJO01CE91
Benzathine benzylpenicillin QJO1CEO08
Benzylpenicillin (Penicillin G) QJO01CEO1
Penethamate hydriodide QJO1CE90
Phenoxymethylpenicillin QJO01CE02
Procaine benzylpenicillin (Penicillin V) QJO1CEQ9

Examples of substances authorised for human
use

Examples of ATC codes

Benzathine benzylpenicillin JO1CEO8
Benzathine phenoxymethylpenicillin JO1CE10
Benzylpenicillin JO1CEO1
Pheneticillin JO1CEQO5
Phenoxymethylpenicillin JO1CEQ2
Procaine benzylpenicillin JO1CEQ9

Maximum Residue Limit status in the EU according to Regulation (EU) 37/2010

Substance Species MRL tissues MRL MRL Relevant ‘Other
milk eggs provisions’
Benzylpenicillin All food- Yes Yes - Not for use in animals
producing species from which eggs are
produced for human
consumption.
Penethamate All mammalian Yes Yes - -
food-producing
species
Phenoxymethylpenicillin | Porcine Yes - - Not for use in animals
Poultry from which eggs are
produced for
human consumption

EU-authorised VMP formulations, based on sales reported ESVAC

Species Route of administration
Group Individual
In- In-water Injection Oral Topical/local Intra- Oral
feed e.g. (incl. mammary powder
tablet, intrauterine)
paste
Cattle BP BP, PH BP BP, PH
Major Sheep (for BP BP
meat)
Pigs PMP BP BP BP
Chickens BP, PMP BP BP
Dogs BP
Cats BP
Limited Turkeys BP, PMP BP BP
market Goats BP BP
species Horses BP, PH
As listed in Fur animals
SPCs
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BP (benzylpenicillin), PMP (phenoxymethylpenicillin), PH (Penethamate hydriodide)
Summary of main indications and contra-indications for EU-authorised VMPs, based on
selected SPCs

This class is very important in the treatment of many diseases in a broad range
of animal species e.g. septicaemias, respiratory and urinary tract infections.
SPC indications are often non-specific e.g. treatment of systemic infections
caused by or associated with organisms susceptible to penicillin. Some specified
indications are as follows:

Cattle, sheep, goats, pigs: For the treatment of systemic infections caused by
or associated with organisms susceptible to penicillin. Treatment of diseases e.g.
erysipelas; navel/joint-ill; respiratory tract infections including pneumonia and
atrophic rhinitis; listeriosis; septicaemia; urogenital tract infections and the
control of secondary bacterial invaders in diseases of primary viral origin.
Susceptible ensitive organisms include: Streptococcus and Staphylococcus spp.,
some E. coli and some Salmonella spp.

Cattle: For treatment of subclinical and clinical mastitis and the prevention of
new infections during the dry period, caused by bacteria susceptible to penicillin.
Horse: Infections associated with Streptococcus spp. and Staphylococcus spp.
Chicken: For the treatment and metaphylaxis of necrotic enteritis caused by
Clostridium perfringens.

Turkeys: In combination with streptomycin it is used to treat erysipelas.

Dogs, cats: For the treatment of wounds, skin infections, tooth abscesses and
bladder infections.

Main indications

Do not use in known cases of hypersensitivity to penicillins.

Do not administer by the intravenous route.

Do not use in case of severe renal dysfunction with anuria and oliguria.
Not to be used on very small herbivores such as guinea pigs, gerbils and
hamsters.

Do not use in the presence of beta-lactamase producing pathogens.

Contraindications

Examples of EU-authorised HMP formulations, from Article 57 database

Substance Route of administration
Injection Oral e.g. tablet, Topical/local
liquid

Benzathine benzylpenicillin X

Benzathine X

phenoxymethylpenicillin

Benzylpenicillin X

Pheneticillin X

Phenoxymethylpenicillin X X

Procaine benzylpenicillin X

Existing recommendations

WOAH recommendations

Natural penicillins (as part of the Penicillins class) are categorised VCIA by WOAH (formerly OIE).
Specific comments: Penethamate (hydroiodide) is currently only used in animals. The wide range of
applications and the nature of the diseases treated make penicillins extremely important for veterinary
medicine. This class is used in the treatment of septicaemias, respiratory and urinary tract infections.
This class is very important in the treatment of many diseases in a broad range of animal species. Few
economical alternatives are available.

WHO classifications

WHO: HIA

e (C1: No) In certain geographic settings, Criterion 1 may be met: the class may be one of limited
therapies for streptococcal infections, yaws and syphilis.

e (C2: Yes) May result from transmission of penicillin-resistant Staphylococcus aureus, from
nonhuman sources.
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WHO AWaRe: Access: Benzylpenicillin, Phenoxymethylpenicillin, Penamecillin, Clometocillin, Benzathine
benzylpenicillin, Procaine benzylpenicillin; Watch: Pheneticillin

AMEG and CVMP recommendations

Narrow-spectrum penicillins are included in the AMEG Category D. There are alternative treatments in
human and veterinary medicine for their indications and that do not select for resistance to Category A
substances through specific multiresistance genes.

These antibiotics are not devoid of negative impact on resistance development and spread. To keep the
risk from use of these antibiotic classes as low as possible it is important that responsible use
principles are complied with in everyday practice. Unnecessary use and unnecessarily long treatment
periods should be avoided and group treatment restricted to situations where individual treatment is
not feasible.

Use outside the terms of a marketing authorisation reported in literature or in the open call
for data

Disclaimer: The information in this section reflects reported use of antimicrobials outside the terms of a
marketing authorisation. No evaluation is made in this section by the working group on the efficacy or
safety of the reported uses, or on their potential impact on development and dissemination of AMR.

Information from published sources

Considering the broad range and often non-specific indications stated in many SPCs and the wide
range of animal species for which this class is authorised, uses outside the SPC many times relate to
exotic or limited market species or use of human authorised formulations.

Information from the open call for data on use of antimicrobials in animals

Substance Species Indication Alternatives Consequences
of
unavailability
Benzylpenicillin equine foal septicaemia, procaine penicillin | delay in
(Penicillin G) threatening infections treatment,
with Gram-positive muscular pain,
bacteria increased use
of ceftiofur
Benzylpenicillin cattle mastitis, pneumonia, tetracycline, treatment with

(Penicillin G)

footrot, acute metritis

macrolides
florfenicol
enrofloxacin

broader
spectrum and
in many cases
less efficient

substances
Benzylpenicillin cattle, sheep listeriosis
(Penicillin G)
Benzylpenicillin swine Respiratory disease Labelled dose has | Use of more
(Penicillin G) caused by bacteria such poor efficacy. broad-
as Actinobacillus Alternatives are spectrum
pleuropneumoniae and more broad- antibiotics
Pasteurella multocida spectrum i.e.
with wildtype minimal cephalosporins,
inhibitory concentrations enrofloxacin,
where labelled doses tetracyclines, and
result in treatment failure | long-acting
or suboptimal treatment macrolides such
outcome as gamithromycin,
tulathromycin,
and tildipirosin
Benzylpenicillin dogs, cats sepsis, pneumonia, other beta- necessity to
(Penicillin G) complicated wounds lactams use beta-
lactam

molecules with
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larger spectrum
even if

unnecessary
Benzylpenicillin rabbits abscesses amoxicillin- disease
(Penicillin G) clavulanic acids progression,
pain, death
Benzylpenicillin ornamental birds Infection with bacteria none animals could
(Penicillin G) that are only sensitive to not be treated
this antibiotic like adequately,
Infection with Clostridium which would
perfringens cause a serious
violation of
animal welfare
Penethamate cattle mastitis, pneumonia Hoof
hydriodide infections
Penethamate goat acute mastitis with
hydriodide impaired general
condition caused by
Staphylococcus aureus
Phenoxymethylpenicillin | pig Clostridium perfringens None as no Death or
type C diarrhoea before aminopenicillins euthanasia of
prevention by (oral suspension) piglets
vaccinations provides approved for
immunity. food-producing
animals in our
country
Phenoxymethylpenicillin | poultry necrotic enteritis amoxicillin in
(Clostridium perfringens), | drinking water
arthritis and (cascade use of
tendosynovitis (Staph. vet med; no
aureus), erysipelas suitable product
with marketing
authorisation in
our country)
Phenoxymethylpenicillin | fur animals infections caused by lincomycin
streptococci or
staphylococci
Procaine equine respiratory infection, ampicillin increased use
benzylpenicillin wound infection of ampicillin
(Penicillin V) with possible
digestive side
effects, or
ceftiofur
Procaine cattle Mastitis
benzylpenicillin
(Penicillin V)
Procaine swine Respiratory disease Labelled dose has | Use of more
benzylpenicillin caused by bacteria such poor efficacy. broad-
(Penicillin V) as Actinobacillus Alternatives are spectrum
pleuropneumoniae and more broad- antibiotics see
Pasteurella multocida spectrum i.e. the adjacent
with wildtype minimal cephalosporins, “Existing
inhibitory concentrations enrofloxacin, alternatives”.
where labelled doses tetracyclines, and
result in treatment failure | long-acting
or suboptimal treatment macrolides such
outcome. as gamithromycin,
tulathromycin,
and tildipirosin.
Procaine horse Severe (systemic)
benzylpenicillin infections
(Penicillin V)
Procaine goat first choice antibiotic in
benzylpenicillin case of infections caused
(Penicillin V) by Gram-positive

bacteria, knowledge
about the resistance
situation assumed
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Procaine rabbits Infectious disease and Rabbits die or
benzylpenicillin abscesses get euthanized
(Penicillin V)

4.1.2. Evaluation

Scope of permitted use according to the MRL Regulation

Narrow-spectrum penicillins (i.e. Benzylpenicillin, Penethamate, Phenoxymethylpenicillin) are included
in Table 1 (allowed substances) of the Annex to Regulation (EU) 37/2010 and hence can be used in all
food-producing species in accordance with Articles 113 and 114 of Regulation (EU) 2019/6. ‘Other
provisions’ restrict certain narrow-spectrum penicillins from use in animals producing eggs for human
consumption.

Narrow-spectrum penicillins can be used in non-food-producing species in accordance with Article 112.
Examples of veterinary-authorised formulations/species

Various narrow-spectrum penicillins are available for group administration in-water and/or in-feed to
all major food-producing animals and some limited market species e.g. turkeys, goats, fur animals.
They are also available for injection for treatment of individual food-producing species and for
intramammary administration to cattle.

For dogs and cats, injectable products are available.
Step 1. Assessment against the criteria (b), (c) and (d) of Article 107(6)

Criterion (b) - risk for animal or public health in case of development of antimicrobial
resistance

Importance for human health

Penicillins belong to a large group of beta-lactam antibiotics, which share a common structural feature
- the beta-lactam ring. Penicillins are further classified based on their spectrum of activity to
penicillins, aminopenicillins (evaluated separately), antistaphylococcal penicillins (evaluated
separately). Natural, narrow-spectrum penicillins (benzylpenicillin, benzathine benzylpenicillin,
procaine benzylpenicillin, pheneticillin etc.) are evaluated here.

Penicillins are active against Gram-positive cocci, such as Streptococcus pyogenes and other beta-
haemolytic streptococci, S. pneumoniae, S. viridans, and non-beta-lactamase-producing
Staphylococcus aureus. Some Gram-negative bacteria such as Neisseria meningitidis and penicillin-
sensitive N. gonorrhoeae are susceptible. Non-beta-lactamase-producing Haemophilus influenzae is
moderately resistant, and all other aerobic, and aero-anaero facultative Gram-negative bacilli are
highly resistant. Many organisms that were originally highly susceptible have now developed
resistance, which limits the usefulness of these antibiotics in clinical settings [31].

Penicillin G remains a very effective treatment for infections caused S. pyogenes, such as pharynagitis,
scarlet fever, cellulitis, necrotizing fasciitis, septic arthritis, uterine infection, and septicaemia [31].

The recent data from the EARS-Net showed that in EU/EEA (population-weighted mean) in 2019,
12.1% of S. pneumoniae isolates were resistant to penicillin and 15.5% of S. aureus isolates were
MRSA [32].

Penicillins are nationally approved in the EU member states for indications that include the treatment
of wound infections, pyogenic infections of the skin, soft tissue infections and infections of the nose,
throat, nasal sinuses, respiratory tract and middle ear; they are also indicated for the following
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infections caused by penicillin-sensitive microorganisms: generalised infections, septicaemia and
pyaemia from susceptible bacteria; acute and chronic osteomyelitis, sub-acute bacterial endocarditis
and meningitis caused by susceptible organisms; suspected meningococcal disease; gas gangrene,
tetanus, actinomycosis, anthrax, leptospirosis, rat-bite fever, listeriosis, severe Lyme disease, and
prevention of neonatal group B streptococcal infections; complications secondary to gonorrhoea and
syphilis (e.g. gonococcal arthritis or endocarditis, congenital syphilis and neurosyphilis); diphtheria,
brain abscesses and pasteurellosis.

Importance for animal health

The wide range of applications in a broad range of animal species and the nature of the diseases
treated make penicillins extremely important for veterinary medicine. Narrow spectrum penicillins are
used in the treatment of septicaemias, respiratory tract and urogenital infections, amongst others.
According to ESVAC, sales of benzylpenicillin and its derivatives made up 10.6% of the sales of all
penicillins for food-producing animals in the EU in 2021, equivalent to 3.3% of overall antibiotic usage
(mg/PCU).

Activity of narrow spectrum penicillins is mainly limited to Gram-positive bacteria and Gram-negative
cocci. Benzylpenicillin (penicillin G) and phenoxymethylpenicillin (penicillin V) have outstanding activity
against many Gram-positive bacteria, notably beta-hemolytic streptococci, non-resistant staphylococci,
Actinomyces spp., Bacillus spp., Clostridium spp., Corynebacterium spp., and Erysipelothrix
rhuseopathiae. Susceptible Gram-negative species include anaerobes such as Clostridium spp., some
Bacteroides spp. and Fusobacterium spp. Penicillin V is used for oral administration as it resists
hydrolysis by gastric acid.

Cattle, sheep, goat: The preferred medication for treating ilinesses caused by susceptible bacteria,
such as clostridial infections, Corynebacterium renale infections, H. somni infections, and pneumonic
pasteurellosis, is penicillin G administered parenterally [33].

Swine: Penicillin may be administered parenterally for erysipelas, streptococcal, clostridial, and
corynebacterial infections. Penicillin V may be administered orally for metaphylaxis of acute
Streptococcus suis infections which can spread rapidly in piglets causing septicaemia, meningitis,
arthritis and endocarditis and resulting in high mortality [33, 34].

Horses: Penicillin G is used to treat beta-hemolytic streptococci, in neonatal foals for S. zooepidemicus
polyarthritis and meningitis, and in adult animals for infections of wounds, lower respiratory and
urinary tracts, and the uterus [33].

Dogs and Cats: For actinomycosis, streptococcal and clostridial infections, as well as infections caused
by susceptible Gram-negative bacteria such P. multocida, penicillin G may be used; however, due to
poor oral absorption, amoxicillin is used instead [33, 35].

Poultry: Penicillin V is administered orally for the treatment of intestinal spirochetosis (Brachyspira
spp.), and clostridial diseases (necrotic enteritis and ulcerative enteritis). It is also used in combination
with streptomycin to treat erysipelas in turkeys [33, 36].

Considering the broad range and often non-specific indications stated in many SPCs and the wide
range of animal species for which this class is authorised, uses published in literature that might be
considered outside a marketing authorisation mostly relate to exotic or limited market species or use
of human authorised formulations. According to the open call for data, penicillins are used in goats,
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reindeer, fur animals and ornamental birds. Human formulations of sodium penicillin suitable for
intravenous administration are used for treatment serious acute infections e.g. septicaemia and
peritonitis in foals. Individual minor indications may not be included in the SPC for the specific product
used, e.g. Tyzzer’'s disease (Clostridium piliforme) in rabbits.

Selection and development of resistance

The most important mechanisms of resistance to the beta-lactam antimicrobials in Gram-positive and
Gram-negative bacteria is the production of beta-lactamase enzymes that catalyse the hydrolysis of
the beta-lactam ring. There is a very wide variety of different beta-lactamases with varying substrate
specificity [37]. Beta-lactamases are encoded by genes located on the bacterial chromosome or on
mobile genetic elements (e.g. plasmids, transposons) [38]. A certain amount of cross-resistance exists
between the different beta-lactam antibiotics and therefore the use of one beta-lactam antibiotic may
select for resistance to other beta-lactam antibiotics. Generally, beta-lactam antibiotics with a narrow
spectrum of action will exert a narrower selection pressure than beta-lactams with a more broad-
spectrum such as aminopenicillins.

In Gram-positive bacteria, acquisition of PBPs with lower affinity for beta-lactams is another important
resistance mechanism. This type of mechanism is common in staphylococci and is mediated by mec
genes (e.g. mecA or mecC in MRSA) [38-40]. MecA and mecC genes are part of the mobile
staphylococcal chromosomal cassette, SCCmec. Staphylococci of animal origin carrying the mecA gene
can be considered resistant to all beta-lactams except ceftobiprole and ceftaroline. Modification of PBPs
and/or acquisition of PBPs is also a cause of beta-lactam resistance in Streptococcus spp.,
Enterococcus spp., Neisseria spp. and Haemophilus spp., although the genes conferring resistance are
dependent on the bacterial species in question [41].

There is no monitoring of resistance specifically to narrow-spectrum penicillins under EFSA/ECDC
mandatory EU surveillance of AMR in zoonotic and indicator bacteria from animals - Enterobacterales
and most Campylobacter spp. are intrinsically resistant. Data on resistance to ampicillin can be found
in the monograph on aminopenicillins; generally, bacteria that are resistant to aminopenicillins are also
resistant to narrow-spectrum penicillins.

In the context of the Animal Health Law, Regulation (EU) 2016/429, EFSA has conducted an extensive
review of literature studies to determine the global state of play of selected resistant bacteria that
constitute a threat to the health of specified animal species. Information on resistance in target
pathogens pooled from the European studies has been extracted from EFSA'’s reports for the purpose
of this advice:

In dairy cattle in Europe (predominantly mastitis cases), the mean level of resistance to penicillin in S.
aureus was 32.1% [range 4% - 63.1%] with levels being substantially higher in S. European countries
compared with N. Europe. In staphylococci from pigs, the mean level of resistance to penicillin was
71.2%.

Susceptibility to narrow-spectrum penicillins in respiratory pathogens from food-producing species is
variable. In Pasteurella multocida and Mannheimia haemolytica from cattle, the mean levels of
resistance to penicillin were 1.7 and 21.0% respectively. In respiratory pathogens from pigs, P.
multocida, Glaeserella haemophilus and APP, the mean resistance levels were 30.7, 20.0 and 7.8%
resp.

In Streptococcus suis from pigs, mean levels of resistance to beta-lactams remain low (2.5% for
penicillin). Similarly, there is generally low resistance to penicillin in streptococci from horses (mean
level in S. zooepidemicus 8.9% and S. equi 0%).
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Levels of resistance to beta-lactams are also very low in Enterococcus spp. from poultry in Europe and
international data suggest that Clostridium perfringens also retains good susceptibility (See Annex 3.
EFSA Animal Health Law Scientific opinions).

Resistance to penicillins is widespread in staphylococci from dogs and cats and is mainly due to
production of penicillinases encoded by blaZ [42, 43].

Transmission of resistance

Beta-lactamase mediated narrow-spectrum penicillin resistance is very common and extensively
distributed in several commensal bacterial species of human and animal origin, and therefore the route
and direction of resistance transfer between animals and humans can be very challenging to
investigate. Nevertheless, there are several examples demonstrating that drug-resistant bacteria can
be transmitted between animals and humans.

There is direct and indirect evidence of animal to human transmission of livestock associated MRSA
CC398, human to animal transmission of human associated MRSA strains [44]. The most remarkable
livestock associated clone is ST398, which was initially found among pigs, and subsequently was
detected in several companion and food-producing animals as well as in humans [45]. MRSA can be
transmitted between pet animals and humans, horses and humans, and livestock and humans and the
risk for MRSA carriage is higher in humans professionally exposed to animals [45].

Resistance can be spread vertically due to multiplication of resistant isolates or horizontally through
the acquisition of mobile genetic elements (e.g. plasmids). The magnitude of the risk of resistance
transfer from animals to humans and vice versa may depend on several factors related to the host
animal and bacterial features (such as the amount of bacteria and the ability to colonize or cause
infections in humans). Also the length and closeness of contact and route of transfer (via skin contact
or contaminated food) may affect the magnitude of the risk of resistance transfer from animals to
humans and vice versa. There is evidence that humans who have contact with livestock have a higher
chance of carrying multi-drug resistant bacteria, such as ESBL-producing E. coli or LA-MRSA, compared
to humans with no animal contact, whilst the risk for resistance transfer by consumption of food of
animal origin is considered low, especially if good food hygiene practices are followed.

In conclusion for the criterion (b) in relation to risk for animal or public health in case of development
of antimicrobial resistance,

e Narrow-spectrum penicillins are important antibiotics, used for a wide range of infections in both
human and veterinary medicine but have a spectrum of activity limited to Gram-positive bacteria
and some Gram-negative cocci.

¢ The main mechanisms of resistance to narrow-spectrum penicillins are the production of beta-
lactamases and the acquisition of PBPs with lower affinity for beta-lactams.

e Resistance to narrow spectrum penicillins in many veterinary target bacteria (e.g. staphylococci) is
widespread; however some important pathogens retain good susceptibility e.g. Streptococcus suis
in pigs and enterococci and C. perfringens in poultry.

e Resistance to narrow-spectrum penicillins can be transmitted from animals to humans and other
animals via zoonotic and target pathogenic bacteria and commensals organisms.

Considering the characterisation of criterion (b) above, there is a risk for animal and public
health due to the development of resistance to Narrow-spectrum penicillins.

Criterion (c) - availability of other treatments for animals
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Narrow-spectrum penicillins are in the AMEG Category D and in general there are alternative
antimicrobials dependent on the specific disease, pathogen and target animal species under
treatment. However, alternatives in Category D may be less favoured in terms of AMR selection due to
a broader spectrum of activity e.g. aminopenicillins, TMPS, or there may be high levels of resistance in
target pathogens. In these cases, alternatives may only be available from a higher AMEG category.

Criterion (d) - availability of other antimicrobial treatments for humans
There are several alternative treatment options for each indication.
Conclusion to consideration of criteria (b), (c) and (d) of Article 107(6)

e Narrow-spectrum penicillins are regarded as first-line antimicrobials in human medicine. They are
indicated for a wide range of infections, some of which are serious; however, sufficient alternative
antibiotics are available.

e In veterinary medicine, narrow-spectrum penicillins are also a first-line choice (AMEG Category D),
used to treat a wide range of infections in a variety of animal species.

e Resistance to narrow spectrum penicillins in many veterinary target bacteria (e.g. staphylococci) is
widespread; however some important pathogens retain good susceptibility e.g. Streptococcus suis
in pigs and enterococci and C. perfringens in poultry.

e Alternative antibiotics are available for veterinary indications and may also be from category D;
although they may be less favoured in terms of AMR selection due to a broader spectrum of
activity.

e Narrow-spectrum penicillins are authorised as local, parenteral and orally administered VMPs,
including for group oral administration. Also considering the broad and often non-specific
indications and the wide range of animal species in which this class is authorised, uses outside a
marketing authorisation are not expected to contribute substantially to AMR beyond authorised
use.

Therefore, considering the points above relevant to criteria (b), (c) and (d), itis
recommended that no conditions should be placed on the use of Narrow-spectrum penicillins
outside the terms of the marketing authorisation, although responsible antimicrobial use
principles should be applied.
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4.2. Antistaphylococcal penicillins (beta-lactamase-resistant penicillins)

4.2.1. Background information

Examples of substances in the class that are authorised in veterinary and human medicine in
the EU

Examples of substances authorised for veterinary | Examples of ATCvet codes
use

Cloxacillin QJO1CF02

Dicloxacillin QJO1CFO1

Nafcillin QJO1CF06

Oxacillin QJO1CF04

Examples of substances authorised for human Examples of ATC codes
use

Cloxacillin JO1CF02

Dicloxacillin JO1CF01

Flucoxacillin JO1CFO5

Oxacillin JO1CF04

Maximum Residue Limit status in the EU according to Regulation (EU) 37/2010

Substance Species MRL tissues MRL milk MRL eggs ‘Other
provisions’

Cloxacillin, All food-producing Yes Yes No Not for use in

Dicloxacillin, species animals from

Oxacillin which eggs are
produced for
human
consumption

Nafcillin All ruminants Yes Yes No For
intramammary
use only

EU-authorised VMP formulations, based on sales reported to ESVAC

Species Route of administration
Group Individual
In- In- Injection Oral e.g. Topical/local Intra-
feed water tablet, paste, (incl. intrauterine) mammary
powder
Cattle CLOX, DCX CLOX CLOX, DCX,
Major NAF, OXA
Sheep CLOX CLOX, NAF
(for meat)
Pigs DCX
Chickens
Dogs DCX CLOX
Cats DCX CLOX
Limited Horses DCX CLOX
market Goats CLOX, NAF
species
As listed
in SPCs

CLOX (cloxacillin), DCX (dicloxacillin), NAF (nafcillin), OXA (oxacillin)
Summary of main indications and contra-indications for EU-authorised VMPs, based on
selected SPCs

Treatment of intramammary infections at the point of drying off or during
lactation in cows, sheep and goats mainly caused by Staphylococcus aureus
(including penicillin resistant) as well as Streptococcus agalactiae, Streptococcus
uberis, Streptococcus dysgalactiae and Corynebacterium pyogenes.

There is limited availability of injectable products containing (di)cloxacillin in
combination with amoxicillin, for treatment of cattle, pigs, horses, dogs and cats
for intestinal, respiratory, urogenital infections; mastitis, endometritis,
polyarthritis and traumatic reticulitis caused by Gram-positive bacteria (in
particular Streptococcus spp., Staphylococcus spp. - including penicillinase
producing strains - Clostridium spp. and Bacillus spp.).

Main indications
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Topical treatment of eye infections in cattle, sheep, horses, dogs and cats
caused by Gram-positive bacteria, including Staphylococcus spp. and Bacillus
spp., and Moraxella bovis.

An intrauterine tablet is available containing cloxacillin (£ ampicillin), for
treatment of endometritis due to susceptible pathogens in cattle.

Contraindications Do not use in cases of known hypersensitivity to penicillins.

Examples of EU-authorised HMP formulations, from Article 57 database

Substance Route of administration
Injection Oral e.g. Topical/local Inhalation
tablet, liquid
Cloxacillin X X
Dicloxacillin X
Flucoxacillin X X X
Oxacillin X X

Existing recommendations

WOAH recommendations

Antistaphylococcal penicillins (as part of the Penicillins class) are categorised as VCIA by WOAH
(formerly OIE). Specific comments: The wide range of applications and the nature of the diseases
treated make penicillins extremely important for veterinary medicine. This class is used in the
treatment of septicaemias, respiratory and urinary tract infections. This class is very important in the
treatment of many diseases in a broad range of animal species. Few economical alternatives are
available.

WHO classifications

WHO: HIA

e (C1: No) In certain geographic settings, Criterion 1 may be met: the class may be one of limited
therapies for staphylococcal infections (S. aureus).

e (C2: Yes) May result from transmission of S. aureus, including MRSA, from nonhuman sources.
WHO AWaRe: Access: cloxacillin, dicloxacillin, nafcillin, oxacillin, flucloxacillin

AMEG and CVMP recommendations

Antistaphylococcal penicillins are included in the AMEG Category D. There are alternative treatments in
human and veterinary medicine for their indications and that do not select for resistance to Category A
substances through specific multiresistance genes.

These antibiotics are not devoid of negative impact on resistance development and spread. To keep the
risk from use of these antibiotic classes as low as possible it is important that responsible use
principles are complied with in everyday practice. Unnecessary use and unnecessarily long treatment
periods should be avoided and group treatment restricted to situations where individual treatment is
not feasible.

Use outside the terms of a marketing authorisation reported in literature or in the open call
for data

Disclaimer: The information in this section reflects reported use of antimicrobials outside the terms of a
marketing authorisation. No evaluation is made in this section by the working group on the efficacy or
safety of the reported uses, or on their potential impact on development and dissemination of AMR.

Information from published sources
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A potential use of antistaphylococcal penicillins outside of a marketing authorisation is treatment of
staphylococcal skin infections in dogs by oral administration; however, utility is reduced by availability
of authorised alternatives [33, 46].

Information from the open call for data on use of antimicrobials in animals

The information below is summarised from the open call for data. Inclusion in the table does not
endorse use or imply that it is consistent with use according to legislative provisions in Articles 112 to
114,

Substance Species Indication Alternatives Consequences of
unavailability
Cloxacillin Horses Corneal disease
(ulcerative keratitis)
Cloxacillin Cattle Keratoconjunctivitis Tulathromycin, but cannot | Animal suffering and
intramammary caused by Moraxella be used in dairy cows economic losses
formulation bovis

4.2.2. Evaluation

Scope of permitted use according to the MRL Regulation

Cloxacillin, dicloxacillin, oxacillin and nafcillin are included in Table 1 (allowed substances) of the Annex
to Regulation (EU) 37/2010 and hence can be used in all food-producing species in accordance with
Articles 113 and 114 of Regulation (EU) 2019/6. However, there are ‘Other provisions’ that restrict
cloxacillin, dicloxacillin and oxacillin from use in animals producing eggs for human consumption and
nafcillin is restricted to intramammary use only.

Antistaphylococcal penicillins can be used in non-food-producing species in accordance with Article
112,

Examples of veterinary-authorised formulations/species

The majority of formulations of antistaphylococcal penicillins are intramammary preparations for use in
cattle, sheep and goats. However, topical ocular formulations are available for cattle, sheep, horses,
dogs and cats, and intrauterine formulations for use in cattle. Injectable formulations of
antistaphylococcal penicillins are available for use in cattle, pigs, horses, dogs and cats.

Step 1. Assessment against the criteria (b), (c) and (d) of Article 107(6)

Criterion (b) - risk for animal or public health in case of development of antimicrobial
resistance

Importance for human health

Antistaphylococcal penicillins are active against Gram-positive cocci (e.g., Staphylococcus aureus, S.
epidermidis, Streptococcus pyogenes, S. pneumoniae). They have less intrinsic activity than penicillin
G, and are ineffective for enterococci, Listeria, and Neisseria spp. They have no activity against Gram-
negative bacteria [47]. They are used for treatment of penicillin-resistant methicillin susceptible
staphylococcal infections such as bacteraemia, skin and soft tissue infections (SSTIs), bone and joint
infections, endocarditis, severe pneumonia and meningitis [48].

Antistaphylococcal penicillins are nationally approved in the EU, both alone and in combinations.
Approved indications include the treatment of the following infections in adults and children:
osteomyelitis, endocarditis and the treatment of patients with bacteraemia that occurs in association
with, or is suspected to be associated with, any of the infections listed above. Flucloxacillin may also be
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used in the peri-operative prophylaxis for surgical procedures when appropriate, for example
cardiothoracic or orthopaedic surgery.

Importance for animal health

Antistaphylococcal penicillins are authorised in VMPs in the EU for use in cows, goats and sheep for
local treatment of intramammary infections (IMI) due to Staphylococcus aureus, Streptococcus spp.
and Trueperella pyogenes. Mastitis due to IMI is one of the most common diseases in dairy cows,
having well recognised effects on health and welfare and frequently requiring antimicrobial treatment
[49-51]. Mastitis in sheep and goats is also recognised as a significant welfare issue [52]. Severe IMI
due to S. aureus or T. pyogenes can result in potentially fatal sepsis. In addition, IMI due to S. aureus
are contagious and if not treated promptly may become chronic, transmit within the herd and result in
loss of yield and culling of animals [53, 54]. Antistaphylococcal penicillins are used for the treatment of
penicillinase-producing strains of S. aureus, which are common in certain EU regions [55].
Antistaphylococcal penicillins are a narrow-spectrum treatment option.

Injectable formulations of (di)cloxacillin in combination with amoxicillin have limited availability for
treatment cattle, pigs, horses, dogs and cats for intestinal, respiratory and genitourinary infections,
mastitis, polyarthritis and trauma reticulitis, for infections including penicillinase-producing
Staphylococcus spp.

Cloxacillin is authorised as a topical treatment for eye infections due to Staphylococcus spp., Bacillus
spp. and Moraxella bovis in food-producing and companion animals.

According to standard textbooks, a potential use for antistaphylococcal penicillins is for oral treatment
of staphylococcal skin infection in dogs. In the absence of an oral veterinary formulation in the EU, this
would entail use of human-authorised medicines, although alternative VMPs containing beta-lactams
with more reliable bioavailability are available.

No authorised VMPs containing antistaphylococcal penicillins were found for use in aquaculture in the
EU, and no evidence was found for use in these species outside a marketing authorisation.

Reports to the Open call for data indicated the use of cloxacillin to treat ulcerative keratitis in horses; it
is not clear what aspect of this use is outside the terms of a marketing authorisation. In addition,
intramammary formulations of cloxacillin were reported to be used for treatment of keratoconjunctivitis
caused by Moraxella bovis; this use may be related to lack of local availability of the authorised ocular
preparation.

Development, selection and transmission of resistance

Antistaphylococcal penicillins are stable to staphylococcal penicillinase. The most common mechanism
of resistance to these antibiotics in staphylococci is through acquisition of a mec gene that encodes a
penicillin-binding protein (PBP) with lower affinity for most beta-lactams, (including antistaphylococcal
penicillins), except to the staphylococcal cephalosporins, ceftobiprole and ceftaroline. The mec gene is
located on the mobile genetic element, SCCmec ([39, 40, 56]. The SCCmec might carry resistance to
other antimicrobials (e.g. aminoglycosides and macrolides), and can spread between different
staphylococci species that are part of normal microbiota or potential pathogens. Methicillin-resistant
staphylococci is usually transmitted clonally.

Cross-resistance between antistaphylococcal penicillins and other beta-lactams, with exception of
ceftobiprole and ceftaroline, is commonly observed in staphylococci carrying mec genes. The animal
origin of isolates carrying different mec genes has been suggested [39, 57, 58].
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There is no statutory monitoring of resistance to antistaphylococcal penicillins in animal isolates in the
EU. Monitoring of MRSA under EFSA/ECDC surveillance in food-producing species is voluntary and data
are provided by few member states. Most isolates are LA-MRSA. The prevalence ranges from 0% to
100% depending on animal production type and country [59]. There is little reporting on prevalence of
MRSA/P in companion animals, which appears to vary across the EU based on studies available [60-
62].

With respect to target pathogens from animals, in dairy cattle in Europe (predominantly mastitis
samples) the mean proportion of Staph. aureus resistant to methicillin (MRSA) was 9.9% [range 0 -
27.1%]. In S. aureus from horses the mean level of methicillin resistance was 7.3% [0-27.1%]. In
dogs and cats, a mean of 5.8% [range 0-41.4%] of Staph. pseudintermedius and 17.5% [range O-
35.9%] of S. aureus were reported to be methicillin resistant (See Annex 3. EFSA Animal Health Law
Scientific opinions).

Food is generally not considered to be a significant source of MRSA in humans [63, 64]. MRSA is
mainly transmitted by direct contact from food-producing animals [65]. In geographical areas with
high density of farms, livestock associated MRSA (LA-MRSA) could contribute significantly to the
burden of MRSA disease in humans [62, 66, 67]. There is evidence for rare zoonotic transmission of
MRSA/P from companion animals to persons in contact [62, 66, 67]. MRSA and MRSP may also be
transmitted between animals [44, 68].

In conclusion, there is evidence for the selection and transmission of resistance to antistaphylococcal
penicillins between animals and from animals to humans via zoonotic pathogens or commensal
bacteria capable of transferring resistance to human pathogens.

In conclusion,

e In human medicine, antistaphylococcal penicillins are important for treatment of a variety of
serious penicillin-resistant methicillin-susceptible staphylococcal infections and for surgical
prophylaxis. In veterinary medicine, they are, primarily used in ruminants for intramammary
treatment of mastitis due to penicillinase-producing staphylococcal and other Gram-positive
organisms and are important for treatment of eye infections in cattle due to Moraxella bovis. When
used alone, they are a narrow-spectrum treatment option.

e There is little evidence for use of antistaphylococcal penicillins in animals outside the terms of the
marketing authorisation in the EU.

¢ The main mechanism of resistance in Staphylococci is through acquisition of mec genes, which
confer cross-resistance to almost all beta-lactams. MRSA/P can be transmitted between animals
and from animals to humans. The risk is highest for humans or animals in direct contact with
infected livestock/pets.

Considering the characterisation of criterion (b) above, there is a risk for animal and public
health due to the development of resistance to Antistaphylococcal penicillin.

Criterion (c) - availability of other treatments for animals

Alternatives for intramammary treatment of IMI caused by S. aureus are TMPS and novobiocin [69],
although only available in combination with other antibiotics, or substances from a higher AMEG
category with a broader spectrum (e.g. lincosamides, amoxicillin-clavulanate, aminoglycosides,
cephalosporins). Cloxacillin and nafcillin are one of few antibiotics authorised as a VMP for
intramammary use in sheep in the EU.

Criterion (d) - availability of other antimicrobial treatments for humans
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Alternative treatment for invasive staphylococcal infections (i.e., bacteraemia and endocarditis) include
1st-generation cephalosporins but the antistaphylococcal penicillins are the preferred option.
Vancomycin can be used for patients with allergy to penicillin but is less efficient [70, 71].

Conclusion to consideration of criteria (b), (c) and (d) of Article 107(6)

In human medicine, antistaphylococcal penicillins are important for treatment of a variety of
serious penicillin-resistant methicillin-susceptible staphylococcal infections e.g. SSTI, bone and
joint infections, endocarditis, bacteraemia and pneumonia. They are also used for surgical
prophylaxis. Alternatives are available.

In veterinary medicine, antistaphylococcal penicillins are primarily administered locally to
ruminants, for intramammary treatment of mastitis due to penicillinase-producing staphylococci
and other Gram-positive organisms. They are also important for topical treatment of eye infections
various species, including Moraxella bovis in cattle. There is limited availability of injectable
products and little information on use of this class in companion animals in the EU.

Antistaphylococcal penicillins are regarded as a first-choice narrow-spectrum (AMEG Category D)
antibiotic. There are alternatives for the main indications in veterinary medicine, but these mostly
have a broader spectrum of activity and may be from a higher AMEG category.

The main mechanism of resistance in staphylococci is through acquisition of mec genes, which
confer cross-resistance to almost all beta-lactams. The prevalence of LA-MRSA food-producing
animals is variable depending on animal production type and country. LA-MRSA may transfer to
human handlers through direct contact on farms/abattoirs, but food is generally not considered to
be a significant source of MRSA in humans. There are rare reports of zoonotic transmission of
MRSA/P from companion animals to persons in contact.

There is little evidence for use of antistaphylococcal penicillins outside the terms of a marketing
authorisation in animals in the EU.

Therefore, considering the points above relevant to criteria (b), (c) and (d), itis
recommended that no conditions should be placed on the use of Antistaphylococcal
penicillins outside the terms of the marketing authorisation, although responsible
antimicrobial use principles should be applied.
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4.3. Aminopenicillins, without beta-lactamase inhibitors

4.3.1. Background information

Examples of substances in the class that are authorised in veterinary and human medicine in

the EU
Examples of substances authorised for veterinary use | Examples of ATCvet codes
Amoxicillin QJ01CA04
Ampicillin QJO1CA01
Metampicillin QJO01CA14

Examples of substances authorised for human use

Examples of ATC codes

Amoxicillin JO1CA04
Ampicillin JO1CAO01
Bacampicillin JO1CAO06
Pivampicillin JO1CA02

Maximum Residue Limit status in the EU according to Regulation (EU) 37/2010

Substance Species MRL tissues MRL milk MRL eggs Other
provisions
Amoxicillin All food- Yes Yes - Not for use in
producing animals from
species which eggs are
produced for
human
consumption.
Ampicillin All food- Yes Yes - Not for use in
producing animals from
species which eggs are
produced for
human
consumption.

EU-authorised VMP formulations, based on sales reported to ESVAC

Species Route of administration
Grou Individual
In-feed In- Injection Oral e.g. Topical/local Intra- Oral
water tablet, (incl. mammary powder
paste, intrauterine)
powder
Cattle AMX, AMP AMX, AMX, AMP AMX AMX, AMP AMX, AMP AMX
Major AMP
Sheep (for AMX, AMX, AMP AMX AMX AMX, AMP
meat) AMP
Pigs AMX, AMP, AMX, AMX, AMP AMX AMX AMX
MAMP AMP
Chickens AMX, AMP AMX, AMP AMX AMX
AMP
Dogs AMX, AMX, AMP | AMX, AMP AMX AMX
AMP
Cats AMX, AMX, AMP AMX, AMP AMX
AMP
Limited Turkeys AMX, AMP AMX, AMP AMX AMX
market AMP
species Ducks AMX AMP AMX AMX
As listed in Geese AMX AMP
SPCs Horses AMX AMX, AMP AMX AMX
Goats AMX, AMX, AMP AMX, AMP
AMP
Fish AMX AMX AMX
Guinea fowls AMX AMP
Quails AMX AMP
Pheasants AMP
Racing AMX, AMP AMP AMX
pigeons AMP
Partridges AMX
Ornamental AMP AMP
birds

AMX (amoxicillin), AMP (ampicillin), MAMP (metampicillin)
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Summary of main indications and contra-indications for EU-authorised VMPs, based on
selected SPCs

Main indications Ampicillin and amoxicillin are authorised in many different formulations as
indicated above, for use in all major food-producing and companion animal
species, and many minor species. Disease indications and target pathogens are
frequently not specified in SPCs beyond ‘infections caused by bacteria
susceptible to ...". Where mentioned, indications are broad including
gastrointestinal, respiratory and urogenital infections, septicaemia, meningitis,
arthritis, intramammary infections, SSTI, secondary infections.

Target pathogens, if listed, include e.g. Streptococcus spp., Staphylococcus
spp., Trueperella pyogenes, Erysipelothrix rhusiopathiae, Actinomyces spp.,
Clostridium spp., Mannheimia haemolytica, Pasteurella multocida, Actinobacillus
spp., E. coli, Salmonella spp., Proteus spp., Leptospira spp., Aeromonas
salmonicida.

Contraindications Do not use in case of hypersensitivity to penicillin or other beta-lactams.

Do not administer to rabbits, hamsters, guinea pigs or other small herbivores.
Some products include a contraindication from use in Equidae.

Do not use in animals with serious kidney dysfunction.

Examples of EU-authorised HMP formulations, from Article 57 database

Substance Route of administration
Injection Oral e.g. tablet, Topical/local
liquid
Amoxicillin X X
Ampicillin X X
Bacampicillin X
Pivampicillin X

Existing recommendations

WOAH recommendations

Aminopenicillins (as part of the Penicillins class) are categorised VCIA by WOAH (formerly OIE).
Specific comments: The wide range of applications and the nature of the diseases treated make
penicillins extremely important for veterinary medicine. This class is used in the treatment of
septicaemias, respiratory and urinary tract infections. This class is very important in the treatment of
many diseases in a broad range of animal species. Few economical alternatives are available.

WHO classifications

WHO: CIA

e (C1: Yes) Limited therapy for Listeria and Enterococcus spp. (aminopenicillins)

e (C2: Yes) May result from transmission of Enterococcus spp., Enterobacteriaceae, including E. coli
from non-human sources

e (P1: No) In certain geographic settings, this factor may be met: there may be a high absolute
number of people affected by diseases for which the antimicrobial is the sole or one of few
therapies available.

e (P2: Yes) High frequency of use in human medicine.

e (P3: Yes) Transmission of resistant Enterococcus spp. and Enterobacteriaceae (including
Salmonella spp. and E. coli).

WHO AWaRe: Access: e.g. Ampicillin, Amoxicillin, Hetacillin

AMEG and CVMP recommendations
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Aminopenicillins are included in the AMEG Category D. There are alternative treatments in human and
veterinary medicine for their indications and that do not select for resistance to Category A substances
through specific multiresistance genes.

These antibiotics are not devoid of negative impact on resistance development and spread. To keep the
risk from use of these antibiotic classes as low as possible it is important that responsible use
principles are complied with in everyday practice. Unnecessary use and unnecessarily long treatment
periods should be avoided and group treatment restricted to situations where individual treatment is
not feasible.

A CVMP reflection paper on aminopenicillins and their beta-lactamase inhibitor combinations noted that
aminopenicillins are important in both human and veterinary medicine as first-line options for a variety
of infections. It highlighted that resistant organisms, such as MRSA and those producing ESBL and
AmpC beta-lactamases, may be transferred between animals and humans. Also, concerns were raised
about the adequacy of dosing regimens for certain veterinary pathogens. For these reasons, it is
recommended that susceptibility testing be conducted prior to treatment of infections due to
Enterobacterales due to the high levels of resistance.

Use outside the terms of a marketing authorisation reported in literature or in the open call
for data

Disclaimer: The information in this section reflects reported use of antimicrobials outside the terms of a
marketing authorisation. No evaluation is made in this section by the working group on the efficacy or
safety of the reported uses, or on their potential impact on development and dissemination of AMR.

Information from published sources

Considering the broad range and often non-specific indications stated in many SPCs and the wide
range of animal species for which this class is authorised, uses outside the SPC mostly relate to exotic

or limited market species or use of human authorised formulations. In particular mention is made of
use of the human formulations for intravenous infusion e.g. for treatment of horses and serious
infections in companion animals [38, 72].

Information from the open call for data on use of antimicrobials in animals

The information below is summarised from the open call for data. Inclusion in the table does not
endorse use or imply that it is consistent with use according to legislative provisions in Articles 112 to

114.
Substance Species Indication Alternatives Consequences of
unavailability
Amoxicillin Trout and other Rainbow Trout Fry Florfenicol
(oral powder) fish Syndrome,
Furuculosis
Amoxicillin Mink Enteritis, pre- None Increased
(injection, oral weaning diarrhoea, mortalities
powder) pneumonia, mastitis,
pyometra, UTI,
wounds
Amoxicillin Pheasant, Protozoal infections, Doxycycline Mortalities
partridges bacterial infections,
dysbacteriosis
Amoxicillin Cetaceans, Susceptible bacterial
pinnipeds infections
Amoxicillin Dogs, cats, (Pleuro)pneumonia, None Inadequate
(human horses septicaemia, treatment, welfare
product for IV bacteraemia, septic issues
infusion) arthritis
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Ampicillin Dogs, cats Septicaemia None Mortalities
(human Surgical prophylaxis
product for IV
infusion) Horses Severe systemic
infections, septic
arthritis

4.3.2. Evaluation

Scope of permitted use according to the MRL Regulation

Amoxicillin and ampicillin are included in Table 1 (allowed substances) of the Annex to Regulation (EU)
37/2010 and hence can be used in all food-producing species in accordance with Articles 113 and 114
of Regulation (EU) 2019/6. ‘Other provisions’ state that they are not for use in animals from which
eggs are produced for human consumption.

Aminopenicillins can be used in non-food-producing species in accordance with Article 112.
Examples of veterinary-authorised formulations/species

Amoxicillin and ampicillins are authorised in VMPs intended for group administration, in-feed and/or in-
drinking water, for all major food-producing species and fish. Formulations for administration in
drinking water are also authorised for use in limited market poultry and game species (e.g. turkeys,
ducks, geese, pheasant, quail).

Aminopenicillins are also available in injectable formulations for individual administration to all major
food-producing species and many limited market species e.g. horses, goats, poultry. They are available
in intra-uterine formulations for cattle, sheep, pigs and horses, and intramammary formulations for
ruminants and horses.

In cats and dogs, aminopenicillins are available for administration by injectable and oral routes,
amongst others.

Step 1. Assessment against the criteria (b), (c) and (d) of Article 107(6)

Criterion (b) - risk for animal or public health in case of development of antimicrobial
resistance

Importance for human health

Aminopenicillins are active against many Gram-positive bacteria (e.g., Streptococcus pyogenes, S.
pneumoniae, S. viridans, Enterococcus spp., Corynebacterium diphtheriae, Bacillus anthracis,
Clostridium tetani, C. perfringens, C. botulinum, and other Clostridium spp., Listeria monocytogenes).
Many Gram-negative strains previously susceptible (e.g. E. coli, Salmonella) are nowadays frequently
resistant to ampicillin and amoxicillin, but some remain susceptible (or infrequently resistant) (e.g.,
Brucella spp. and Helicobacter pylori).

Aminopenicillins are recommended for a wide range of infections which makes ampicillin one of the
most prescribed antibiotics. However, an increasing prevalence of beta-lactamase producing organisms
has resulted in reduced use of aminopenicillins as monotherapy.

Ampicillin can be used for upper and lower respiratory tract infections (RTIs) caused by S.
pneumoniae, beta-haemolytic streptococci, and non-beta-lactamase-producing strains of H.
influenzae. It is also used in the treatment of meningitis caused by group B. streptococci, L.
monocytogenes, Neisseria meningitidis, and penicillin-susceptible strains of S. pneumoniae. In many
countries, ampicillin has been replaced by amoxicillin, especially in oral therapy. Amoxicillin is used to
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treat group A streptococcal pharyngitis, otitis media and acute sinusitis, urinary tract infections (UTIs),
typhoid fever, gonorrhoea, uncomplicated mild community-acquired pneumonia (CAP) and for more
severe cases can be used in combination with macrolides or doxycycline. Amoxicillin is one of the
treatments of choice for erythema migrans as part of Lyme disease. Amoxicillin is now recommended
to treat E. faecalis endocarditis (combination of intravenous ampicillin-amoxicillin plus either low-dose
gentamicin or ceftriaxone). Amoxicillin or ampicillin can be used for neonatal septicaemia (usually
combined with either gentamicin or amikacin, to provide treatment for aminopenicillin-resistant Gram-
negative bacilli, such as E. coli, Klebsiella spp., and P. aeruginosa) [73].

Ampicillin and amoxicillin are nationally approved in the EU Member States for the treatment of ear,
nose and throat infections, bronchitis, pneumonia, urinary tract infections, gonorrhoea, gynaecological
infections, septicaemia, peritonitis, endocarditis, meningitis, enteric fever, gastro-intestinal infections
etc. They are also indicated for the prophylaxis of endocarditis.

Importance for animal health

Ampicillin and amoxicillin have been widely used for decades for the treatment of infections in food-
producing and companion animals in the EU. In 2021, penicillins (including aminopenicillins), were the
most used antibiotic class in the EU, comprising 31.2% of the sales in mg/PCU [15]. There are
numerous aminopenicillin products available for cattle, sheep, pigs, poultry, dogs and cats and limited
market species including goats and fish. Formulations are available for group oral
treatment/metaphylaxis (in-feed/drinking water) and for individual parenteral, oral, intrauterine or
intramammary administration. Disease indications and target pathogens are frequently not specified in
the SPC beyond ‘infections caused by bacteria susceptible to ...". The target pathogens include genera
such as Actinobacillus spp., Pasteurella spp., Bibersteinia spp., Haemophilus spp., Histophilus spp.,
Mannheimia spp., Streptococcus spp., Enterococcus spp., Staphylococcus spp., Moraxella spp.,
Trueperella spp., Erysipelothrix spp., Clostridium spp., Escherichia coli , Salmonella spp., Bordetella
bronchiseptica and Aeromonas salmonicida. Of these, the four last mentioned are inherently less
susceptible to aminopenicillins compared to other genera [38].

In pigs aminopenicillins are used for the treatment of respiratory infections, GI-tract infections,
meningitis, arthritis, and skin and soft tissue infections. In cattle and calves, indications include
respiratory tract, gastrointestinal, soft tissue and urogenital infections. In ruminant species,
intramammary formulations are authorised for treatment and prevention of intramammary infections.
In poultry, indications include respiratory and GI-tract infections. Amoxicillin is also authorised for the
treatment of furunculosis caused by A. salmonicida in Atlantic salmon.

Aminopenicillins, mainly ampicillin, have been mentioned in the textbooks as an option for treating
various equine infections [74]. Oral formulations have poor systemic bioavailability in horses and are
associated with diarrhoea; therefore, they are administered by IM or IV injection. Injectable amoxicillin
products authorised for use in horses have limited availability in the EU and human authorised intra-
venous ampicillin formulations are used. Target pathogens for aminopenicillins in horses include
streptococci, enterococci, Pasteurellaceae (incl. Actinobacillus), Listeria spp., and Enterobacterales
(including Salmonella spp.) in various organ systems. Aminopenicillins may be combined with an
aminoglycoside when treating neonatal infections or severe polymicrobial infections in adult horses
[74].

Infections treated with aminopenicillins in dogs and cats include respiratory tract infections, urinary
tract infections, genital infections, wound infections, skin and soft tissue infections, and enteric
conditions [75]. A wide range of Gram-positive and Gram-negative bacterial species are mentioned as
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target pathogens in SPCs of aminopenicillin products, such as staphylococci, streptococci, Pasteurella
spp., Clostridium spp., Proteus spp., E. coli, and Bordetella bronchiseptica.

Considering the broad range and often non-specific indications stated in many SPCs and the wide
range of animal species for which this class is authorised, uses outside the SPC are likely to be minor
by comparison. According to the open call for data, quoted uses of aminopenicillins outside the terms
of a marketing authorisation related mostly to their use in minor species for which they are not
authorised e.g. food-producing fish species, mink, zoo/exotic species, or to use of human products for
intravenous infusion, which may be used for horses and companion animals that are severely, acutely
ill or for surgical prophylaxis.

Development and selection of resistance

Aminopenicillins have greater activity against Gram-negative bacteria compared with Penicillin G.
Main mechanisms of bacterial resistance to aminopenicillins are i) alterations in penicillin-binding
proteins (PBP) mediated by the mec genes, ii) hydrolysis by beta-lactamases, iii) presence of efflux
pumps/ alterations in expression of outer membrane proteins.

Enzymatic degradation of beta-lactams by beta-lactamases

The most important mechanisms of resistance to the extended-spectrum penicillins are the beta-
lactamase enzymes that catalyse hydrolysis of the beta-lactam ring. There is a very wide variety of
different beta-lactamases with varying substrate specificity [37]. Beta-lactamases are generally
encoded by genes located on mobile, extrachromosomal genetic elements (e.g. plasmids) responsible
for the wide dissemination of these enzymes, or in the bacterial chromosome.

Aminopenicillins are liable to hydrolysis by all clinically relevant beta-lactamases, including the
staphylococcal penicillinases and narrow broad spectrum beta-lactamases (e.g.TEM-1), ESBLs (e.g.
TEM, SHV, CTX-M), AmpC and carbapenemases of Gram-negative bacilli.

Modification of the target site

Another important mechanism of beta-lactam resistance is alterations in penicillin binding proteins,
PBPs. This type of mechanism is found in staphylococci and is mediated by mec genes [39, 40, 76,
77]. The result of the mec-gene is a modified penicillin binding protein with low affinity to nearly all
beta-lactams except to the staphylococcal cephalosporins, ceftobiprole and ceftaroline. mec gene-
harbouring staphylococci are known as methicillin-resistant staphylococci (MRS). Today, methicillin
resistance is a common feature in Staphylococcus aureus, Staphylococcus pseudintermedius and in
many coagulase negative staphylococci [78]. The mec genes locate in a chromosomal genetic element
called Staphylococcal Cassette Chromosome mec (SCCmec). There is evidence suggesting that mec
genes or SCC mec elements are transferrable between different staphylococcal species [78, 79]. mecB
can also be plasmid encoded [76]. Methicillin-resistant staphylococci usually spread clonally.

Other resistance mechanisms

A third mechanism of beta-lactam resistance is decreased expression of outer membrane proteins.
Another mechanism of beta-lactam resistance is due to non-selective multi-drug efflux pumps (either
acquired or intrinsic) which remove a wide range of substrates from the periplasmic space to the
surrounding environment. These types of pumps exist commonly in Gram-negative species.

A certain amount of cross-resistance exists between the different beta-lactam antibiotics and therefore
the use of one beta-lactam antibiotic may select for resistance to other beta-lactam antibiotics.
Generally, beta-lactam antibiotics with a broader spectrum of action, such as aminopenicillins will exert
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a broader selection pressure than beta-lactams with a more narrow-spectrum such as narrow-
spectrum penicillins or antistaphylococcal penicillins.

Prevalence of resistance in public health and target pathogens

Monitoring of Salmonella spp. under EFSA/ECDC mandatory EU surveillance in food-producing animals
showed that resistance to ampicillin was observed at overall high levels in Salmonella spp. isolates
from humans in 2019-2020 and ranging from moderate to very high in isolates from animals.

Ampicillin resistance was reported at overall moderate levels in both broiler carcasses and turkey
carcases (18.8% and 19.1%, respectively). Among Salmonella spp. recovered from carcass swabs of
pigs and calves in 2019, the highest levels of resistance were noted to ampicillin, sulfamethoxazole and
tetracycline considering all reporting MSs. High to extremely high levels of resistance to these
antimicrobials were recorded in pig carcases, while resistance to these compounds generally ranged
from high to very high among isolates from calf carcases (overall resistance in pig carcases: 48.9%,
52.1% and 52.7%, respectively; overall resistance in calf carcases: 22%, 31.9% and 41.8%,
respectively).

Among indicator E. coli isolates collected from animals during the 2019-20 EU monitoring, resistance to
ampicillin ranged from moderate to very high in most MSs. In E. coli isolates from fattening pigs, the
average level of resistance to ampicillin was 40.5% (range 9.2 - 74.7%), in isolates from broilers
49.8% (range 4.1 - 86.0%), in isolates from calves under 1 year of age 30.6% (range 6.4- 66.9) and
for fattening turkeys 57.4 (range 9.1- 93.5%) [28].

Monitoring of MRSA under EFSA/ECDC surveillance in food-producing species is voluntary and data are
provided by few member states. Most isolates are LA-MRSA. The prevalence ranges from 0% to 100%
depending on animal production type and country [59].

The literature reviews performed by EFSA in the context of the Animal Health Law, which considered
publications since 2010 and national AMR monitoring reports, identified levels of resistance (based on
clinical breakpoints, as available) to aminopenicillins in key target animal pathogens in the EU.

In Streptococcus suis from pigs, mean levels of resistance to beta-lactams remain low (0.5% for
aminopenicillins). Levels of resistance to beta-lactams are also very low in Enterococcus spp. from
poultry in Europe and international data suggest that Clostridium perfringens retains good
susceptibility.

In staphylococci from animals, resistance to aminopenicillins is widespread due to production of beta-
lactamases [38, 60, 80, 81].

In cattle and pigs in Europe, the mean level of resistance to aminopenicillins in E. coli from mainly
gastrointestinal infections was very high at 79.7% and 63.9% resp. It was lower, but still high in E. coli
mastitis cases from cattle at 31.1%. In E. coli from infections in broiler chickens, the mean level of
resistance to aminopenicillins was 28.1% [range 7-82%] and in turkeys it was 45.7%. In E. coli from
horses mean resistance was 32.7%. In cats and dogs, a high proportion of E. coli infections were UTI
and the mean level of resistance was 33.1% [range 12.1 - 100%]

Resistance to aminopenicillins in respiratory pathogens from food-producing species generally remains
low-moderate, although increasing rates have been demonstrated e.g. in isolates from pigs in Spain
and Italy and cattle in Germany. In Pasteurella multocida and Mannheimia haemolytica from cattle the
mean levels of resistance to aminopenicillins were 15.3 and 12.3% respectively. In the respiratory
pathogens from pigs P. multocida and Glaeserella haemophilus the mean resistance levels were 10.4,
and 0.1 % resp. (See Annex 3. EFSA Animal Health Law Scientific opinions).
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Transmission of resistance

Beta-lactamase mediated aminopenicillin resistance is very common and extensively distributed in
several commensal bacterial species of human and animal origin, and therefore the route and direction
of resistance transfer between animals and humans can be very challenging to investigate.
Nevertheless, there are several examples demonstrating that drug-resistant bacteria can be
transmitted between animals and humans. Transmission of the multidrug-resistant, aminopenicillin
resistant Salmonella Typhimurium (ASSuT phenotype) or its monophasic variant is an example of
animal to man transmission of Salmonella serotypes [82]. This is also an example of a multi-drug
resistant organisms in food-animal populations that could be selected by different antibiotics, including
aminopenicillins, raising concerns that livestock are a source of these bacteria or their resistance
determinants for humans.

There is also direct and indirect evidence that humans and animals share identical
ESBLs/AmpC/carbapenemase-producing Enterobacterales, suggesting interspecies transfer [62, 83-
85].

Enterobacterales can be transferred from food-producing animals to humans via the foodborne route
[82, 86]. Transfer of resistant zoonotic pathogens is demonstrated for Sa/lmonella spp. and certain E.
coli strains (e.g. STEC, EHEC). Moreover, the same or similar beta-lactam resistance genes (including
ESBLs) have been isolated in bacteria of human and animal origin, and molecular studies support the
potential for transfer of mobile genetic elements (MGEs) from animal to human enteric commensals,
contributing to the spread of antibiotic resistance genes and resistant bacteria in the human intestinal
tract [38, 87, 88]. A statistically significant association was found between aminopenicillin resistance in
indicator E. coli and Salmonella spp. isolates from food-producing animals and humans in the JIACRA
III analysis [89].

Companion animals may also be a reservoir for beta-lactamase resistance that can be transferred
between animals and humans via Enterobacterales that are zoonotic pathogens or commensal bacteria,
and by direct and indirect transmission, although there are few studies investigating these pathways
[90-92].

There is direct and indirect evidence of animal to human transmission of livestock associated MRSA
CC398 and human to animal transmission of human associated MRSA strains [44]. The most
remarkable livestock associated clone is CC398, which was initially found among pigs, and
subsequently was detected in other food-producing animals, in companion animals as well as in
humans [45]. MRSA can be transmitted between companion animals and humans, horses and humans,
and livestock and humans and the risk for MRSA carriage is higher in humans professionally exposed to
animals [45].

Food is generally not considered to be a significant source of MRSA in humans [63, 93]. MRSA is
mainly transmitted by direct contact from food-producing animals [65]. In geographical areas with
high density of farms, livestock associated MRSA (LA-MRSA) contribution to the burden of MRSA
disease could be significant [94, 95]. There is evidence for rare zoonotic transmission of MRSA/P from
companion animals to persons in contact [62, 66, 67, 90].

In conclusion for the criterion (b) in relation to risk for animal or public health in case of development

of antimicrobial resistance,

¢ Aminopenicillins are important broad-spectrum antibiotics, used as first-line therapy for a wide
range of infections in both human and veterinary medicine.
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e The main mechanism of resistance to aminopenicillins is production of beta-lactamase enzymes,
encoded by genes located on mobile genetic elements (plasmids, transposons) and in the bacterial
chromosome. In Enterobacterales, resistance to aminopenicillins is present at moderate to high
levels in isolates from food-producing animals in most EU member states.

e Resistance to aminopenicillins due to production of beta-lactamases in staphylococci from animals
is widespread. Resistance in Staphylococcus spp. also occurs due to alteration of penicillin binding
proteins, mediated by mec genes (e.g. LA-MRSA, MRSP).

e Certain target bacteria e.g. streptococci, respiratory pathogens from pigs and cattle and
Clostridium perfringens in poultry retain good susceptibility to aminopenicillins.

e Resistance to aminopenicillins can be transmitted from animals to humans and other animals via
zoonotic and target pathogenic bacteria and commensals organisms.

Considering the characterisation of criterion (b) above, there is a risk for animal and public
health due to the development of resistance to Aminopenicillins.

Criterion (c) - availability of other treatments for animals

Aminopenicillins are included in the AMEG Category D, acknowledging that in general there are
alternative treatments in veterinary medicine for their indications. For respiratory disease due to
Pasteurellaceae in cattle and pigs, alternatives include e.g. tetracyclines, amphenicols, macrolides or
TMPS. Loss of efficacy of aminopenicillins due to resistance in Enterobacterales may often necessitate
use of antibiotics from a higher AMEG category (e.g. aminoglycosides, colistin, fluoroquinolones) in
food-producing species. In companion animals, the amoxicillin-clavulanate combination or
cephalosporins may be an alternative for infections due to beta-lactamase-producing Enterobacterales
or Staphylococcus spp. Fewer alternatives are available for horses [38].

Criterion (d) - availability of other antimicrobial treatments for humans

For the above-mentioned indications there are generally other effective alternative antibiotics
available. Other drugs that can be used for pneumococcal infections include, for example, macrolides,
tetracyclines or a trimethoprim-sulphonamide combination; although acquired resistance to these
drugs is common. For Haemophilus influenzae and Moraxella catarrhalis, aminopenicillin resistance is
often due to beta-lactamase production and amoxicillin-clavulanic acid is an alternative [38].

Conclusion to consideration of criteria (b), (c) and (d) of Article 107(6)

¢ Aminopenicillins are important broad-spectrum antibiotics, used as first-line therapy and one of the
most commonly prescribed classes for a wide range of diseases e.g. RTI, UTI, gastrointestinal
infections, in both human and veterinary medicine.

e Resistance to aminopenicillins is mostly due to production of beta-lactamase enzymes encoded by
genes located on mobile genetic elements and in the bacterial chromosome. This resistance is
widespread in Enterobacterales and staphylococci from animals. In Staphylococcus spp. resistance
may also be mediated by acquisition of mec genes (MRSA/P). Despite this, some target pathogens
from animals retain good susceptibility to aminopenicillins. animals retain good susceptibility to
aminopenicillins.

e There is cross-resistance with other beta-lactam classes depending on their individual susceptibility
e.g. to specific beta-lactamase enzymes.
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e Resistance to aminopenicillins can be transmitted from animals to humans and other animals via
zoonotic and target pathogenic bacteria and commensals organisms.

e In general, there are alternatives to aminopenicillins for indications in both human and veterinary
medicine; however, for infections due to multi-drug-resistant Enterobacterales in animals, these
are likely to be from a higher AMEG category.

e In veterinary medicine, aminopenicillins are authorised for use in all major and several limited
market species, in formulations for group and individual animal administration. Considering the
breadth and extent of authorised indications for aminopenicillins in VMPs, uses outside of the SPC
are likely to be limited and mostly concern administration to minor species or use of human IV
formulations that are unavailable as VMPs. It seems unlikely that use in outside the marketing
authorisation would contribute substantially to the AMR risk to public and animal health beyond the
risk relating to authorised use.

Therefore, considering the points above relevant to criteria (b), (c) and (d), itis
recommended that no conditions should be placed on the use of Aminopenicillins outside the
terms of the marketing authorisation, although responsible antimicrobial use principles
should be applied.
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4.4. Aminopenicillins in combination with beta-lactamase inhibitors

4.4.1. Background information

Examples of substances in the class that are authorised in veterinary and human medicine in
the EU

Examples of substances authorised for veterinary use | Examples of ATCvet codes
Amoxicillin and beta-lactamase inhibitor QJ01CRO2

Examples of substances authorised for human use Examples of ATC codes
Amoxicillin and beta-lactamase inhibitor JO1CRO2

Ampicillin and beta-lactamase inhibitor JO1CRO1

Sultamicillin JO1CRO4

Maximum Residue Limit status in the EU according to Regulation (EU) 37/2010

Substance Species MRL tissues MRL milk MRL eggs Other
provisions
Amoxicillin All food- Yes Yes - Not for use in
producing species animals from

which eggs are
produced for
human
consumption.

Clavulanic acid Bovine, porcine Yes Yes (bovine) -
EU-authorised VMP formulations, based on sales reported to ESVAC

Species Route of administration
Group Individual
In- In-water Injection Oral Topical/local Intra- Oral
feed e.g. (incl. mammary | powder
tablet, intrauterine)
paste
Cattle AMX+BLI AMX+BLI AMX+BLI
Major | Pigs AMX+BLI AMX+BLI
Dogs AMX+BLI AMX+BLI AMX+BLI AMX+BLI
Cats AMX+BLI AMX+BLI AMX+BLI AMX+BLI

AMX+BLI (amoxicillin + beta lactamase inhibitor)
Summary of main indications and contra-indications for EU-authorised VMPs, based on
selected SPCs

VMPs containing amoxicillin-clavulanate (amoxiclav) are authorised for cattle,
pigs, dogs and cats for treatment of infections due to a range of Gram-positive
(Actinomyces bovis, Bacillus anthracis, clostridia, corynebacteria,
Peptostreptococcus spp., staphylococci, streptococci) and Gram-negative
bacteria (Actinobacillus spp., Bacteroides spp., Bordetella bronchiseptica,
Campylobacter spp., Escherichia coli, Fusobacterium necrophorum, Haemophilus
spp., Klebsiella spp, Moraxella spp., Pasteurella spp., Proteus spp., Salmonella
spp.), including beta-lactamase-producing strains.

Main indications

In cattle - injectable formulations are available for respiratory infections, soft
tissue infections (e.g. joint-ill/navel-ill, abscesses, metritis and mastitis).

In calves, oral formulations of amoxiclav are available for treatment of enteritis
and navel ill.

Intramammary preparations are authorised for treatment of clinical mastitis in
cows due to staphylococci, streptococci and E. coli.

In pigs - injectable and drinking water formulations are available for respiratory
and gastrointestinal infections and colibacillosis. Injections are also authorised
for periparturient infections in sows (e.g. mastitis, metritis and agalactia.)

Cats and dogs

Injectable and oral formulations of amoxiclav are authorised for a wide range of
infections including skin diseases (including deep and superficial pyodermas);
urinary tract infections; respiratory diseases (upper and lower respiratory tract);
gastroenteritis; soft tissue infections (abscesses and anal sacculitis); dental
infections (e.g. gingivitis).
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Not to be used in animals with hypersensitivity to beta-lactam antibiotics.
Not to be used in serious renal dysfunction accompanied by anuria and oliguria.
Not be given to rabbits, guinea pigs, hamsters or gerbils.

Contraindications

Examples of EU-authorised HMP formulations, from Article 57 database

Substance Route of administration
Injection Oral e.g. tablet, Topical/local
liquid
Amoxicillin + clavulanic acid X X
Ampicillin + sulbactam X
Sultamicillin X

Existing recommendations

WOAH recommendations

Aminopenicillins + BLIs (as part of the Penicillins class) are categorised VCIA by WOAH (formerly OIE).
Specific comments: The wide range of applications and the nature of the diseases treated make
penicillins extremely important for veterinary medicine. This class is used in the treatment of
septicaemias, respiratory and urinary tract infections. This class is very important in the treatment of
many diseases in a broad range of animal species. Few economical alternatives are available.

WHO classifications

WHO: CIA

e (C1: Yes) Limited therapy for Listeria and Enterococcus spp. (aminopenicillins).

e (C2: Yes) May result from transmission of Enterococcus spp., Enterobacteriaceae, including E. coli
from non-human sources.

e (P1: No) In certain geographic settings, this factor may be met: there may be a high absolute
number of people affected by diseases for which the antimicrobial is the sole or one of few
therapies available.

e (P2: Yes) High frequency of use in human medicine.

e (P3: Yes) Transmission of resistant Enterococcus spp. and Enterobacteriaceae (including
Salmonella spp. and E. coli).

WHO AWaRe: Access: e.g. Amoxicillin-Clavulanic acid, Ampicillin-Sulbactam

AMEG and CVMP recommendations

Aminopenicillins, in combination with beta lactamase inhibitors are included in the AMEG Category C:
this category includes antibiotics for which there are alternatives in human medicine for their
indications but which comply with one or both of the following criteria:

e For the veterinary indication under treatment, there are few or no alternatives belonging to
Category D. Some examples of these indications are given in Table 4 of the AMEG advice [8],
alongside the relevant (sub)class.

e The antibiotic selects for resistance to a substance in Category A through specific multiresistance
genes.

Antibiotics placed in this category present a higher AMR risk for human and/or animal health than
antibiotics placed in Category D. These antibiotics should only be used when there is no available
substance in Category D that would be clinically effective.
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Use outside the terms of a marketing authorisation reported in literature or in the open call
for data

Disclaimer: The information in this section reflects reported use of antimicrobials outside the terms of a
marketing authorisation. No evaluation is made in this section by the working group on the efficacy or

safety of the reported uses, or on their potential impact on development and dissemination of AMR.

Information from published sources

Considering the broad and non-specific authorised indications for VMPs containing amoxiclav, it was
difficult to identify further indications from standard textbooks that would be strictly identified as use
outside the terms of the marketing authorisation. FECAVA/FVE mention specifically use of amoxiclav to
treat pyothorax, hepatic disease and septic arthritis in companion animals [72]. Use of human
preparations of ampicillin-sulbactam is reported in companion animals, but the combination is
generally regarded as being less effective than amoxicillin-clavulanate [96].

Information from the open call for data on use of antimicrobials in animals

The information below is summarised from the open call for data. Inclusion in the table does not
endorse use or imply that it is consistent with use according to legislative provisions in Articles 112 to

114.
Substance Species Indication Alternatives | Consequences of
unavailability
Amoxicillin-clavulanate Ovine Metritis, joint infections
Amoxicillin-clavulanate Mink Enteritis, pre-weaning None Increased
diarrhoea, greasy kit mortality
syndrome, skin disease,
mastitis, pneumonia
Amoxicillin-clavulanate Ornamental birds, Susceptible bacterial Severe disease
breeding hens, infections and mortalities
cetaceans,
pinnipeds
Amoxicillin-clavulanate Dogs and cats Septicaemia, None Mortalities
(human formulation for endocarditis, acute
IV administration) pneumonia, peritonitis,
pancreatitis, UTI
Surgical antibiotic
prophylaxis
Amoxicillin-clavulanate Dogs and cats UTI and Respiratory
(human formulation to disease
treat animals < 10 Kg
bodyweight)
Amoxicillin-clavulanate Horses (foals) Bacterial infection Mortalities

tablets

4.4.2. Evaluation

Scope of permitted use according to the MRL Regulation

Clavulanate is the only beta-lactamase inhibitor included in Table 1 (allowed substances) of the Annex
to Regulation (EU) 37/2010. Hence clavulanate can be used in all food-producing species in accordance
with Articles 113 and 114 of Regulation (EU) 2019/6. It is usually used in combination with the
aminopenicillin, amoxicillin, in the EU. There are no ‘Other provisions’ for clavulanate that would be
important for use outside a marketing authorisation; however, amoxicillin is not for use in animals
from which eggs are produced for human consumption.

Aminopenicillin-BLI combinations can be used in non-food-producing species in accordance with Article

112.
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Examples of veterinary-authorised formulations/species

Amoxicillin-clavulanate is the only aminopenicillin-BLI combination authorised as a VMP in the EU. It is
authorised for group treatment of pigs by administration in the drinking water, and for administration
to cattle and pigs by injection. It is also authorised for intramammary administration in cattle. In cats
and dogs, amoxicillin-clavulanate is authorised for administration by injection and orally through
tablets and oral powder.

Step 1. Assessment against the criteria (b), (c) and (d) of Article 107(6)

Criterion (b) - risk for animal or public health in case of development of antimicrobial
resistance

Importance for human health

Aminopenicillins (evaluated separately) in clinical practice are combined with beta-lactamase inhibitors
(BLIs) such as clavulanic acid and sulbactam to broaden their spectrum of activity. Aminopenicillin-
BLIs are well established in therapy of a wide range of infections. Use of beta-lactamase inhibitors
restores the activity of aminopenicillins on beta-lactamase-producing strains and allows for successful
inhibition of beta-lactamases produced by Gram-positive (e.g., Staphylococcus aureus, excluding
MRSA) and Gram-negative bacteria (H. influenzae, Neisseria gonorrhoeae, Moraxella catarrhalis,
Bacteroides fragilis and some Enterobacterales). Aminopenicillin-BLIs are extensively used for a wide
range of indications such as RTIs including otitis media, pharyngitis, sinusitis, UTIs and surgical
prophylaxis including mainly abdominal and gynaecological surgeries. Amoxicillin-clavulanic acid (with
or without macrolide) is recommended as one of several first-line treatment options for mild to
moderate CAP [97, 98].

Moreover, they are used for treatment of mixed aerobic and anaerobic infections such as pelvic
inflammatory disease or intra-abdominal infections. Sulbactam is the main treatment for MDR
Acinetobacter baumannii, due to its intrinsic activity against A. baumannii, not due to inhibition of
beta-lactamases, but it is not commercialised alone, only as ampicillin-sulbactam [99].

Medicines that contain aminopenicillin and BLI are nationally approved in the EU. The approved
indications include the treatment of the following infections in adults and children: acute bacterial
sinusitis, acute otitis media, acute exacerbations of chronic bronchitis, CAP, cystitis, pyelonephritis,
SSTIs in particular cellulitis, animal bites, severe dental abscess with spreading cellulitis, bone and
joint infections, in particular osteomyelitis, intraabdominal infections, bacteraemia.

Importance for animal health

VMPs containing amoxicillin-clavulanate are authorised for treatment of infections affecting the
gastrointestinal, genitourinary and respiratory tracts and various skin and soft tissue infections. Target
pathogens include a broad spectrum of Gram-positive and Gram-negative bacterial species. The
indications are not always specified in detail in the SPC.

Companion animals

In dogs and cats beta-lactams are probably the most commonly used antimicrobials, particularly
aminopenicillins and their inhibitor combinations [75, 100, 101], although there is lack of systematic
data collection for these species. Of veterinary authorised tablets containing extended spectrum
penicillins, beta-lactamase inhibitor combinations were the most sold agents [15].

In dogs and cats, guidelines advise that amoxicillin-clavulanate is important as first tier for the
treatment of SSTI caused by beta-lactamase-producing staphylococci. Skin infections are one of the
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most common reasons for antibiotic prescribing in dogs and cats in the EU and are serious when
recurrent or progressing to cellulitis [49, 72, 102, 103].

Amoxiclav is also recommended in ISCAID guidelines for dogs and cats as empiric treatment for
bacterial cystitis due to staphylococci, E. coli and Klebsiella spp. where regional antimicrobial
susceptibility testing (AST) data suggest resistance to amoxicillin alone [104]. Guidelines also
recommend amoxiclav as a first tier alternative to doxycycline (if not tolerated) or amoxicillin for acute
and chronic upper respiratory tract infections in cats and bacterial canine infectious respiratory disease
complex (infectious tracheobronchitis), for treatment of bacterial pneumonia associated with e.g. E.
coli, Klebsiella spp., MSSA or Bordetella bronchiseptica and for pyothorax. These diseases can have
high morbidity and result in mortalities, particularly in vulnerable animals in rescue shelters [72, 105-
107]. Amoxiclav may also be used for treatment of sepsis in cats and dogs [33].

Food-producing species

Although aminopenicillins are one of the most important antibiotic classes used in food-producing
species, aminopenicillin-BLI combinations make up only 2% of their total use [15]. In the absence of
MRLs for clavulanic acid in other species, amoxicillin-clavulanate is only authorised in VMPs for cattle
and pigs. In ruminants and pigs, prevalence of resistance to first-line antimicrobials in respiratory
pathogens is generally low (other than to tetracyclines) but amoxiclav is important for treatment of
resistant infections e.g. Mannheimia, Pasteurella, and in particular Actinobacillus spp., the latter
causing severe bronchopneumonia with high morbidity and mortality in young pigs [108]. Amoxiclav is
also authorised for treatment of gastrointestinal infections in calves and pigs, with approval of
formulations for group administration in drinking water to pigs being especially relevant considering
the high level of resistance observed in Escherichia coli for amoxicillin. It is also authorised for oral
treatment of Salmonella spp. infections in calves and pigs. Where susceptibility testing supports use,
amoxiclav may be an alternative to AMEG Category B substances for treatment of enteritis due to E.
coli in juvenile animals [33] and Clostridium perfringens in piglets [96]. In cows and sows, amoxiclav is
used for systemic treatment of mastitis and metritis, with intramammary formulations also available
for cattle.

All species

Amoxiclav is one of few options for treatment of anaerobic infections, including Bacteroides and
Prevotella spp., producing beta-lactamases. Anaerobes may be a component of serious mixed
infections e.g. cholecystitis, peritonitis following surgery and soft tissue infections.

According to the Open call for data, amoxicillin-clavulanate is used to treat bacterial infections in
(limited market) species for which it is not authorised (e.g. mink and exotic/zoo species such as
ornamental birds, cetaceans and pinnipeds). Human formulations that are suitable for IV infusion are
often used to treat acute infections in dogs and cats (e.g. septicaemia, acute pneumonia) and for
surgical prophylaxis.

Development and selection of resistance

The most important mechanisms of resistance to the beta-lactam antimicrobials are the beta-
lactamase enzymes that catalyse the hydrolysis of the beta-lactam ring. There is a very wide variety of
different beta-lactamases with varying substrate specificity. Aminopenicillins are prone to hydrolysis by
all clinically relevant beta-lactamases, including the staphylococcal penicillinases and broad-spectrum
beta-lactamases such as ESBLs, AmpC and carbapenemases of Gram-negative bacilli. Clavulanic acid
and sulbactam are beta-lactam compounds that can inactivate several class A beta-lactamases (e.g.
TEM-1, SHV-1, SHV-5, CTX-M, but not KPC-2). They also do not inhibit class B (e.g. NDM), class C
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(e.g. AmpC, CMY-2) and class D (e.g. OXA-48 and OXA-23) beta-lactamases. Additionally, sulbactam
has inherent antibacterial activity against a few bacterial species, e.g. in A. baumannii, through PBP-
binding.

Beta-lactamases are generally encoded by genes located on mobile, extrachromosomal genetic
elements (e.g. plasmids) responsible for the wide dissemination of these enzymes, or in the bacterial
chromosome.

In Gram-positive bacteria, PBP mutation or acquisition of PBPs with lower affinity for beta-lactams is
another important resistance mechanism. This type of mechanism is common in staphylococci and is
mediated by mec genes (e.g. mecA or mecC in MRSA) [39]. Modification of PBPs is also a cause of
beta-lactam resistance in Streptococcus spp., Enterococcus spp., Neisseria spp. and Haemophilus spp.,
although the genes conferring resistance are dependent on the bacterial species in question [41].

A certain amount of cross-resistance exists between the different beta-lactam antibiotics and therefore
the use of one beta-lactam antibiotic may select for resistance to other beta-lactam antibiotics.
Generally, beta-lactam antibiotics with a broader spectrum of action, such as aminopenicillin-BLI, will
exert a broader selection pressure than beta-lactams with a more narrow-spectrum such as narrow-
spectrum penicillins or antistaphylococcal penicillins.

There is no monitoring of resistance specifically to aminopenicillin-BLI under EFSA/ECDC mandatory EU
surveillance in food-producing animals; however, monitoring of Salmonella spp. and E. coli shows that
the prevalence of extended-spectrum beta-lactamases (ESBL) and AmpC producers is low in the EU
overall, but varies greatly between animal production type and country.

In broilers and broiler carcasses, ESBL and/or AmpC producing Salmonella spp. were identified in 2.1%
and 0.3% of isolates; in fattening pigs and pig carcasses 0.8% and 0.5% respectively; in isolates from
fattening turkeys 0.4%, in laying hens 0.2% and in bovine animals under 1 year of age 0% [28]. In
2019 and 2020, none of the Salmonella isolates recovered from any of the animal or carcass origins
exhibited ‘microbiological’ resistance to the carbapenem, meropenem [28].

Presumptive ESBL-producing Salmonella spp. from humans were identified in 0.6% of the tested
isolates (range 0.3% - 2.0%). AmpC was less frequent, identified in 0.2% of tested isolates (range
0.1-0.6%). One isolate (0.02%) was reported as both presumptive AmpC- and ESBL-producing. ESBL
was reported most commonly in S. Infantis, S. Kentucky and S. Saintpaul. Presumptive ESBL-
production was more frequent in S. Typhimurium and monophasic S. Typhimurium 1,4,[5],12:i:- (both
0.6%) than in S. Enteritidis (0.1%). Two Salmonella isolates were reported as resistant to meropenem
in 2020 [28].

Among C. jejuni from humans resistance to amoxiclav was 0.1% and among C. coli 1.1% [28].

The proportion of ESC-resistant indicator E. coli isolates collected within the routine monitoring was
generally low in 2019 and 2020 (ranging between 1.2% and 1.7% of the investigated isolates),
depending on the animal population. The occurrence of presumptive ESBL/AmpC-producing indicator E.
coli in food-producing animals is much higher when using specific monitoring (selective culturing):
39.6% in broilers, 31.5% in broiler meat, 42.7% in pigs, 6.7% in pig meat. 34.2% in turkeys, 36.4%
in bovines under the age of 1 year and 4.9% in bovine meat [28]. One E. coli isolate with carbapenem-
resistance-phenotype from broilers was detected. This isolate harboured the metallo-betalactamase
resistance gene blaVIM-1.

Monitoring of MRSA under EFSA/ECDC surveillance in food-producing species is voluntary and data are
provided by few member states. Most isolates are LA-MRSA. The prevalence ranges from 0% to 100%
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depending on animal production type and country. There is no recent mandatory EU monitoring for
enterococci.

Amoxicillin-clavulanate has a wider spectrum of activity and thus it is likely that it has higher chance to
select multidrug resistant organisms, several ESBLs and all AmpC-producers compared with
aminopenicillins alone.

Enterobacterales producing ESBLs and AmpC and MRSA/P have also been isolated from companion
animals.

Resistance in target pathogens

The literature reviews performed by EFSA in the context of the Animal Health Law, which considered

publications since 2010 and national AMR monitoring reports, identified levels of resistance (based on
clinical breakpoints, as available) to amoxicillin-clavulanate in key target animal pathogens in the EU

(See Annex 3. EFSA Animal Health Law Scientific opinions).

In mainly gastrointestinal E. coli infections from calves and lambs in Europe, the mean levels of
resistance to amoxi-clav were 49.1% and 26.2%, respectively. It was lower in E. coli from mastitis in
cows, at 16.8%. In E. coli from pigs and horses, the mean levels of resistance were 15.7% and 24.6%,
respectively.

In E. coli from cats and dogs, a high proportion of which were from UTI, the mean level of resistance
to amoxi-clav was 18.6% [range 0 - 100%]. In E. coli from horses mean resistance was 24.6%.

As would be expected, levels of resistance in E. coli are significantly lower to combinations with BLI
compared with levels of resistance to aminopenicillins alone.

In respiratory pathogens from pigs, P. multocida, Glaeserella haemophilus and A. pleuropneumoniae,
the mean resistance levels to amoxi-clav were very low at 0.4, 0 and 1.3% respectively.

Other publications

In isolates collected from cattle with acute mastitis in 8 EU countries in 2015-16 under the VetPath
programme, in E. coli (n=225) 2.7% of isolates were resistant to amoxicillin/clavulanate and 3.7% of
Enterobacterales were harbouring an ESBL/AmpC gene. For streptococcal isolates, susceptibility to
aminopenicillins remained high [109].

Transmission of resistance

Enterobacterales can be transferred from food-producing animals to humans via the foodborne route
[82, 86]. Transfer of resistant zoonotic pathogens is demonstrated for Salimonella spp. and certain E.
coli strains (STEC, EHEC). Moreover, the same or similar beta-lactam resistance genes (including
ESBLs) have been isolated in bacteria of human and animal origin, and molecular studies support the
potential for transfer of mobile genetic elements (MGEs) from animal to human enteric commensals,
contributing to the spread and persistence of antibiotic resistance genes and resistant bacteria in the
human intestinal tract [38, 87, 88].

Companion animals may also be a reservoir for beta-lactamase resistance that can be transferred
between animals and humans via Enterobacterales that are zoonotic pathogens or commensal bacteria,
and by direct and indirect transmission, although there are few studies investigating these pathways
[90-92].

Food is generally not considered to be a significant source of MRSA in humans [63, 93]. MRSA is
mainly transmitted by direct contact from food-producing animals [65]. In geographical areas with
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high density of farms, livestock associated MRSA (LA-MRSA) contribution to the burden of MRSA
disease could be significant [94, 95]. There is evidence for rare zoonotic transmission of MRSA/P from
companion animals to persons in contact [62, 66, 67, 90].

Resistance may also be transmitted between animals both vertically via target pathogens and
horizontally via commensal bacteria, through direct and indirect contact [110, 111].

In conclusion, there is evidence for the selection and transmission of resistance to aminopenicillin-BLI
combinations from animals to humans and other animals via zoonotic/target pathogens or commensal
bacteria capable of transferring resistance to pathogens.

In conclusion for the criterion (b) in relation to risk for animal or public health in case of development
of antimicrobial resistance,

e Aminopenicillin-BLI combinations have well established use in human medicine for treatment of a
wide range of infections, for example, amoxicillin-clavulanate is used for otitis media, pharyngitis,
sinusitis, pneumonia, SSTI and UTI.

e Likewise, in cats and dogs amoxicillin-clavulanate is used to treat a range of infections, including as
first-line treatment for skin infections due to beta-lactamase-producing staphylococci, respiratory
and urinary tract infections.

e In food-producing species, authorised amoxicillin-clavulanate VMPs are available only for cattle and
pigs. Use of this combination constitutes only 2% of the overall aminopenicillin use in food-
producing species. The combination is used in these species for treatment of respiratory and
enteric infections, STI, mastitis and metritis.

e In both human and veterinary medicine, aminopenicillin-BLI combinations are important for
treatment of infections due to beta-lactamase-producing bacteria and for therapy of serious
polymicrobial e.g. intra-abdominal infections including anaerobes.

e The main mechanism of resistance to aminopenicillin-BLIs is production of broad-spectrum beta-
lactamase not inhibited by the BLI (e.g. AmpC and metalo-beta-lactamases) or due to
overproduction of beta-lactamases inhibited by BLIs (e.g. co-production of TEM-1 and ESBL).

e The prevalence of extended-spectrum beta-lactamases (ESBL) and AmpC producers in indicator E.
coli from food-producing animals varies greatly between animal production type and country.
Levels of resistance in animal pathogenic E. coli are significantly lower to aminopenicillin
combinations with BLI compared with levels of resistance to aminopenicillins alone.

e Resistance in Staphylococcus spp. mainly occurs due to the acquisition of an altered penicillin
binding proteins, mediated by mec genes (e.g. LA-MRSA, MRSP).

e There is cross-resistance with other beta-lactam antibiotics classes depending on their individual
susceptibility e.g. to specific beta-lactamase enzymes. Beta-lactam antibiotics with a broader
spectrum of action, such as aminopenicillin-BLI will exert a broader selection pressure. MRS are
resistant to almost all beta-lactams.

e Resistance to aminopenicillins can be transmitted from animals to humans and other animals via
zoonotic and target pathogenic bacteria and commensals organisms.

Considering the characterisation of criterion (b) above, there is a risk for animal and public
health due to the development of resistance to Aminopenicillin-BLIs.

Criterion (c) - availability of other treatments for animals
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In dogs, TMPS is an alternative first-line antibiotic for bacterial cystitis and TMPS or clindamycin could
be alternatives for the treat of pyoderma . However, pathogens causing UTI (e.g. Enterobacterales)
and SSTI (e.g. S. pseudintermedius) in dogs and cats are increasingly resistant to first-line antibiotics.
For resistant and other serious infections, e.g. septicaemia, it may be necessary to resort to
fluoroquinolones.

Amoxiclav is also one of few options for treatment of anaerobic infections, including Bacteroides and
Prevotella spp., producing beta-lactamases. Anaerobes may be a component of serious mixed
infections e.g. cholecystitis, peritonitis following surgery and soft tissue infections. There are few
alternatives, e.g. metronidazole or clindamycin for companion animals only, or for food-producing
species, either 3rd-generation cephalosporins (AMEG category B) or potentially certain macrolides
depending on the disease/target pathogen [33].

In cattle and pigs, amoxiclav may be used for treatment of respiratory infections resistant to first-line
alternatives e.g. unpotentiated amoxicillin, tetracyclines, TMPS; hence alternatives to amoxiclav may
be limited to amphenicols, macrolides or fluoroquinolones, dependent on pathogen/susceptibility [33].

Potential alternatives to amoxiclav for resistant E. coli infections in food-producing animals are often
restricted to AMEG Category B substances, i.e. colistin or fluoroquinolones, or, depending on
patient/disease suitability, aminoglycosides (Category C).

Criterion (d) - availability of other antimicrobial treatments for humans

Alternative treatment options include carbapenems to treat Enterobacterales, ceftobiprole and
ceftaroline to treat some Gram-positive infections (MRSA), 3rd-generation cephalosporines to treat H.
influenzae, M. catarrhalis, N. gonorrhoeae, and carbapenems, cefiderocol and colistin to treat MDR A.
baumannii [112-114].

Conclusion to consideration of criteria (b), (c) and (d) of Article 107(6)

e In human medicine, aminopenicillin-BLIs are extensively used for a wide range of indications
including otitis media, pharynagitis, sinusitis, SSTI, UTIs and for surgical prophylaxis. They are used
as first-line treatment for CAP.

e Likewise, in cats and dogs amoxicillin-clavulanate is used to treat a range of infections, including as
first-line treatment for skin infections due to beta-lactamase-producing staphylococci, respiratory
and urinary tract infections.

e In food-producing species, authorised amoxicillin-clavulanate VMPs are available only for cattle and
pigs. The combination is used in these species for treatment of respiratory and enteric infections,
soft tissue infections, mastitis and metritis.

e In both human and veterinary medicine, aminopenicillin-BLI combinations are important for
treatment of infections due to beta-lactamase-producing bacteria and for therapy of serious
polymicrobial e.g. intra-abdominal infections including anaerobes.

e The most important mechanism of resistance to aminopenicillin-BLI in Gram-negative bacteria is
due to plasmid-borne extended-spectrum beta-lactamases (ESBLs) or AmpC genes. The prevalence
of ESBL and AmpC producers in indicator E. coli from food-producing animals varies between
animal production type and country.

e There is cross-resistance with other beta-lactam antibiotics classes depending on their individual
susceptibility e.g. to specific beta-lactamase enzymes. Beta-lactam antibiotics with a broader
spectrum of action, such as aminopenicillin-BLI, will exert a broader selection pressure.
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e Resistance in Staphylococcus spp. also occurs due to alteration of penicillin binding proteins,
mediated by mec genes (e.g. LA-MRSA, MRSP). This mechanism confers resistance to almost all
betalactam antibiotics.

e Resistance to aminopenicillin-BLIs can be transmitted from animals to humans, including via the
foodborne route, and to other animals. For certain important uses in veterinary medicine e.g. UTI
due to E. coli, canine staphylococcal pyoderma, septicaemia, fluoroquinolones may be the only
alternative due to high levels of resistance to first-line antibiotics. Alternatives in human medicine
are also likely to be of higher importance and may be last resort antibiotics.

e Although otherwise authorised for use in VMP formulations for individual animal administration
only, amoxicillin-clavulanate is also available as a formulation for administration in drinking water
to groups of pigs.

e A broad range of non-specific indications are authorised for use of amoxicillin-clavulanate in
veterinary medicine. Due to this it is difficult to identify if some uses mentioned in publications are
outside the marketing authorisation. The extent of this use is unknown but reports to the ‘open
call’ relate mostly to use in minor and exotic/zoo species and to use of human-authorised
intravenous formulations for the treatment of severe acute infections in companion animals.

Therefore, considering the points above relevant to criteria (b), (c) and (d), it should be
considered if conditions or a prohibition should be placed on the use of Aminopenicillin-BLIs
outside the terms of the marketing authorisation.

Step 2. Considerations of conditions to be placed on use outside the terms of a marketing
authorisation

Please refer to Section 3.1.2. of the main report for the general rationale behind the
proposed conditions.

(i) Use for unauthorised indications

Condition: For those indications not included in the SPC of the concerned product, use must be based
on target pathogen identification and antimicrobial susceptibility testing that demonstrates that
aminopenicillin-BLI are likely to be effective and that antimicrobials from a lower AMEG category would
not be effective, unless it can be justified that this is not possible.

Rationale: See Section 3.1.2.(i) of the advice.
(ii) Use for unauthorised target species

Aminopenicillin-BLI combinations are authorised in VMPs intended for use in cattle, pigs, dogs and
cats. Considering the ‘Other provisions’ in Regulation (EU) 37/2010, they cannot be used in animals
laying eggs for human consumption, but they could be used outside a marketing authorisation in
breeder and broiler poultry.

Condition: Not to be used in poultry.

Rationale: As identified from EFSA mandatory surveillance of AMR in food-producing animals [28],
poultry and poultry products are most frequently reported to carry ESBL and/or AmpC-producing
Salmonella and E. coli. Although decreasing trends have now been observed in some member states,
the prevalence of ESBL/AmpC producing E. coli in meat samples from poultry is still high (based on
culture of samples on selective media) when considering the mean across member states. Based on
the CVMP’s reflection paper on the use of 3rd- and 4th-generation cephalosporins in food-producing
animals in the EU [115] and the EFSA Scientific Opinion on the public health risks of bacterial strains
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producing extended-spectrum beta-lactamases and/or AmpC beta-lactamases in food and food-
producing animals [84], a subsequent CVMP referral and Commission Decision issued in January 2012
determined that VMPs containing 3rd- and 4th-generation cephalosporins should include in the SPCs a
contraindication from use in poultry. Considering the potential for aminopenicillin-BLI combinations to
select for similar mechanisms of resistance as the 3rd- and 4th-generation cephalosporins, it should be
considered to apply the same condition relating to use of the former in poultry. See also Section
3.1.2.(ii) of this advice.

(iii) Administration by an unauthorised route or use of extemporaneous formulation
Authorised VMPs containing Aminopenicillin-BLI combinations (amoxicillin-clavulanate) are available for
administration in formulations for individual animal use, via injection for cattle, pigs, dogs and cats and
intramammary administration in cattle. Oral formulations are authorised for individual administration
to dogs, cats and calves and use in drinking water in groups of pigs.

Condition: Not to be used in food-producing aquaculture

Rationale: Although EFSA does not monitor for antimicrobial resistance in aquaculture food production,
ESBLs have been detected in isolates from fish and other species reared in aquaculture systems
globally [116, 117]. Considering that aquaculture systems are regarded as potential hotspots for
driving emergence, release, transmission and persistence and spread of AMR bacteria and resistance
genes [18, 19] as discussed in Section 3.1.2(iii) of this advice, and the high importance to human and
animal health of this antimicrobial class, it is recommended that its use in aquaculture should be
restricted [118].

No further conditions proposed.

(iv) Use of a human medicinal product

HMPs containing aminopenicillin-BLI are available for administration by injection or orally.
No further conditions proposed to those mentioned above.

Rationale: See Section 3.1.2.(iv) of this advice.

(v) Use of a third country veterinary medicinal product

According to Articles 112(2), 113(2) and 114(4), third country VMPs may only be used in the same
species and for the same indication. No further conditions proposed to those mentioned above.

Rationale: See Section 3.1.2.(v) of this advice.

Step 3. Consideration of Criteria (a) and (e) in view of proposed conditions to be placed on
use outside the terms of a marketing authorisation

Criterion (a) - risk to animal health or public health if the antimicrobial is used in
accordance with Articles 112, 113 and 114

SPCs recommend that amoxicillin-clavulanate should not be used in small herbivores (clostridial
overgrowth) or in animals with severe renal dysfunction or hypersensitivity to beta-lactam antibiotics.
Target animal safety warnings in the SPCs of authorised VMPs should be followed. Amoxicillin is usually
well tolerated but oral administration may cause diarrhoea/enteritis in horses and ruminants associated
with alterations of gut flora. Neurotoxicity may be observed at high doses or with prolonged use in
dogs. Clavulanate may be associated with vomiting [46, 119].

Consumer safety is mitigated through the application of the statutory withdrawal period in accordance
with Article 115.
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Criterion (e) Impact on aquaculture and farming if the animal affected by the condition

receives no treatment

Proposed condition

Potential impact on aquaculture and farming if animal
affected by the condition receives no treatment

For those indications not included in
the SPC of the concerned product,
use must be based on target
pathogen identification and
antimicrobial susceptibility testing
that demonstrates that
aminopenicillin-BLI are likely to be
effective and that antimicrobials from
a lower AMEG category would not be
effective, unless it can be justified
that this is not possible.

This condition does not preclude treatment. See Annex 1 of
report for further discussion.

Not to be used in poultry

Considering the ‘Other provisions’ in Regulation (EU)
37/2010, aminopenicillin-clavulanate combinations could be
used outside a marketing authorisation in breeder and
broiler poultry only. There was one report to the ‘open call
for data’ that mentioned use in breeding hens to treat
‘susceptible bacteria’. Without further information, the
impact of loss of this treatment on poultry farming is
difficult to foresee, but is not anticipated to be large
considering that no evidence was found for use of
aminopenicillin-BLI combinations in the standard textbooks.

Not to be used in food-producing
aquaculture

No evidence was found for the use of aminopenicillin-BLI
combinations in food-production aquaculture in the EU;
therefore, although impact on aquaculture cannot be fully
foreseen, it is not expected to be significant under current
circumstances.

Step 4. Final conclusion - recommendations made for conditions to be placed on use outside
the terms of a marketing authorisation

Based on the discussion above, the following conditions are proposed for use under Articles 112, 113

and 114:

e For those indications not included in the SPC of the concerned product, use must be based on
target pathogen identification and antimicrobial susceptibility testing that demonstrates that
aminopenicillin-BLI are likely to be effective and that antimicrobials from a lower AMEG category
would not be effective, unless it can be justified that this is not possible.

¢ Not to be used in poultry

e Not to be used in food-producing aquaculture
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4.5. Amdinopenicillins

Amdinopenicillins are authorised in human medicinal products in the EU. At present they are not
authorised in veterinary medicinal products in the EU.

4.5.1. Background information

Examples of substances included in the class that are authorised in human medicine only

Examples of substances authorised for human use | Examples of ATC codes

Mecillinam JO1CA11

Pivmecillinam JO1CAO08

Maximum Residue Limit status in the EU according to Regulation (EU) 37/2010

Substance Species MRL Other provisions

Mecillinam bovine No MRL required For intrauterine use only

According to the MRL summary report [120], it was intended that mecillinam would be used in
combination with a 1st-generation cephalosporin as a uterine bolus for treatment of endometritis in
cows.

Examples of EU-authorised HMP formulations, from Article 57 database

Substance Route of administration
Injection Oral e.g. tablet, Topical/local
liquid
Mecillinam X
Pivmecillinam X

Existing recommendations

WOAH recommendations

Amdinopenicillins (as part of the Penicillins class) are categorised VCIA by WOAH (formerly OIE).
Specific comments: The wide range of applications and the nature of the diseases treated make
penicillins extremely important for veterinary medicine. This class is used in the treatment of
septicaemias, respiratory and urinary tract infections. This class is very important in the treatment of
many diseases in a broad range of animal species. Few economical alternatives are available.

WHO classifications

WHO: HIA

e (C1: No) In certain geographic settings, Criterion 1 may be met: the class may be one of limited
therapies for infections with MDR Shigella spp.

e (C2: Yes) May result from transmission of Enterobacteriaceae, including E. coli, from non-human
sources.

WHO AWaRe: Access: mecillinam, pivmecillinam

AMEG recommendations

Amdinopenicillins are included in the AMEG Category A: these classes are not authorised in veterinary
medicine but are authorised in human medicine in the EU. These antibiotic classes may only be used
exceptionally in individual companion animals in compliance with the prescribing “cascade”.
Substances in these classes cannot be used for food-producing animals in the absence of established
maximum residue limits.
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Amdinopenicillins, mainly pivmecillinam, have been used extensively in European Nordic countries with
few problems, but, despite this, these antimicrobials are not widely used in other European countries.

Use outside the terms of a marketing authorisation reported in literature or in the open call
for data

Disclaimer: The information in this section reflects reported use of antimicrobials outside the terms of a
marketing authorisation. No evaluation is made in this section by the working group on the efficacy or
safety of the reported uses, or on their potential impact on development and dissemination of AMR.

Information from published sources

No evidence could be found for the use of, or specific need for, amdinopenicillins to treat serious
infections in animals in the EU or globally at the present time.

Information from the open call for data on use of antimicrobials in animals

No information on use outside the terms of a marketing authorisation was provided in the open call for
data.

4.5.2. Evaluation

Scope of permitted use according to the MRL Regulation

Amdinopenicillins are not authorised for use in VMPs in the EU. However, mecillinam is included in
Table 1 (allowed substances) of the Annex to the MRL Regulation (EU) 37/2010. Other provisions state
that it is for intrauterine use only; hence mecillinam can be used in food-producing species in
accordance with Article 113 of Regulation (EU) 2019/6.

According to the MRL summary report [120], it was intended that mecillinam would be used in
combination with a 1st-generation cephalosporin as a uterine bolus for treatment of endometritis in
Ccows.

Amdinopenicillins can be used in non-food-producing animals in accordance with Article 112.
Examples of veterinary-authorised formulations/species

No authorised VMPs identified.

Step 1. Assessment against the criteria (b), (c) and (d) of Article 107(6)

Criterion (b) - risk for animal or public health in case of development of antimicrobial
resistance

Importance for human health

In humans, amdinopenicillins are mainly used for treatment of uncomplicated urinary tract infections
(UTIs) due to Enterobacterales. These infections are not considered life-threatening. Due to the
relative stability of mecillinam to some ESBLs, it could be an alternative treatment in certain systemic
infections due to Enterobacterales, in combination with aminoglycosides.

Pivmecillinam shows activity against Salmonella spp. and preliminary studies in a limited number of
patients suggest that it may be a useful alternative antibiotic in the treatment of acute typhoid fever
and in some carriers of Salmonella. However, efficacy data are limited due to the small number of
patients and few clinical studies, so caution is recommended.

Importance for animal health

Scientific advice under Article 107(6) of Regulation (EU) 2019/6 for the establishment of a list of
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No evidence could be found for the use of amdinopenicillins in veterinary medicine in the EU. The ‘open
call for data’ did not receive any report of the use of amdinopenicillins in animals.

Development, selection and transmission of resistance

Resistance to amdinopenicillins in Enterobacterales is mainly due to chromosomal mutations but the
mechanisms of mecillinam resistance in clinical isolates remain poorly understood. They can also be
hydrolysed by some ESBLs and carbapenemases e.g. OXA, KPC, MBLs, but are generally more stable
than other penicillins. Indeed, several studies, most of them in vitro, highlighted that a majority of
ESBL-producing Enterobacterales are susceptible to mecillinam. Recently, it has been shown that a
mutation in cysB, preventing production of cysteine is the major mechanism of mecillinam resistance in
clinical isolates [121].

There is no monitoring of resistance specifically to amdinopenicillins under EFSA/ECDC mandatory EU
surveillance of AMR in zoonotic and indicator bacteria from animals. No specific studies were identified
relating to the monitoring of susceptibility to amdinopenicillins in target pathogens from animals.

Although evidence on prevalence and mechanisms of resistance specifically to amdinopenicillins is
limited at present, ESBLs have been detected in Enterobacterales from food-producing animals and
companion animals in the EU and may be transferred from animals to humans (See Section 4.7. on
3rd- and 4th-generation cephalosporins). Use of amdinopenicillins in animals, would have the potential
to select for resistant bacteria that could result in transfer of resistance to humans and to other
animals.

Considering the characterisation of criterion (b) above, there is a risk for animal and public
health due to the development of resistance to Amdinopenicillins.

Criterion (c) - availability of other treatments for animals

No evidence could be found for the use of, or specific need for, amdinopenicillins to treat serious
infections in animals in the EU or globally at the present time; therefore, alternatives cannot be
proposed.

Criterion (d) - availability of other antimicrobial treatments for humans

Sufficient alternatives are usually available for treatment of uncomplicated UTIs, including those
caused by ESBL-producing Enterobacterales.

Conclusion to consideration of criteria (b), (c) and (d) of Article 107(6)

e In human medicine, amdinopenicillins are mainly used for treatment of uncomplicated urinary tract
infections (UTIs) due to Enterobacterales. These infections are not considered life-threatening and
alternative antibiotics are available for their treatment.

e No authorised VMP containing amdinopenicillins were identified in the EU, and no evidence for their
use in animals was found in published literature or reports to the ‘open call for data’.

e Resistance to amdinopenicillins is mainly due to chromosomal mutations. There is little evidence
available specifically on the prevalence of resistance to amdinopenicillins in animal isolates;
however, their use could potentially select for certain ESBLs.

¢ Amdinopenicillins can only be used outside the terms of the marketing authorisation in non-food-
producing animals or mecillinam may be used by the intrauterine route in food-producing animals.
It is considered that possible use outside the terms of the authorisation would be very rare.
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Therefore, considering the points above relevant to criteria (b), (c) and (d), itis
recommended that no conditions should be placed on the use of Amdinopenicillins outside
the terms of the marketing authorisation, although responsible antimicrobial use principles
should be applied.
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4.6. Evaluation of 1st- and 2nd-generation cephalosporins, and
cephamycins

4.6.1. Background information

Examples of substances in the class that are authorised in veterinary and human medicine in
the EU

Examples of substances authorised for veterinary use Examples of ATCvet codes
Cefacetrile QJo1DB10
QJ51DB10
Cefadroxil QJ01DBO05
1st-gen Cefalexin QJ01DBO1
QJ51DBO1
Cefalonium QJ51DB90
Cefapirin QJ01DBO08
QJ51DB08
Cefazolin QJ01DB04
QJ51DB04
Examples of substances authorised for human use Examples of ATC codes
Cefalexin JO1DBO01
Cefalotin JO1DBO03
1st-gen Cefazolin JO1DB04
Cefadroxil JO1DBO05
Cefatrizine JO1DBO07
Cefradine JO1DBO09
Cefoxitin* JO1DCO01
Cefuroxime JO1DCO02
Cefamandole JO1DCO03
2nd-gen | Cefaclor J01DC04
Cefonicid JO1DCO06
Cefotiam JO1DCO07
Cefmetazole* JO1DCO09
Cefminox* JO1DC12
Cefprozil JO1DC10
Ceforanide JO1DC11

*Also known as cephamycins

Maximum Residue Limit status in the EU according to Regulation (EU) 37/2010

Substance Species MRL tissues MRL milk MRL eggs Other provisions
Cefacetrile Bovine - Yes - Intramammary use
only
Cefalexin Bovine Yes Yes - -
Cefalonium Bovine No MRL Yes - Intramammary use
required and eye treatment
only
Cefapirin Bovine Yes Yes - -
Cefazolin bovine, ovine, No MRL Yes - For intramammary
caprine required use, except if the
udder may be used
as food for human
consumption.

EU-authorised VMP formulations, based on sales reported to ESVAC

Species Route of administration
Group Individual
In- In- Injection Oral Topical/local Intra- Oral
feed | water e.g. (incl. mammary powder
tablet, intrauterine)
paste
Cattle CFX CEPR CFC, CFX,
Major CNM, CEPR,
CFz
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Sheep (for CFz
meat)
Pigs
Chickens
Dogs CFX CFX CDX,
CFX
Cats CFX CFX CDX,
CFX
Limited Goats CFz
market
species
As listed in
SPCs Buffaloes CFC

CFX (cefalexin), CEPR (cefapirin), CDX (cefadroxil), CFC (cefacetrile), CFZ (cefazolin), CNM (cefalonium)
Examples of EU-authorised HMP formulations, from Article 57 database

Substance Route of administration
Injection Oral e.g. tablet, Topical/local
liquid
Cefaclor X
Cefadroxil X
Cefalexin X
Cefalotin X
Cefamandole X
Cefatrizine X
Cefazolin X
Cefmetazole X
Cefminox X
Cefonicid X
Ceforanide X
Cefotiam X
Cefoxitin X
Cefprozil X
Cefradine X
Cefuroxime X X

Summary of main indications and contra-indications for EU-authorised VMPs, based on
selected SPCs

Main indications Cefalexin injection, tablets, paste and oral suspension are authorised for dogs
and cats for treatment of respiratory, urogenital, skin and soft tissue and
gastrointestinal infections.

In cattle, injectable cefalexin is authorised for various indications including
mastitis, metritis, pododermatitis, respiratory, urogenital, skin and soft tissue
and gastrointestinal infections caused by various Gram-positive and Gram-
negative pathogens including Enterobacterales and certain anaerobes.
1st-generation cephalosporins are available by intramammary route to treat
mastitis in lactating dairy cows and for dry cow treatment. They are also
authorised for treatment of mastitis in lactating sheep, buffalo, bison and goats.
Cefapirin is authorised for intrauterine administration to treat endometritis in
cattle.

Contraindications Do not use in rabbits and rodents.
Do not use in case of hypersensitivity to beta-lactams.

Existing recommendations

WOAH recommendations

1st- and 2nd-generation cephalosporins are categorised VHIA by WOAH (formerly OIE). Specific
comments: Cephalosporins are used in the treatment of septicaemias, respiratory infections, and
mastitis.

WHO classifications

WHO: HIA

e (C1: No)
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e (C2: Yes) May result from transmission of Enterobacteriaceae, including E. coli, from non-human
sources.

WHO AWaRe: Access (First-generation cephalosporins): e.g. Cefacetrile, Cefadroxil, Cefalexin,
Cefapirin, Cefatrizine, Cefazolin; Watch (Second-generation cephalosporins): e.g. Cefaclor, Cefonicid,
Ceforanide, Cefotiam, Cefoxitin, Cefprozil, Cefuroxime.

AMEG and CVMP recommendations

1st- and 2nd-generation cephalosporins are included in the AMEG Category C: this category includes
antibiotics for which there are alternatives in human medicine for their indications but which comply
with one or both of the following criteria:

e For the veterinary indication under treatment, there are few or no alternatives belonging to
Category D. Some examples of these indications are given in Table 4 of the AMEG advice [8],
alongside the relevant (sub)class.

e The antibiotic selects for resistance to a substance in Category A through specific multiresistance
genes.

Antibiotics placed in this category present a higher AMR risk for human and/or animal health than
antibiotics placed in Category D. These antibiotics should only be used when there is no available
substance in Category D that would be clinically effective.

Use outside the terms of a marketing authorisation reported in literature or in the open call
for data

Disclaimer: The information in this section reflects reported use of antimicrobials outside the terms of a
marketing authorisation. No evaluation is made in this section by the working group on the efficacy or
safety of the reported uses, or on their potential impact on development and dissemination of AMR.

Information from published sources

Most published reports of use outside the marketing authorisation relate to use of human formulations
of cefazolin that can be administered intravenously in the perioperative period for surgical prophylaxis
in companion animals [122-124]. Cefazolin (1st-generation) is somewhat more active against
Enterobacterales compared with other 1st-generation cephalosporins and shows good penetration into
bone, hence its use during orthopaedic surgery and for treatment of osteomyelitis in dogs [125].
Cefoxitin (2nd-generation) may also be used for treatment of infections such as septic peritonitis due
to mixed infections including anaerobic bacteria (e.g. Bacteroides spp.) and Gram-negative bacilli
[125].

Information from the open call for data on use of antimicrobials in animals

The information below is summarised from the open call for data. Inclusion in the table does not
endorse use or imply that it is consistent with use according to legislative provisions in Articles 112 to
114,

Substance Species Indication Alternatives Consequences of
unavailability

Cefazolin Dogs and cats Septicaemia, Lack of availability of | Need to resort to a higher
(human 1V peritonitis, bone veterinary IV category antibiotic for IV
formulation) infections formulations formulation. Prophylactic

Surgical prophylaxis use of e.g.

e.g. for orthopaedic, fluoroquinolones is

bowel surgery prohibited in some MSs.
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Cefuroxime Dogs, cats, Sepsis, severe No IV formulations Inability to manage
(human IV horses and other infections available severe infections.
formulation) species Surgical prophylaxis Increased use of IV
e.g. eye surgery marbofloxacin.
Cefalexin Elasmobranchs Bacterial infections ceftazidime Severe disease,
mortalities

4.6.2. Evaluation

Scope of permitted use according to the MRL Regulation

Several first generation cephalosporins are included in Table 1 (allowed substances) of the Annex to
Regulation (EU) 37/2010 and hence can be used in all food-producing species in accordance with
Articles 113 and 114 of Regulation (EU) 2019/6. However, ‘Other provisions’ state that cefazolin and
cefacetrile are for intramammary use only, whilst cefalonium is for intramammary and ocular use only.
There are no ‘Other provisions’ relating to use of cefalexin and cefapirin.

There are no 2nd-generation cephalosporins with MRL status.

First and second generation cephalosporins can be used in non-food-producing species in accordance
with Article 112.

Examples of veterinary-authorised formulations/species

Cefalexin is authorised as an injectable formulation for use in cattle, dogs and cats. There are also oral
formulations of 1st-generation cephalosporins authorised for use in dogs and cats.

Intramammary formulations are available for cattle and limited market ruminants (sheep, goats,
buffalo). An intra-uterine formulation of cefapirin is also authorised for cattle.

Step 1. Assessment against the criteria (b), (c) and (d) of Article 107(6)

Criterion (b) - risk for animal or public health in case of development of antimicrobial
resistance

Importance for human health

In general, the 1st- and 2nd-generation cephalosporins are active against a range of Gram-positive
bacteria (e.g., Staphylococcus spp. except MRSA, Streptococcus spp.) and some Gram-negative
bacteria (e.g. Escherichia coli and Haemophilus influenzae presenting the intrinsic phenotype of
resistance). 1st-generation cephalosporins generally have a narrow spectrum, being active against
Gram-positive cocci, including MSSA but not Enterococcus spp. and non-beta-lactamase producing a
Gram-negative rods. The 2nd-generation cephalosporins agents tended to have decreased potency
against the Gram-positive bacteria, but improved antibacterial activity against Gram-negative
pathogens (e.g. beta-lactamase producing H. influenzae) [126-130].

1st-generation cephalosporins, specifically cefazolin, are considered antibiotics of choice for
perioperative surgical prophylaxis of infections (e.g. MSSA) in a wide variety of situations e.g.
caesarean section, breast surgery, vaginal and abdominal hysterectomies [126]. 1st-generation
cephalosporins are also used as chemoprophylaxis in preventing group B streptococcal disease in the
new-born and may still be recommended for women with a history of penicillin allergy [126].

Cefazolin is, in addition, suggested as a treatment option for MSSA bacteraemia and MSSA endocarditis
[70, 71]1.
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2nd-generation cephalosporins are used to treat mild cases of pharynagitis, tonsillitis, sinusitis and
bacterial bronchitis [129, 130]. They are also first empirical choice for UTI treatment in children [131,
132].

1st- and 2nd-generation cephalosporins are nationally approved in the EU. Indications for 1st-
generation cephalosporins include streptococcal pharyngitis and tonsillitis, otitis media,
bronchopneumonia, bacterial pneumonia, UTIs (pyelonephritis, cystitis), SSTIs (abscesses,
furunculosis, impetigo, erysipelas, pyoderma, lymphadenitis), bone and joint infections. The approved
indications for 2nd-generation cephalosporins include SSTIs as well as bone and joint infections caused
by susceptible organisms, perioperative prophylaxis (for surgical operations with increased risk of
infections with anaerobic pathogens, e.g. colorectal surgery, a combination with an appropriate
substance with activity against anaerobes is recommended). Cefoxitin and cefotetan (both
cephamycins) also have activity against anaerobes, but increasing resistance in anaerobic Gram-
negative bacilli (e.g. Bacteroides) has been reported [133].

Importance for animal health

In cattle, cefalexin injection is authorised for various indications including mastitis, metritis,
pododermatitis, respiratory, urogenital, skin and soft tissue and gastrointestinal infections caused by
various Gram-positive and Gram-negative pathogens including Enterobacterales and certain
anaerobes. Various 1st-generation cephalosporins are also authorised in intramammary preparations
for treatment of IMI due to Staphylococcus, Streptococcus, Trueperella spp. and E. coli in ruminants
(lactating and dry) and in an intrauterine formulation for endometritis in cattle.

No specific evidence was found for use of this class outside the terms of the marketing authorisation in
food-producing species.

In dogs and cats, 1st-generation cephalosporins are authorised in the EU for treatment of respiratory,
urogenital, skin and soft tissue and gastrointestinal infections caused by a range of Gram-positive and
Gram-negative bacteria. There are no authorised VMPs containing 2nd-generation cephalosporins in
the EU.

1st-generation cephalosporins are notable for high activity against Gram-positive bacteria, including
penicillinase-producing Staphylococcus pseudintermedius (not MRS), and their good oral bioavailability
in monogastrics and tolerability for infections requiring extended treatment duration e.g. for deep
pyoderma in dogs. They are recommended as a first-line/empirical treatment option for SSTI in dogs
and cats. Skin infections are one of the most common reasons for antibiotic prescribing in dogs and
cats in the EU and become serious if recurrent or progressing to cellulitis.

Most published reports of use outside the marketing authorisation relate to use of human formulations
of cefazolin (1st-generation) that are administered intravenously in the perioperative period for
surgical prophylaxis in companion animals [33, 123, 124, 134]. Cefazolin shows good penetration into
bone, hence its use during orthopaedic surgery and for treatment of osteomyelitis in dogs [33, 125].
Additional cover against Gram-negative bacteria e.g. aminoglycosides may be required in equines.
Cefoxitin (2nd-generation) may also be used for treatment of infections such as septic peritonitis due
to mixed infections including anaerobic bacteria (e.g. Bacteroides spp.) and Gram-negative bacilli
[125].

Similarly, in the open call for data, it was reported that in the absence of suitable veterinary
formulation for IV use, the human IV formulations of both 1st- and 2nd-generation cephalosporins are
important both for treatment of serious infections in companion animals e.g. septicaemia, peritonitis,
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and for surgical prophylaxis (also to avoid use of an antibiotic from a higher AMEG category). They are
also used in exotic/zoo animal species.

Development and selection of resistance

Resistance to 1st- and 2nd-generation cephalosporins in Gram-negative bacilli is mainly due to
production of beta-lactamases [135], either chromosomal or plasmid encoded. Cephamycins have
improved resistance to some beta-lactamases produced by anaerobes, including CepA of Bacteroides
fragilis [38]. 1st- and 2nd-generation cephalosporins remain active against staphylococci producing
beta-lactamases. In staphylococci, production of an additional PBP (e.g. PBP2a), through the
acquisition of mec genes, is the main mechanism of acquired resistance (e.g. MRSA/MRSP).

Cross-resistance between aminopenicillins, carboxypenicillins and 1st- and 2nd-generation
cephalosporins is common. Cefuroxime and cefoxitin (2nd-generation cephalosporins) may retain
activity against certain isolates resistant to 1st-generation cephalosporins (e.g. E. coli producing large
spectrum beta-lactamases, such as TEM-1).

Gram-negative bacilli resistant to 3rd-, 4th- or 5th-generation cephalosporins are also usually resistant
to 1st- and 2nd-generation cephalosporins. Staphylococci carrying mec genes commonly show cross-
resistance to all beta-lactams, although usually ceftobiprole and ceftaroline remains active.

There is no monitoring of resistance specifically to 1st- and 2nd-generation cephalosporins under
EFSA/ECDC mandatory EU surveillance in food-producing animals; however, resistance to
aminopenicillins in Enterobacterales from all food-producing species is generally high [59] and these
isolates would mostly also be resistant to 1st- and 2nd-generation cephalosporins owing to cross-
resistance. Monitoring of MRSA under EFSA/ECDC surveillance in food-producing species is voluntary
and data are provided by few member states. Most isolates are LA-MRSA. The prevalence ranges from
0% to 100% depending on animal production type and country [59].

Resistance to 1st- and 2nd-generation cephalosporins is reported in Enterobacterales and staphylococci
isolates from companion animals [38, 136]. There is little reporting on prevalence of MRSA/P in
companion animals, which appears to vary across the EU [60, 61]. Based on a literature review
performed by EFSA [136] the mean percentage methicillin resistance in S. pseudintermedius isolates
from 23 EU studies published since 2010 was 5.8% (range 4.2 to 41.4%)

Transmission of resistance

There is evidence for the transmission of pathogenic or commensal Enterobacterales resistant to 1st-
and 2nd-generation cephalosporins between animals and from food-producing and companion animals
to humans. Transfer of resistance genes from commensals to human pathogens might also occur.

Food is generally not considered to be a significant source of MRSA in humans [63, 64]. MRSA is
mainly transmitted by direct contact from food-producing animals [65]. In geographical areas with
high density of farms, livestock associated MRSA (LA-MRSA) could contribute significantly to the
burden of MRSA disease in humans [62, 66, 67]. There is evidence for rare zoonotic transmission of
MRSA/P from companion animals to persons in contact [62, 66, 67]. MRSA and MRSP may also be
transmitted between animals [44, 68].

In conclusion, there is evidence for the selection and transmission of resistance to 1st- and 2nd-
generation cephalosporins from animals to humans via zoonotic pathogens or commensals bacteria
capable of transferring resistance to human pathogens.

In conclusion,
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e 1st- generation cephalosporins are active against Gram-positive cocci and some Gram-negative
bacilli; importantly they are resistant to staphylococcal beta-lactamases. The 2nd-generation
cephalosporins have improved resistance to some beta-lactamases produced by Gram-negative
bacteria including CepA of the anaerobe Bacteroides fragilis. 1st- and 2nd-generation
cephalosporins are used in humans in particular for perioperative surgical prophylaxis, but have a
variety of indications including RTI, UTI, SSTI and bone and joint infections.

e In cattle, 1st-generation cephalosporins are authorised for various indications including mastitis,
pododermatitis, respiratory and urogenital infections. They have limited use in other food-
producing species except for local treatment of intramammary infections in ruminants.

e 1st-generation cephalosporins are authorised for a range of indications in dogs and cats but are
notably a first-line option for treatment of SSTI due to penicillinase-producing Staphylococcus spp.
Use outside the marketing authorisation relates mostly to surgical prophylaxis especially for
orthopaedic surgery and for treatment of serious infections e.g. septicaemia in companion animals.

e Little evidence was found for use of 2nd-generation cephalosporins in veterinary medicine.

e Resistance to 1st- and 2nd-generation cephalosporins is mostly due to production of beta-
lactamases in Gram-negative bacilli and acquisition of mec genes in staphylococcus spp. There is
cross-resistance with other beta-lactam antibiotics. This resistance can be transmitted from
animals to humans and other animals via zoonotic and target pathogenic bacteria and commensals
organisms.

Considering the characterisation of criterion (b) above, there is a risk for animal and public
health due to the development of resistance to 1st- and 2nd-generation cephalosporins.

Criterion (c) - availability of other treatments for animals

Alternatives for skin infections in dogs (and cats) include amoxiclav, clindamycin or TMPS; however,
variably high levels of resistance are noted to the latter two classes in S. pseudintermedius. Otherwise,
3rd-generation cephalosporins or fluoroquinolones (AMEG category B) might be used as second-line
[49, 72, 102, 103, 136, 137]. Alternatives for surgical prophylaxis are dependent on the nature of the
procedure and organ system, but could include parenterally administered ampicillin (not alone in
presence of Gram-negative bacteria), amoxiclav, 3rd-generation cephalosporins or metronidazole
(anaerobes).

In ruminants, alternatives to 1st-generation cephalosporins for local treatment of IMI due to Gram-
positive cocci include lincosamides, penicillin-novobiocin and antistaphylococcal penicillins, noting that
these other beta-lactams will not be effective in the presence of cross-resistance [33].

Note that alternatives may be limited by resistance development or may be from a higher AMEG
category.

Criterion (d) - availability of other antimicrobial treatments for humans

For surgical prophylaxis, alternatives exist but overall, in particular cefazolin is considered an antibiotic
of choice and is therefore critical for surgical prophylaxis [138, 139]. For other indications, there are
alternatives but some of them belong to classes that are classified by WHO as Critically Important
Antimicrobials [6].

Conclusion to consideration of criteria (b), (c) and (d) of Article 107(6)

e 1st- and 2nd-generation cephalosporins are authorised in human medicine for treatment of a
variety of indications including RTI, UTI and SSTI due to Gram-positive and some Gram-negative
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bacteria. The 2nd-generation cephalosporins have improved resistance to some beta-lactamases
produced by GNB, including CepA of Bacteroides fragilis group. 1st- and 2nd-generation
cephalosporins are particularly important in human medicine for surgical prophylaxis. There are
alternative antibiotics for the stated indications, but they may be substances of higher importance
for human health.

1st-generation cephalosporins are authorised for various indications in cattle including mastitis,
pododermatitis, respiratory and urogenital infections, but have limited authorised use in other
food-producing species, except for local treatment of intramammary infections in ruminants. They
have a broad range of indications in dogs and cats and are notably used as a first-line option for
treatment of SSTI due to penicillinase-producing Staphylococcus spp.

It is reported that human formulations for intravenous administration are used outside the terms of
the marketing authorisation in companion animals for surgical prophylaxis, under defined
conditions and for serious infections e.g. septicaemia. 1st-generation cephalosporins are also used
in exotic/zoo animal species.

Alternatives are available for the veterinary indications, but are likely to be substances from AMEG
Categories B or C.

Little evidence was found for the use of 2nd-generation cephalosporins in veterinary medicine.

Resistance to 1st- and 2nd-generation cephalosporins is mostly due to production of beta-
lactamases in Gram-negative bacilli and acquisition of mec genes in Staphylococcus spp. Although
1st- and 2nd-generation cephalosporins are stable to certain beta-lactamases, there is cross-
resistance between these two classes and with many other commonly used beta-lactam antibiotics.
This resistance can be transmitted from animals to humans and other animals via zoonotic and
target pathogenic bacteria and commensals organisms.

Based on the availability of authorised human and veterinary formulations and identified
indications, treatment outside the SPC is likely to be predominantly to individual companion
animals.

Therefore, considering the points above relevant to criteria (b), (c) and (d), itis
recommended that no conditions should be placed on the use of 1st- and 2nd-generation
cephalosporins outside the terms of the marketing authorisation, although responsible
antimicrobial use principles should be applied.
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4.7. 3rd- and 4th-generation cephalosporins, except combinations with
beta-lactamase inhibitors

4.7.1. Background information

Examples of substances in the class that are authorised in veterinary and human medicine in
the EU

Examples of substances authorised for veterinary use Examples of ATCvet codes
3rd-gen Cefoperazone QJO01DD12
QJ51DD12
Cefovecin QJ01DD91
Ceftiofur QJ01DD90
QJ51DD90
4th-gen Cefgquinome QJO1DESO
QJ51DE90
Examples of substances authorised for human use Examples of ATC codes
3rd-gen Cefditoren J01DD16
Cefixime JO01DDO08
Cefodizime J01DD09
Cefoperazone JO1DD12
Cefotaxime J01DDO1
Cefpodoxime JO1DD13
Ceftazidime J01DD02
Ceftriaxone J01DD04
Ceftibuten JO01DD14
Ceftizoxime J01DD07
4th-gen Cefepime JO1DEO1
Maximum Residue Limit status in the EU according to Regulation (EU) 37/2010
Substance Species MRL tissues MRL milk MRL eggs Other
provisions
Cefoperazone Bovine - Yes - Intramammary
use in lactating
cows only
Cefquinome Bovine, Porcine, Yes Yes - -
Equidae
Ceftiofur All mammalian Yes Yes - -
food-producing
species

EU-authorised VMP formulations, based on sales reported to ESVAC

Species Route of administration
Group Individual
In- In- Injection Oral e.g. Topical/local Intra-
feed water tablet, paste, (incl. mammary
powder intrauterine)
Cattle CEF, CEQ CFP, CEQ
Major Sheep (for -
meat)
Pigs CEF, CEQ
Chickens -
Dogs CVN
Cats CVN
Limited Horses CEF, CEQ
market
species
As listed in
SPCs

CEF (ceftiofur), CEQ (cefquinome), CVN (cefovecin), CFP (cefoperazone)
Summary of main indications and contra-indications for EU-authorised VMPs, based on
selected SPCs

Main indications Bovine - Treatment of bacterial respiratory disease (Mannheimia haemolytica,
Pasteurella multocida, Histophilus somni). Treatment of acute interdigital
necrobacilosis (Panaritium or foot rot). Treatment of acute post-partum metritis.
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Treatment of clinical mastitis in the lactating cow (Streptococcus uberis,
Streptococcus dysgalactiae, Staphylococcus aureus, Escherichia coli).
Treatment of subclinical mastitis at drying off and the prevention of new
bacterial infections of the udder during the dry period (Streptococcus uberis,
Streptococcus dysgalactiae, Streptococcus agalactiae, Staphylococcus aureus,
CNS).

In calves, treatment of E. coli septicaemia.

Pigs - Treatment of bacterial respiratory infections (Actinobacillus
pleuropneumoniae, Pasteurella multocida, Haemophilus parasuis, Streptococcus
suis). Treatment of septicaemia, polyarthritis or polyserositis (Streptococcus
suis).

In piglets, reduction of mortality in cases of meningitis caused by Streptococcus
suis. Treatment of arthritis caused by Streptococcus spp., E. coli. Epidermitis
caused by Staphylococcus hyicus.

Horses- Treatment bacterial respiratory disease (Streptococcus
zooepidermicus, Streptococcus equi, Staphylococcus spp., Pasteurella spp.)
Dogs and cats - Treatment of skin and soft tissue infections including
(Staphylococcus pseudintermedius, Pasteurella multocida)

Treatment of urinary tract infections (Escherichia coli, Proteus spp.)
Treatment of severe infections of the gingiva and periodontal tissues
(Porphyromonas spp. Prevotella spp.) in dogs.

Contraindications Do not use in known cases of hypersensitivity to cephalosporin antibiotics or to
other beta-lactam antibiotics.

Examples of EU-authorised HMP formulations, from Article 57 database

Substance Route of administration
Injection Oral e.g. tablet, Topical/local
liquid
Cefditoren X
Cefepime X
Cefixime X
Cefodizime X
Cefoperazone X
Cefotaxime X
Cefpodoxime X
Ceftazidime X
Ceftibuten X
Ceftizoxime X
Ceftriaxone X

Existing recommendations

WOAH recommendations

3rd- and 4th-generation cephalosporins are categorised VCIA by WOAH (formerly OIE). Specific
comments: The wide range of applications and the nature of the diseases treated make cephalosporin
third and fourth generation extremely important for veterinary medicine. Cephalosporins are used in
the treatment of septicaemias, respiratory infections, and mastitis. Alternatives are limited in efficacy
through either inadequate spectrum or presence of antimicrobial resistance.

Additional WOAH recommendations for 3rd- and 4th-generation cephalosporins:

e Not to be used as preventive treatment applied by feed or water in the absence of clinical signs in
the animal(s) to be treated;

e Not to be used as a first line treatment unless justified, when used as a second line treatment, it
should ideally be based on the results of bacteriological tests; and

e Extra-label/off-label use should be limited and reserved for instances where no alternatives are
available. Such use should be in agreement with the national legislation in force.

WHO classifications

WHO: HPCIA
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e (C1: Yes) Limited therapy for acute bacterial meningitis and disease due to Salmonella spp. in
children. Limited therapy for infections due to MDR Enterobacteriaceae, which are increasing in
incidence worldwide. Additionally, 4th-generation cephalosporins provide limited therapy for
empirical treatment of neutropenic patients with persistent fever.

e (C2: Yes) May result from transmission of Enterobacteriaceae, including E. coli and Salmonella
spp., from non-human sources.

e (P1: Yes) High absolute number of people affected by diseases for which the antimicrobial is the
sole or one of few therapies available.

e (P2: Yes) High frequency of use in human medicine.

e (P3: Yes) Transmission of extended spectrum beta-lactamase producing (ESBL)
Enterobacteriaceae, including E. coli and Salmonella spp., from non-human sources.

WHO AWaRe: Watch (third-generation cephalosporins): e.g. Cefixime, Cefmenoxime, Cefodizime,
Cefoperazone, Cefotaxime, Cefpiramide, Cefpodoxime proxetil, Ceftazidime, Ceftizoxime, Ceftriaxone,
Latamoxef; Watch (fourth-generation cephalosporins): e.g. Cefepime, Cefozopran, Cefpirome

AMEG and CVMP recommendations

3rd- and 4th-generation cephalosporins are included in the AMEG Category B, for which there is a
higher AMR risk to public health. For these antimicrobials, the risk to public health resulting from
veterinary use needs to be mitigated by specific restrictions. These restricted antimicrobials should
only be used for the treatment of clinical conditions when there are no alternative antimicrobials in a
lower category that could be effective. Especially for this category, use should be based on the results
of antimicrobial susceptibility testing, whenever possible.

The CVMP of the EMA has made recommendations on the use of 3rd- and 4th-generation
cephalosporins [115]. Specific precautionary phrases have been included in the summary of product
characteristics i.e. for systemically administered broad spectrum cephalosporins (3rd- and 4th-
generation) it should be reflected that these are to be reserved for the treatment of clinical conditions
which have responded poorly, or are expected to respond poorly, to more narrow spectrum
antimicrobials. Increased use, including use of the product deviating from the instructions given in the
SPC, may increase the prevalence of bacteria resistant to the 3rd- and 4th-generation cephalosporins.
Official, national and regional antimicrobial policies should be taken into account when the product is
used.

Due to concerns regarding misuse of the products for preventive group treatments in cattle, swine,
horses, and particularly in day-old chicks, and associated concerns over the human health risk due to
selection of ESBLs (extended-spectrum beta-lactamases), further warnings were added. These
included a contraindication from use of the products in poultry and statements indicating that the
products are intended for use in individual animals only, and should not be used for disease prevention
[140].

Use outside the terms of a marketing authorisation reported in literature or in the open call
for data

Disclaimer: The information in this section reflects reported use of antimicrobials outside the terms of a
marketing authorisation. No evaluation is made in this section by the working group on the efficacy or
safety of the reported uses, or on their potential impact on development and dissemination of AMR.

Information from published sources
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Textbooks refer to the use of 3rd-generation cephalosporins for last resort treatment of serious
infections due Gram-negative bacteria, some of which may not be directly covered by the authorised
indications in the SPC. For example, there are references to their use for treatment of E. coli (post-
weaning colibacillosis) and Salmonella spp. associated with bacteraemia in calves, piglets and foals and
for UTI in cattle [34, 53]. Use of 3rd- and 4th-generation cephalosporins for treatment of septicaemias,
including with meningitis, has been reported in foals [141, 142].

In companion, zoo and exotic animals, ceftazidime has been used as one of few antibiotics effective for
treatment of Pseudomonas aeruginosa infections and Enterobacterales resistant to other antibiotics

[46, 125].

Information from the open call for data on use of antimicrobials in animals

The information below is summarised from the ‘open call for data’. Inclusion in the table does not
endorse use or imply that it is consistent with use according to legislative provisions in Articles 112 to

114,

In many cases, specific disease conditions and/or target pathogens were not reported and as such,
information provided on alternative treatment classes and consequences if the antimicrobial or
formulation would no longer be available for cascade use was not reliable.

Substance Species Indication Alternatives
ceftiofur, Horses Neonatal septicaemia, non-respiratory bacterial
cefguinome infections with limit susceptibility to other AM classes
cefquinome Dogs Bacterial infections with limited susceptibility to other
AM classes
Ceftazidime Dogs otitis Off-label use of
(human marbofloxacin
formulation) (injectable
formulations
used topically)
Ceftazidime Reptiles Sepsis, pneumonia
(human
formulation)
Ceftazidime Ornamental birds, Dermatitis associated with bacteria with limit
(human reptiles susceptibility to other AM classes, Pseudomonas spp.
formulation)
Ceftazidime Ornamental fish Septicaemia (Aeromonas spp., Pseudomonas spp.)
(human with multiresistant bacteria.
formulation)
ceftiofur Zoo and aquarium Susceptible bacterial diseases
species (Penguins,
waterbirds)
cefovecin, Zoo and aquarium Susceptible bacterial diseases
ceftriaxone species (cetaceans,
(human pinnipeds)
formulation)
Ceftazidime Zoo and aquarium Susceptible bacterial diseases
(human species (Teleosts,
formulation) elasmobranchs)

4.7.2. Evaluation

Scope of permitted use according to the MRL Regulation

Cefoperazone, cefquinome and ceftiofur are included in Table 1 (allowed substances) of the Annex to
Regulation (EU) 37/2010 and can be used accordingly in food-producing species in compliance with
Articles 113 and 114 of Regulation (EU) 2019/6. ‘Other provisions’ state that cefoperazone is for
intramammary use in lactating cows only.
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All 3rd- and 4th-generation cephalosporins can be used in non-food-producing species in accordance
with Article 112.

Examples of veterinary-authorised formulations/species

3rd-generation cephalosporins are available as injectable formulations for cattle, pigs, horses, dogs
and cats. They are also authorised as intramammary preparations for cattle. There are no formulations
authorised as VMPs for oral administration, or for administration to groups of animals.

The 4th-generation cephalosporins, cefquinome, is authorised as an injectable formulation for cattle,
pigs and horses and as an intramammary formulation for use in cattle.

Step 1. Assessment against the criteria (b), (c) and (d) of Article 107(6)

Criterion (b) - risk for animal or public health in case of development of antimicrobial
resistance

Importance for human health

3rd- and 4th-generation cephalosporins are active against Gram-positive and Gram-negative bacteria,
and are notably stable to many beta-lactamases, including the common beta-lactamases produced by
staphylococci. In addition, ceftazidime, cefoperazone and fourth generation cephalosporins have
activity against Pseudomonas spp.

In human medicine, 3rd-and 4th-generation cephalosporins are important to treat a high number of
patients with severe infections including meningitis, community- and hospital-acquired pneumonia,
bacteraemia, acute intra-abdominal infections, complicated UTI, skin and soft tissue and bone and
joint infections, gonorrhoea and endocarditis. They are regarded as an essential component of the
limited treatment alternatives available for management of serious, life-threatening infections.

Importance for animal health

In food-producing species, 3rd- and 4th-generation cephalosporins are authorised for use in cattle,
pigs and horses only. In cattle, they are authorised for use by injection to treat respiratory diseases
due to Mannheimia haemolytica, Pasteurella multocida, Histophilus somni, interdigital necrobacillosis,
septicaemia and acute mastitis with systemic involvement caused by E. coli and acute metritis. They
are also authorised for use via the intramammary route for subclinical and clinical mastitis. In pigs,
3rd- and 4th-generation cephalosporins are authorised for treatment of respiratory infections
(Actinobacillus pleuropneumoniae, Pasteurella multocida, Glaesserella parasuis, Streptococcus suis),
mastitis-metritis-agalactia syndrome and septicaemia, arthritis, polyserostis, meningitis and
epidermitis due to Strep. suis. In horses, they are authorised for administration by injection to treat
respiratory diseases (Streptococcus zooepidermicus, Streptococcus equi, Staphylococcus spp.,
Pasteurella spp).

No evidence was found for the use of 3rd- and 4th-generation cephalosporins in food-production
aquaculture in the EU.

In dogs and cats, 3rd-generation cephalosporins (cefovecin only) are authorised by injection for
treatment of skin and soft tissue infections, UTI and severe periodontal infections.

In line with good veterinary practice, 3rd- and 4th-generation cephalosporins are to be reserved for
use in veterinary medicine when there are no alternatives from a lower AMEG category that could be
clinically effective, and preferably on the basis of susceptibility testing.
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The ‘open call for data’ received reports of use of 3rd- and 4th-generation cephalosporins outside the
terms of the marketing authorisation to treat infections in various minor species including reptiles,
ornamental birds, fish and zoo and aquarium species e.g. cetaceans and pinnipeds. Human
formulations were also reported to be used in these species. In textbooks, it is noted that 3rd-
generation cephalosporins have been used to treat septicaemia and meningitis in foals, for Salmonella
Choleraesuis infections in pigs [33, 53] and various serious infections involving MDR Enterobacterales
and P. aeruginosa (notably ceftazidime) in companion and zoo animals [125]. Ceftiofur and other
cephalosporins are identified as important for treatment of zoo animals due to long dosing intervals. In
addition, there are reports of use of human-authorised 3rd-generation cephalosporins (cefpodoxime)
for oral treatment of SSTI and UTI in companion animals, although this may relate to availability of
veterinary formulations in third countries [46].

Development and selection of resistance

The most important mechanisms of resistance to cephalosporins are the beta-lactamase enzymes (e.g.
ESBL, AmpC) that catalyse hydrolysis of the beta-lactam ring. There is a very wide variety of different
beta-lactamases with varying substrate specificity [37].Beta-lactamases are generally encoded by
genes located on mobile, extrachromosomal genetic elements (e.g. plasmids) responsible for the wide
dissemination of these enzymes, or in the bacterial chromosome.

Resistance can also be due to efflux pumps and decreased permeability of the cell membrane in Gram-
negative bacilli.

Another important mechanism of beta-lactam resistance is alterations in penicillin binding proteins,
PBPs. This type of mechanism is found in staphylococci and is mediated by mec genes [39, 40, 76,
77]. The result of the mec-gene is a modified penicillin binding protein with low affinity to nearly all
beta-lactams except to the staphylococcal cephalosporins, ceftobiprole and ceftaroline. mec gene-
harbouring staphylococci are known as methicillin-resistant staphylococci (MRS). Today, methicillin
resistance is a common feature in Staphylococcus aureus, Staphylococcus pseudintermedius and in
many coagulase negative staphylococci [78]. The mec genes locate in a chromosomal genetic element
called Staphylococcal Cassette Chromosome mec (SCCmec). There is evidence suggesting that mec
genes or SCC mec elements are transferrable between different staphylococcal species [78, 79]. mecB
can also be plasmid encoded [76]. Methicillin-resistant staphylococci usually spread clonally.

Cross-resistance between 3rd- and 4th-generation cephalosporins is common.

Monitoring of Salmonella spp. and indicator E. coli under EFSA/ECDC mandatory EU surveillance in
food-producing animals showed that resistance to 3rd-generation cephalosporins was seldom detected
in 2019-20. The prevalence of resistance to 3rd-generation cephalosporins was generally very low in
Salmonella spp. (1.1% of isolates from animals/carcasses), but with variability between MS which may
be due to the presence of resistant clones of particular serovars in certain animal populations. No
resistance to 3rd-generation cephalosporins was detected in Salmonella spp. isolates from calves or
their carcases. The proportion of presumptive ESBL-and AmpC-producers was very low/low in
Salmonella isolates, although higher in some serovars (e.g. S. Infantis, S. Kentucky) and in isolates
from broilers. In Salmonella spp. from human cases of non-typhoidal salmonellosis in 2019-20,
resistance to 3rd-generation cephalosporins was overall very low at 0.8%.

Resistance to 3rd-generation cephalosporins in indicator E. coli isolates was not detected by some MSs
and median levels across the EU were very low/low in the four animal populations in 2019-20, ranging
from 1.2 to 1.7% of isolates according to population. The proportion of presumptive ESBL-and AmpC-
producers was low overall ranging from 1.0% of isolates from calves to 1.3% isolates from turkeys;
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although with higher levels in some MSs, up to 5.6, 5.9, 6.3 and 7.1% in calves, pigs, turkeys and
broilers, respectively [28].

Monitoring of MRSA in food-producing animals is voluntary and not harmonised, and data are provided
by few member states to EFSA/ECDC surveillance. Most isolates are LA-MRSA. In 2019-20, the
prevalence of MRSA varied widely depending on animal production type and country [28].

The EU mandatory surveillance programme does not monitor for AMR in isolates from food-producing
aquatic species. High rates of resistance to 3rd- and 4th-generation cephalosporins have been
identified in foodborne pathogens from aquatic food animals in Asia [116].

Monitoring for resistance to 3rd- and 4th-generation cephalosporins in target pathogens

In the context of the Animal Health Law, Regulation (EU) 2016/429, EFSA has assessed AMR bacteria
responsible for animal transmissible diseases, with a view to such pathogens being listed for EU action.
For this assessment, EFSA conducted an extensive literature review to determine the global state of
play of selected resistant bacteria that constitute a threat to animal health and this was used by
experts to identify those bacteria most relevant to the EU. Scientific opinions were developed
separately for species including dogs and cats, horses, pigs, cattle, small ruminants and rabbits (See
Annex 3. EFSA Animal Health Law Scientific opinions).

EFSA identified E coli as a relevant AMR pathogen in dogs and cats, horses, pigs, cattle, sheep and
goats and rabbits in the EU. For dogs and cats, thirteen EU studies were reviewed which included E.
coli isolates. The level of resistance to 3rd-generation cephalosporins ranged from 0.2 to 71.4%, with
mean resistance of 6.5%. In horses, 7 EU studies were considered; resistance levels varied from 2.9 to
60%, with an average of 8.9%. Studies with the highest levels of resistance included isolates from
hospitalised patients. For swine, EFSA reviewed 12 papers, together including > 8,000 isolates and
derived a mean resistance to 3rd-generation cephalosporins of 4.2 % (range 0 to 15.5%). In cattle,
the average level of resistance to 3rd-generation cephalosporins in E. coli isolates was 2.9% (3
studies) and in dairy cattle alone (mostly mastitis cases) it was 4.3% (14 studies). In most EU studies,
the proportion of resistance to 3rd-generation cephalosporins in E. coli from sheep and goats was very
low (=< 3%). In rabbits, E. coli is mostly associated with neonatal and post-weaning colibacillosis and
overall 1% of isolates were resistant to ceftiofur.

In cattle, EFSA also identified Staphylococcus aureus as a relevant AMR bacteria. S. aureus is an
opportunistic pathogen of the skin and most importantly a cause of mastitis which can be transmitted
between cows at milking. Review of four papers from Europe identified an average resistance of 13.7%
to cefoperazone and of 6.9% to ceftiofur in samples originating mainly from mastitis cases. It was
noted that in some studies that level of resistance to these two drugs was not the same as that for
methicillin despite the mechanism of resistance being the same and that the ceftiofur clinical
breakpoint (CBP) may not identify all MRSA infections. For Streptococcus uberis, the average levels of
resistance were 5.7% for cefoperazone (3 studies) and 13% for ceftiofur (1 study), and for Strep.
dysgalactiae, the average level of resistance was 4.2% for cefoperazone (1 study).

For companion animals, recent European studies have shown a diversity of blacrx-w genes (e,g. blacrx-m-
1, blactx-m-14, blacrx-m-27, blactx-w-ss, and blaswv-12 ) in E.coli isolates from dogs, cats and horses in the
EU, and the presence of highly virulent human-related clones such as E. coli ST131. These isolates can
be associated with both colonisation and infection in companion animals [143-145]. Increasing
prevalence of MRSP infections in dogs is also of growing concern considering the limited therapeutic
options [146].

Transmission of resistance
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There is evidence for the transmission of resistance to 3rd- and 4th-generation cephalosporins from
food-producing and companion to humans via Enterobacterales that are zoonotic pathogens or
commensal bacteria. Enterobacterales are mainly transferred from food-producing animals to humans
via the foodborne route [82, 86]. Transfer of resistant zoonotic pathogens is demonstrated for
Salmonella spp. and certain E. coli strains [147-152]. Moreover, the same or similar beta-lactam
resistance genes (including ESBLs) have been isolated in bacteria of human and animal origin, and
molecular studies support the potential for transfer of MGEs from animal to human enteric
commensals, contributing to the spread of antibiotic resistance genes and resistant bacteria in the
human intestinal tract [38, 87, 88]. Companion animals may also be a reservoir for beta-lactamase
resistance that can be transferred between animals and humans via Enterobacterales that are zoonotic
pathogens or commensal bacteria, and by direct and indirect transmission, although there are few
studies investigating these pathways [90-92].

Methicillin-resistant staphylococci may also be transmitted from food-producing and companion
animals to humans. Food is generally not considered to be a significant source of MRSA in humans [59,
93]. MRSA is mainly transmitted by direct contact from food-producing animals [65]. In geographical
areas with high density of farms, livestock associated MRSA (LA-MRSA) contribution to the burden of
MRSA disease could be significant [94, 95, 153]. There is evidence for rare zoonotic transmission of
MRSA/P from companion animals to persons in contact [62, 66, 67, 90].

In conclusion, there is evidence to support the selection and transmission of resistance to 3rd- and
4th-generation cephalosporins from animals to humans and other animals via zoonotic or target
pathogens or commensals bacteria capable of transferring resistance to other pathogenic bacteria [3].

In conclusion,

e 3rd- and 4th-generation cephalosporins are essential antimicrobials in both veterinary and human
medicine, used to treat serious, including life-threatening, infections.

e In veterinary medicine, 3rd- and 4th-generation cephalosporins are regarded as last resort
antibiotics, used in particular to treat Gram-negative infections that are resistant to other
veterinary-authorised beta-lactam antibiotics.

e Resistance to 3rd- and 4th-generation cephalosporins in Gram-negative bacteria is mainly due to
plasmid-borne genes encoding ESBLs or chromosomal AmpC.

e The prevalence of extended-spectrum beta-lactamases (ESBL) and AmpC producers in indicator E.
coli from food-producing animals varies greatly between animal production type and country.

e Resistance in Staphylococcus spp. also occurs due to alteration of penicillin binding proteins,
mediated by mec genes (e.g. LA-MRSA, MRSP).

e There is cross-resistance with other beta-lactam-classes depending on their individual susceptibility
e.g. to specific beta-lactamase enzymes. Beta-lactam antibiotics with a broader spectrum of action,
such as 3rd- and 4th-generation cephalosporins will exert a broader selection pressure. MRS are
resistant to almost all beta-lactams.

e Resistance may be transferred from animals to humans via the foodborne route and to other
animals by direct and indirect contact, through transmission of zoonotic and target pathogenic
bacteria and commensals organisms.

Considering the characterisation of criterion (b) above, there is a risk for animal and public
health due to the development of resistance to 3rd- and 4th-generation cephalosporins.
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Criterion (c) - availability of other treatments for animals

The incidence of infectious diseases in cattle and pigs can be reduced by adjusting management
practices e.g. limiting travelling distances, quarantine, avoiding co-mingling of animals from different
sources, improving housing, ventilation and general biosecurity, and also through use of vaccinations
[12]. In pigs, vaccinations (sows or piglets) can be an effective way to reduce the occurrence of
neonatal and post-weaning diarrhoea due to E. coli; however, it is necessary to use the appropriate
vaccine for the most prevalent ETEC pathotype on the farm and to ensure that the vaccine is
administered at the optimal time. In poultry, vaccination programmes for various viral diseases (e.g.
ND, IB, IBD, Marek’s) have greatly reduced the need for antibiotic treatments but there is a great
diversity in APEC strains and fewer effective vaccines are available. Vaccines are also available against
Salmonella Typhimurium and certain other serovars in pigs and cattle in the EU. However, these
options cannot replace antibiotics when treatment is needed for sick animals.

Potential alternatives to 3rd- and 4th-generation cephalosporins for resistant E. coli infections are
limited to AMEG Category B substances, i.e. colistin (not foals) or fluoroquinolones, or, depending on
patient/disease suitability, aminoglycosides (Category C). 3rd- and 4th-generation cephalosporins may
also be used for treatment of respiratory tract infections in horses (Streptococcus zooepidermicus,
Streptococcus equi, Staphylococcus spp., Pasteurella spp.), cattle (e.g. Mannheimia haemolytica) and
pigs (e.g. Actinobacillus pleuropneumoniae), metritis in cattle and pigs and interdigital necrobacillosis
in cattle (e.g. Fusobacterium spp.). For these diseases, resistance to all first-line antimicrobials is
uncommon in the EU [55, 108, 154]; however, in line with VMP authorisations, use of 3rd- and 4th-
generation cephalosporins is restricted to infections in individual animals that have responded poorly or
are unlikely to respond to first-line antimicrobials e.g. based on susceptibility testing [155]. Therefore,
potential alternatives would be dependent on the findings of AST and are likely to be limited to other
Category B antibiotics.

In dogs and cats, 3rd-generation cephalosporins are authorised for treatment of UTI, SSTI and severe
periodontal infections with SPC restrictions as mentioned above. Pathogens causing UTI (e.g.
Enterobacterales) and SSTI (e.g. S. pseudintermedius) in dogs and cats are increasingly resistant to
first-line antibiotics. 3rd-generation cephalosporins are one of limited options for pyelonephritis which
requires rapid empirical treatment; fluoroquinolones are the alternative. SSTI become serious if
recurrent or progressing to cellulitis and 3rd-generation cephalosporins may be used as a second-line
treatment; alternatives are fluoroquinolones or, according to patient suitability, aminoglycosides or
rifampicin. 3rd-generation cephalosporins are one of few antibiotics available for treatment of
anaerobic infections in companion animals with alternative options being clindamycin and
metronidazole [3].

Criterion (d) - availability of other antimicrobial treatments for humans

Alternatives to treat infections in humans caused by resistant Enterobacterales such as E. coli and K.
pneumoniae are limited and include ‘last resort’ antibiotics such as combinations of 3rd-generation
cephalosporins with a beta-lactamase inhibitor (e.g. ceftazidime-avibactam), carbapenems and colistin,
as well as monobactams, according to the specific mechanism of resistance and susceptibility to other
classes [3].

Conclusion to consideration of criteria (b), (c) and (d) of Article 107(6)

e 3rd- and 4th-generation cephalosporins are essential antibiotics in both veterinary and human
medicine for treatment of both Gram-positive and Gram-negative infections, being stable to many
beta-lactamases. In human medicine, they are important due to use to treat a high number of
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patients with severe infections, including e.g. pneumonia and meningitis, caused in particular by
Enterobacterales and (4GCs) Pseudomonas spp.

e In veterinary medicine, 3rd- and 4th-generation cephalosporins are authorised for use in cattle,
pigs, horses and companion animals. They are used as last resort, both in accordance with and
outside the marketing authorisations to treat life-threatening infections such as septicaemia,
urogenital and respiratory infections. They are also used outside of the marketing authorisation for
treatment of animal species not listed in the SPCs, including ‘exotic’ and zoo species.

e The most important mechanism of resistance to 3rd- and 4th-generation cephalosporins in Gram-
negative bacteria is due to plasmid-borne ESBLs or AmpC genes. Although prevalence of this
resistance in animal isolates of indicator E. coli and Salmonella spp. is generally low on mandatory
surveillance in food-producing species, it is variable in clinical isolates. There is evidence to support
the selection and transmission of resistance to 3rd- and 4th-generation cephalosporins from
animals to humans, including via the foodborne route, and to other animals.

e 3rd- and 4th-generation cephalosporins are included in the AMEG category B. According to SPCs
and responsible use guidance, they should preferably be used in animals on the basis of
susceptibility testing and only when antibiotics from a lower AMEG category would not be clinically
effective; therefore, the availability of alternative treatments for animals in these circumstances is
limited. In human medicine, the alternatives are often human-only last resort antibiotics.

e The extent of use of 3rd- and 4th-generation cephalosporins outside the marketing authorisation is
unknown. Many examples were found in literature, relating to individual animal administration.
There are no VMPs containing 3rd- and 4th-generation cephalosporins that are authorised in the EU
for group administration.

Therefore, considering the points above relevant to criteria (b), (c) and (d), it should be
considered if conditions or a prohibition should be placed on the use of 3rd- and 4th-
generation cephalosporins outside the terms of the marketing authorisation.

Step 2. Considerations of conditions to be placed on use outside the terms of a marketing
authorisation

Please refer to Section 3.1.2. of the main report for the general rationale behind the
proposed conditions.

(i) Use for unauthorised indications

Condition: For those indications not included in the SPC of the concerned product, use must be based
on target pathogen identification and antimicrobial susceptibility testing that demonstrates that 3rd-
and 4th-generation cephalosporins are likely to be effective and that antimicrobials from a lower AMEG
category would not be effective, unless it can be justified that this is not possible.

Rationale: See Section 3.1.2.(i) of the advice.

Condition: Use 3rd- and 4th-generation cephalosporins under Article 113 to treat salmonellosis should
be restricted to use of injectable products in individual animals with potentially life-threatening
infection.

Rationale: The primary mechanisms for controlling Salmonella in pigs in the EU are through elimination
or control and reduction programmes [156], including use of vaccination and husbandry measures
outlined above [157]. Despite these measures, Salmonella can be re-introduced onto the farm through
contaminated feed and water or wildlife such as rodents, birds and foxes. Clinical salmonellosis
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infection in pigs is usually due to host-adapted S. Choleraesuis (causing septicaemia) or non-host
adapted S. Typhimurium (enterocolitis). Ubiquitous serotypes such as S. Typhimurium and S.
Enteritidis generally cause human infections, but serious systemic illness in humans due to S.
Coleraesuis is rare. Use of antibiotics has been justified to reduce severity of signs and prevent
suffering in individual animals but does not reduce the prevalence or duration of shedding by sick or
recovered animals, hence it has been concluded that use of antimicrobials for Salmonella control
(metaphylaxis) in pigs should be discouraged due to the public health risk and use should be limited to
individuals with life-threating salmonellosis (bacteriemia with high fever, depression and dyspnoea)
[158, 159].

Salmonella infection in cattle can manifest as haemorrhagic enteritis, endotoxaemia, septicaemia,
pneumonia and abortions. Host-adapted S. Dublin is the most common serotype in cattle and rarely
causes infections in humans; S. Typhimurium is the second most common serotype. Control
programmes are also implemented in some EU countries. Antimicrobial treatment is controversial due
to the public health risk and possibility that cattle infected by S. Dublin may become chronic sub-
clinical carriers that maintain infection in the herd. However, faecal shedding is a lesser problem in
calves. Antimicrobial use in calves has been justified in case of enteritic salmonellosis to prevent
development of bacteraemia and multiple organ disease, in which case systemic antimicrobial
treatment is always needed [53, 160].

In terms of public health risk, most concern relates to serovars of Salmonella that have been
associated with human foodborne diseases outbreaks. In the EU, data for 2020 show that most such
outbreaks were due to S. Enteritidis (57.9%), S. Typhimurium, Monophasic S. Typhimurium, S.
Infantis and S. Derby. S. Enteritidis was primarily linked to broilers and layers/eggs, S. Typhimurium
to broilers and pig sources, Monophasic S. Typhimurium to pigs and broilers, S. Infantis to broilers and
S. Derby to pigs and turkeys [28]. EFSA/ECDC monitoring data from 2019-2020 show overall high
resistance levels to ampicillin, sulfonamides and tetracyclines (ASuT) in Salmonella spp. from human
cases and moderate-very high ASuT resistance in Salmonella isolates from food-producing species in
most member states, limiting first-line treatment options. Resistance to fluoroquinolones was also very
high amongst Salmonella spp. from poultry and moderately high in isolates from human cases; whilst
it was moderate-low in isolates from calves and pigs. Invasive salmonella infections in humans are
treated by preference with 3rd-generation cephalosporins, fluoroquinolones or, in children,
azithromycin. As noted above, resistance to 3rd-generation cephalosporins in Salmonella isolates from
food-producing species in 2019-2020 was either not detected, or detected at very low levels in most
reporting MSs, with combined resistance to cefotaxime and ciprofloxacin also very low in both animal
and human isolates, with the exception of S. Kentucky and S. Infantis serovars.

Considering the zoonotic risk related to salmonella in poultry, antimicrobial use in national control
programmes is already restricted in accordance with Commission Regulation EC 1177/2006 and the
principal control strategy is elimination by testing and culling of infected flocks. See also proposed
Condition under (ii), below.

Although there is lower potential for transmission of resistant salmonella clones from other food-
producing animals to humans, this is an on-going public health concern [82]. In conclusion, there may
be justification for antibiotic use to reduce severity of signs of salmonellosis and prevent suffering in
individual animals with potentially life-threatening infection, considering that many member states do
not have ‘stamping out’ policies for salmonellosis other than in poultry. It is proposed that 3rd- and
4th-generation cephalosporins should be prohibited for treatment or metaphylaxis of Salmonella spp.
by use of oral group administration.

(ii) Use for unauthorised target species
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3rd- and 4th-generation cephalosporins are authorised in VMPs intended for use in cattle, pigs, horses,
dogs and cats.

Condition: Not to be used in poultry.

Rationale: As identified from EFSA mandatory surveillance of AMR in food-producing animals
(EFSA/ECDC 2022), poultry and poultry products are most frequently reported to carry ESBL and/or
AmpC-producing Salmonella and E. coli. Although decreasing trends have now been observed in some
member states, the prevalence of ESBL/AmpC producing E. coli in meat samples from poultry is still
high (based on culture of samples on selective media) when considering the mean across member
states. Based on the CVMP’s reflection paper on the use of 3rd- and 4th-generation cephalosporins in
food-producing animals in the EU (EMEA CVMP, 2009) and the EFSA Scientific Opinion on the public
health risks of bacterial strains producing extended-spectrum beta-lactamases and/or AmpC beta-
lactamases in food and food-producing animals [84], a subsequent CVMP referral and Commission
Decision issued in January 2012 determined that VMPs containing 3rd- and 4th-generation
cephalosporins should include in the SPCs a contraindication from use in poultry.

Reference should also be made to Section 3.1.2.(ii) of the advice
(iii) Administration by an unauthorised route or use of extemporaneous formulation

Condition: 7o be used in individual animals only. Exemption: Ornamental or conservation aquatic
animals kept in closed water tanks.

Rationale: Authorised VMPs containing 3rd- and 4th-generation cephalosporins are available for
administration in formulations for individual animal use, via injection or intramammary routes. 3rd-
and 4th-generation cephalosporins have not been authorised in veterinary medicines for administration
as group treatments and therefore no formal AMR risk assessment has been conducted for associated
routes of administration (see Section 3.1.2.(iii) of this advice).

Condition: Not to be used in food-producing aquaculture

Rationale: Although EFSA does not monitor for antimicrobial resistance in aquaculture food production,
ESBLs have been detected in isolates from fish and other species reared in aquaculture systems
globally [116, 117]. Considering that aquaculture systems are regarded as potential hotspots for
driving emergence, release, transmission and persistence and spread of AMR bacteria and resistance
genes, discussed in Section 3.1.2.(iii) of this advice, and the high importance to human and animal
health of this antimicrobial class, it is recommended that its use in food-production aquaculture should
be restricted [118].

(iv) Use of a human medicinal product

Human medicinal products are available for administration by injection and orally.
No further conditions proposed to those already mentioned above.

Rationale: See Section 3.1.2.(iv) of this advice.

(v) Use of a third country veterinary medicinal product

According to the Regulation, third country VMPs may only be used in the same species and for the
same indication. No further conditions proposed to those mentioned above.

Rationale: See Section 3.1.2.(v) of this advice.
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Step 3. Consideration of Criteria (a) and (e) in view of proposed conditions to be placed on
use outside the terms of a marketing authorisation

Criterion (a) - risk to animal health or public health if the antimicrobial is used in
accordance with Articles 112, 113 and 114

SPCs recommend that 3rd- and 4th-generation cephalosporins should not be used in small herbivores.
Target animal safety warnings in the SPCs of authorised VMPs should be followed. Consumer safety is
mitigated through the application of the statutory withdrawal period in accordance with Article 115.

Criterion (e) Impact on aquaculture and farming if the animal affected by the condition

receives no treatment

Proposed condition

Potential impact on aquaculture and farming if
animal affected by the condition receives no
treatment

For those indications not included in the SPC
of the concerned product, use must be based
on target pathogen identification and
antimicrobial susceptibility testing that
demonstrates that 3rd- and 4th-generation
cephalosporins are likely to be effective and
that antimicrobials from a lower AMEG
category would not be effective, unless it can
be justified that this is not possible.

This condition does not preclude treatment. See
Annex 1. of report for further discussion.

Use of 3rd- and 4th-generation
cephalosporins under Article 113 to treat
salmonellosis should be restricted to use of
injectable products in individual animals with
potentially life-threatening infections.

An EU baseline survey conducted by EFSA in 2008
[161] found Salmonella Typhimurium on
approximately 6% of pig production and breeding
holdings in the EU overall, with much lower
prevalence of S. Choleraesuis. The findings of a
systematic review of studies published between
2000 - 2017 estimated a prevalence of Salmonellae
in healthy cattle in Europe of 2%. [158, 162, 163].
However, prevalence of Salmonellae on farm or in
healthy animals at slaughter does not give a full
picture of the prevalence of outbreaks of clinical
disease, for which evidence is difficult to find for the
EU.

Salmonellae are often resistant to many first-line
antibiotics used in food-producing animals (ASuT
resistance pattern); and second-line treatment
options may be limited e.g. aminoglycosides,
florfenicol, fluoroquinolones. Abortions, septicaemia,
meningitis, encephalitis and death are potential
sequelae to infection. As there are no 3rd- and 4th-
generation cephalosporins VMPs currently
authorised for group administration, it is unlikely
that they have previously been used by this route
for treatment and metaphylaxis of salmonellosis.
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The proposed conditions do not prevent treatment
of individual animals in order to protect animal
welfare.

Outbreaks can be minimised by use of attention to
biosecurity, husbandry and use of vaccination where
available; however, eradication is not always
feasible [53, 158].

Not to be used in poultry.

According to Commission Decision (2012)182, SPCs
have included a contraindication for use of 3rd- and
4th-generation cephalosporins in poultry since
2012; therefore, a legal restriction on such use is
unlikely to have a significant further impact on
poultry farming.

Not to be used in food-producing aquaculture

No evidence was found for the use of 3rd- and 4th-
generation cephalosporins in food-production
aquaculture in the EU; therefore, although impacts
on aquaculture cannot be fully foreseen, they are
not expected to be significant under current
circumstances.

Administration to individual animals only

There are no 3rd- and 4th-generation
cephalosporins VMPs currently authorised for group
oral administration, and no evidence was found that
they have previously been used by this route.
Therefore, although the impact on farming of
restriction to individual animal use cannot be
foreseen, it is not expected to be significant.

Step 4. Final conclusion - recommendations made for conditions to be placed on use outside

the terms of a marketing authorisation

Based on the discussion above, the following conditions are proposed for use under Articles 112, 113

and 114:

e For those indications not included in the SPC of the concerned product, use must be based on
target pathogen identification and antimicrobial susceptibility testing that demonstrates that 3rd-
and 4th-generation cephalosporins are likely to be effective and that antimicrobials from a lower
AMEG category would not be effective, unless it can be justified that this is not possible.

e Use of 3rd- and 4th-generation cephalosporins under Article 113 to treat salmonellosis should be
restricted to use of injectable products in individual animals with potentially life-threatening

infections.

e Not to be used in poultry.

e Not to be used in food-producing aquaculture

e To be used in individual animals only. Exemption: Ornamental or conservation aquatic animals kept

in closed water tanks.
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4.8. Polymyxins

4.8.1. Background information

Examples of substances in the class that are authorised in veterinary and human medicine in
the EU

Examples of substances authorised for veterinary | Examples of ATCvet codes
use
Colistin (polymyxin E) QJO1XBO1
QA07AA10
QJ51XB01
QJ51XB02
Polymyxin B QJ01XB02
QAO07AA05
QS01AA18
QS02AA11
QS03AA03
Examples of substances authorised for human Examples of ATC codes
use
Colistin (polymyxin E) JO1XB01
AO07AA10
Polymyxin B JO1XB02
A07AA05
S01AA18
S02AA11
S03AA03
Maximum Residue Limit status in the EU according to Regulation (EU) 37/2010
Substance Species MRL tissues MRL milk MRL eggs
Colistin All food-producing Yes Yes Yes
species

EU-authorised VMP formulations, based on sales reported ESVAC

Species Route of administration
Group Individual animal administration
administration
In- In- Injection Oral Oral e.g. Topical/local Intra-
feed water Powder tablet, paste (incl. mammary
intrauterine)

Cattle CST CST CST CST CST CST
Major

Sheep CST CST CST

(meat)

Pigs CST CST CST CST

Chickens CST CST CST

Dogs CST PMB

Cats CST PMB
Limited Turkeys CST CST CST CST
market Poultry incl. | CST csT csT csT

geese,

ducks,

gamebirds

Guinea-pig PMB

Goats CST CST CST

Rabbits CST CST CST

Buffalo CST

Horses CST

Pigeons CST

CST (colistin), PMB (polymyxin B)
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Summary of main indications and contra-indications for EU-authorised VMPs, based on
selected SPCs

Main indications Colistin

Group oral formulations and oral powders for cattle, sheep, pigs and poultry are
indicated for: Treatment and metaphylaxis of enteric infections caused by non-
invasive E. coli susceptible to colistin.

Injectable formulations are authorised for IM administration in cattle (calves)
sheep (meat) and pigs to treat colisepticaemia, urinary and gastrointestinal
infections due to Salmonella spp. and E. coli including oedema disease in piglets
and gynaecological infections caused by E. coli and Pseudomonas spp.
Injectable formulations in combination with tiamulin, amoxicillin and ampicillin
are authorised (in Spain) variously for treatment of food-producing and
companion animals for a variety of diseases.

Polymyxin B

Topical treatments for pet animals: For the treatment of otitis externa and small
localised superficial skin infections caused by Gram-negative organisms e.g.
Pseudomonas spp., E. coli

Contraindications Colistin

Do not use in horses, particularly in foals, since colistin, due to a shift in the
gastrointestinal microflora balance could lead to the development of
antimicrobial associated colitis (Colitis X), typically associated with Clostridium
difficile, which may be fatal.

Polymyxin B (topical)
Do not use in case of perforated tympanic membrane.

Examples of EU-authorised HMP formulations, from Article 57 database

Substance Route of administration
Injection Oral e.g. tablet, Topical/local
liquid
Colistin (polymyxin E) X X
Polymyxin B X

Existing recommendations

WOAH recommendations

Polymyxins are categorised VHIA by WOAH (formerly OIE). Specific comments: This class is used in
the treatment of septicaemias, colibacillosis, salmonellosis, and urinary infections. Polymyxin E
(colistin) is used against Gram-negative enteric infections.

Additional WOAH recommendations for polymyxins:

e Not to be used as preventive treatment applied by feed or water in the absence of clinical signs in
the animal(s) to be treated;

e Not to be used as a first line treatment unless justified, when used as a second line treatment, it
should ideally be based on the results of bacteriological tests;

o Extra-label/off-label use should be limited and reserved for instances where no alternatives are
available. Such use should be in agreement with the national legislation in force; and

e Urgently prohibit their use as growth promotors.

WHO classifications

WHO: HPCIA

e (C1: Yes) Limited therapy for infections with MDR Enterobacteriaceae (e.g. Klebsiella spp., E. coli,
Acinetobacter, Pseudomonas spp.).

e (C2: Yes) May result from transmission of Enterobacteriaceae from non-human sources.
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e (P1: Yes) High numbers of people affected by diseases who are seriously ill in healthcare facilities
in any countries for which the antimicrobial is the sole or one of few therapies available.

e (P2: Yes) In multiple countries there is high use in people in critical care settings or where
multidrug resistant organisms are prevalent.

e (P3: Yes) Colistin resistant bacteria and the mcr family genes can be transmitted via the food
chain.

WHO AWaRe: Polymyxin B and colistin are in the Reserve group

AMEG and CVMP recommendations

Polymyxins are included in the AMEG Category B, for which there is a higher AMR risk to public health.
For these antimicrobials, the risk to public health resulting from veterinary use needs to be mitigated
by specific restrictions. These restricted antimicrobials should only be used for the treatment of clinical
conditions when there are no alternative antimicrobials in a lower category that could be effective.
Especially for this category, use should be based on the results of antimicrobial susceptibility testing,
whenever possible.

A referral procedure for veterinary medicinal formulations containing colistin at 2 000 000 IU/ml and
intended for administration in drinking water to any food-producing species was conducted by the
CVMP in 2010. It concluded that indications for the treatment of salmonella infections in calves, lambs,
pigs and poultry should be deleted since supporting clinical data were inadequate and treatment of
subclinical infections might interfere with national control programmes. Indications for the products for
treatment of non-invasive E. coli infections in calves, lambs, pigs and poultry were found to be
adequately supported.

In 2014 the CVMP undertook a further referral, for all products containing colistin as sole active
substance for oral administration in food-producing animals. In addition to deletion of indications
relating to salmonella infections, it was also recommended to restrict the indications for use to
treatment of enteric infections caused by susceptible non-invasive E. coli only and that any indications
for prophylactic use should be removed. Based on the recommended treatment durations for the
proposed indication and the concentration-dependent activity of colistin, it was concluded that the
treatment duration should be limited so as not to exceed 7 days in order to reduce the selection
pressure for resistance.

In addition, with the withdrawal of the indication for salmonellosis, and owing to concerns regarding
safety in horses, this animal species was removed from the SPC for orally administered products and a
related contraindication for use in horses was added.

In 2016 the CVMP recommended the withdrawal of the marketing authorisations for all veterinary
medicinal products for oral use containing colistin in combination with other antimicrobial substances
since no benefit could be demonstrated for the combination products over the monotherapy product for
the given indications, which included gastrointestinal and respiratory infections. CVMP noted that
colistin combination products were intended to address needs where antimicrobial distribution would be
required both in the gastrointestinal tract and beyond (e.g. gastrointestinal infection coupled with
septicaemia and multi-organ disease) or where extended spectrum of antimicrobial cover was needed
(e.g. polymicrobial infections). Acceptable clinical or other data were not provided to support these
scenarios. Furthermore, the CVMP concluded that ‘the benefit-risk balance for all veterinary medicinal
products containing colistin in combination with other antimicrobial substances to be administered
orally to food-producing species is negative, due to a lack of clinical relevance and in view of over-
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exposure of colistin that could pose a potential risk to animal and human health from an acceleration of
the occurrence of colistin resistance’.

Further information on the justification for these measures is available [164-166].

Following the identification in 2015 of the mcr-1 gene conferring resistance to colistin, and the
increasing importance of colistin in human medicine, continued use of the substance in veterinary
medicine has come under intense scrutiny. The CVMP/AMEG provided advice to the Commission on the
use of colistin products in animals in the EU in 2016 [167]. This advice acknowledges that colistin is a
last resort antibiotic in human medicine for treatment of severe nosocomial infections due to
multidrug-resistant (MDR) Gram-negative bacteria that increasingly account for high morbidity and
mortality. It was recognised that there is the potential for transfer from animals to humans of colistin-
resistant pathogens and colistin resistance genes in commensal organisms through food and other
routes of exposure. However, colistin remains of therapeutic importance in veterinary medicine, in
particular for the treatment of serious enteric E. coli infections in poultry, weaning piglets and calves.
Owing to high levels of resistance to other antibiotics in this pathogen, the only alternatives to colistin
may be other CIAs. Recommendations were made to set targets to substantially reduce veterinary use
of colistin in the EU, and to move the substance into the AMEG's higher risk category.

Use outside the terms of a marketing authorisation reported in literature or in the open call
for data

Disclaimer: The information in this section reflects reported use of antimicrobials outside the terms of a
marketing authorisation. No evaluation is made in this section by the working group on the efficacy or
safety of the reported uses, or on their potential impact on development and dissemination of AMR.

Information from published sources

Literature reports indicate that historically colistin was administered for prevention of pre- and post-
weaning diarrhoea in piglets [168, 169]. Although injectable colistin products are authorised for
treatment of Salmonella spp. infections, textbooks also refer to use of oral formulations for this
indication [33, 96].

Polymyxin B is used for the treatment of endotoxemia in horses, due to its unique property of binding
to non-specific endotoxins in the blood [170].

Information from the open call for data on use of antimicrobials in animals

The information below is summarised from the open call for data. Inclusion in the table does not
endorse use or imply that it is consistent with use according to legislative provisions in Articles 112 to
114,

Colistin Alternatives Consequences of
Species Indication unavailability
Dairy cattle, small Salmonellosis, to reduce Neomycin, tetracyclines and
ruminants, pigs levels of excretion apramycin, dependent on
susceptibility
Fluoroquinolones
All food-producing Gram-negative infections Fluoroquinolones, 3rd- and 4th- Increased mortalities
species including septicaemia and | generation cephalosporins, and welfare issues
diarrhoea gentamicin
Vaccination
Poultry Respiratory/systemic Neomycin, tetracyclines,
colibacillosis fluoroguinolones, sulfonamides
Avian species: geese, Colibacillosis Wider spectrum antibiotics/ no
ducks alternatives
Rabbits Colibacillosis Fluoroquinolones Increased treatment
duration
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Horses Colibacillosis, diarrhoea Cephalosporins, fluoroquinolones | Unable to treat,

or no alternatives welfare issues
Ornamental fish Bacterial infections Dependent on susceptibility Deaths if untreated
Various spp. Use of colistin + Increased use of
amoxicillin combinations fluoroquinolones or no
for septicaemia, alternatives

respiratory,
gastrointestinal and
genitourinary infections

Dogs Injectable formulation Euthanasia
used topically to treat
otitis media due to MDR
Pseudomonas spp.

Polymyxin B Alternatives Consequences of
Species Indication unavailability
Horses Endotoxaemia (Reg (EU) Flunixin Less effective
122/2013) treatment
Horses Eye infections None Enucleation,
septicaemia

4.8.2. Evaluation

Scope of permitted use according to the MRL Regulation

Colistin is included in Table 1 (allowed substances) of the Annex to Regulation (EU) 37/2010, having
MRLs in all food-producing species, and hence can be used in accordance with Articles 113 and 114 of
Regulation (EU) 2019/6. There are no ‘Other provisions’ mentioned in Table 1 that are of relevance to
use outside the terms of the marketing authorisation.

Polymyxins can be used in non-food-producing species in accordance with Article 112.

Substances/indications in equines out of scope of evaluation for conditions due to listing in
Regulation (EC) 1950/2006, as amended by Regulation (EU) 122/2013

Polymyxin B is listed for systemic treatment for endotoxaemia associated with severe colic and other
gastrointestinal diseases in equines.

Examples of veterinary-authorised formulations/species

Colistin is authorised for administration in feed and drinking water for all major and some limited
market food-producing species. It is also authorised for administration by injection in cattle, sheep,
pigs, goats, horses, dogs and cats and for intramammary administration in cows.

No authorised VMPs were found for use in aquaculture in the EU.

Polymyxin B is authorised for topical administration (skin, eye, ear) in dogs, cats and rodents, for
treatment of susceptible Gram-negative bacterial infections.

Step 1. Assessment against the criteria (b), (c) and (d) of Article 107(6)

Criterion (b) - risk for animal or public health in case of development of antimicrobial
resistance

Importance for human health

In human medicine, polymyxins (colistin) are one of few available therapies for serious systemic
healthcare-associated infections due to MDR Enterobacterales, Acinetobacter baumannii and
Pseudomonas aeruginosa, especially in seriously ill patients in ICUs. It is used as last resort in
combination with meropenem, aminoglycosides or tigecycline for the treatment of infections caused by
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carbapenemase-producing Gram-negative bacteria. Colistin should be used with care due to potential
nephrotoxicity. Colistin is also administered by inhalation for the treatment of infections in cystic
fibrosis patients and in patients with ventilator-associated pneumonia [171].

Infections caused by MDR Gram-negative bacteria are an increasing threat to healthcare delivery
globally and colistin has increasingly been used in hospitals in the EU/EEA. Infections caused by
carbapenem-resistant Gram-negative bacteria are associated with high levels of mortality and there
were also an estimated 2,500 deaths due to colistin-resistant Gram-negative bacteria in the EU/EEA in
2015 [172].

Importance for animal health

Colistin is authorised in (group and individual) oral VMPs in the EU. In 2014 the CVMP recommended to
restrict the indications for all VMPs containing colistin to be administered orally (in feed or water and
tablets; calves, sheep, goats, pigs, poultry, rabbits) to “Treatment and metaphylaxis of enteric
infections caused by susceptible non-invasive E. coli” only. Any indications for prophylactic, general
indication or indication for any other pathogen were removed (Commission Decision (2015)1916 of 16
March 2015). According to the SPC, use should be based on susceptibility testing [173, 174]. Colistin is
also authorised for parenteral and intramammary use. Colibacillosis (diseases due to E. coli, including
enterotoxigenic strains) is a major cause of morbidity and mortality in neonatal and juvenile livestock
of various species, especially swine [175-177]. Injectable formulations of colistin are authorised in a
limited number of MSs for cattle (calves) sheep (meat) and pigs to treat colisepticaemia, urinary,
gastrointestinal infections (Salmonella spp. and E. coli including oedema disease in piglets) and
gynaecological infections caused by E. coli and Pseudomonas.

In dogs and cats, polymyxin B is among few alternatives for topical treatment of serious otitis due to
Gram-negative infections and is included for this indication in the WSAVA list of essential medicines for
cats and dogs [178]. It is also authorised for topical use in pets to treat small localised superficial skin
infections caused by Gram-negative organisms e.g. Pseudomonas spp., E coli.

The ‘open call for data’ received reports of various uses of polymyxins in animals described as being
outside of the terms of the marketing authorisation. Given the authorised formulations, indications
etc., in many cases it is not possible to determine which aspect of use was not in line with the SPC.
There were reports of use of colistin to treat limited market species, such as horses, goats, geese,
ducks and ornamental fish, not included on the label of specific products, and use of oral formulations
to treat broader Gram-negative infections including salmonellosis in pigs and ruminants. Injectable
colistin combinations (+beta-lactam) were reported as used to treat peritonitis in calves and acute
endotoxic mastitis in cattle. One expert also noted use of this combination to treat neonatal ruminants
with diarrhoea caused by E. coli and clostridia. Polymyxin B was reported as used to treat eye
infections in horses and otitis media due to MDR Pseudomonas spp. in dogs.

No evidence was found for use of polymyxins in aquaculture in the EU, although use has been reported
in SE Asian countries [179].

Development and selection of resistance

Acquired resistance to polymyxins can be both chromosomal and plasmid-borne [167, 180]. Previously
colistin resistance was thought to be entirely due to acquired mutations affecting the biosynthesis of
lipopolysaccharide in the bacterial cell wall. Many of these mechanisms are recognised as being
unstable. In 2015, the plasmid-borne mcr-1 gene was identified. Mcr-1 encodes an enzyme (MCR-1)
that modifies the lipid A, leading to resistance to polymyxins. Multiple mcr genes have now been
described [181]. Resistance due to plasmid-mediated mcr genes has been detected in
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Enterobacterales, Acinetobacter and Pseudomonas spp. and is reported globally from animals, food
products, environment and in human clinical and non-clinical (screening) specimens [167, 180, 182-
188].

mcr and ESBL genes have been identified on the same plasmid in salmonellae from food-producing
animals, indicating the possibility for co-selection of resistance. [167, 188, 189]. Co-existence of mcr-
genes and genes encoding for carbapenem resistance (NDM) have been found in E. coli isolates (on
different plasmids) from food-producing animals and meat in China [190-192].

Although information about colistin resistance in bacteria derived from animals and food animal
products is still limited, a widespread dispersion of mcr genes in livestock animals has been described
[193]. Recent mandatory EU surveillance reported as overall (very) low i.e. <2% but variable
prevalence of colistin resistance in Salmonella spp. (excluding intrinsically resistant strains) and
indicator E. coli from different food-producing animal species and countries, but with moderate to high
levels particularly in isolates from poultry in some countries [59].

EFSA does not monitor for antimicrobial resistance in aquaculture food production and information on
colistin resistance in this sector is scare, par