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Introductio n

According to Article  37(5) of Regulation ( EU) 2019/ 6 ( 6t h é¢he Rumgean Carbmission&hgall
adopt implementing acts designating antimicrobials or groups of antimicrobials to be reserved for the

treatment of  certain infections in humans . On 1 July 2019, the European Commission requested the

European Medicines Agency to provide scientific recommendations on the se dlesignated antimicrobials 6

The EMAG6s scientific recommendat i ons,sedandghe outcemreofwi th t he met!|
evaluations of different antimicrobial groups, are provided in this advice. Supp lementary information,

including supp orting monographs prepared for antiviral and antifungal classes/substances and the

ATC(vet) codes for substance s included in each antimicrobial grouping are presented in the Annex

The EMA has previously provided advice to the Commission in the context of  the delegated act
referenced under Article 37(4) of the Regulation , to establish the criteria to designate the

antim icrobials to be reserved for humans [1]. Therefore, the CVMP considered that the expert group
involved with this earlier advice should be requested  also to assist in preparing the recommendations
relating to the  designat ed antimicrobials . This group consisted of experts from the European Network,
EFSA, ECDC, EMA and external experts on human infectious diseases .

The CVMP appointed additional experts from the  European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) and from national authorities, who assisted by reviewing working
documents prepared  for the evaluation by the core expert group. The CVMP is grateful to all the
experts for their pa rticipation.

The mandate and objectives of the expert group were agreed by the group itself and endorsed by the
CVMP.

The expert group submitted their report to the CVMP on 21 January 202 2.

The CVMP adopted the scientific advice on 16 February 2022.

Summary

Promoting the responsible use of antimicrobials in animals in order to reduce the risk of antimicrobial
resistance to public health is one of the cornerstones of the Regulation (EU) 2019/6 on v eterinary
medicinalpr oduct s ( 6t h e whth geanleairttoiapphicétipn on 28 January 2022.

Article 37(5) of the Regulation mandates the designation of antimicrobials that shall be reserved for
human use only, in order to preserve their efficacy for the treatment of certain critical infections in
humans. These designated antimicrobials cannot be included in EU  -authorised veterinary medicines
(Articles 37( 3) and 152(1) of the Regulation) or used to treat any animal 1 under the provisions of
Articl es 112, 113 and 114 of the Regulation i.e. outside the terms of the marketing authorisation

(Article 107(5)) . In addition, acknowledging the capacity for antimicrobial resistance (  AMR) to
disseminate and become a global public health concern, these designa ted antimicrobials must not be
used in animals or their produce to be imported into the EU from third countries (Article 118 of the
Regulation ).

The provisions under Article 37(5) are part of a range of measures to tackle antimicrobial resistance
that are laid down in the Regulation. Other measures include a ban on preventive use of antibiotics in
groups of animals, restrictions on metaphylactic use of antimicrobials, a ban on the use of

'Regul ation (EU) 2016/ 429, the Animal Health Law, defines dani mal sd as
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ant imicrobials in veterinary medicinal products for promotion of growth and increasing yield and an
obligation for Member States to collect data on the sales and use of antimicrobials in animals.

In 2019, the Agency provided to the European Commission recomm endations on the criteria for
designation of the antimicrobials to be reserved for humans  [1]. Three main criteria were identified,

which were subsequently  formally laid out in Commission Delegated Regulation  (EU) 2021/176 0 [2].In
summary , t hese criteria relate to:

- A: High importance of the antimicrobial to human health to treat serious, life -threatening
infections that have no or limited availability of alternative treatment s.

- B: Risk of trans mission of resistance to the antimicrobi al from animals to humans, including
cross -resistance or co -selection of resistance to other crucial antimicrobials

- C:Non -essential need for the antimicrobial for animal health , meaning that the absence in
veterinary medicine would not lead to a significant impact on animal health, animal welfare or
public health

An antimicrobial or  a group of antimicrobials which meet s all three of the criteria above shall be
designated as reserved for the treatment of humans  only .

In July 2019 , the European Commission requested the European Medicines Agency to provide scientific

recommendations on  the designation of antimicrobials to be  reserved for humans . Under the

Regul ati on, 6ant i mi thiotck, andviradsdantiprotazdals dne antfungals. The

Commi ssionbés mandate advised that the recommendations shoul ¢
without a human and/or veterinary marketing authorisation, including those that may be developed in

future.
Considering the number of individual substances in scope , and the mixed availability of supporting
evidence relating to the criteria  , different methodologies were used for the assessment of the different

types of antimicrobials, as summarised below

Antibiotics were addressed in  their pharmacological (sub) classes as identified by AMEG,  with a few
exceptions for certain substances that were considered independently from their class due to individual
characteristics. Considering the requirementthata Il three of the criteria in the delegated regulation
should be met in order for an antimicrobial to be designated for usein humans only, a stepwise
assessment was conducted: all classes were initially assessed against criterion A (high importance to

human health); however, only those meeting this criterion were assessed against criterion B (risk of
transmission of resistance), and only th ose meeting both criteria A and B were evaluated against
criterion C (non -essential need for animal health).

The evaluation of the compliance of the antibiotics with the criteria for antimicrobials reserved for
treatment of humans is provided in Section  3.1.

Antivirals _are very important in human medicine as there are limited treatment options for specific viral
diseases. Owing to their mode s of action (see Section 2.6. ), substances based on interferons and

monoclonal antibodies were excluded from the scope of the review . At present, n o antiviral agents are
authorised in the EU in veterinary medicine s. The potential  risk from the use of antiviral ~ substances in
animals leading to the selection and dissemination of resistant viruses that could infect humans was

assessed. As a first step, the zoonotic viruses th at are known to occur in Europe and that could infect

animal species that might be candidates for treatment with antivirals (food -producing , companion and
other kept animals) were identified .In a second step , the frequency of the occurrence of the zoonoti c

disease in humans and the antivirals intended for human therapy of these viral zoonotic diseases were
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considered. The antiviral classes identified were then assessed with regard to their mechanism of

action (virus -specific or broad spectrum of activity). Antivirals that were  assessed for recommend ation
to be reserved for  use in humans were those used for human therapy of zoonotic diseases that are
endemic or frequently occurring in the EU or those that, due to their spectrum of activity, may be

active aga inst such zoonotic viruses.  Reports of use of these antivirals in veterinary medicine were

identified a long with any evidence for their effectiveness to treat animal diseases. Itwas then
considered if these antivirals are essential in veterinary medicine for treatment of serious diseases in
animals for which there are no alternatives before determining if they should be recommended to be
reserved for humans

The summary of the  evaluation of the compliance of the important antiviral s with the criteria for the
designation of antimicrobials  to be reserved for humans is provided in Section 3.2.

For antifungals , an initial review was ma  de of the fungal diseases that are of greatest importance to
human health, together with their global distribution. Consideration was then given to the zoonotic

potential and epidemiology of these diseases to determine possible routes for trans mission of

anti funga | resistance from treated animals to humans. Treatment guidelines, amongst other sources,

were reviewed for preferred and last resort treatment options and it was considered if the same or

similar antifungal s are used in both human and veterinary medicine. Monographs were then prepared
for the antifungal agents identified of highest importance to human health, addressing in more detail
the three criteria to be metfor the antimicrobials designated for treatment of humans only . Itis of
note that few antifungal s are available and development of resistance to these agents in human
medicine is of rising concern; however, little information is available on the extent of resistance ,
especially in veterinary fungal isolates.

A summary of the evaluation o f compli ance of the important antifungal s with the criteria for the
designation of antimicrobials  to be reserved for humans is provided in Section ~ 3.3.

Antiprotozoals _include a diverse range of substances and their mode of action against specific protozoa
is often poorly understood. Some are effective against a range of protozoa, whilst other individual

agents have a more specific spectrum of activity . Hence , antiprotozoals are difficult to classify and

were considered in the context of the disease they treat rather than in pharmacological groups. A

similar approach was taken to their evaluation as that used for the initial review of the antifungals an d

theoutcome i s presented in a tabular format. The critem$on of 6h
addressed through the discussion of the importance of the disease and its recognised treatments  in

humans as noted in published treatment guidelines (if available) and other sources ,e. 9. WHOOGs

Essential Medicines List [3]. The possib ility of a zoonotic reservoir  for the important human protozoal
diseases identified was then considered as this could represent a pathway for transmission of

resistance if the same antiprotozoal is used to treat the infection in both animals and humans . There
are few veterinary authorised antiprotozoals in the EU, other than for economically important diseases

such as coccidiosis , hence use of medicines outside  the terms of a marketing authorisation was also
examin ed. For certain protozoal diseases (e.g. ma laria) , the occurrence of resistance is well

documented , whereas for many others the evidence is limited, especially for veterinary isolates. This,

and other evidence gaps e.qg. in relation to the zoonotic potential of some diseases, hindered aspects of
eva luation against the criteria. Detailed monographs were not prepared  for individual classes  or
substances.

The evaluation of the compliance of important antiprotozoal s with the criteria for the designation of
antimicrobials  to be reserved for humans is provided in Section  3.4.
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The evidence used for the evaluation of antimicrobial classes against the criteria originated from

various sources inclu  ding peer -reviewed literature, textbooks and grey literature, the latter includ ing
EU surveillance and other reports published by ECDC, EFSA and EMA. For antibiotics, notice was paid
to the categorisations made by the AMEG and by international organisation s (WHO, OIE) also  paying
attention to  their context and relevance to the criteria for antimicrobials designated for human use

When inadequate information was available in the public domain, the opinions of professional experts ,
e.g. infectious disease cli  nicians, microbiologists, have been sought. Considering , in particular, the lack
of published data on the use of antimicrobials outside the terms of a marketing authorisation in

animals , additional information on the treatment of serious infections in anim als in the EU was solicited
via an open call for data made by the Agency (see Section 4. ofthe Annex).

Recommendations for antimicrobials to be reserved for

human use only according to Article 37(5)

It is recommended that the following antimicrobials and groups of antimicrobials should be reserved
for the treatment of humans. See Section 2. Methodology for an explanation of the terms &lasses §
Gubclasses 6and d@roups § in the context oft  his advice.

Table 1. Recommendations on the antimicrobials to be  reserved for human use

Antimicrobial classes, subclasses, substances Location of the

detailed evaluation

Antibiotics
Note: Except for five individual  substances, reference is made to antibiotic classes with a single example given of

a substance in each class.

Carboxypenicillins and ureidopenicillins, including their
combinations with beta -lactamase inhibitors Table 12, page 34
(e.g. piperacillin, piperacillin -tazobactam)

Ceftobiprole and ceftaroline
Table 15, page 39

Combinations of cephalosporins with beta  -lactamase inhibitors

(e.g. ceftolozane -tazobactam) Table 16, page 40
Siderophore cephalosporins

(e.g. ¢ efiderocol ) Table 17, page 41
Carbapenems |, including carbapenems with beta -lactamase

inhibitors Table 18, page 42
(e.g. meropenem, meropenem  -vaborbactam)

Penems

(e.g. faropenem) Table 19, page 44
Monobactams

(e.g. aztreonam) Table 20, page 45
Phosphonic acid derivates

(e.g. fosfomycin) Table 23, page 47
Glycopeptides

(e.g. vancomycin) Table 24, page 49
Lipopeptides

(e.g. daptomycin) Table 25, page 50

Advice on the designation of antimicrobials or groups of antimicrobials reserved for treatment of certain

infections in humans - in relation to implementing measures under Article 37(5) of Regulation (EU) 2019/6 o n

veterinary medicinal products

EMA/CVMP/678496/2021 Page 5/234



Antimicrobial classes, subclasses, substances

Location of the
detailed evaluation

(e.g. linezolid)

Oxazolidinones

Table 26, page 51

Macrocycles
(e.g. fidaxomicin)

Table 29, page 54

Plazomicin

Table 34, page 58

Glycylcyclines
(e.g. tigecycline)

Table 37, page 60

Eravacycline

Table 39, page 62

Omadacycline

Table 40, page 63

Antivirals
The following individual substances only

Amantadine

Baloxavir marboxil
Celgosivir

Favipiravir

Galidesivir
Lactimidomycin
Laninamivir
Methisazone/metisazone
Molnupiravir
Nitazoxanide (also an antiprotozoal)
Oseltamivir

Peramivir

Ribavirin

Rimantadine

Tizoxanide

Triazavirin

Umifenovir

Zanamivir

Table 62, page 81

Antifungals

None

| Table 63, page 92

Antiprotozoals
The following individual substances only

Nitazoxanide ( included due to antiviral properties )

| Table 65, page 103

Further recommendations

1 Endangered animal species that are kept for
variety of antimicrobials are needed totreat the diverse diseases

conservation purposes

have special importance and a
from which they may suffer

There is often  restricted contact between these animals and humans , limit ing the opportunity for

transfer of resistant organisms . Thus, there are

factors to take into account  for this
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special group of animals in the ¢ ontext of the antimicrobials designated for human use only . This
might be taken into consideration by the Commission.

1 The recommendations on the antimicrobials to be reserved for human use w ere established based
on current scientific knowledge. The recomm endations should be reviewed |, to consider both
addition or deletion of classes/ substances , in the light of new scientific evidence or emerging
information . This information could include, in both human and veterinary medicine, the
emergence of new diseases or changes in the epidemiology of existing diseases , changesi n
antimicrobial resistance and chang es in availability and patterns of antimicrobial use.

%  For new antimicrobial  substance s authorised for human use after publication of this advice, it is
recommended that the Commission should request the Agency to evaluate them against the
criteria for designation of antimicrobials to be reserved for human use only.

1 Itmay be necessary  perio dically to review the methodologies used for the evaluation of antibiotics,
antivirals, antifungals and antiprotozoals , presented in  Sections 2.5. to 2.8. , in the light of
scientific developments and experience gained.
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1. Terms of reference and scope

This report represents the advice of the Agency on implementing measures  to be introduced under

Article 37(5) of Regulation (EU) 2019/6 on veterinary medicinal products (6t he Reg(4].drtthison d)
context, t he request from the European Commission requires the Agency to provide scientific

recommendations  on the content of a list of antimicro bials to be reserved for use in human medicine ,

only .

This advice is linked to the  Advice on implementing measures under Article 37(4) of Regulation (EU)
2019/6 on veterinary medicinal products - Criteria for designating antimicrobials reserved for

treatme nt of certain infections in humans [1], as provided by the Agency to the European Commission
in October 2019.

Accordingtothe Co mmi s s imanddiesb oth antimicrobials for which a marketing authorisation has
already been granted and those without a marketing authorisation, including new antimicrobials and

those to be developed in future, may be subject to evaluation under the criteria (Articles 37(5) and
152(1) of the Regulation ). Article 37(3) states that a marketing aut horisation for an antimicrobial
veterinary medicinal product shall be refused if the antimicrobial is reserved for the treatment of
humans in accordance with Article 37(5).

In addition, as described in Article 107(5), the antimicrobials designated to be reserved for human use
shall not be used in accordance with Articles 112, 113 and 114 i.e. outside the terms of the marketing
authorisation

The designated antimicrobials or groups of anti microbials will fall under the scope of Article 118(1) of
the Regulation , which requires that operators in third countries shall not use these antimicrobials for
animals or products of animal origin to be exported to the European Union.

The reservation of antimicrobials for human use is one of a range of measures to tackle antimicrobial
resistance that are laid down in the Regulation. Other measures include a ban on preventive use of

antibiotics in groups of animals, restrictions on metaphylactic use of ant imicrobials, a reinforced ban on
the use of antimicrobials for promotion of growth and increasing yield and an obligation for Member

States to collect data on the sales and use of antimicrobials in animals.

Under the Regulation, 6 ant i mi aomeanbanya Isubstance with a direct action on microorganisms used
for treatment or prevention of infections or infectious disease, includ ing antibiotics, antivirals

antifungals and antiprotozoals

Coccidiostats and histomonostats that are regulated as feed additives in the EU under Regulation (EC)

1831/20 03 are not addressed in this advice . Those anticoccidials that are regulated as veterinary

medicinal products have been addressed in the section relating to antipro tozoals.

The Annex to the advice includesasummary anal ysis of an O6open call for data ol
antimicrobi al sthaiwas ased tongaih imférmation on in -practice use of antimicrobials in

veterinary medicine  in order to support the advice.

Advice on the designation of antimicrobials or groups of antimicrobials reserved for treatment of certain

infections in humans - in relation to implementing measures under Article 37(5) of Regulation (EU) 2019/6 on

veterinary medicinal products

EMA/CVMP/678496/2021 Page 13/234



2. Methodology

2.1. Background

It is recognised in the recitals to the Regulation thata ntimicrobial resistance is a ma jor global public
health threat that requires urgent action in accordance with a One Health approach. Hence a range of
risk management measures aimed a t tackling AMR are laid out, amongst them being provisions to

reserve certain antimicrobials for use in humans only. This action is aimed  to preserve as long as
possible the efficacy of antimicrobials that are critical for the treatment of life  -threatening infections in
humans.

Article 37(4) of the Regulation allow s the Commission to adopt a delegated act establishing the criteria
for the designation of the antimicrobials to be reserved for human use . The Commission Delegated
Regulation (EU) 2021/1760 on the criteria  [2] was drafted by the Commission taking account of

scientific advice from EMA [1] and following consultation with Member States and stakeholders. In the
preamble to the delegated regulation, the Commission notes that various international organisations

and countries have elaborated criteria for the ranking of antimicrobial classes for the purpose of

developing risk management strategies relating to antimicrobial use, and mentions that these we re
takenintoaccount i n t he A gdeicedoythe €ommission on the criteria  for the designation of
antimicrobials to be reserved for humans . It is also noted that the banning of the use of an

antimicrobial in animals is one of the most severe risk manag ement measures and should be done
cautiously.

2.2. Criteria for the designation of antimicrobials to be reserved for the
treatment of certain infections in humans

The Commission Delegated Regulation (EU)2021/1760 includes three criteria to designate
antimicro bials that s hall be reserved for use in humans. In summary,t hese criteria lead to the
identification of  those antimicrobials:

1 that are of high importance to preserve human health and that should therefore be considered for
use in human medicine only (crit erion A) ,

1 whose use in animals could accelerate the spread of AMR by allowing transmission of resistance
from animals to humans (criterion B) , and

1 that do not represent an essential need for animal health, and whose absence in veterinary
medicine would not lead significant impact on animal health or major impact on animal welfare and
public health  (criterion C)

The criteria, as laid out in the Annex to the Commission Delegated Regulation , are presented in their
entirety below. Antimicrobials that qualify to be designated to be reserved for treatment of humans
shall meet all _three criteria , A, Band C . If one of the three criteria is not met, the
antimicrobial/antimicrobial group will not be reserved for treatment of human S.
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Criteria from the Annex to the Commission Delegated Regulation (EU) 2021/1760 [2]

Part A: Criterion of high importance to human health
1. The antimicrobial or group of antimicrobials meets this criterion if any of the following applies:

(a)itisthe sole or last  -resort antimicrobial or group of antimicrobials available in a patient
management treatment approach for serious, life -threate ning infections in humans which, if
inappropriately treated, would lead to significant debilitating morbidity or significant mortality;

(b) it is an essential component of the limited treatment alternatives available in a patient
management treatment appr oach for serious, life  -threatening infections in humans which, if
inappropriately treated, would lead to significant debilitating morbidity or significant mortality;

(c) itis an antimicrobial or a group of antimicrobials, which is authorised in the Union for the
treatment of serious microbial infections in patients with limited treatment options, indicating that the
antimicrobial or the group of antimicrobials considered is recognised as addressing an unmet medical
need related to antimicrobial resistance

2. Factors considered responsible for limited treatment alternatives for patients, as referred to in point
1(b), include:

i the virulence and antimicrobial resistant phenotype(s) of the microorganisms causing infection,
including multidrug resistance;

T the characteristics of the patients (for example, immunocompromised, paediatric, elderly) and
disease (for example, site of infection concerned) under treatment;

i the proportion of patients requiring treatment and the impact on healthcare services.
Par t B: Criterion of risk of transmission of resistance
1. The antimicrobial or group of antimicrobials meets this criterion if any of the following applies:

(a) for an antimicrobial or group of antimicrobials authorised for use in animals, scientific eviden ce,
including epidemiological evidence where available, exists showing that:

T there is an actual emergence, dissemination and transmission of resistance to this
antimicrobial or group of antimicrobials, or induction of cross -resistance or co -selection of resistance to
other antimicrobials, and

T transmission of such resistance from a nimal sources to humans is significant and linked
to the use of this antimicrobial or group of antimicrobial in animals, whether it occurs through
microorganisms resistant to the antimicrobial or group of antimicrobials considered or through the
transmissi on of genes conferring resistance to the antimicrobial or group of antimicrobials considered.

(b) for an antimicrobial or group of antimicrobials not authorised for use in animals, scientific
evidence exists showing that:

T there is the potential for emerge nce, dissemination and transmission of resistance to
this antimicrobial or group of antimicrobials or potential for inducing cross -resistance or co -selection of
resistance to other antimicrobials, and
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T this transmission from animal sources to humans would likely be significant and linked
to the use of this antimicrobial or group of antimicrobials in animals, whether it would occur through
microorganisms resistant to the antimicrobial or group of antimicrobials considered or through the
transmission of genes  conferring resistance to the antimicrobial or group of antimicrobials considered

2. Factors triggering significant transmission of resistance between animals and humans linked to the
use of an antimicrobial or group of antimicrobials in animals include:

T use selects for resistance, cross -resistance or co -selection of resistance to antimicrobials that
are crucial for human medicine;

I transmission of resistance occurs by vertical as well as horizontal transmission;
I transmission of resistance involves zo onotic pathogens;
I transmission can take place by different routes of exposure;

i transmission occurs through a number of different animal species.

Part C: Criterion of non -essential need for animal health
This criterion is met if any of the following a pply:
1. The antimicrobial or group of antimicrobials meets this criterion if any of the following applies:

(a) there is no robust evidence of the need for the antimicrobial or group of antimicrobials in
veterinary medicine;

(b) the antimicrobial or group of antimicrobials is used to treat serious, life -threatening infections in
animals which, if inappropriately treated, would lead to significant morbidity or significant mortality, or
would have a major impact on animal welfar e or public health, but adequate alternative medicinal
products are available for the treatment of those infections in the animal species concerned;

(c) the antimicrobial or group of antimicrobials is used to treat serious, life -threatening infections in
animals which, if inappropriately treated, would lead to limited morbidity or limited mortality and there
is scientific evidence showing an overriding public health interest in not using it.

2. The provisions laid down in point 1 apply when the antimicrob ial or group of antimicrobials
considered is either of the following:

(a) an antimicrobial or group of antimicrobials present within authorised veterinary medicinal
products;

(b) an antimicrobial or group of antimicrobials present within medicinal produc ts authorised for use
in humans, that may be administered to animals outside the terms of their marketing authorisation.
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Points regarding the application of the criteria

1 The Commission D elegated Regulation also includes, in the recitals of the preamble , certain
background of importance to the application of the criteria . In relation to Criterion C, in recital  (9)
of the delegated regulation , itis state d: dVhen considering the use of alternative me dicinal
products instead of certain antimicrobial medicinal products, it is important that those products are
adequate and available. Such alternatives should be authorised medicinal products in suitable
formulations for the treatment of the disease in the animal species requiring treatment . Their use
should result in a lower risk to public health in terms of antimicrobial resistance  than the

antimicrobial they aimtoreplace &

T Al so of not e, in relation t o Crsiuhderstood no nikan thdt,én the r m
A g e n c wietv,ghere is sufficient evidence for transmission [or potential for transmission] of
resistance to justify consideration of the need for risk mitigation, noting that Criteria A and C are
also to be taken into account when co nsidering if a substance should be reserved for human use

1  The scope of the antimicrobials designated for human use is understood to extend to all
antimicrobial substances, whether or not authorised for human medicine and/ or veterinary
medicine , in or outside of the EU. Although the medicinal use of antimicrobial classes outside the
EU may have been reviewed as part of the evaluations, compliance with criteria A and C has been
assessed only in the context of circumstances in the EU.

Considering the number of individual substances in scope, and the mixed availability of supporting

evidence relating to the criteria, different methodologies were used for the assessment of the different

types of antimicrobials . The specific methodologies used to eva luate antibiotics, antivirals , antifungals
and antiprotozoals against the criteria  are addressed in Sections 2.5. , 2.6. , 2.7. and 2.8. of this
advice , respectively

2.3.  Which substances are included within a particu lar 6 groupé of
antimicrobials?

To assist with the identification of individual substances that belong to each group of antimicrobials

considered, the related WHO ATC codes and ATCvet codes have been included in the supporting
documentation (Annex 6. ). However, the ATC classification [5] groups substances according to
chemical, pharmacological and/or therapeutic groups , and in some instances the ATC groupings are
inconsistent with those groupings considered to be pertinent for the development of recommendations
on the antimicrobials to be reserved for human use . For example, some substances appear in more

than one ATC grouping and have different codes if they are included in different pharmaceutica | forms
(e.g. for systemic or topical use) or have different therapeutic uses (e.g. nitroimidazoles , used as
antibacterials or antiprotozoals ). In addition, not all antimicrobial substances have ATC codes assigned

and there is no complete international dat abase of all antimicrobial substances available. Therefore, it

is likely that there are some antimicrobials that have been omitted from specific mention in this report.

In most instances, antibiotics and antifungals have been evaluated in groups according to their
pharmacological (sub)class. However, there may be exceptions. In some cases , individual substances
were evaluated separately due to properties that set them apart from other antimicrobials in their
pharmacological class . For example, eravacycline belongs to the tetracycline class but

evades /overcomes a certain mechanism that confers resistance to most other tetracyclines . It has
therefore been evaluated separately from other substances in  the tetracycline class.
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A different approach was taken to antivirals and antiprotozoals which, for methodological reasons
explained below, were initially considered in groups relating to the important human diseases that they
are used to treat.

For the reasons stated above, it i s suggested that  antibiotics not individually mentioned inthe  advice
can be regarded as  included in the same grouping as other molecules from the same pharmacological

(sub)class thatis used in this report . In many cases this can be based on the ATC codin g; however , in
some cases the grouping used for the recommendations on the antimicrobials  to be reserved for

humans is a sub -division of the lowest ATC grouping available (e.g. glycylcyclines are addressed

separately from other tetracyclines although the ATC 4 th level code is the same, JO1AA ).

For antivirals , it may be assumed that only those individual substances list ed in Table 1 above are
included inthe recommendations on the antimicrobials to be reserved for human use.

At present, no an tifungal or antiprotozoal groups are recommend ed to be reserved for human use only

For new antimicrobial  substance s authorised for human use after publication of this advice it is

recommended that the Commission should request the Agency to evaluate them against the criteria for
designation of antimicrobials to be reserved for human use only . It should be noted that it may be
necessary to consider  these substances separately from their ~ ATC group.

2.4. Data sources and open call for data

In order to formulate its recommendations, various data sources  have been used e.g. peer -reviewed
literature references , textbooks and grey literature: official reports from EU Agencies (e.g. EFSA, ECDC

and EMA surveillance reports, scientific opinions, ra pid risk assessments, EPARs) ; official reports from
national institutions (e.g. national AMR surveillance reports); Summaries of Product Characteristics for
authorised medicines  and treatment guidelines published by professional bodies. The key references

have been included in  related parts of the report

When inadequate data have been available in the public domain, the opinions of professional experts
e.g. infectious disease clinicians, microbiologists, have been sought. In addition, an open call was
mad e for data on the use of antimicrobials in animals (see below).

For antibiotics, a ttention has also been paid to the categorisations /lists from the AMEG, WHO and OIE,
noting that the purpose of these lists , and hence the criteria on which they are based, differ in some
aspects from the criteria established for the designation of antimicrobials to be reserved for humans .
In addition, the evaluations have been conducted in the EU context and it sh ould be considered that EU
conditions in terms of ~ disease prevalence, antimicrobial availability, etc. may differ from those in other

global regions , such that international recommendations may not be fully applicable

2.4.1. Open call for data on the use of antimicrobials in animals

Although data on the sales of veterinary antimicrobials in Europe have been collected through the
ESVAC project since 2011, at present there is no official collection of data on how these antimicrobials

are used in animals (species, indications , etc), and little published informatio n in particular in relation

to use of antimicrobials not authorised as VMPs [6]. Therefore, i n order to support the Agency in the
preparation of its scientific advice, interested parties were invited to submit information on the use and
availability of antimicrobials in the EU to treat serious infections in animals, including outside the terms
of a marketing authorisation , and to provide any scientific evidence of the impact on public and animal
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health that the CVMP should consider . T hroughout the report this data source is  referredto as the
@pen call .for databd

The open call for data was posted on 9 December 2019. Responses were accepted until 6 March 2020.

Background information and a partial summary report on the findings are presented in Section 4. of
the Annex. Several limitations in this data source are discussed.

2.5. Methodology used to evaluate antibiotics

Grouping of antibiotics and identification of classes/substances not authorised for human or
veterinary use in the EU

Consideri ng the large number of individual antibiotic substance s, they were address ed in their
pharmacological (sub) classes as identified by the AMEG , with a few exceptions . Certain substances
(e. g. eravacycline, minocycline, omadacycline, plazomicin ) were considered separately from their
AMEG class due to their individual importance or characteristics , e.g. novel tetracyclines that have
been developed to overcome a specific antibiotic resistance mechanism , enabling them to be used to
treat infections that are resistant to other molecules in the class

The AMEG categorisation included on ly antibiotic classes that have been authorised for human and/or
veterinary use in the EU. However, t he mandate from the Commission specified that the scope of the

advice should include antimicrobials for which a marketing authorisation has not yet been gr anted
(including new antimicrobials or groups of antimicrobials remaining to be identified or dev  eloped in the
future) (Article 37( 3)) . Therefore , areview of antibiotics authorised in third countries was performed

as these may be developed in future for t he EU market.

The search was performed using lists of antibiotics from i nternational organisations, regulatory a gency
websites and information present in the literature [7-11]. Only substances that are in the scope of the
Regulation and that  have a potential to be used therapeutically in humans have been considered. The
findings are presented in Table 2 and Table 3. As there is no comprehensive worldwide database, the
lists of antibiotics considered may not be exhaustive.

Table 2. Antibiotic classesfrom the WHO CIA, and OIE lists and the OIE Annual report on
antimicrobials intended for use in animals, that are currently not used in humans and not authorised in
veterinary medicine in the EU

Antimicrobial class Substance Where identified
Bicyclomycin (Bicozamycin)* OIE [7]
Orthosomycins /Oligosaccharides * Avilamycin OIE [7]
Evernimicin WHO [11]
Quinoxalines* Carbadox OIE [7]
Olaquindox OIE [7]
Quinocetol OIE [8]
Thiopeptides Thiostrepton OIE [7]
Nosiheptide OIE [7]
Phosphoglycolipids /Moenomycins * Bambermyci n (Flavomycin) WHO [11]
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Antimicrobial class Substance Where identified
Elfamycins Efrotomycin OIE [8]
Aminocoumarins* Novobiocin OIE [7]

WHO [11]

* These classes are included in Annex 2 to the WHO CIA list 6th Ed. as antimicrobial classes currently not approved

for systemic use in human medicine, and therefore not included in the WHO CIA list.

The classes identified in Table 2 were included inthe evaluation. These classes have not been
reviewed by AMEG.

Table 3. Other antibiotic substance s not authorised in the EU but included in classes addressed in the
AMEG categorisation

Substance not authorised Where identified AMEG class
in EU
Enramycin/enduracidin OIE [8] Treated as cyclic polypeptide
for this advice
Virginiamycin OIE [8] Streptogramins
Kitasamycin OIE [8] Macrolides
OIE [7]
Avoparcin OIE [8] Glycopeptides
Kazugamycin New Zealand Food Safety [10] Aminogly cosides
For the purpose of the EU evaluation of antimicrobials to be designated for human use , the substances
in Table 3 can be considered as included in the antimicrobial class used for the AMEG categorisation
Stepwise assessment against the criteria
Considering the  requirement that all three of the criteria in the delegated regulation shall be metin
order for an antimicrobial to be designated for humanuse , itwas agreed to conduct a stepwise

assessment : all classes were initially assessed against criterion A (high importance to human health) ;
however , only those meeting this criterion were assessed against criterion B (risk of transmission of

resistance), and only those meeting both criteria A and B were evaluated against criterion C (non -
essential need for animal health)

Table 4. Outcome of the stepwise assessment of antibiotic substances/(sub)classes

Natural, narrow spectrum penicillins (beta
lactamase -sensitive penicillins)

Antistaphylococcal penicillins (beta -lactamase - Yes Yes No
resistant penicillins)

Aminopenicillins, without beta -lactamase No N/A N/A
inhibitors

Aminopenicillins in combination with beta - Yes Yes No

lactamase inhibitors
Amdinopenicillins No N/A N/A
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Carboxypenicillins and ureidopenicillins, including

their combinations with beta -lactamase inhibitors

1st- and 2nd -generation cephalosporins, and Yes Yes No
cephamycins

3rd - and 4th -generation cephalosporins, except Yes Yes No
combinations with  beta -lactamase inhibitors

Ceftobiprole, Ceftaroline Yes Yes Yes
Combinations of cephalosporins and beta - Yes Yes Yes
lactamase inhibitors

Siderophore cephalosporins Yes Yes Yes
Carbapenems, including carbapenems with beta - Yes Yes Yes
lactamase inhibitors

Penems Yes Yes Yes
Monobactams Yes Yes Yes
Polymyxins Yes Yes No
Cyclic polypeptides No N/A N/A
Phosphonic acid derivates Yes Yes Yes
Glycopeptides Yes Yes Yes
Lipopeptides Yes Yes Yes
Oxazolidinones Yes Yes Yes
Pleuromutilins No N/A N/A
Macrolides Yes Yes No
Macrocycles Yes Yes Yes
Ketolides No N/A N/A
Lincosamides No N/A N/A
Streptogramins No N/A N/A
Aminoglycosides Yes Yes No
Plazomicin Yes Yes Yes
Aminocyclitols No N/A N/A
Tetracyclines No N/A N/A
Glycylcyclines Yes Yes Yes
Minocycline No N/A N/A
Eravacycline (fluorocycline) Yes Yes Yes
Omadacycline Yes Yes Yes
Amphenicols No N/A N/A
Sulfonamides No N/A N/A
Trimethoprim  and derivates No N/A N/A
Sulfonamides -trimethoprim  derivates Yes Yes No
Quinolones (hon -fluorinated) No N/A N/A
Fluoroquinolones Yes Yes No
Nitrofuran derivates No N/A N/A
Nitroimidazoles Yes Yes No
Rifamycins Yes Yes No
Substances used solely to treat tuberculosis or Yes No N/A

other mycobacterial diseases
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Yes No N/A

Riminofenazines

Sulfones Yes No N/A
Pseudomonic acids Yes Yes No
Steroid antibacterials No N/A N/A
Bicyclomycin (Bicozamycin ) No N/A N/A
Orthosomycins/Oligosaccharides No N/A N/A
Quinoxalines No N/A N/A
Thiopeptides No N/A N/A
Phosphoglycolipids/Moenomycins No N/A N/A
Elfamycins No N/A N/A
Aminocoumarins No N/A N/A

Yes i Criterion met

No i Criterion not met

N/A i Criterion not assessed

The highlighted antibiotic classes/substances are recommended to  be designated for human use . The evaluations for each
class/substance against the criteria are presented in  Section 3.1. , including the supporting references.

2.6. Methodology used to evaluate antivirals

2.6.1. Introduction

In order to establish the recommendation s for antivirals  to be reserved for human use only, a specific
approach has been taken to assess the risk of transfer of resistance to antivirals due to the

particularities of viruses and antiviral substance s when compared to bacteria and antibiotic s (viral
zoonos es and me chanisms of action of the antiviral S).

The three criteria for ~ designation of antimicrobials to be reserved for humans have been applied and
in this context, the following considerations have been taken into account:

Criterion  A: High importance for human health

Antivirals are particularly important for human health as they are the only available antimicrobial class
to treat viral diseases.

Criterion  B: Risk of transmission of antiviral resistance

Exchange of genetic material between viruses is possible onl y when two different viruses
simultaneously infect the same cells. In most cases however, viruses belonging to different families (or

even different  orders) compete against each other in using the cell machinery to replicate, each virus
dedicating thisto  its own replication and survival. Therefore, contrary to the situation in bacteria, the
transmission of resistance genes from one virus to another (horizontal transmission) is a rare

phenomenon.

Selection of resistance in viruses occurs primarily following an antiviral treatment. Indeed,
spontaneous mutations in viruses occur at a very high frequency (and much more often in RNA viruses

than in DNA viruses).  Therefore, viruses are constantly changing and can sometimes change in ways
that might make antiviral s work less well or not work at all: the use of an antiviral will block the

replication of the antiviral -sensitive viruses without having any effect those that are resistant. In this

way, antiviral -resistant viruses are selected because they can still repli cate.

Criterion  C: Non -essential need for animal health

The importance of antivirals in the veterinary sector is not quantifiable so far as:
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1 No antiviral is at present authorised in the EU in veterinary medicine.

1 Antiviral use in animals has been sporadica lly reported at global level.

1 Use of human antivirals , outside the terms of the marketing authorisation, in the veterinary sector
has been reported to treat e.g. Herpes viruses in companion animals, zoo/exotic species and
horses.

1 Development of antiviral s for use in veterinary medicine seems to be underway or imminent.

The potential risk resulting from the use of the antiviral in animals leading to the selection and
dissemination of resistant viruses that could infect humans was used as a screening criter ion (see
Section Annex 2.)

2.6.2. High -level screening of antiviral classes
2.6.2.1.  Principles

The recommend ation for an antiviral/antiviral class to be reserved for human use should be based on
an assessment of the potential risk of the use of the antiviral in animals leading to the selection and
dissemination of a resistant virus that could infect humans.

In other terms, t  he use of antivirals in animals may present a risk for humans only if it leads to the
selection of resistant viruses able to infect humans. This implies that the following steps should be
considered:

1 to consider only zoonotic viruses ,

1  to consider if the animal potentially infected by the zoonotic virus is liable to be treated with an
antiviral

1 to consider the frequency of occurrence of the zoonotic disease in humans ,

1  to check which antivirals, primarily intended for human therapy, are used or could be used
effectively, given their mechanism(s) of action, to treat these zoonotic viral diseases in the
relevant animals.

2.6.2.2.  Implementation

1  Only zoonotic viruses present in the EU have been considered
1 Only animal species that are candidates for antiviral treatment are considered, namely companion
animals (including non  -conventional pets) and food producing animals. Wild animals, hunted

animals and zoo animals have not been included as the use of antivirals is improbable or may be
so anecdotal that the risk for human health is negligible. Table5 summarkes theoutcome of ths
exercise.

Table 5. Zoonotic viruses, their animal hosts (companion and food producing animals), and the
frequency of occurrence of the disease in humans within the EU

Disease Aetiology Animals affected Frequency of
. the disease in
(Genus & family of
. humans
virus)
Bovine vesicular Parapoxvirus, Cattle Rare
stomatitis Poxviridae
Cowpox Orthopoxvirus, Cattle, rodents, cats Rare
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Disease Aetiology Animals affected Frequency of
(Genus & family of the disease in
virus) humans
Poxviridae

Crimean -Congo Nairovirus, Cattle, sheep, goats, horses, Sporadic

hemorrhagic fever Bunyaviridae pigs, hares

Eastern equine Alphavirus, Horses Rare

encephalomyelitis Togaviridae

Encephalomyocarditis Cardiovirus, Rodents, horses, cattle, Rare
Picornaviridae pigs, birds

Foot -and -mouth Aphtovirus, Cattle, pigs, sheep, goats Very rare

disease Picornaviridae

Hemorrhagic fever with Hantavirus, Rodents Regular

renal syndrome Bunyaviridae

Hepatitis E (HEV) Orthohepevirus A, Pigs, rabbits, rats Frequent
Hepeviridae

Influenza A Alphainfluenzavirus A, Pigs, horses, birds Frequent
Orthomyxoviridae

Lymphocytic Arenavirus Mice, guinea pigs, rats, Rare and

choriomeningitis chinchillas, rabbits, dogs, sporadic

pigs

Louping -ill Flavivirus, Sheep, cattle, horse, rodents Rare
Togaviridae

Monkeypox Orthopoxvirus, Rabbits, rats, mice, squirrels Sporadic
Poxviridae

Orthoavulavirus 1 Orthoavulavirus, Birds Rare

(Newcastle disease) Paramyxoviridae

Orf Parapoxvirus, Sheep, goats, dogs, cats Rare
Poxvirus

Pseudocowpox Parapoxvirus, Cattle Sporadic
Poxviridae

Rabies Lyssavirus, All warm -blooded species Rare and
Rhabdoviridae sporadic

Rotavirus Rotavirus, Foals, calves, piglets, dogs, Frequent

gastroenteritis Reoviridae cats, rabbits, mice, birds

Russian and Central - Flavivirus, Rodents, goats, sheep Sporadic

european Spring - Togaviridae

Summer encephalitis

Sindbis fever Alphavirus, Birds, cattle, horses Rare
Togaviridae

Swine vesicular disease Enterovirus, Pigs Rare
Picornaviridae

Usutu virus disease Flavivirus, Birds Rare
Flaviviridae

West Nile fever Flavivirus, Horses, dogs, cats, birds Endemic
Flaviviridae
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Note that infections with  highly pathogenic strains of avian influenza (HPAI) virus are category A
diseases in Aves under the Animal Health Law, Regulation (EU) 2016/429. According to Delegated
Regulation (EU) 2020/687, animals of listed species (Aves) kept on any establishment where an

outbreak of HPAI is confirmed should be killed as so on as possible , while in certain cases, emergency
vaccination is offered as a possibility . The Commission is preparing a draft delegated act on the use of

certain veterinary medicinal products for the purpose of disease prevention and control of certain li sted
diseases. The proposed approach in the draft is to prohibit the use of antivirals for all category A

diseases, including HPAI . Therefore, itis  highly unlikely that birds affected by HPAI would receive

antiviral treatment in the EU. Low pathogenicity avian influenza ( LPAI) isin categories D and E,  with no
EU harmonised prohibitions planned on the use of antivirals under the Animal Health Law , and

therefore antiviral resistance  theoretically might be passed on if LPAI convertsto HPAI through

antigenic  drift.

Note that this table should be subject to regular re -evaluation considering that the epidemiology of
zoonotic viral diseases in the EU is subject to change and new diseases or strains may emerge.

Table 6 lists the zoonoses that are frequent or endemic in humans that were retained for further
assessment.
Table 6. Zoonoses from Table 5 that are frequent or endemic in humans in the EU

Zoonotic viruses, frequent or endemic in humans in the EU, retained for assessment for
the recommendations on the antimicrobials to be reserved for human use

Hemorrhagic fever with renal syndrome virus (Hantavirus)

Hepatitis E virus (Or  thohepevirus A)

Influenza A virus (Alphainfluenzavirus A)

Rotavirus gastroenteritis (Rotavirus)

West Nile fever virus (Flavivirus)

2.6.3. Evaluation of antiviral substance  groups

The main considerations that were retained for classification of the antivirals are as follows (some
additional factors were taken into account on a case -by - case basis):

- The human diseases/viruses against which each antiviral is claimed to be effective.

- The veterinary diseases/viruses against which each antiviral is claimed to be effective, or
showed activity.

- The mechanism(s) of action, which allows specification as to whether the antiviral is virus -
specific or whether it has a broader spectrum of activity.

Antivirals based on interferons were excluded from this analysis: interferons belong to several related
families of cytokines (  a,b and @), naturally produced by the body (human and animals). They are highly

potent antivirals  per se , but by and large their major function is to regulate cellular protei ns. As this is
a natural immune process, it would not make sense to consider a ban on their use in animals.

Antivirals based on humani  sed monoclonal antibodies  are also excluded from this analysis: monoclonal
antibodies are dedicated to specific epitopes o f a given virus. Although engineered, they behave like
naturally produced antibodies: they bind to the epitope(s) of the targeted pathogens, to neutralize

them and/or to prepare them for uptake and destruction by phagocytes. As this is a natural immune
pro cess, it would not make sense to consider their ban.
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The report on antivirals  is divided into sections: the first sections , each relatingto a specific disease
indication, address the antivirals which have received a Marketing Authori sation for human therapy
within the EU and for which reliable data are available (through the SPCs); these are followed by a
section that considers  antivirals identified so far through textbooks and bibliographic data, taken on

board by default, but for whi ch the available information should be considered with prudence.

It cannot be excluded that some antivirals are missing. This is because no international comprehensive
list of antivirals is currently available; furthermore, this category of medicine s is qu ite novel, even on
the human side, and is developing fast.

2.7. Methodology used to evaluate antifungals

The fungal diseases of greatest importance to human health have been summarised in Table 64,
together with a consideration of their epidemiology and  occurrence in animals , and the possibility for
transmission of the infection (and potentially resistance to antifungals) between animals and humans.
Based ont his assessment , monographs have been prepared for the major classes of antifungal agents
identified as used in human medicine  to treat important fungal disease , addressing in more detail the
three criteria evaluated for designation of antimicrobials to be reserved for humans . Antifungals are
not in scope of thOGIEMS @&s tdleA AIMESGt6 s categorisation.

The criteria in the delegated regulation were addressed as follows:
Criterion A: High importance to human health

The estimated global and EU burden of the important human fungal diseases (where available) is

provided in Table 64. In humans, most opportunistic funga | infections occur in critically ill or
immunocompromised patients. The availability of antifungal agents is very limited, and hence there is

heavy reliance on a few classes, in particular the azoles, to treat a range of different infections . For
prepar ation of the monographs for each antifungal class, p ublished t reatment guidelines  for the
different diseases , amongst other sources, were reviewed . Recommendations for use are frequently
dependent not only on the fungal organism involved, but also on the specific clinical circumstances,
including the underlying primary disease and the severity and stage of the fungal infection. Different
antifungal substances may be used in combination or sequentially according to individual patient

needs. Hence, almost all antifungal classes are considered of high importance to human health.

There is no published information that indicates that any antifungal medicines have been formally
categorised by Committee for Medicinal Products for Human Use (CHMP) as addressing d@inmet medical
n e e ¢ée Annex 1.).

Criterion B: Risk of transmission of resistance

Table 64 also considers the transmissibility from animals to humans of fungi that may cause important

human diseases. Only a small fraction of fungal species are adapted to animal hosts and able to act as
zoonotic pathogens that are transmitted directly between animals and humans (e.g. Microsporum

canis ). Most fungi primarily occupy an environmental niche, but under certain conditions some can
survive in animal host tissue causing opportunistic infections ( e.g. Aspergillus ). Fungal association with
animals or their faeces may augment the infectious load in the environment, although there may be no
direct transmission of infection between animal and huma n. See Seyedmousavi, Bosco [12] , for further
discussion.

The evidence for the occurrence of resistance to individual antifungal classes is addressed in the
monogra phs. In human medicine, development of resistance to antifungal agents is of rising concern,
particularly considering the ir increasing need for treatment of immunocompromised patients. However,
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in veterinary medicine susceptibility testing is rarely undert aken, therefore  the prevalence of resistance
in animal fungal isolates is mostly unknown. It should also be considered that use of azole fungicides in
agriculture contributes to the pool of resistance in environmental fungi such as Aspergillus spp., and to
human exposure. T he opportunity for transmission of drug -resistant fungi from animals to humans is
limited within the context of the epidemiology outlined above.

Criterion C: Non -essential need for animal health

The need for the different a ntifungal classes in veterinary medicine has been reviewed in the
monographs, taking into account existing marketing authorisations, treatment guidelines (where

available) , literature review and responses to the open call for data . The availability of  diff erent
antifungal classes is even more restricted in veterinary medicine than in human medicine , with azoles
being the mainstay of therapy in the EU. Use of antifungals outside  the terms of a marketing
authorisation (under Articles 112, 113 and 114 of the R egulation) is important to address therapeutic
gaps. Consumption of veterinary antifungals is not recorded at EU level and antifungal agents are not
addressed in the Ol E6s ofvetsrinaryanfiportantg i mi cr obi al s

2.8. Methodology used to evaluate antip rotozoals

Antiprotozoals include a diverse range of substances and the mode of action against specific protozoa

is often poorly understood. Although some substances are effective against a range of protozoa and
bacteria , individual agents  within aclass may be specific to the protozoal species they treat, hence
antiprotozoals are difficult to classify and are usually considered in the context of the disease they

treat rather than in pharmacological groups.

For this reason, although based on the three crite ria of the Commission Delegated Regulation , a

different format  was chose n to presentthe evalua tion s of antiprotozoal substances compared with that
used for antib iotic s. The individual substances are considered in reference to the important human

protozoal disease for which they are a recognised treatment, rather than in pharmacological classes.
The assessmentis included in Table 65, with the criteria in the delegated regulation addressed as
follows:

Criterion A: High importance to human health

I nformation in the column &6l mportant h uiovaand lifer dhreatenma | di seas:¢
human infections thatare potentially associated with significant morbidity and mortality. As protozoal

diseases may be limited in their geographic distribution, further information is given in the second

column so that the Europ  ean and global perspectives can be understood. The column headed

6Recogni sed and commonly used medicineséd indicates i f subst
Essential Medicines List and recommended according to published treatment guidelines (where

availab le), textbooks, literature and official reports. Available alternative treatments for each disease

are listed. Antiprotozoals perse are not in scope of the WHO6s CIA List or t
There is no published information that indicates that any antiprotozoal medicines  have been formally

categorised by CHMP as addressing @nmet medical need?d.

Criterion B: Risk of trans  mission of resistance

The final columnin Table 65 considers knowledge of the occurrence of resistance to the listed
substances inthe organism causing the disease under consideration . For the purpose of this exercise,
the possibility of trans  fer of relevant resistance from animals to humans implies that animals will be

treated with the given anti protozoal and that there is potential for transmission of resistant protozoa

from animals to humans who may subsequently require treatment with that s ame antiprotozoal
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substance /class. Thi s is addressed in the column O6AniAmnadleddi sease at
description of the resistance mechanism/ resistance genes in protozoa is only provided where this is

known and there is potential for tran sfer from animals to humans. Actual evidence for transfer of

resistant protozoa from animals to humans is very limited. Note that for those diseases where vectors

are involved in transmission, the geographical distribution of these vectors may evolve with changing

climatic conditions in future

Criterion C: Non -essential need for animal health

The relevance of the disease in animals, availability of alternative treatments (both EU-authorised and
use outside the terms of a marketing authorisation) and potential impacts on animal health and

welfare if infections could not be treated , are addressed in the third and fourth columns of the table.

Coccidiostats and histomonostats that are regulated asf eed additives inthe EU under Regulation (EC)
1831/2013 are not addressed in this advice . Those anticoccidials that are regulated as veterinary
medicinal products have been addressed in this section of the advice.
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3. Tables providing ther esults of the evalu ations

The results of the evaluations made for groups of antibiotics , antivirals, antifungals and antiprotozoal S
against the criteria for the designation  of antimicrobials to be reserved for human use under Article
37(5) are presented below

A compiled recommendation for the groups of antimicrobials to be reserved for treatment of humans is
presented in the Summary to the report (Table 1).

Please referto  Section 2. of this report, Methodology, for an explanation asto howthe criteria A, B
and C, and sub -criteria, were applied for the evaluation. The criteria are laid out in full in Section 2.2.
and in the Delegated Regulation (EU) 2021/17 60 [2].

3.1. Antibiotics

For antibiotics , please refer to the discu ssion of the methodology in Section 2.5. of the report
regarding the grouping of classes, subclasses and individual substances and the stepwise assessment

process . Note that for the listed (sub)classes, the evaluation s applyto all substancesinthe (sub) class,
although some individual substances are discusse d as typical examples of the (sub) class.
Tables of the outcome of the evaluation of antibiotics  and antibiotic classes against the

criteria  for designation of antimicrobials to be reserved for humans

Table 7. Evaluation of natural, narrow spectrum penicillins (beta -lactamase -sensitive penicillins)

Natural, narrow spectrum penicillins (beta -lactamase - sensitive penicillins)
See Table 76 for ATC( vet) codes

Criterion A Penicillins belong to a large group of beta -lactam antibiotics, which share a common structural feature i the beta -
met: No lactam ring. Penicillins are further classified based on their spectrum of activity to penicillins, aminopenicillins

(evaluated separately), antistaphylococcal penicillins (evaluated separately). Penicillins (benzathine

benzylpenicillin  -penicillin G, penicillin V, pheneticillin, procaine penicillin) are evaluated here.

Penicillins are active against Gram -positive cocci, such as Streptococcus p yogenes and other beta -haemolytic
streptococci, S. pneumoniae , S. Viridan s, 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 Gram -negative bacilli are
highly resistant. Many organisms that were originally highly susceptible have now developed resistance, which limits

the usefulness of thes e antibiotic s in clinical settings ~ [13].

Penicillin G remains a very effective treatment for infections caused S. pyogenes , such as pharyngitis, scarlet fever,
cellulitis, necrotizing fasciitis, septic arthritis, uterine infection, and septicaemia [13].

There are several alternative treatment options for each indication.

The recent data from the EARS ~ -Net sh owed 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  [14].

Penicillins are nationally approved in the EU member states for indication s that include the treatment of wou nd
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 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, actinomycos is, 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 an d neurosyphilis);

diphtheria, brain abscesses and pasteurellosis.

Penicillins do not fulfil criterion A, as other alternative options exist for the treatment of the above -mentioned
infections.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No
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Table 8. Evaluation of antistaphylococcal penicillins (beta -lactamase -resistant penicillins)

Antistaphylococcal penicillins (beta -lactamase -resistant peni cillins)
See Table 77 for ATC(vet) codes

Criterion A Anti staphylococcal penicillins (cloxacillin, dicloxacillin, nafcillin, oxacillin, flucloxacillin) inhibit penicillinase -producing
met: Yes staphylococci  [15]. The spectrum of activity is similar to that of narrow -spectrum penicillins except that they are
resistant to staphylococcal beta -lactamases.
They are active against Gram -positive cocci (e.g.,  Staphylococcus aureus , S. epidermidis , Streptococcus pyogenes
S. pneumoniae).  Antistaphylococcal penicillins have less intrinsic activity than penicillin G, and are ineffective for
enterococci , Listeria , and Neisseria spp. They have no activity against Gram -negative bacteria [15].

Antistaphylococcal penicillins are considered the agents of choice for the treatment of MSSA bacteraemia associated
with a qualified infection [16]. They are used for treatment of penicillin -resistant methicillin susceptible
staphylococcal infections such as  skin and soft tissue infections ( SSTIs), bone and joint infections, endocarditis,
severe pneumonia and meningitis.

Alternative treatment for invasive staphylococcal infections (i.e., bacteraemia and endocarditis) include
1st-generation ¢ ephalosporins but the antistaphylococcal penicillins are the preferred option. Vancomycin can be
used for patients with allergy to penicillin but is less efficient [17, 18].

The recent data from EARS - Net on bloodstream infections caused by MSSA and MRSA in EU/EEA showed that

between 2005 and 2018, a total of 573,951 S. aureus bloodstream infection cases (96,918 MRSA and 477,033
MSSA) reported in EU/EEA countries. The EU/EEA population -weighted MRSA percentage decreased significantly
from 30.2% in 2005 to 16.3% in 2018 (p <0.001). At the same time, the total number of bloodstream infections

caused by S. aureus increased by 57%, MSSA bloodstream infections increased by 84% and MRSA bloodstream
infections decreased by 31%. This data points towards significantly increasing health burden of MSSA infections in
EU/EEA [19].

Antistaphylococca | penicillins are nationally approved in the EU, both alone and in combinations. Approved

indications for use include the treatment of the following infections in adults and children: osteomyelitis,

endocarditis and the treatment of patients with bacteraem ia that occurs in association with, or is suspected to be
associated with, any of the infections listed above. Flucloxacillin may also be used in the peri -operative prophylaxis
for surgical procedures when appropriate, for example cardiothoracic or orthopa edic surgery.

Antistaphylococcal penicillins fulfil criterion 1.A.(b). being an essential component of treatment for serious, life -
threatening infections.

Criterion B Antistaphylococcal penicillins are stable to staphylococcal penicillinase , including S. aureus penicillinase . The most
met: Yes common mechanism of acquired resistance to these antibiotics in staphylococci is through acquisition of a mec
gene that encodes a  penicill in-binding protein (  PBP) with lower affinity for several beta -lactams (e.g. PBP2a in
MRSA, encoded by the mec A or mec C gene located on the mobile genetic element, SCC mec) [20-22]. The SCC
mec, might carry resistance to other antimicrobials (e.g. aminoglycosides and macrolides) or virulence, and spread
between different staphylococci species that are part of normal microbiota or potential pathogens [23].

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 su ggested [20, 24, 25].

There is no statutory monitoring of resistance t 0 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 10 0% depending on animal
production type and country [26]. There is little reporting on prevalence of MRSA/P in companion animals, which
appears to vary across the EU based on studies available [27-29].

Transmission

Food is generally not considered to be a significant source of MRSA in humans [30, 31]. MRSA is mainly

transmitted by direct contact from food -producing animals  [32]. In geographical areas with high density of farms,
livestock associated MRSA (LA -MRSA) could contribute significantly to the burden of MRSA disease in humans [29,
33, 34]. There is evidence for rare zoonotic transmission of MRSA/P from companion animals to persons in contact

[29, 33, 34].

In conclusion, there is evidence for the selection and significant trans mission of resistance to antistaphylococcal
penicillins from animals to humans via zoonotic pathogens or commensal bacteria capable of transferring resistance

to human pathogens.

Criterion B.1.(a) is met

Criterion C Antistaphylococcal penicillins are authorised in VMPs in the EU for use in cows, goats and sheep for local treatment

met: No of intramammary infections (IMI) due to Staphylococcus aureus, Streptococcus spp. and Trueperella pyogenes and
for treatment of eye infecti ons due to Staphylococcus spp., Bacillus spp. and Moraxella bovis in food -producing and
companion animals . They are included in the Table 1 of the MRL Regulation (EU) 37/2010 and can be used in all

food - producing species (except those producing eggs for hu man consumption).

Food - producing species

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 [35-37]. Mastitis in sheep and goats is also recognised as
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a significant welfare issue [38]. Severe IMldueto  S.aureus or T.pyogenes can resultin 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 y ield and culling of animals [39, 40]. Antistaphylococcal penicillins are used for the
treatment of penicillinase  -producing strains of ~ S. aureus, which are common in certain EU regions [41] (See
annotation 1 under  Table 61). Antistaphylococcal penicillins are a narrow -spectrum treatment option. Alternatives
for intramammary treatment are TMPS and novobiocin [42], although only available in combination with other
antibiotics, or substances from a higher AMEG category (e.g. lincosamides, amoxicillin  -clavulanate,
aminoglycosides, cephalosporins). Cloxacillinis one of few, if not the only, antibiotic authorised as a VMP for
intramammary use in sheep in the EU.

In conclusion, antistaphylococcal penicillins are primarily used to treat penicillin -resistant staphylococcal IMI which
if inappropriately treated can lea d to significant morbidity and mortality. For these infections, there are limited
alternatives, other than from a higher AMEG category. Criterion C is not met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No
Table 9. Evaluation of aminopenicillins, without beta -lactamase inhibitors
Aminopenicillins, without beta -lactamase inhibitors

See Table 78 for ATC(vet) codes

Criterion A Aminopenicillins are bactericidal beta -lactam antibiotics, which act by inhibiting bacterial cell wall synthesis. They
met: No are chemically similar to penicillin but have a broader spectrum of activity (expressed by a slightly higher activity
against enterococci ). They are susceptible to both acquired beta -lactamases (i.e., by  Staphylococcus spp.,

Haemophilus influenza e, Moraxella cattharalis ) and intrinsically produced beta -lactamases, such as  Enterobacter
spp., Serratia spp., Acinetobacter spp., Pseudomonas spp.,indole -positive Proteus . Ampicillin and amoxicillin are
two main compounds that belong to aminopenicillins [43].

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 infrequent ly resistant) (e.g., Brucella spp.and Bordetella pertussis , Helicobacter pylori ).
Some differences exist between the antibacterial actions of ampicillin and amoxicillin. Amoxicillin is about twice as
active as ampicillin against ~ Enterococcus faecalis and Salmonella spp., but twice less active against ~ Shigella spp. H.
influenzae also appears to be slightly less sensitive to amoxicillin than to ampicillin and the same applies for Gram -
positive and Gram  -negative anaerobic bacteria [43].

Aminopenicillins are recommended for a wide range of infections which make ampicillin one of the most prescribed

antibiotics. However, an increasing prevalence of beta -lactamase producing organisms has resulted in reduced use

of aminopenicillins as monothe rapy. Also, in many countries, ampicillin has been replaced by amoxicillin especially

in oral therapy. Ampicillin can be used for upper and lower respiratory tract infections ( RTIs) caused by S.
pneumoniae , beta -haemolytic streptococci, and non i beta -lactam ase’ producing strains of ~ H. influenzae . Itis also
used in the treatment of meningitis caused by group B streptococci, L. monocytogenes , Neisseria meningitidis , and
penicillin -susceptible strains of ~ S. pneumoniae. Amoxicillin is used to treat group A strep tococcal pharyngitis, ofitis
media and acute sinusitis, urinary tract infection s (UTIs), typhoid fever, gonorrhoea, uncomplicated mild

community -acquired pneumonia ( CAP) and for more severe cases can be used in combination with macrolides or
doxycycline. A moxicillin 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 i 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 ) [43].

For the above -mentioned indications there are generally other effective alternatives available such as 3 rd- and
4th -generation cephalosporins, fluoroguinolones, aminoglycosides.

In 2019, 163 005 isolates of E. coli were reported in EU/EEA to EARS  -Net. More than half (57%) were resistant to

at least one of the antimicrobial groups under surveillance (i.e., amin openicillins, fluoroquinolones, 3 rd - generation
cephalosporins, aminoglycosides and carbapenems). The highest EU/EEA population -weighted mean resistance
percentage was reported for aminopenicillins (57%), followed by fluoroquinolones (24%), 3 rd -generation
cephalosporins (15%) and aminoglycosides (11%) [14].

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,

septic aemia, peritonitis, endocarditis, meningitis, enteric fever, gastro -intestinal infections etc. They are also
indicated for the prophylaxis of endocarditis.

Aminopenicillins do not fulfil criterion A, as alternatives are available for the treatment of all i nfections for which
they are approved.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Advice on the designation of antimicrobials or groups of antimicrobials reserved for treatment of certain
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Table 10 . Evaluation of aminopenicillins in combination with beta -lactamase inhibitors

Aminopenicillins in combination with beta -lactamase inhibitors (BLI)
See Table 79 for ATC(vet) codes
Criterion A Aminopenicillins (evaluated separately) in clinical practice are combined with beta -lactamase inhibitors (BLIs) such
met: Yes as clavulanic acid and  sulbactam to broaden their spectrum of activity. Aminopenicillin -BLlIs are well established in
therapy of a wide range of infections. BLIs were developed to overcome increasing resistance of bacteria to
aminopenicillins and work against MDR organisms [44, 45].
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 most Enterobacterales ) [44, 45].
Aminopenicillin  -BLlIs 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 macro lide) is recommended as one of several first -line treatment
options for mild to moderate CAP. Moreover, they are used for treatment of mixed aerobic and anaerobic infections
such as pelvic inflammatory disease or intraabdominal infections [44, 45].
Sulbactam is the main treat ment 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 [46].
Alterative treatment options include carbapenems to trea t Enterobacterales and P. aeruginosa, ceftobiprole and
ceftaroline to treat some Gram - positive infections (MRSA), 3  rd-generation cephalosporines to treat H. influenzae,
M. catarrhalis, N. gonorrhoeae , and cefiderocol and colistin to treat MDR A. baumannii  [47-49].
In 2019, in total 6113 isolates of Acinetobacter spp. were reported from EU/EEA to EARS -Net. More than half
(53%) were resistant to at least one of the antimicrobial groups under surveillance (i.e., fluoroquinolones,
aminoglycosides and carbapenems). The highest EU/EEA population -weighted m ean resistance percentage was
reported for fluoroquinolones (37%), followed by aminoglycosides (33%) and carbapenems (33%) [14].
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, SSTls in particular cellulitis, animal bites, severe
dental abscess with spreading cellulitis, bone and joint infections, in particular osteomyelitis, intraabdominal
infections, bacteraemia.
Aminopenicillins in combination with BLIs fulfil criteria A.1.(b). They are essential components of the limited
treatment alternatives available for management of serious, life -threatening infections in humans.
Criterion B The most important mechanisms of resistance to the beta -lactam antimicrobials are the beta -lactamase enzymes
met: Yes that catalyse the hydrolysis of the beta -lactam ring. There is a very wide v ariety of different beta  -lactamases with
varying substrate specificity [50]. Aminopenicillins are prone to hydrolysis by all clinically relevant beta -lactamases.
Clavulanic acid and sulbactam are beta -lactam compounds that are hyd rolysed by the serine beta  -lactamases but
remain bound to it, thereby inactivating the enzyme [51]. Additionally, sulbactam has inherent antibacterial activity
against a few bacterial species ,e.g. in A. baumanii, through PBP -binding [52]. These BLIs inhibit most class A

beta -lactamases (e.g. TEM -1, SHV -1, SHV -5, CTX -M, but not KPC -2 or TEM -30), although not inhibiting class B
(e.g. NDM), C (e.g. AmpC, CMY  -2)and D (e.g. OXA -48 and OXA -23) [52, 53]. Moreover, when class A beta -

lactamases are hyperproduced (e.g. isolate producing SHV -1 and CTX -M) the aminopenicillin  -BLI combinations are
inactive.

In Gram - positive bacteria, PBP mutation or acquisition of PBPs with lower affinity for beta -lactams is an important
resis tance mechanism. This type of mechanism is common in staphylococci and is mediated by mec genes (e.g .

mec A or mecC in MRSA) [20, 21, 54]. Modification of PBPs is alsoa ca  use 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 [55].

Beta -lactamases are encoded by genes located on plasmids, transposons and in the bacterial chromosome [54].
Aminopenicillins -BLIs could select for resistance to other beta -lactam antibiotics suc  h as penicillins, aminopenicillins
and cephalosporins, including to extended -spectrum cephalosporins [54] and carbapenems .

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 [26].

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 [26]. There is no recent mandatory EU monitoring for enterococci.

In food -producing animals, statistically significant positive associations between consumption of aminopenicillins and

ampicillin resistance were found for the years 2016 and 2018 in indicator E. coli andfor2016in Salmonella spp. from
poultry [56]. Amoxicillin -clavulanate has a wider spectrum of activity and thus it is likely t hat it has higher chance to
select multidrug resistant organisms, several ESBLs and all AmpC -producers compared to aminopenicillins alone [54].

Advice on the designation of antimicrobials or groups of antimicrobials reserved for treatment of certain
infections in humans - in relation to implementing measures under Article 37(5) of Regulation (EU) 2019/6 on
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Enterobacterales producing ESBLs and AmpC and MRSA/P have also been isolated from companion animals [27,
28, 57-60].

Transmission

Enterobacterales are mainly transferred from food -producing animals to humans via the foodborne route [61, 62].
Transfer of resistant zoonotic pathogens is demonstrated for Salmonella spp. with mounti ng evidence for
uropathogenic E. coli strains [63-66]. Moreo ver, 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 (  MGESs) from animal to human enteric comme nsals, contributing to the spread

and persistence of antibiotic resistance genes and resistant bacteria in the human intestinal tract [54, 67, 68].
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 [69-71].

Food is generally not considered to be a significant source of MRSA in humans [30, 72]. MRSA is mainly

transmi tted by direct contact from food -producing animals  [32]. In geographical areas with high density of farms,
livestock associated MRSA (LA -MRSA) contribution to the burden of MRSA disease could be significant [73,
74].There is evidence for rare zoonotic transmission of MRSA/P from companion animals to persons in contact [29,
33, 34, 69]).

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

Criterion B.1.(a) is met.

Criterion C Amoxicillin in combination with clavulanic acid (amoxiclav) is the only aminopenicillin -beta -lactamase inhibitor
met: No combination authorised in VMPs in the EU, included in VMPs for systemic and intramammary treatment. Amoxicillin
is included in Table 1 of Regul  ation (EU) 37/2010 with MRLs for all food -producing species, whereas clavulanic acid

has MRLs for bovine and porcine spp. only.

Many veterinary pathogenic Staphylococci  spp. and Enterobacterales such as E. coli areresistantto un -potentiated
aminopenicill ins through production of beta -lactamases [54] and amoxiclav is used for a wide range of indi cations
for which alternatives may otherwise be in a higher AMEG category.

Companion animals

In dogs and cats, guidelines advise that amoxiclav is important as first tier for the treatment of SSTI caused by

beta -lactamase - producing staphylococci. Skin infe ctions are one of the most common reasons for antibiotic

prescribing in dogs and cats in the EU and are serious when recurrent or progressing to cellulitis. The first -tier
alternatives include  1st- generation cephalosporins, clindamycin or TMPS; however, v ariably high levels of
resistance to the latter two classes are noted in Staphylococcus pseudintermedius . Otherwise, 3rd-generation
cephalosporins or fluoroquinolones (AMEG Category B) might be used as second -line [35, 75-79] (See annotation 1

under Table 61).

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  antimicrobia | susceptibility testing  (AST) data

suggest resistance to amoxicillin alone. In dogs, TMPS is an alternative first -line [80]. 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 inf ectious respiratory disease complex (infectious
tracheobronchitis) and for treatment of bacterial pneumonia associated with e.g. E. coli, Klebsiella spp., MSSA or
Bordetella bronchiseptica . These diseases can have high morbidity and result in mortalities, particularly in
vulnerable animals in rescue shelters [81-83]. Amoxiclav may also be used for treatment of  sepsis in cats and dogs
[84].

Food - producing species

Although aminopenicillins are one of the most import ant antibiotic classes used in food -producing species,
aminopenicillin  -BLI combinations make up only 2% of their total use [54, 85]. 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 mortalit y in young pigs
[41, 84, 86, 87]) (See annotation 1 under Table 61). Levels o fresistance to first  -line antimicrobials (e.g. un -
potentiated aminopenicillins, sulfonamides, tetracyclines) and amoxiclav suggest limited efficacy of these classes to

treat diarrhoea due to E. coli in young ruminants and piglets; however, where susceptib ility testing supports use,

amoxiclav is an alternative to AMEG Category B substances [41, 84, 86, 88] (See annotation 1 under Table 61).

All species

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 dise ase/target pathogen [84].

In conclusion, aminopenicillin -BLI combinations are used predominantly in co mpanion animal species, but also in

food - producing species, mainly to treat diseases with high morbidity that are resistant to first -line antibiotics and

that may become life  -threatening. Alternatives are often from a higher AMEG category. Criterion C is n ot met.
Recommended to be designated as an antimicrobial class to be reserved for humans  : No
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Table 11 . Evaluation of amdinopenicillins

Amdinopenicillins

See Table 80 for ATC(vet) codes

Criterion A Amidinopenicillinic acids bind specifically to penicillin -binding protein 2 (PBP  -2), thereby inhibiting cell wall

met: No synthesis [89]. Presently, there are two substances in the su bclass - mecillinam and pivmecillinam
Amidinopenicillinic  are mostly active against Entero bacterales. Activity againsto ther Gram -negative organisms and
also Gram -positive bacteria is relatively low: Pseudomonas spp., Enterococcus faecalis and Staphylococcus aureus
are resistant to mecillinam. 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 a nd in some carriers of ~ Salmonella spp. [90].
Mecillinam and pivmecillinam are mainly used for treatment of uncomplicated UTIs due to Enterobacterales, but
mecillinam achieves sufficient concentrations in urine to treat UTIs due t o Staphylococcus saprophyticus [91, 92].
These infections are not considered life -threatening. Due to its relative stability to extended -spectrum beta -
lactamases (ESBLs), mecillinam may be an alternative treatment in certain systemic infections due to
Enterobacterales, often in combination with other beta -lactam antibiotics or aminoglycosides.
Sufficient alternatives ar e available for treatment of uncomplicated UTls, including those caused by ESBL -
producing Enterobacterales [93, 94].
Data from a multi -country European study including France, Germany, Spain, Sweden, and the UK, showed that E.
coli isolates from women with acute uncomplicated UTIs have increasing antimicrobial resistance. It was presented
that since 2000, compared to 2014, only Spain showed a significant increase in resistance to mecillinam (1.0% to
6.5%) [95].
Mecillinam (injection) is authorised for treatment of severe UTI . Pivmecillinam (oral) is authorised for treatment of
uncomplicated UTI in adults [96, 97].
Amdinopenicillin s do not fulfil criterion A, as sufficient effective alternative options exist for the treatment of the
presented serious infections

Recommended to be designated as an antimicrobial class to be reserved for humans :No

Table 12 . Evaluation of carboxypenic illins and ureidopenicillins, including their combinations with beta

lactamase inhibitors

See Table 81

Carboxypenicillins and ureidopenicillins, including their combinations with beta -lactamase inhibitors

for ATC(vet) codes

Criterion A
met: Yes

Carboxypenicillins, ureidopenicillins as well as their combinations with beta -lactamase inhibitors are summarised

and categorised in one cl ass of[11aThe scops of thedassessmeatlis atelase leveliadd! i n s
is made together for carboxypenicillins and ureidopenicillins with and without beta -lactamase inhibitor (BLI)

combinations, although the combinations co mpared to the respective monosubstances have a wider spectrum of

activity.

Carboxypenicillins are active against Gram -positive and Gram -negative bacteria (Pseudomonas aeruginosa , Proteus
spp.) The ureidopenicillins are also active against Gram -positive and Gram -negative bacteria (P. aeruginosa ,
Proteus spp.). Mezlocillin has greater intrinsic activity against Enterococcus faecalis . Piperacillin is similar in activity

to ampicillin against Gram - positive species and is active against many Gram -negative species including
Enterobacterales and  P. aeruginosa . Combination of ticarcillin -clavulanate: increases activity against beta -

lactama se-producing staphylococci, Escherichia coli , H. influenzae , Klebsiella spp., Proteus spp., Pseudomonas

spp., Providencia spp., Neisseria gonorrhoeae , Moraxella catarrhalis , and Bacteroides spp. In addition, ticarcillin -
clavulanate exhibits activity agains tthe MDR Stenotrophomonas maltophilia , and the use of this combination in

addition to other antimicrobials (e.g. , aztreonam or trimethoprim -sulfamethoxazole) leads to synergistic killing [98,
99]. The activity of piperacillin against P. aeruginosa , pneumococci, streptococci, anaerobes, and E. faecalis , can be
retained in combination with tazob actam.

Carboxypenicillins and ureidopenicillins in combination with beta -lactamase inhibitors (especially piperacillin -
tazobactam) are among the most important antibiotics for the treatment of a variety of serious, systemic

healthcare -associated infections , including pneumonia, cUTI, surgical site infections, and complicated intra -
abdominal infection  (clAls ) caused by Enterobacterales and P. aeruginosa that can lead to significant mortality or
debilitating morbidity. They are also active against Gram -positi ve cocci (excluding MRSA and ampicillin -resistant
Enterococcus faecium ). These substances are furthermore an important part of antibiotic stewardship programmes

to reduce the usage of carbapenems.

New antibiotics and combinations with beta -lactamase inhibitors such as ceftazidime -avibactam, ceftolozane -
tazobactam, imipenem  -relebactam, meropenem  -vaborbactam and cefiderocol are alternatives but are, in many
hospitals, restricted for the treatment of i nfections with additional resistance to carbapenems [100].

In 2018, the highest EU/EEA population -weighted mean resistance percentage in P. aeruginosa was reported for
fluoroquinolones (19.7%), followed by piperacillin _-tazobactam (18.3%), carbapenems (17.2%), ceftazidime

Advice on the designation of antimicrobials or groups of antimicrobia Is reserved for treatment of certain
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tazobactam resistance between 2015 and 2018 [101].

lower respiratory tract, gastrointestinal tract (including salmonellosis), biliary tract, renal and urogenital
(including gonorrhoea), obstetric, bone and/or soft tissue infections, infected burns and lesions, as well as in
immunocompromised patients, for the treatment of septicaemia, endocarditis, meningitis, peritonitis (when

are nationally approved in some EU countries.

joint infections, urinary tract infections and polymicrobial aerobic/anaerobic infections except for meningitis.

ventilator -associated pneumonia (VAP), complicated UTIs including pyelonephritis, complicated intra

[102].

serious , life -threatening infections in humans.

(14.1%) and aminoglycosides (11.8%). Highest resistance levels were found in east European countries. There
were significantly decreasing trends in the EU/EEA population -weighted mean per centages of piperacillin

Mezlocillin is nationally approved in some EU member states for the treatment of acute and chronic infections of the

necessary in combination), and perioperative prophylaxis. Other substances e.g., piperacillin sodium and ticarcillin

Ticarcillin -clavulanate is authorised for the treatment of infections of the respiratory tract, otorhinolaryngological
infe ctions, gastrointestinal tract, intra -abdominal infections, peritonitis, septicaemia, skin and soft tissue infections,

tract

Piperacilllin -tazobactam is authorised for the treatment of severe pneumonia including hospital -acquired and
-abdominal
infections, complicated SSTIs, includ ing diabetic foot infections. In addition, it is authorised for the treatment of

patients with bacteraemia that occurs in association with, or is suspected with, any of the infections listed above. It

may also be used in the management of neutropenic patie nts with fever suspected to be due to a bacterial infection

Carboxypenicillins and ureidopenicillins, including their combinations with beta -lactamase inhibitors fulfil criterion
A.1.(b). based on being an essential component of the limited treatment alternatives available for management of

[103].

There is cross -resistance between  carbenicillin and ticarcillin [104].

animals [57-60].

Transmission

bacteria (See annotation 2 under Table 61).

established.

Criterion B.1.(b) is met.

There is evidence to support the potential transmission of resistance to carboxy -ureidopenicillins from food
producing and companio  n animals to humans via Enterobacterales that are zoonotic pathogens or commensal

Therefore, although carboxy/ureidopenicillins/BLI combinations are not authorised in VMPs, there is evidence for
the potential for selection and likely significant trans mission of resistance from animals to humans if use became

Criterion B Resistance to carboxy - and ureidopenicillins is usually due to beta -lactamases and may be chromosomal or plasmid
met: Yes encoded. Temocillin has greater stability including to AmpC beta -lactamases and Class A ESBLs. The BLI,
tazobactam, used in combination with pi peracillin confers stability to Class A ESBLs, but not AmpC, OXA
carbapenemases produced by Enterobacterales and Pseudomonas spp. In Pseudomonas spp., resistance to
piperacillin also occurs due to changes in penicillin -binding proteins  (PBPs) and over -expression of efflux pumps

- type or

There is no monitoring of resistance specifically to carboxy -/ureido -penicillin s under EFSA/ECDC mandatory EU
surveillance in food  -producing animals; however, monitoring of Salmonella spp. and E. coli shows that the
prevalence of ESBL -and AmpC producers is low in the EU overall, but varies greatly between animal production

type and country  [26]. Enterobacterales producing ESBLs and AmpC have also been isolated from companion

Ticarcillin was previously authorised for intrauterine use in mares in the US [105].

Companion animals

and piperacillin with tazobactam has been used to treat various serious infections due to Enterobacterales and

113]; cases where there are no suitable alternatives are expected to be very rare.

In conclusion, based on the literature available, loss of availability of carboxypenicillins and ureidopenicillins
including BLI combinations in veterinary medicine would result in only limited morbidity or mortality in animals.
Also considering the public health interest identified from criteria A and B, criterion C.1(c) is met.

Use of ticarcillin with and without BLIs has been reported for treatment of serious infections including septicaemia

in foals, pneumonia and metritis (e.g. Klebsiella spp.) in mares [106-108]. Adequate alternat ives are available
including aminoglycosides, 3 rd- and 4th -generation cephalosporins, enrofloxacin, trimethoprim/sulfonamides for

indications in horses  [109]. In dogs, ticarcillin has been used for complicated otitis due to Pseudomonas spp. [110]

Pseudomonas spp. [111]. Alternatives for dogs include fluoroquinolones, aminoglycosides and polymyxin B

Criterion C Carboxypenicillins and ureidopenicillins, including combinations with beta -lactamase inhibitors have not been
met: Yes authorised for use in VMPs in the EU. They are not included in the Annex to the MRL Regulation (EU) 37/2010 and
cannot be used in food  -producing animals in the EU, including under Articles 113 & 114 of Regulation (EU) 2019/6

[112,

Recommended to be designated as an antimicrobial class to be reserved for humans  : Yes
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Table 13 . Evaluation of 1st- and 2nd -generation cephalosporins, and cephamycins

1st - and 2nd -generation cephalosporins, and cephamycins
See Table 82 for ATC(vet) codes

cover B. fragilis ) [115-119].

[115].

2nd-generation cephalosporins are used to treat mild cases of pharyngitis, tonsillitis, sinusitis and bacterial
bronchitis [118, 119]. 2nd-generation cephalosporines are also first empirical choice for UTI treatment i
[120, 121].

the m belong to classes that are classified by WHO as Critically Important Antimicrobials [11].

decreased by 31%. This data points towards significantly increasing health burden of MSSA infections in EU/EEA

bacterial pneumonia, UTIs (pyelonephritis, cystitis), SSTIs (abscesses, furunculosis, impetigo, erysipelas, pyoderma,

operations with increased risk of infections with anaerobic pathogens, e.g. colorectal surgery, a combination with an

been reported [124].

perioperative prophylaxis indication.

Staphylococcus spp. except MRSA, Streptococcus spp.) and Gram -negative bacteria (e.g., Escherichia coli
spp., Haemophilus influenzae ). 1 st-generation cephalosporines (cefacetrile, cefaloridine, cefalotin, cefapirin,
cefazolin, cefonicid, ceforanide, cefaclor, cefadroxil, cefalexin, cefatrizine, cefprozil, cefradin e, cefroxadine,
loracarbef) generally have a narrow spectrum, and are active on Gram - positive cocci, including MSSA (no coverage

on Enterococcus) and some Gram -negative rods. 2 nd-generation cephalosporins (cefamandole, cefbuperazone,
cefmetazole, cefminox, cefotetan, cefotiam, cefoxitin, cefuroxime) have an intermediate spectrum and are active
against the same pathogens as the 1 st-generation, plus: beta -lactamase producing H. influenzae
catarrhalis , Neisseria meningitidis , E. coli, Klebsiella pne umoniae , Proteus and oral anaerobes (cefoxitin and cefotetan

The recent datafrom EARS - Net on bloodstream infections caused by MSSA and MRSA in EU/EEA showed that bet

2005 and 2018, a total of 573,951 Staphylococcus aureus bloodstream infection cases (96,918 MRSA and 477,033
MSSA) reported in EU/EEA countries. The EU/EEA population -weighted MRSA percentage decreased significantly from
30.2% in 2005 to 16.3% in 2018 (p <0.001). At the same time, the total number of bloodstream infections caused

by S. aureus increased by 57%, MSSA bloodstream infections increased by 84% and MRSA bloodstream infections

Criterion A In clinical practice, cephalosporins are grouped into “"generations" based upon their spectrum of activity against

met: Yes aerobic and facultative Gram -negative bacilli and Gram  -positive bacteria  [114]. Cephalosporins interfere with
bacterial cell wall synthesis by binding to penicillin -binding proteins (PBP), eventually leading to cell lysis and death.
In general, the 1 st- and 2 nd-generation cephalosporins are active against a range of Gram -positive (e.g.,

, Klebsiella

, Moraxella

1st-generation cephalosporins, specifically cefazolin, are considered antibiotic s of choice for perioperative surgical
prophylaxis in a wide variety of situations e.g. caesarean section, breast surgery, vaginal and abdominal
hystere ctomies [115]. 1 st-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

Cefazolinis , in addition, suggested treatment option for MSSA bacteraemia and MSSA endocarditis [17, 18].

n children

For surgical prophylaxis, alternati ves exist (but overall, in particular cefazolin is considered a n antibiotic  of choice
and is therefore critical for surgical prophylaxis [122, 123]. For other indications, there are alternatives but  some of

ween

[19].

1st- and 2 nd-generation cephalosporins are nationally approved in the EU. The approved indications for
1st-generation cephalosporins include Streptococcal pharyngitis and tonsillitis, otitis media, bronchopneumonia,

lymphadenitis), bone and join tinfections. The approved indications for 2 nd -generation cephalosporins include SSTIs
as well as bone and joint infections caused by susceptible organisms, perioperative prophylaxis (for surgical

appropriate  substance with activity against anaerobes is recommended). Cefoxitin and cefotetan (both cephamycins)
also have anti -anaerobic activity, but increasing resistance of anaerobic Gram -negative bacilli (e.g. Bacteroides) has

1st- and 2 nd-generation cephalosporines fulfil criterion A.1.(b), in particular bec ause of their essential role in

on plasmids, transposons and in the bacterial chromosome [54].

In staphylococci, acquisition of mec genes is the main mechanism of acquired resistance (e.g. MRSA/MRSP).

Isolates resistantto 3  rd-, 4th- or 5 th-generation cephalosporins are also usually resistant to 1 st- and

lactams, with the exception of ceftobiprole and ceftaroline.

from all food -producing species is generally high [26] and these isolates would mostly also be resistant to 1

prevalence ranges from 0% to 100% depending on animal production type and country [26].

Resistance to aminopenicillins is reported in Enterobacterales and staphylococci isolates from companion animals
[54, 75] (See annotation 1 under Table 61). There is little reporting on prevalence of MRSA/P in companion
animals, which appears to vary across the EU [27, 28].

Criterion B Resistance to 1 st- and 2 nd-generation cephalosporins in Gram  -negative rods is mainly due to production of beta -
met: Yes lactamases (of mostbeta -l act amase cl asses) (Bush et al ., 2010) .

Betartl

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

2nd-generation cephalosporins.  Staphylococci carrying ~ mec genes commonly show cross  -resistance to all beta -

There is no monitoring of resistance specifically to 1 st- and 2 nd-generation cephalosporins under EFSA/ECDC
mandatory EU surveillance in food -pro ducing animals; however, resistance to aminopenicillins in Enterobacterales

st- 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 isola tes are LA -MRSA. The
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Transmission

There is evidence for the transmission of resistance to 1 st- and 2 nd-generation cephalosporins from food -producing
and companion to humans via Enterobacterales that are zoonotic pathogens or commensal bacteria ( See
annotation 2 under Table 61).

Methicillin -resistant staphylococci may also be transmitted from food -producing and companion animals to humans
(See annotation 3 under Table 61).

In conclusion, there is evidence for the selection and significant trans mission 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.

Criterion B.1.(a) is met.

Criterion C 1st-generation cephalosporins are authorised in VMPs in the EU for use in cats, dogs and cattle to treat SSTI,

met: No respiratory and urogenital infections caused by a range of Gram -positive and Gram  -negative bacteria.
1st-generation cephalosporins are also authorised in intramammary preparations for treatment of IMI in ruminant s
and in an intrauterine formulation for endometritis in cattle. 1st-generation cephalosporins are included in Table 1
of Regulation (EU) 37/2010 with MRLSs for use in bovines; cefazolin has MRLs for bovines, ovines and caprine, for
intramammary use only. T here are no authorised VMPs containing 2nd-generation cephalosporins in the EU and no
MRLs established for  2nd-generation cephalosporins, therefore they cannot be used in food -producing animals,

including under  Articles 113 & 114 of Regulation (EU) 2019/6
Companion animals

There are few alternatives for treatment of staphylococcal skin infections in dogs. 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.

Alternatives 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 [35, 75-79] (See annotation 1 under Table 61).

Food - producing species

In cattle, 1st-generation cephalosporins are authorised for local treatment of IMI due to Staphylococcus
Streptococcus , Trueperella spp.and E. coli. 1st-generation ¢ ephalosporins are alternatives to lincosamides,
penicillin -novobiocin and antistaphylococcal penicillins for local treatment of IMI due to Gram -positive cocci  [84].

In conclusion, 1st-generation cephalosporins are primarily important for their use in companion animals, as a first -

line antibiotic for treatment of infections caused by Gram -positive beta -lactamase producing bacteria, especially
SSTI which are important due to their frequency of occurrence and hence potential impact on animal welfare.
Alternatives may be limited by resistance development or are from a higher AMEG category . Criterion C is not met.
Recommended to be designated as an antimicrobial class to be reserved for humans  : No
Table 14 . Evaluation of 3rd - and 4th -generation cephalosporins, except combinations with beta -

lactamase inhibitors

3rd - and 4th -generation cephalosporins, except combinations with beta -lactamase inhibitors
See Table 83 for ATC(vet) codes

Criterion A 3rd- and 4 th -generation cephalosporins have enhanced activity against both Gram -positive and  Gram -negative
met: Yes bacteria compared to the 1 st- and 2 nd-generation and are very important alternatives for empiric treatment of
serious infections in humans.

3rd -generation cephalosporins are active against Haemophilus influenzae and Enterobacterales ( E. coli, Proteus
mirabilis , Klebsiella spp.), includingso me ESBL -producing isolates. Most 3  rd-generation cephalosporins, including
ceftriaxone and cefotaxime, are also active against some Gram -positive species, especially streptococci [125, 126].
Ceftazidime is active against Pseudomonas aeruginosa  but has no appreciable Gram  -positive activity [127]. 4th-
generation cephalosporins have activity against Gram -positive cocci and enhanced activity against Gram -negative
bacilli, including  P. aeruginosa and some A mpC producing Enterobacter  ales (e.g. Enterobacter species) [128].

3rd- and 4 th -generation cephalosporins are used for the treatment of severe infections including meningitis, CAP

and hospital -acquired penumoniae, bacteriaemia, gonorrhoea, endocarditis. 3 rd - generation cephalosporins,
including cefotaxime and ceftriaxone , are also alternative agents for quinolone -resistant typhoid fever [125, 126].
4th -generation cephalosporins are used in ¢ ombination with aminoglycosides to treat Pseudomonas spp. infections

in neutropenic patients [129].

Alternatives to treat infections with 3 rd -generation cephalosporin  -resistant Enterobacterales such as E. coli and
Klebsiella pneumoniae ar e | i mited and include 6l ast resort ord-gemdratidni ot i ¢
cephalosphorins with BLI inhibitor (e.g. ceftazidime -avibactam), carbapenems and colistin, as well as

monobactams, according to the specific mech anism of resistance and susceptibility to other classes.
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3rd- and 4 th -generation cephalosporins are the treatment of choice for a very high number of patients with severe

infections. Using 3 rd- and 4 th -generation cephalosporins in these patients prevents the use of other antibiotics with

an even larger spectrum of activity and with a higher ecological impact. The recent data from the EARS -Net showed
that in EU/EEA (population  -weighted mean) in 2019, 84.9% of E. coli and 68.7% of K. pneumoniae isolates wer e
susceptible to 3 rd -generation cephalosporines (cefotaxime/ceftriaxone/ceftazidime), and 85% of P. aeruginosa
isolates were susceptible to cefazidime [14].

Most 3 rd- and 4 th -generation cephalosporins are nationally approved in the EU. The approved indications may
include the treatment of bacterial meningitis, CAP, hospital acquired pneumonia, acute otitis media, intra -

abdominal infections, complicated UTIs (including p yelonephritis), infections of bones and joints, acute bacterial
skin and skin structure infections , gonorrhoea, syphilis and bacterial endocarditis etc. The product information of
medicines containing ceftriaxone has been harmonised and modernised by the E MA in 2014.

3rd- and 4 th -generation cephalosporins fulfil the criterion A.1.(b) as they are an essential component of the limited
treatment alternatives available for management of serious, life -threatening infections in humans.

Criterion B
met: Yes

Resistance to 3 rd- and 4 th -generation cephalosporins in E. coli, Salmonella spp.and Klebsiella spp.is mainly due
to plasmid borne ESBLs or AmpC (pAmpC) encoding genes. Hyperexpression of chromosomal AmpC beta -
lactamases can also lead to resistance to 3 rd- and 4 th -generation cephalosporins in Gram -negative bacilli.
Resistance can also be due to efflux pumps and decreased permeability of the cell membrane in Gram -negative
bacilli [130, 131].

Acquired resistance in Gram  -positive bacteria may be due to the presence of PBPs which have reduced affinity for
beta -lactams e.g. acquired PBP2a in MRSA, encoded by the mec A gene located on the  mobile genetic element, SCC
mec [132].

Cross -resistance between 3 rd- and 4 th -generation cephalosporins is common, although due to the higher
permeability across porins, 4 th -generation cephalosporins could have higher activity than the 3 rd -generation.

Monitoring of Salmonella spp. and E. coli under EFSA/ECDC mandatory EU surveillance in food -producing animals
shows that the preval  ence of ESBL -and AmpC -producers is low in the EU overall but varies greatly between animal
production type and country [26]. There is evidence for the selection and spread of resistance to 3 rd- and 4 th -
generation cephalosporins due to the use of these antimicrobials in food -producing animals  [133, 134].

Monitoring of MRSA under EFSA/ECDC surveillance is vo luntary 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
[26].

Enterobacterales producing ESBLs and AmpC and MRSA/P have also been isolated from companion animals [27,
28, 57-60].

Transmission

There is evidence for the transmission of resistance to 3 rd- and 4 th -generation cephalosporins from food -producing
and companion to humans via Enterobacterales that are zoonotic pathogens or commensal bacteria (See
annotation 2 under Table 61).

Methicillin -resistant staphylococci may also be transmitted from food -producing and companion animals to humans
(See annotation 3 under Table 61).

In conclusion, there is evidence for the selection and significant trans mission of resistanceto 3rd - and
4th -generation cephalosporins from animals to humans via zoonotic pathogens or commensal b acteria capable of
transferring resistance to human pathogens.

Criterion B.1.(a) is met.

Criterion C
met: No

3rd- and 4 th -generation cephalosporins are included in Table 1 of the MRL Regulation (EU) 37/2010 and can be

used in mammalian  food - producing animals in the EU. They are authorised in VMPs in the EU for use in cattle, pigs,
horses, dogs and cats, for local and systemic administration, for various indications including those highlighted

below. 3 rd- and 4 th -generation cephalosporins  are contra -indicated from use in poultry in the EU for public health
reasons relating to AMR  [135, 136]).

Food - producing species

Serious E. coli infections (e.g. leading to sepsis, meningitis and severe enteritis ) are a major cause of morbidity
and mortality in livestock, particularly juveniles and neonates [39, 137-141]. EFSA noted highle vels of resistance
to first line antimicrobials (e.g. aminopenicillins, potentiated sulfonamides, tetracyclines) in pathogenic E. coli from

swine, horses, sheep, goats and calves, suggesting their limited efficacy against these infections in many EU

countr ies [41, 86, 88, 142] (See annotation 1 under Table 61). Potential alternativesto3  rd- and 4 th -generation
cephalosporins for resistant E. coli infections are limited to AMEG Category B substances: colistin (not foals) or
fluoroquinolones or, depe  nding on patient/disease suitability, aminoglycosides (Category C). 3 rd- and

4th -generation cephalosporins may also be used e.qg. for treatment of respiratory tract infections in horses, cattle

(e.g. Mannheimia haemolytica) and pigs (e.g. Actinobacillus ple uropneumoniae ), metritis in cattle and pigs (due to
e.g. E. coli) and interdigital necrobacillosis in cattle (e.g. Fusobacterium  spp.). For these diseases, resistance to all
first -line antimicrobials is uncommon in the EU [41, 86, 142] (See annotation 1 under Table 61); however, in line
with VMP authorisations, use of 3 rd- and 4 th -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 [135]. These diseases are associated with high impact on animal welfare and may lead to

mortality or cull if untreated.

Companion animals
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In dogs and cats, 3 rd-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 resista nt to first -line antibiotics. 3  rd-generation
cephalosporins are one of limited options for pyelonephritis which requires rapid empirical treatment;

fluoroquinolones are the alternative [75, 80, 143, 144] (See annotation 1 under Table 61). SSTI become serious if
recurrent or progressing to cellulitis; 3 rd - generation cephalosporins may be used as second -line. Alternatives are
fluoroquinolones or substances in AMEG Category A [77, 78, 145]. 3 rd-generation cephalosporins are one of few
antibiotics available for treatment of anaerobic infections in companion animals (other options are clindamycin and
metronidazole) [84].

In conclusion, 3 rd- and 4 th -generation cephalosporins are used in food -producing and companion animal species to
treat serious life  -threatening infections with significant morbidity or mortality, in particular when there are no
alternatives from a lower AMEG category. Criterion C is not met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 15 . Evaluation of ceftobiprole, ceftaroline

Ceftobiprole, ceftaroline
See Table 84 for ATC(vet) codes

Criterion A Ceftaroline and ceftobiprole medocaril are sometimes referred to as 5th -generation cephalosporins.
met: Yes
Ceftobiprole and ceftaroline have distinct activity compared with other cephalosporins. In addition to their activity

against Gram -positive and Gram  -negative microorganisms, including Enterobacterales, and organisms causing CAP
(i.e., Streptococcus pneumon iae, Haemophilus influenzae , Moraxella catarrhalis ) they have excellent activity
against MRSA and against ampicillin -susceptible strains of  Enteroco ccus faecalis [146, 147].

These cephalosporin s with activity against MRSA are important for the treatment of serious, life -threatening
complicated SSTIs and pneumonia in humans where current alternatives  cannot be used due to resistance or
toxicity. In addition, they are the first choice in cases of severe polymicrobial infections in which MRSA is involved
and can also be used as last resort in association with other antibiotics for the treatment of endocarditis and

bacteraemia [148-152].

Alternatives for the treatmen t of MRSA infections include oxazolidinones and glycopeptides. There are few

alternative broad -spectrum antibiotics for the treatment of polymicrobial infections involving resistant bacteria,

e.g., glycylcyclines, but these are not adequate for the treatme nt of pneumonia.  Empiric therapy for CAP frequently
consists of beta -lactam monotherapy or beta -lactam/macrolide combination therapy. However, such agents do not
reflect the emergence and increasing prevalence of MRSA in the community setting. As ineffecti ve empiric therapy
is associated with adverse outcomes, including mortality and increased costs, ceftaroline, with its extended

spectrum of activity, is an alternative to standard antibiotic CAP regimens [150].

MRSA remains an important human health burden in the EU/EEA, estimated as causing approx. 150,000 infections
and accounting for approximately 7,0 00 deaths per annum  [153]. MRSA substantially increases the risk of mortality
in hospitalised patients compared with MSSA.

Ceftobiprole is cu rrently authorised in 13 European countries for the treatment of hospital -acquired pneumonia
(excluding ventilator  -associated pneumonia) and CAP and is available for intravenous treatment only [154].
Ceftaroline is centrally authorised in the EU for the treatment of CAP and complicated SSTIs and is available for
intravenous treatment only.

Ceftobiprole and ceftaroline fulfil criterion A.1.(b) based on being an essential component of the limited treatment
alternatives available for management of serious, life -threatening infections in humans.

Criterion B In Enterobacterales, resistance to higher generation cephalosporins is most importantly mediated through ESBLs,

met: Yes AmpC and carbapenemases. Resistance may be chromosomal, but is mainly plasmid borne [155].

Ceftobiprole and ceftaroline have high affinity for PBP2a and reduced susceptibility in MRSA is very uncommon but

may be due to certain mobile mec genes or due to mutations in PBP4 [156]. Resistance to all classes of beta -
lactam antibiotics, including anti -MRSA cephalosporins, was associated with mec D presence in  Macrococcus
caseolyticus strains from bovine and canine sources [24].

There is no monitoring of resistance specifically to ceftob iprole or ceftaroline under EFSA/ECDC mandatory EU
surveillance in food -producing animals; however, monitoring of Salmonella spp. and E. coli shows that the
prevalence of ESBL -and AmpC -producers is low in the EU overall, but varies greatly between animal p roduction
type and country  [26]. Enterobacterales producing ESBLs and AmpC have also been isolated from companion

animals [57-60].

No evidence was found for specific reporting of resistance to ceftobiprole and ceftaroline in isolates from animals,
including MRSA/P.

Transmission

There is evidence to support the potential selection and transmission of resistance to ceftobiprole and ceftaroline

from food -producing and companion animals to humans via Enterobacterales that are zoonotic pathogens or
commensal bacteria (See annotation 2 under Table 61). MRSA/P carrying mec genes may also be transmitted from
animals to humans (See annotation 3 under Table 61).
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In conclusion, although they are not authorised in VMPs, there is evidence for the potential for selection and likely

significant trans mission of resistance to ceftobiprole and ceftaroline from animals to humans , through zoonotic

path ogens or commensal bacteria capable of transferring resistance to human pathogens, if their use in animals
became established.

Criterion B.1.(b) is met.

Criterion C
met: Yes

There is no knowledge  that ceftobiprole or ceftaroline have been authorised as VMPs in the EU or globally

. They are

not included in the Annex to the MRL Regulation (EVU) 37/2010 and cannot be used in food -producing animals in the

EU, including under Articles 113 & 114 of Regulation ( EU) 2019/6

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

Criterion C.1(a) is met

in

Recommended to be designated as antimicrobial s to be reserved for humans  : Yes

Table 16 . Evaluation of combinations of cephalosporins and beta -lactamase inhibitors

See Table 85

Combinations of cephalosporins and beta -lactamase inhibitors

for ATC(vet) codes

Criterion A
met: Yes

Cephalosporins have a wide range of antibacterial activity but show considerable diversity in their antibacterial
properties. Clavulanic acid, sulbactam, tazobactam, brobactam, avibactam, relebactam, and vaborbactam are beta
lactamase inhibitors that thems elves have limited intrinsic antibacterial activity, but inhibit the activity of a number
of beta -lactamases. Avibactam, sulbactam and tazobactam have been used in combination with cephalosporins.

Against Enterobacterales, ceftazidime T avibactam has shown  activity against ESBL producers and carbapenem
producing Enterobacterales, except metallo -beta -lactamase (MBL) producers. Clinical trials published to date on
ceftazidime -avibactam have shown its excellent safety and tolerability. It was advised that th is new comb
agent should be limited to patients without other treatment options in the empiric and documented treatment of
multidrug -resistant Gram -negative organisms  [157].

ase -

ination

Ceftolozane -tazobactam has demonstrated efficacy and safety in patients who are infected with ESBL -producing
Enterobacte rales and Pseudomonas aeruginosa . However, it has shown limited activity against ESBL -producing

Klebsiella pneumoniae and no activity against carbapenemase -producing Enterobacterales; although isolates
producing the carbapenemase OXA -48 that are susceptible to ceftazidime, are also susce ptible to
ceftolozane/ tazobactam [158]. High rates of clinical cure by ceftolozane/tazobactam suggest that this antimicrobial
will be valuable for treating infections caused by MDR Gram -negative bacteria.

Cefoperazone -sulbactam: Cefoperazone is a 3rd -generation cephalospori  n and has potency against most wild -type
Enterobacter ales and moderate to good activity against P. aeruginosa . The addition to cefoperazone of the beta -
lactamase inhibitor, sulbactam, expands the spectrum to include Acinetobacter baumannii and some Gram -negative

organisms with broader spectrum beta -lactamases. The combination is more resistant to attack by class
lactamases but remains vulnerable to isolates producing class C beta -lactamases [159].

Ceftazidime -avibactam is used as targeted therapy in severe infections caused by Gram -negative bacteria

A beta -

producing ESBLs, AmpCs or class A and D carbapenemases (KPC, GES, OXA -48) as a last -resort treatment option

when other alternatives are not available. It is also used as empirical therapy in severe infections (including
pneumonia and bacteraemia) in patients colonised by carbapenemase -producing Enterobacterales or
MDR-P. aeruginosa .

Ceftolozane -tazobactam is used in humans, either empiric ally or as targeted treatment for severe infections

(urinary sepsis, peritonitis, pneumonia or bacteraemia) when there is a high probability of MDR Gram  -negative

bacteria, and when infection due to P. aeruginosa is known or suspected in patients with serious comorbidities
(including patients admitted to ICUs, immunocompromised patients, or patients with neutropenia). Ceftolozane
tazobactam is used to spare carbapenem use for the treatment of infections with P. aeruginosa [160, 16

1].

Cefoperazone -sulbactam has been used in many geographic regions to treat various serious Gram -negative

infections, including multiply resistant A. baumannii  such as nosocomial pneumonia, intra -abdominal infec
gynaecological infections, sepsis, and infections in febrile neutropenic patients [162].

tions,

Infections with carbapenem -resistant Gram -negative bacteria are associated with high levels of mortality (see entry

for c arbapenems). Few alternative treatment options are available in case of carbapenem resistance, but include
colistin combinations, novel tetracyclines or cefiderocol. So far, there are few clinical studies on alternative
therapies for infections caused ceft azidime T avibactam resistant strains, but case reports indicate cefiderocol,

tigecyclin e, imipenem -relebactam, meropenem  -vaborbactam and aztreonam as potential alternatives [163].

In 2018, the highest EU/EEA population -weighted mean resistance percentage in Pseudomonas aeruginosa  was

reported for fluoroquinolones (19.7%), followed by piperacillin -tazobactam (18.3%), carbapenems (17.2%),
ceftazidime (14.1%) and aminoglycosides (11.8%). Highest resistance levels were found in east European

countries. There were significantly decreas ing trends in the EU/EEA population -weighted mean percentages
piperacillin -tazobactam resistance between 2015 and 2018 [101].

of

Ceftazidime -avibactam is administered parenterally . It was authorised centrally in the EU in 2016 and is indicated

for the treatment of the following infections in adults: clA 1, complicated UTI, including pyelonephritis, hospital
acquired pneumonia (HAP), including VAP. It is also indicated for the treatment of infections due to aerobic Gram
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negative organisms in adult patients with limited treatment options. Ceftolozane -tazoba ctam was also centrally
approved in 2015 and the indication is very similar but not exactly the same.
Combinations of cephalosporins and beta -lactamase inhibitors fulfil criterion A.1(a) based on being an essential
component of the limited treatment alter natives available for management of serious, life -threatening infections in
humans due to MDR Gram -negative infections, especially P. aeruginosa and carbapenem -resistant
Enterobacterales, and in the patient groups noted.
Ceftazidime -avibactamisclassiied by CHMP as ful filling an 6unmet medical ne
A.1(c).

Criterion B Resistance to the  cephalosporin -BLI combinations is mainly due to beta -lactamase enzymes able to hydrolyse the

met: Yes specific generation of cephalosporins and not inhibited by the BLI. Resistance is mostly plasmid borne [164, 165].
Tazobactam, clavulanate and sulbactam confer stability to Class A ESBLs; whereas avibactam additionally provides
stability to AmpC and certain carbapenemases (excluding MBLs) produced by Enterobacterales, and Pseudomonas
spp. [159].
There is no monitoring of resistance specifically to cephalosporin -BLI combinations under EFSA/ECDC mandatory
EU surveillance in food -producing animals; however, monitoring of Salmon ella spp. and E. coli shows that the
prevalence of ESBL -and AmpC -producers is low in the EU overall, but varies greatly between animal production
type and country  [26]. Enterobacterales producing ESBLs and AmpC have also been isolated from companion
animals [57-60].
Transmission
There is evidence to support the potential transmission of resistance to cephalosporin -BLI from food -producing and
companion animals to humans via Enterobacterales that are zoonotic pathogens or commensal bacteria (See
annotation 2 under Table 61).
In conclusion, although they are not authorised in VMPs, there is evidence for the potential for selection and likely
significant trans mission of resistance to cephalosporin ~ -BLI combinations  from animals to humans , through zoonotic
pathogens or commensal bacteria capable of transferring resistance to human pathogens, if their use in animals
became established.
Criterion B.1.(b) is met.

Criterion C Combinations of cephalosporins wi  th beta -lactamase inhibitors have not been authorised for use in VMPs in the EU

met: Yes and there is no knowledge of their veterinary authorisation globally. Ceftazidime, ceftolozane, sulbactam,
avibactam and tazobactam are notincluded inthe  Annex tothe MRL Regulation (EU) 37/2010 and so cannot be
used in food -producing animals in the EU , including under Articles 113 & 114 of Regulation (EU) 2019/6 . MRLs
have been established for other cephalosporins and clavulanic acid; therefore, although not in authori sed VMPs,
combinations could theoretically be used in food -producing animals under the Articles 113 & 114.
No evidence could be found for the use of, or need for, cephalosporins in combination with BLIs to treat serious
infections in animals in the EU at the present time.
Criterion C.1(a) is met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : Yes

Table 17 . Evaluation of siderophore cephalosporins

Siderophore cephalosporins

See Table 86 for ATC(vet) codes

Criterion A Cefiderocol is a novel siderophore cephalosporin with activity against a broad range of carbapenem res istant Gram -

met: Yes negative bacteria [166].

Cefiderocol is active against Enterobacterales and other Gram -negative bacteria producing AmpC and the majority

of Ambler class A, B, C and D ESBLs, including many MBLs and other carbapenemases. Cefiderocol also has very
good activity against  Acine tobacter baumannii , including carbapenem  -resistant isolates and against other MDR
carbapenem -resistant Gram -negative bacteria . A distinguishing feature of cefiderocol is its activity against MDR
Pseudomonas aeruginosa,  A. baumannii, Stenotrophomonas maltop hilia and Burkholderia cepacia [167].
Cefiderocol is one of  the few treatment options for serious, life -threatening infections in humans caused by MDR,
carbapenem -resistant Gram -negative bacteria [168, 169].

Cefiderocol is exceptional in that it shows activity against Gram -negative bacteria producing all currently known

beta -lactamases, including MBLs; there are very few alternatives e.g. , eravacycline, but this is not adequate for the
treatment of pneumonia or bacteraemia .

Infections with ¢ arbapenem -resistant Gram -negative bacteria are associated with high levels of mortality,

estimated as causing >8,700 deaths in the EU/EEA in 2015 (see carbapenems entry). P. aeruginosa is one of the
major causes of healthcare  -associated infections in the E ~ U/EEA, commonly associated with surgical site infections,
UTIs and ICU -acquired pneumonia. It is often MDR and challenging to control in hospitals. In 2015, MDR P.
aeruginosa caused >8,700 infections and >550 deaths in the EU/EEA [153].
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Cefiderocol is centrally approved in the EU for the treatment of infections due to aerobic Gram -negative organisms
in adults with limited treatment options.
Siderophores fulfil criterion A.1.(a) based on being an essential component of the limited treatment alternatives
available for mana gement of serious, life  -threatening infections in humans.
Cefiderocol is classified by CHMP a sandftherefore diso fulfiiscriteion Ad(@)n me t  me
Criterion B Cefiderocol is unique in that it enters the bacterial peri plasmic space as a result of its siderophore -like property and
met: Yes is therefore less affected by resistance due to porin loss, efflux pumps and beta -lactamases. Although cefiderocol
has enhanced stability to beta -lactamases, in vitro investigations have sugges ted incomplete stability to some
carbapenemases (particularly NDM -1 and PER). Loss of iron uptake systems could also be a risk for resistance.
Resistance development is probably multifactorial [159].
Cefiderocol is a novel antibiotic, and prevalence of resistance in human isolates is very low at present. No evidence
was found for specific reporting of resistance to siderophores in isolates from animals.
Transmission
There is evidence to support the pot ential transmission of resistance to siderophores from food -producing and
companion animals to humans via Enterobacterales that are zoonotic pathogens or commensal bacteria (See
annotation 2 under Table 61).
In conclusion, although they are not authorised in VMPs, there is evidence for the potential for selection and likely
significant trans mission of resistance to siderophores from animals to humans , through zoonotic pathogens or
commensal bacteria capable of transferring resistance to human pathogens, if their use in animals became
established.
Criterion B.1.(b) is met.
Criterion C Cefiderocol has not been authorised for use in VMPs in the EU and there is no knowledge of its veterinary
met: Yes authorisation in VMPs globally . Itis not included in the Annex to the MRL Regulation (EU) 37/2010 and cannot be
used in food -producing animals in the EU, including under Articles 113 & 114 of Regulation (EU) 2019/6
No evidence could be found for the use of, or need for, siderophore cephalosporins to treat serious infections in
animals in the EU at the present time.
Criterion C.1.(a) is met.

Recommended to be des ignated as an antimicrobial class to be reserved for humans : Yes

Table 18 . Evaluation of carbapenems, including carbapenems with beta -lactamase inhibitors

See Table 87

Carbapenems,

including carbapenems with beta -lactamase inhibitors
for ATC(vet) codes

Criterion A
met: Yes

Carbapenems are beta -lactam antibiotics which have bactericidal effect, binding to penicillin -binding proteins and
thereby inhibiting bacterial cell w all synthesis.

They have a broad spectrum of activity against Gram -negative bacteria and activity against Gram -positive bacteria;
although meropenem and imipenem do not have activity against MRSA or Enterococcus faecium . In general, they
have good activit y against anaerobes. Carbapenems are of importance as they are stable to several beta -
lactamases, including AmpC and ESBLs, which confer resistance to 3rd -generation cephalosporins. Recently,
resistance in Enterobacterales and other Gram -negative bacillic aused by production of carbapenemase enzymes

has emerged and disseminated globally. This has led to development of carbapenem combinations with beta -
lactamase inhibitor compounds e.g. meropenem -vaborbactam and imipenem  -relebactam. Vaborbactam and

relebacta m inhibit Ambler class A and C beta -lactamases, including  Klebsiella pneumoniae  carbapenemases (KPCs)
[170].

Carbapenems are mainly used in hospitals to treat nosocomial infections involving MDR Gram -negative bacteria
(especially ESBL and AmpC  -producing Enterobacterales, MDR Acinetobacter spp. and Pseudomonas aeruginosa ).
Ertapenem has a more limited spectrum of activity compared to meropenem and imipenem as it is not active

against P. aeruginosa [171].

Human medicinal products containing meropenem and imipenem (IV) have broad indications in the EU including:

pneumonia (including community -acquired and nosocomial (HAP, VAP)); b ronchopulmonary infections in cystic
fibrosis patients; cUTI including pyelonephritis; clAl; intra - and post -partum infections; complicated SSSI; acute
bacterial meningitis and management of neutropenic patients with fever suspected to be due to bacterial infection.
Ertapenem is not indicated for meningitis but is additionally indicated for diabetic foot infections and prophylaxis of

the surgical site for elective colorectal surgery.

Meropenem -vaborbactam is indicated for the following infections: cUTI incl uding pyelonephritis, clAl, HAP and VAP.
Imipenem -relebactam (+cilastatin) is indicated for the treatment of infections due to aerobic Gram -negative
organisms in adults with limited treatment options [172].
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Few alternative treatment options are available in case of carbapenem resistance but include colistin (see
polymyxins below) as well as new antibiotics and combinations with beta -lactamase inhibitors such as ceftazidime -
avibactam, ceftolozane -tazobactam, imipenem  -relebactam, meropenem  -vaborbactam and cefiderocol [173-175].

Infections with carbapenem -resistant bacteria are associated with high levels of mortality and were estimated as

causing >8,700 dea thsin the EU/EEA in 2015. For example, K. pneumoniae is a common cause of urinary,

respiratory and bloodstream infections and a frequent cause of hospital outbreaks. Over recent years, there has

been a rapid increase in carbapenem -resistant K. pneumoniae infections in the EU/EEA, and these were estimated

to account for approx. 16,000 infections and 2,000 deaths in 2015. Infections with carbapenem -resistant
Acinetobacter baumannii occur mainly in seriously ill patients in ICUs and have become endemic in hea Ithcare
settings in some EU/EEA countries. In 2015, there were an estimated 27,000 infections with carbapenem -resistant
Acinetobacter spp. and >2000 deaths. Carbapenem -resistant P. aeruginosa was estimated to be responsible for
>60,000 infections and 4,000 deaths in the EU/EEA in 2015 [153].

These combinations are both centrally and nationally approved in the EU Member States.

Meropenem -vaborbactam combination is centrally approved  and is indicated for the treatment of the following

infections in adults: complicated UTIs, includi ng pyelonephritis , clAl, HAP, including VAP. Itis also indicated for the
treatment of patients with bacteraemia that occurs in association with, or is suspected to be associated with, any of
the infections listed above. Meropenem -vaborbactam is also indic ated for the treatment of infections due to aerobic

Gram -negative organisms in  adults with limited treatment options

Another centrally approved combination is imipenem -relebactam (+cilastin) . Itis approved forthet  reatment of
HAP, including VAP, in adults ; t reatment of bacteraemia that occurs in association with, or is suspected to be
associated with HAP or VAP, in adults ; and forthe t reatment of infections due to aerobic Gram -negative organisms

in adults with limi  ted treatment options

Other members of the class are nationally approved for indications that include s evere pneumonia, including
hospital and ventilator ~ -associated pneumonia , b ronchopulmonary infections in cystic fibrosis , complicated UTls,
complicated i ntra -abdominal infections , intra - and post -partum infections , complicated SSTIs, a cute bacterial
meningitis ; t reatment of patients with bacteraemia that occurs in association with, or is suspected to be associated

with, any of the infections listed above ; the management of neutropenic patients with fever that is suspected to be

due to a bacterial infection.

Carbapenems (alone, i.e., not in combination with beta -lactamase inhibitors  (BLI)) fulfil criterion A.1.(b), based o
being an essential component of th e limited treatment alternatives available for management of serious, life -
threatening infections in humans due to MDR Gram -negative bacteria including Enterobacterales, A. baumannii and

P. aeruginosa .

Carbapenem -BLI combinations fulfil criterion A.1.(a), based on being an essential component of the limited
treatment alternatives available for management of serious, life -threatening infections in humans due to MDR
Gram -negative bacteria including Enterobacterales, A. baumanii and P. aeruginosa .

Meropenem -vaborbactam and imipenem -r el ebactam are classified by CHMP as ad

and therefore also fulfil criterion A.1(c). They are last -resort treatment options for carbapenem -resistant Gram -
negative infections (excluding MBL -producers).
Criterion B In Enterobacterales and Acinetobacter spp., enzyme -mediated resistance is the most important mechanism.
met: Yes Carbapenemase genes are mainly located on highly transmissible plasmids, but there are also chromosomally
encoded mechanisms. In Pseudomonas aeruginosa , the most common mechanisms of resistance are efflux pumps
and alteration of porins [176-178].
Carbapenemases have been detected in E. coli and Salmonella spp. from food -producing animals (particularly pigs
and poultry) on EFSA surveillance, but remaining at very low /sporadic prevalence [26].
Carbapenemases have also been detected sporadically in Enterobacterales, P. aeruginosa and A. baumannii isolates
from companion animals; prevalence unknown [179 -183]. Zooanthrop onot ic transmission has been suspected
[184, 185]).
Transmission
There is evidence to support the potential transmission of resistan ce to carbapenems(+BLI) from food -producing
and companion animals to humans via Enterobacterales and other zoonotic pathogens or commensal bacteria (See
annotation 2 under Table 61).
In conclusion, although they are not authorised in VMPs, there is evidence for the potential for selection and likely
significant trans mission of resistance to carbapenems(+BLI) from animals to humans through zoonotic pathogens
or commensal bacteria capable of transferring resistance to human pathogens, if their use in animals became
established.
Criterion B.1.(b) is met.
Criterion C There is no knowledge  that carbapenems have been authorise d as VMPs in the EU or globally. No carbapenems or
met: Yes the BLIs with which they are used , vaborbactam and relebactam, are included in the Annex to the MRL Regulation
(EV) 37/2010 and therefore they cannot be used in food -producing animals in the EU, including under Articles 113

& 114 of Regulation (EU) 2019/6
Companion animals

Little published evidence could be found for the use of carbapenems in domestic animals and hence it is likely to be
rare. Based on published treatment guidelines, carbapenems may be us ed to treat cats and dogs suffering MDR
skin, respiratory or urinary tract infections due to ESBL -producing Enterobacterales and P. aeruginosa , as a last
resort to treat infections that are life -threatening. However, there are strong recommendations in some EU and
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international guidelines against the use of carbapenems in animals due to public health concerns, and some
Member states have nationa | legislation preventing their use [1, 77, 80, 83, 186, 187].

Alternative antimicrobial treatments would be dependent on results of susceptibility testing and the underlying
condition and may not be avail able in all cases.

Although the extent of use of carbapenems in companion animals in the EU is unknown, based on the low number
of reports it appears that impacts of inappropriate treatment on morbidity and mortality would be very limited.

Other (non -food) species

Some reports of carbapenem use in zoo animals were made to the open call for data.

In conclusion, considering the public health interest identified from criteria A and B , criterion C.1(c) is met for
carbapenems.
No evidence was found fo  r use of, or need for, carbapenems in combinations with beta -lactamase inhibitors  to treat

serious infections in animals in the EU at the present time

Criterion C.1(a) is met for carbapenems in combination with BLIs.

Recommended to be designated as an antimicrobial class to be reserved for humans : Yes

Table 19 . Evaluation of penems

Penems
See Table 88 for ATC(vet) codes

Criterion A Penems are beta -lactam antibiotics related to carbapenems.
met: Yes
Faropenem is an orally active penem that demonstrates broad -spectrum in vitro antimicrobial activity against many
Gram -positive and  Gram -negative aerobes and anaerobes and is resistant to hydrolysis by nearly all beta -
lactamases, including  ESBL and AmpC be ta-lactamases. However, faropenem is not active against methicillin -
resistant Staphylococcus aureus , VR Enterococcus faecium , Pseudomonas aeruginosa  or Stenotrophomonas
maltophilia [188].

The importance of faropenem in human medicine is  due to its potential  for the oral treatment of severe,
community -acquired or healthcare -associated life -threatening infections caused by many Gram -positive bacteria
(S. aureus i excluding MRSA, Enterococcus faecalis 1 excluding VRE ) and Gram -negative bacteria (e.g.

Enterobacterales ), since itis stable to many beta -lactamases, including some ESBLs and basal ch  romosomal AmpC
(not isolates with derepressed AmpC), but excluding MBLs and other carbapenemases [189, 190].
Although faropenem is not authorised for use in the EU, there are few oral treatment options globally in case of

infections caused by ESBL  -producing bacteria
Faropenem is currently not authorised in the EU

If authori sed for the use in the EU, faropenem wo uld fulfil ¢ riterion A.1.( a) based on being an essential component

of the limited treatment alternatives available for management of serious, life -threatening infections in humans due
to Gram -positive and ESBL -producing Gram -negative bacteria, particularly in patient groups requiring oral
administrations.

Criterion B Faropenem is hydrolysed by carbapenemases and there is potential for cross -resistance with carbapenems [191 -
met: Yes 193].

Little surveillance data is available on the p revalence of resistance to faropenem.

Reference is made to the carbapenem section ( Table 18).

Criterion B.1.(b) is met.

Criterion C Faropenem has not been authorised for use in VMPs in the EU and there is no knowledge of veterinary
met: Yes authorisation of penems globally. No penems are included in the Annex to the MRL Regulation (EU) 37/2010 and
therefore they cannot be used to treat food -pro ducing animals in the EU, including under Articles 113 & 114 of

Regulation (EU) 2019/6

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

Criterion C.1(a) is met.

Recommen ded to be designated as an antimicrobial class to be reserved for humans  : Yes
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Table 20 . Evaluation of monobactams

Monobactams
See Table 89 for ATC(vet) codes

Criterion A Monobactams are monocyclic beta -lactam antibiotics (no adjacent rings to the core beta -lactam ring) that inhibit
met: Yes bacterial cell wall ~ synthesis. Aztreonam is the only monobactam antibiotic currently in clinical use in humans. Other
monobactams not used in humans are tigemonam, carumonam and nocardicin A

The spectrum of activity of aztreonam is limited entirely to aerobic Gram -negative bacteria (e.g., Escherichia coli,
Proteus mirabilis, other Proteus spp., Klebsiella, Enterobacter, Serratia, Providencia, Citrobacter, Salmonella,
Shigella spp., and Morganella morganii, Pseudomonas aeruginosa ) [194].

Aztreonam (in combination with ceftaz idime -avibactam) is one of few options for the treatment of various life -
threatening infections caused by metallo -beta -lactamase (MBL) -producing P. aeruginosa and MBL -producing
Enterobacterales [195, 196]. Aztreonam is also an important alternative for the treatment of infections in cystic

fibrosis patients (eit  her intravenously or by inhalation) [197, 198] and for the treatment of infections in patients

with allergy to other beta -lactams [199].

MBL-producing Gram -negative bacteria are not inhibited by the new beta -lactamase inhibitors (e.g. , avibactam)
and there are very limited alternative treatments, e.g. , colistin combinations, cefiderocol. Some of these organisms
can also be susceptible to aminoglycosides and fluorogquinolones [48].

MBL-producing Gram -negative bacteria, e.g. , NDM-producing Klebsiella pneumoniae , are increasingly reported as
causing hospital outbreaks in the E U/EEA.

Aztreonam is centrally approved for the suppressive therapy of chronic pulmonary infections due to P. aeruginosa

in patients with cystic fibrosis (CF) aged 6 years and older . Aztreonam is nationally approved  for the treatment of
different infection types (UTIs, gonorrh oea, lower RTIs, septic aemia, meningitides, bone and joint infections, intra -
abdominal infections and gynaecological infections) caused by aerobic Gram -negative microorganisms and for lung
infec tions caused by  P. aeruginosa in cystic fibrosis patients [200].

Monobactams fulfil ¢ riterion A.1.(b)  based on being an essential component of the limited treatment alternatives
available for management of serious, life -threatening infections in humans

Criterion B Despite their stability to MBLs, common resistance mechanisms to aztreonam in Enterobacterales are AmpC, ESBLs

met: Yes and non -class B carbapenemases, chromosomally or plasmid encoded. Resistance in Pseudomonas spp. may evolve
during treatment due to chromosomal mutations [194].

There is no monitoring of resistance specifically to monobactams under EFSA/ECDC mandatory EU surveillance in

food - producing animals; however, monitoring of Salmonella spp. and E. coli shows that the prevalence of ESBL -and
AmpC -producers is low in the EU 0o verall, but varies greatly between animal production type and country [26].
Enterobacterales producing ESBLs and AmpC have also been is olated from companion animals [57-60].

Transmission

There is evidence to support the potential transmission of resistance to monobactams from food -producing and
companion animals to humans via Enterobacterales that are zoonotic pathogens or commensal bacteria (See
annotation 2 under Table 61).

In conclusion, although they are not authorised in VMPs, there is evidence for the potential for selection and likely

significant trans mission of resistance to monoba ctams from animals to humans , through zoonotic pathogens or
commensal bacteria capable of transferring resistance to human pathogens, if their use in animals became
established.

Criterion B.1.(b) is met.

Criterion C Monobactams have not been authorised for use in VMPs in the EU and there is no knowledge of their veterinary
met: Yes authorisation globally . They are not included in the Annex to the MRL Regulation (EU) 37/2010 and cannot be used
in food -producing animals in the EU , including under  Articles 113 & 114 of Regulation (EU) 2019/6

Companion animals

There are few reports of use of monobactams in companion animals to treat various serious Gram -negative
infections, e.g. septicaemia [201, 202]. Alternative veterinary  -authorised antimicrobials are available (e.g. 3 rd- and
4th -generation cephalosporins, aminoglycosides).

In conclusion, based on the low number of reports of use of monob actams in animals, it appears that impacts of
inappropriate treatment on morbidity and mortality would be very limited. Considering the public health interest
identified from criteria A and B, criterion C.1(c) is met.

Recommended to be designated as an a ntimicrobial class to be reserved for humans : Yes
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Table 21 . Evaluation of polymyxins

Polymyxins
See Table 90 for ATC(vet) codes

Criterion A Colistin (polymyxin E) and polymyxin B are rapidly bactericidal  polypeptide antibiotics belonging to the polymyxin

met: Yes class. Polymyxins disrupt the outer bacterial cell membrane of certain Gram -negative bacteria  [203].
Polymyxins are active particularly against Gram -negative bacteria such as most Enterobacterales (e.g. E. coli ,
Klebsiella spp., Salmonella spp.), Pseudomonas aeruginosa and Acinetobacter baumannii  , incl uding those
displaying carbapenem resistance. Some Gram -negative bacteria are inherently resistant to polymyxins, such as

Serratia , Stenotrophomonas and Proteus spp. [203].

Intravenous polymyxins (colistin) are one of few available therapies for serious systemic healthcare -associated
infections due to MDR Enterobacterales, A. baumannii and P. aeruginosa , especially in seriously ill patients in ICUs.
Colistin should be used with care due to nephrotoxicity and is used as last resort in combination with meropenem,
aminoglycosides or tigecycline for the treatment of infections caused by carbapenemase -producing Gram -negative
bacteria, especially those producing KPC, MBL and OXA enzymes alone or in association with ESBLs or AmpC. Itis

also administered by inhalation f or the treatment of infections in cystic fibrosis patients and in patients with

ventilator -associated pneumonia  [11, 203].

Alternatives include new antibiotics and combinations with beta -lactamase inhibitors such as ceftazidime -
avibactam, ceftolozane -tazobactam, imipenem  -relebactam, mero penem -vaborbactam and cefiderocol, as well as
novel tetracyclines or fosfomycin, but these may also have limitations to their use. In the case of

MDR-A. baumannii , the only alternative is cefiderocol and the novel tetracyclines [47, 49, 160].

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 for the treatment of infections caused by

carbapenem -resistant Enterobacterales, MDR  -Acinetobacter spp. and MDR -Pseudomonas spp. Infections caused by
carbapenem -resistant Gram -negative bacteria are associated with high levels of mortality (see Table 18,
Carbapenem s) and there were also an estimated 2,500 deaths due to colistin -resistant Gram -negative bacteria in
the EU/EEA in 2015 [153].

Colistin and Polymyxin B are nationally authorised in EU. A referral was conducted by the EMA in 2014 and
recommendations were issued for safe use in patients with serious infections res istant to standard antibiotics.

Polymyxins fulfil criterion A.1.(a) based on being an essential component of the limited treatment alternatives
available for management of serious, life -threatening infections in humans

Criterion B Acquired resistance to polymyxins can be both chromosomal and plasmid -borne [204, 205]. The mcr -1 gene

met: Yes encodes an enzy me (MCR -1) that modifies the lipopolysaccharide of the bacterial membrane , leading to resistance
to p olymyxins. Multiple mcr genes have now been described [206]. Resistance due to plasmid -mediated mcr genes
has been detected in Enterobacterales, Acinetobacter and Pseudomonas spp. and is reported globally from animals,

food produce and in human clinical and non -clinical (screening) specimen s [204, 205, 207 -213].

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. [204, 213, 214]. Co-existence of mcr -genes and genes
encoding for carbapenem resistance (NDM) have been found in E. coli isolates (on different plasmids) f rom food -
producing animals and meat in China [215-217].

Although i nformation about colistin resistance in bacteria derived from animals and food animal produce is still

limited, a widespread dispersion of mcr genes in livestock animals has been described [218]. Recent mandatory EU
surveillance reported a generally (very) low but variable prevalence of colistin resistance in Salmonella spp.and E.
coli from different food producing animal species and countries [26].

The mcr -1 gene has incidentally been detected in E. coli from dogs in the EU, and globally [212, 219-221].

Transmission

Epidemiology suggests that the mcr resistance genes can be transferred from animals to humans via resistant
bacteria or plasmids  [204, 213]. mcr genes have been found in similar plasmids in the same bacterial species from

food - producing animals and humans [204, 213, 222]. The more frequent isolation of mcr genes among animal
isolates compared  with human isolates, together with the higher use of colistin in livestock compared with human
medicine in certain countries has been suggestive of transmission from animals to humans. The ban of the use of
colistin in China as a growth promotor in agriculture has led to a decrease in colistin resistance in animals as well

as humans [223].

In conclusion, although not quantifiable at present, there is evidence for the selection and significant trans mission
of resistance to polymyxins from animals to humans via zoonotic pathogens or commensal bacteria capable of
transfer ring resistance to human pathogens.

Criterion B.1.(b) is met.

Criterion C Polymyxins are authorised in the EU and third countries in VMPs for systemic and local treatments. Colistin is
met: No included in Table 1 of the MRL Regulation (EU) 37/2010 and ¢ an be used in all food -producing species in the EU.

Food-producing species

Colistin is authori  sed 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; calves, sheep, goats, pigs,
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poultry, rabbits) to d'reatment and metaphy  laxis of enteric infections caused by susceptible non -invasive E. coli . 6
only. Any indications for prophyla xis, general indication s or indication for any other pathogen were removed

(Commission Decision (2015)1916 of 16 March 2015). According to the SPC, u  se should be based on susceptibility
testing [224, 225]. Colistin is also authori  sed for parenteral and intramammary use. Colibacillosis (diseases due to
E. coli ) is a major cause of morbidity and mortality in neonatal and juvenile livestock of various species, especially
swine [137, 138, 140]. EFSA noted high levels of resistance to first line antimicrobials (e.g. aminopenicillins,

potentiated sulfonamides, tetracyclines) in pathogenic E coli from swine, horses, sheep, goats and calves,

suggesting their limited efficacy against these infections in many EU countries [41, 86, 88, 142 ] (See annotation 1
under Table 61). Alternatives to colistin for resistant E. coli are limited to other AMEG Category B substances i.e.
fluoroquinolones (not poultry laying eggs for human consumption), 3 rd- and 4 th -generation cephalosporins (not
poultry), or, depending on resistance profile and disease/patient characteristics, aminoglycosides or

aminopenicillin  -BLI [139, 204].

In 2016, EMA provided a risk -profiling on the use of colistin VMPs in animals and noted that , in addition to animal
health and welfare impacts, removal of colistin from the market could increase the selection pressure for resistance

to other human HPCIAs e.g. fluoroquinolones, through their increased use [204]. Restrictions implemented in
member states have led to a reduction in colistin use of 76.5% from 2011 to 2020 [85], currently with  out
increased use of other HPCIAs but the impact of a complete ban on use cannot yet be foreseen.

Companion animals

In dogs, 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 [226].
In conclusion, polymyxins are used to treat serious, life -threatening infections in animals due to MDR

Gram -negative bacteria, which inappropriately treated would result in significant morbidity and mortality and

impacts on animal welfare. There are few alternatives and in most cases these are similarly AMEG Category B
classes.

Criterion C is not met.

Recomm ended to be designated as an antimicrobial class to be reserved for humans :No

Table 22 . Evaluation of cyclic polypeptides

Cyclic polypeptides
See Table 91 for ATC(vet) codes

Criterion A Bacitracin interferes with bacterial cell wall formation by inhibiting peptidoglycan synthesis, the major cell wall
met: No component in Gram - positive bacteria. Additionally, bacitracin has an ability to degrade nucleic acid and is
particularly active against RNA [227].

Bacitracin is active against most Gram - positive bacteria, particularly Staphylococcus aureus  and Streptococcus
pyogenes , Corynebacterium diphtheriae and Clostridi oides difficile , but susceptibility of Enterococcus species is
variable. Among  Gram -negative bacteria , bacitracin shows activity against Neisseria (meningococci and gonococci)

and Treponema pallidum . Haemophilus influenzae is also susceptible [227].

Bacitracin is mainly  used topical ly and can be found as a compound in many over -the - counter products indicated
for wound care. Bacitracin is frequently used in combination with neomycin and polymyxin B or with
corticosteroids , by topical application [227].

There are many alternative options for treatment of all infections for which it is approved/used.

Bacitracin is nationally approved in some EU Member States, often as a combination for topical use. Approved
indications include primary infected dermatos es, such as impetigo, bacterial otitis externa, ecthyma, folliculitis and
paronychia; in secondarily infected dermatoses, such as infected eczema, secondarily infected lesions of

infestations (e.g., scabies) and secondary bacterial infection accompanying v iral infections.

Cyclic polypeptide  antibiotics do not fulfil criterion A, due to the limited use in human medicine and other treatment
alternatives.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 23 . Evaluation of phosphonic acid derivates

Phosphonic acid derivates
See Table 92 for ATC(vet) codes

Criterion A Fosfomycin belongsto  the phosphonic acid derivates but it is the only substance from this class available for

met: Yes human use .
Fosfomycin has broad -spectr um bactericidal activity against Staphylococcus spp. (including MRSA) , Enterococcus
spp. (including VR) , Haemophilus spp., and most enteric Gram  -negative bacteria. It also has excellent activity
against most _E. coli, including 95.5% of extended -spectrum beta -lactamase (ESBL) -producing E. coli [228, 229].
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Fosfomycin has activity against only 57.6% of ESBL -producing Klebsiella spp. [230]. Pseudomonas aeruginosa is
variably susceptible to  Fosfomycin. Acinetobacter baumannii is usually resistant. Fosfomycin retains excellent in
vitro activity against both Enterococcus faecal is and Enterococcus faecium [231].

Fosfomycin is used as a parenteral antibiotic for systemic infections and also as an oral formu lation that is used
nearly exclusively for the treatment of uncomplicated cystitis and prostatitis [229, 232, 233]. Fosfomycin has been
used since its discovery mainly for the treatment of uncomplicated lower UTls in (premenopausal) women.
Nowadays, intravenous fosfomycin has gained increasing interest in its effectiveness against MDR or extensively
drug -resistant (XDR) nosocomial infections, w  hen limited treatment options are available. There is also interest in

its potential synergistic activity with glycopeptides, rifampicin, or daptomycin against MRSA infections. In an era of

antibiotic resistance and limited new treatment options, interest in fosfomycin is expected to culminate in the next
decade [234].

Although there are alternatives for the treatment of MDR Gram -positive (MRSA, VRE) and MDR Gram  -negative
bacteria (ESBL - and carbapenemase -producing Enterobacterales and P. aeruginosa ), fosfomycin is important due to
its synergistic or additive effects when used in combination with most antibiotics to treat infections caused by MDR

bacteria. Fosfomycin is active against bacteria that produce all classes of carbapenemases, including

metall o-beta -lactamase -producing Enterobacterales and P. aeruginosa , for which there are very few alternative

treatments. The few alternatives for the treatment of MBL -producing Gram -negative bacteria include cefiderocol,
eravacycline, aztreonam, colistin [100, 169, 203].
Data on fosfomycin resistance in human isolates are not included in the annual EARS -Net report. The health burden

relating to the various resistant phenotypes for which fosfomycin is a possible treatment option are indicated under
various classes.

Oral fosfomycin is authorised in the EU for the treatment of lower UTls, particularly those caused by E. coli and
Enterococcus faecalis

Intravenous f osfomycin is authorised inthe EU for complicated or severe UTls (pyelonephritis, hydronephrosis,
renal abscess and prostatitis), dermatological, gynecological, respiratory (bronchopaties, acute or chronic lun g
abscess), digestive tract (cholecystitis, appendiceal abscess, peritonitis, etc.) joint and bone infections (acute or

chronic arthritis, acute or chronic osteomyelitis), postsurgical, sepsis, endocarditis and meningitis caused by

susceptible pathogens  [235].

Fosfomycin is nationally authorised in the EU member states. On 9 June 2020, EMA recommended that fosfomycin
medicines given by infusion (drip) into a vein should only be used to treat serious infections when other antibiotic

treatments are not suitable. Fosfomycin medicines given by mouth can continue to be used to treat uncomplicated
bladder infections in women and adolescent girls. They can also be used to prevent infection in men who undergo a

procedure whereby a tissue sample is taken from their prostate (biopsy).

EMA further recommended that fosfomycin medicines given by mouth to children (under 12 years of age) and

intramuscular formulations (fosfomycin medicines for injection into a muscle) should no longer be used as there are

insufficient data available to confirm their benefits to patient s.These recommendations follo
human medicines committee (CHMP) of the safety and effectiveness of these antibiotics [235].

Phosphonic acid derivatives fulfil criterion  A.1.(b) based on being an essential component of the limited treatment

alternatives available for management of serious, life -threat ening infections in humans

Criterion B Fosfomycin is important due to its activity against bacteria producing carbapenemases, including MBLs. Resistance

met: Yes to fosfomycin may be mutational or plasmid -borne ( fos A genes) being observed already in isolates carrying
multiple resistant determinants to CIAs (e.g. ESBL genes such as blacrxar) [236, 237]. The spread of fosA3 borne
on multi -resistance plasmids in animals has most probably occurred through co -selection [238].

In most European countries fosfomycin resistance in isolates of human origin is rare, but it is considerably higher in

countries with higher usage such as China [239-241].

Fosfomycin resistance in isolates of animal origin is rarely reported in Europe, while data from the Asian region

indicate low to moderate resistance rat esin E. coli isolated from companion and food -producing animals  [238, 242 -
248].

Transmission

Transmission of resistance to fosfomycin from animals t o humans is not likely to be significant at present in the EU;
however, there is a potential pathway for transmission of mobile fosfomycin resistance genes through commensal
E. coli.

In conclusion, there is evidence for the potential for selection and lik ely significant  transmission of resistance to
phosphonic acids from animals to humans through commensal bacteria capable of transferring resistance to human
pathogens, if use in animals became established.

Criterion B.1.(b) is met.

Criterion C One suspended marketing authorisation for a VMP containing fosfomycin in the EU was identified [249]. Fosfomycin
met: Yes is not included in the Annex to the MRL Regulation (EU) 37/2010 and cannot be used in food -producing animals in
the EU, including under  Articles 113 & 114 of Regulation (EU) 2019/6

Fosfomycin is authorised in Central and South America for the treatment of various infectious diseases (including E.
coli) in broiler chickens and piglets [2501]. It is also used to treat E. coli -related diarrhoea and salmonellosis in

cattle [251]. Fosfomycin has been approved to combat bacterial infections in fish farming in Mexico as well as in

Japan for the treatment of pseudotuberculosis ( Photobacterium dam sellae ) in marine fish  [252, 253]). It is noted

that infections with Photobacterium spp. are often multi -resistant [254]; vaccines are also available for this disease
in so me countries.
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Companion animals
Use of fosfomycin in the EU under Article 112  seems to be negligible in companion animals.

In conclusion, no evidence was found for use of, or need for, phosphonic acid derivatives to treat serious infections
in animals in the EU at the present time

Criterion C.1(a) is met.

Recommended to be designated as an antimicrobial class to be reserved for humans : Yes

Table 24 . Evaluation of glycopeptides

Glycopeptides
See Table 93 for ATC(vet) codes

Criterion A The glycopeptide antibiotic class are actinomycete -derived antibiotics with unique tricyclic or tetracyclic
met: Yes heptapeptide cores . The common mode of act  ion of members of this antibiotic class is inhibit ion of cell wall
synthesis by inhibiting peptidoglycan synthesis [255, 256].

Glycopeptide antibiotics exhibit a narrow spectrum of activity, being effective against Gram -positive bacteria (e.g.,
enterococci, staphylococci, streptococci, and anaerobic bacteria such as Clostridioides difficile , C. perfringens
Peptostreptococcus  spp., and Propionibacterium acnes ). Oritavancin is effective against vancomycin -resistant
Enterococcus spp. and vancomycin  -resistant Staphylococcus aureus  (VRSA). Dalbavancin, teicoplanin and

telavancin are effective against VRE that carry certain van genes (n otvanA) [257-260].

Glycopeptides are one of limited treatment options for life -threatening infections, including complicated skin and
skin structure infections and bacteraemia caused by resistant Gram -positive human patho  gens such as MRSA,
ampicillin -resistant Enterococcus spp. and colitis due to  Clostridioides difficile  [257-260].

Few alternative last  -resort antimicrobials are available, e.g. , oxazolidinones, glycylcycline s, daptomycin.

MRSA remains an important human health burden in the EU/EEA, accounting for 7,000 deaths per annum. The
incidence of healthcare  -associated vancomycin -resistant Enterococcus faecium infections has increased in the
EU/EEA in the last decade. V' RE was estimated to cause >16,000 infections and to be associated with >1,000

deaths in the EU/EEA in 2015 [153].

Vancomycin and teicoplanin are nationally authorised for serious infections including complicated skin and skin

structure infections, hospital -acquired and ventilator ~ -associated pneumonias, infective endocarditis and
bacteraemia. Dalbavancin is authorised for acute bacterial skin and skin structure infections. These are serious
infections, which when caused by resistant bacteria, e.g. , MRSA, VRE, have limited treatment options e.g. ,

oxazolidinones, glycylcyclines, daptomycin.

Glycopeptides meet ¢ riterion A.1.(b)  based on being an essential component of the limited treatment alternatives

available for management of serious, life -threatening infections in humans

Criterion B Glycopeptide (vancomycin) resistance is most frequently seen in enterococci (VRE), to a lesser extent in

met: Yes Staphylococcus aureus  (vanA ), and uncommonly in Streptococcus  spp. ( vanA or vanB) except S. pneumoniae [261,
262]. Several glycopeptide resistance genes have been described in enterococci with vanA and vanB being
predominant in resistant clinical isolates. VanA and VanB resistance is horizontally transmissible. VanB strains
remain susceptible to teicoplanin, however, t reatment with teicoplanin can induce emergence of resistance in these
isolates.
Rare, high level resistance in S. aureus (VRSA) is thought to result from vanA transferred from enterococci. The
mechanism in vancomycin intermediate -resistant S. aureus (VISA) is independent of the acquisition of van genes
[262].
The latest EFSA surveillance reports found no VISAs in MRSA isolates from food animals [26]. EFSA does not
monitor for VREs in food  -producing animals; although other studies show th at VREs persisted at low levels since
the ban of avoparcin as growth promoter (AGP) i possibly due to co -selection by macrolides  [263-268].
VRSA has been detected in LA -MRSA from pigs and in bovine/caprine milk (from outside the EU) [269, 270].
Companion animals (e.g. dogs) can also harbour VRE, with canine isolates mostly carrying vanA and being MDR
[271].

Transmission

Pathogenic vancomycin -resistant Enterococcus faecalis can be transmitted from animals to humans, but
glycopeptide resistance is far more commonly transferred from animal commensal E. faecium to human enterococci
causing infections via MGEs. VRE carriage in humans in the EU was previously attributed to use of avoparcin as an

AGP in livestock [272, 273]. VRE isolates from dogs demonstrate similar genetic lineages to hospital -acquired
infections in humans  [274-276] supporting transmission between pets and owners. There is also  a potential
pathway for transmission of VRSA between food -producing animals and humans.

In conclusion, experience suggests that reintroduction of use of glycopeptides in animals could result in increased
selection and prevalence of vancomycin resistance and likely significant transmission from animals _ to humans,
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mainly via commensal enterococ ci capable of transferring resistance to human pathogens, if use of glycopeptides in
animals became established.

Criterion B.1.(b) is met.

Criterion C Glycopeptides are not authorised for use in VMPs in the EU. They are not included in the Annex to the MRL
met: Yes Regulation (EU) 37/2010 and cannot be used in food -producing animals in the EU, including under Articles 113 &
114 of Regulation (EU) 2019/6

Glycopeptides may be used for treatment or prevention of necrotic enteritis in poultry in certain thi rd countries  [8].
Altern ative antimicrobials are available for this indication (e.g. penicillins, tylosin).

Companion animals

Potentially serious life  -threatening infections for which use of glycopeptides outside the terms of the marketing
authorisation has been described in com  panion animals in the EU include septicaemia, clostridial infections,

methicillin -resistant Staphylococcus and (uncommonly)  macrolide -resistant Rhodococcus equi (Rhodococcus hoagii )
infoals [277-280].

Alternative antibiotics are currently available for these serious infections, as reflected in modern antimicrobial
stewardship guidelines that also strongly discourage the use of glycopeptides in animals due to public health

concerns [78, 281, 282]. Some EU member states have experience of prohibiting the use of glycopeptides in

animals without documented negative consequences on animal health and welfare.

Although the exten t of use of glycopeptides in companion animals in the EU is unknown, based on the low number
of reports it appears that impacts of inappropriate treatment on morbidity and mortality would be very limited.

In conclusion, considering the public health interest identified from criteria A and B, criterion C.1(c) is met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : Yes

Table 25 . Evaluation of lipopeptides

Lipopeptides
See Table 94 for ATC(vet) codes

Criterion A Daptomycin, produced by Streptomyces roseosporus , is the only available antibacterial cyclic lipopeptide . The
met: Yes primary mode of action of daptomycin is thought to lie in disruption of the bacterial cell membrane. Daptomycin
inserts into the bacterial cell membrane in a Ca 2+ .dependent manner, leading to depolarisation and rapid bacterial

celldeath [283].

Daptomycin has activity against a wide spectrum of aerobic and anaerobic Gram -positive organisms  only, including
VRE, vancomycin -intermediate S. aureus (VISA), MRSA and penicillin  -resistant streptococci, for which there are
very few therapeutic altern atives.

Daptomycin is  one of limited treatment options for life -threatening infections (e.g. cSSSIs, bacteraemia) caused by
resistant Gram - positive pathogens, such as MRSA, VISA and ampicillin - and/or vancomycin  -resistant Enterococcus
spp. in adults and in the paediatric population [283].

Few alternatives are  available for the treatment of MRSA infections, e.g. , glycopeptides, glycylcyclines,
eravacycline, oxazolidinones, ceftobiprole and ceftaroline. Few alternatives are available for the treatment of VRE
infections, e.g. , oxazolidinones, oritavancin, fosfomyc in and glycylcyclines.

MRSA remains an important human health burden in the EU, accounting for 7,000 deaths per annum, and the
incidence of healthcare  -associated vancomycin  -resistant Enterococcus faecium infections has increased in the last
decade [153]

In the EU, daptomycin is centrally authori sed for the treatment of complicated SSTIs caused by susceptible strains

of Gram -positive -pathogens, and for the treatment of Staphylococcus aureus  bloodstream infections when
associated with cSSTI or right -sided infective endocarditis
Daptomycin fulfils ¢ riterion A.1.(b)  based on being an essential component of the limited treatment alternatives
available for management of serious, life -threatening infections in humans

Criterion B Resistance in human isolates is currently rare but there are increasing reports of decreased susceptibility to

met: Yes daptomycin in  S. aureus and Enterococcus spp. Such resistance occurs through multiple stepwise chromosomal

mutations resulting in changes in the cell membrane. Resistance occurs mostly in the context of prolonged treatment
courses [284-286]. No horizontally transferable mechanisms of resistance transfer to daptomycin are reported.

Surveillance studies have shown very low levels of daptomycin -resistance in enterococci from livestock in Europe
[287, 288].

Transmission

There is potential for transmission of resistance via enterococci and (LA)MRSA from animals tohumans [29, 30, 272,
273] (See annotation 3 under Table 61).
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In conclusion, there is evidence for the potential for selection and likely significant trans mission of resistance to
lipopeptides through zoonotic pathogens or commensal bacteria capable of transferring resistance to human
pathogens, if use in animals became established.

Criterion B.1(b) is met.

Criterion C Lipopeptides have not been authorised for use in VMPs in the EU and there is no knowledge of their veterinary

met: Yes authorisation globally. They are not included in the Annex to the MRL Regulation (EU) 37/2010 and therefore
cannot be used to treat food -producing animals in the EU, including under Articles 113 & 11 4 of Regulation (EU)
2019/6 .
No evidence was found for use of, or need for, lipopeptides to treat serious infections in animals in the EU or

globally at the present time

Criterion C.1(a) is met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : Yes

Table 26 . Evaluation of oxazolidinones

Oxazolidinones
See Table 95 for ATC(vet) codes

Criterion A Oxazolidinone antibiotics are a class of synthetic antibacterial agents that act as protein synthesis inhibitors
met: Yes Presently there are two oxazolidinones authori  sed for human use, linezolid and tedizolid

Oxazolidinones are active against a large spectrum of Gram - positive bacteria, including methicillin - and
vancomycin -resistant staphylococci, vancomycin -resistant enterococci (VRE), penicill in-resistant pneumococci and
anaerobes. Oxazolidinones have activity against Mycobacterium  tuberculosis and a variety of nontuberculous
mycobacteria. Tedizolid also displays invitro activity against  Clostridi oides difficile and Bacteroides fragilis [289,
290].

Oxazolidinones are one of limited options for treatment of VRSA, MRSA and VRE. Oxazolidinones are alternatives

for treatment of MRSA SSTIs. Compared with vancomycin, oxazolidinones are more effective and safer for treating
hospital patients with complicated SSTI caused by MRSA [291]. Updated guidance on MDR  -TB treatment, released
by WHO in 2018, now classifies linezolid as a Group A drug, meaning that it is a priority to include in individually

constructed MDR -TB re gimens for adults and children [292].

Although alternative last  -resort antimicrobials may be available for treatment of MRSA, VRSA and VRE infections,
e.g., lipoglycopeptides, glycylcyclines, daptomycin, resistance has already developed to these options, and for

some infections, oxazolidinones may be the only suitable treatment according to the sp ecific clinical circumstances
(good tissue penetration) [291]. T hey can also be administered orally in long term TB treatment. Alternatives for
treatment of MDR - TB are addressed below.

MRSA remains an important human health burden in the EU, accounting for 7,000 deaths per year, and the
incidence of healthcare associat ~ ed vancomycin -resistant Enterococcus faecium infections has increased in the last
decade [153].

Linezolid is nationally authori sed in the EU for nosocomial and CAP and complicated SSTI, caused by Gram - positive
bacteria. Tedizolid is  centrally authorised for the treatment of acute bacterial skin and skin structure infections.
They are one of the limited treatment options for SSTIs ¢ aused by VRSA, MRSA and VRE

Oxazolidinones fulfil ¢ riterion A.1.(b)  based on being an essential component of the limited treatment alternatives
available for management of serious, life -threatening infections in humans

Criterion B The most com mon mechanism of resistance to oxazolidinones in staphylococci and enterococci is mutations

met: Yes affecting the ribosomal binding site. In both staphylococci and enterococci there are also transferable resistance
mechanisms emerging, conveying multidrug resistan t profiles e.g.  optr A gene (oxazolidinones, phenicols), cfr
conferring the PhLOPSA pattern (phenicols, lincosamides, oxazolidinones, pleuromutilins and streptogramin A) and

the poxtA gene (oxazolidinones, phenicols and tetracyclines) [286, 293, 294 ]. Hence there is potential for co -
selection by o r for other antimicrobial classes.

Although surveillance is limited, linezolid resistance in isolates from food -producing animals in the EU appears to be
at very low levels presently, with the cfr gene being detected sporadically in (LA)MRSA from pigs [26, 295].

Transmission

The same oxazolidinone -resistance mechanisms have been found in zoonotic pathogens and commensal bacteria
from humans and animals [243, 296 -300].

Linezolid -resistant (LA)MRSA has potential to transfer from animals to humans in contact [301, 302] (See
annotation 3 under Table 61) and commensal enterococci from animals may transfer resistance genes to human
pathogenic E. faecium [272]. There is also the possibility of exchange of linezolid -resistant bacteria and
transferrable resistance genes between companion animals and their owners [29].

In conclusion, there is evidence for the potential for selection and likely significant trans mission of resistance to
oxazolidinones from animals to humans, through zoonotic pathogens or commensal bacteria capable of transferring
resistance to human pathogens , if use in animals became established.
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Criterion B.1.(b) is met.

Criterion C Oxazolidinone s have not been authorised for use in VMPs in the EU and there is no knowledge of their veterinary
met: Yes authorisation globally . They are not included in the Annex to the MRL Regulation (EU) 37/2010 and cannot be used
in food -producing animals in the EU, including under Articles 113 & 114 of Regulation (EU) 2019/6

Companion animals

Evidence supports limited need for oxazolidinones in veterinary medicine to t reat potentially serious MRSP

infections in companion animals. MRSP is most commonly implicated in canine recurrent pyoderma, but may also

be involved with surgical wounds, urinary and respiratory tract infections. [281, 303 -305]. For multidrug resistant
isolates, topical treatments may be effective or where systemic treatment is needed, rifampicin or amikacin could

be alternatives for infections not susceptible to other veterinary -authorised antimicrobials. There are strong

recom mendations in some EU and international guidelines against the use of oxazolidinones in animals due to over -
riding public health concerns [78, 281].

Although the extent of use of oxazolidinones in companion animals in the EU is unknown, based on the low number

of reports it appears that impacts of inappropriate treatment on morbidity and mortality would be very limited.
In conclusion, considering the public health interest identified from criteria A and B, criterion C.1(c)is met.
Recommended to be designated as an antimicrobial class to be reserved for humans  : Yes

Table 27 . Evaluation of pleuromutilins

Pleuromutilins
See Table 96 for ATC(vet) codes

Criterion A Pleuromutilins are an antibiotic class commonly used in veterinary medicine. Pleuromutilins inhibit bacterial protein
met: No synthesis by binding to 50S ribosomal subunit. In human medicine, lefamulin is the first systematically
administered pleuromutilin [306].

Pleuromutilins are active against Gram -positive ( Staphylococcus spp. T including MRSA and VRSA -,), Streptococcus
spp. - including MDR strains) and fastidious Gram -negative bacteria (e.g., Haemophilus spp., Moraxella catarrhalis
Neisseria spp., Legionella pneumophila ) as well as against Mycoplasma and Chlamydia spp. [306, 307].

Lefamulin is a relatively recently approved pleuromutilin for the treatment of CAP. Retapamulin is a topical
antibiotic used to treat impetigo and infected small lacerations, abrasion or sutured wounds caused by
Staphylococcus aureus  and Streptococcus pyog enes. The marketing authorisation in the EU has been withdrawn.

Pleuromutilins are generally unaffected by resistance to other major antibiotic classes, such as macrolides,

fluoroquinolones, tetracyclines, beta -lactam antibiotics, and others. The incidence of pleuromutilin  -resistant
bacterial isolates is low despite the use of tiamulin and valnemulin in veterinary medicine for more than 30 years

[307].

There are numbers of alternative treatment options recommended for treatment of CAP such as beta -lactams,

macrolides, fluoroquinolones [308].

Pneumonia, especially pneumococcal CAP is associated with significantly increased morbidity and healthcare costs.

CAP remains one of the leading causes of death due to infectious diseases globally. Available data covering 16

European countries showed a significant burden of pneumococcal CAP, especially in the elderly. The overall

incidence rate for CAP was 68 i 7000 per 100,000 and th e incidence in hospitalised CAP cases of all causes was 16 ]
3581 per 100,000 and the incidence increase consistently with age [309].

Lefamulin is centrally approved in the EU and is indicated for the treatment of CAP in adults when it is considered
inappropriate to use antibacterial agents that are commonly recommended for the initial treatment of CAP or when

these have f ailed [310]. Retapamulin was approved by EMA in 2007 as a topic al agent to treat impetigo and
infected small lacerations, abrasion or sutured wounds caused by Staphylococcus aureus  and Streptococcus
pyogenes and then withdrawn in 2019 [311].

Pleuromutilins do not fulfil criterion A, due to other treatment alternatives to manage CAP.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 28 . Evaluation of macrolides

Macrolides
See Table 97 for ATC(vet) codes

Criterion A Macrolides is a class of antibiotics that includes among others erythromycin, roxithromycin, azithromycin, and
met: Yes clarithromycin  [312 -316]. Macrolides are bacteriostatic antibiotics, characterized by moderately broad spectra of
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activity. Macrolides bi  nd to the 50S subunit of bacterial ribosomes, leading to inhibition of transpeptidation,
translocation, chain elongation, and, ultimately, bacterial protein synthesis [317].

Macrolides are active against most Gram -positive (e.g., Staphylococcus spp., including beta -lactamase -producing
strains, Streptococcu s spp., Enterococcus spp., Clostridium spp.) but only selected Gram  -negative organisms (e.g
Neisseria gonorrhoeae , Helicobacter pylori and Campylobacter spp., Shigella and Salmonella spp.) as well as
several species responsible for intracellular infection s, such as Mycobacterium spp., Chlamydia spp., Mycoplasma
pneumoniae , and Legionella spp. [312-316].

Macrolides are among the most used class es of antibiotics. They are used in the management of RTIs, acute
bacterial sinusitis, acute bacterial otitis media, pharyngitis, tonsillitis, mild to moderately severe CAP,

uncomplicated chlamydia infections, urethritis, cervicitis, acute exacerbation of ch ronic bronchitis (adequately
diagnosed), SSTIs , campylobacteriosis and  H. pylori infections. Macrolides are an important treatment alternative
for patients allergic to penicillin and cephalosporins.

Fluoroquinolones are an alternative treatment option for RTIs (e.g. moxifloxacin for the treatment of moderately
severe CAP) [318, 319]. Fluoroquinolones and tetracyclines are an alternative  for treatment of campylobacteriosis.

Although there is a comparatively high prevalence of food -born e zoonotic Campylobacter spp. infections in humans,
only serious cases need treatment and the proportion of fatalities is low : ECDC reports 220,000 cases, 47 deaths

(not necessarily due to resistant infections ) in 2019 [320]. Antimicrobial resistance of Campylobacter bacteria in
humans to ciprofloxacin and tetracyclines is reported to be very high [321]. The increasing incidence of

fluoroquinolone resistance in Campylobacter spp. has rendered macrolides such as erythromycin and azithromycin

the antibiotic s of choice for human campylobacteriosis and H.pylori infections. Resistance to macrolides in human
Campylobacter spp. infections remains low in the EU, and they are first choice f or oral treatmekd o
patients, e.g. children. For severe cases or invasive infections, parenteral treatment is more likely: fluoroquinolones

(if susceptible), aminoglycosides, carbapenems or TMPS [322, 323]. MDR infections are rare.

Macrolides are nationally approved in the EU for the treatment of the following infections: acute bacterial sinusitis,
acute bacterial otit  is media, pharyngitis, tonsillitis, acute exacerbation of chronic bronchitis (adequately diagnosed),

mild to moderately severe CAP, SSTIs uncomplicated Chlamydia trachomatis  urethritis and cervicitis, H. pylori
infections.

Macrolides fulfil ~ criterion 1.A.(b) based on being an essential component of limited treatment alternatives for the
infections described above

Criterion B Mechanisms of resistance to macrolides include modification of the target, drug inactivation and drug efflu X.

met: Yes Resistance is conferred by chromosomal mutations as well as horizontal transfer of resistance genes. T he most
common mechanism is target site mod ification mediated by different rRNA methylases ( erm genes), which confers
resistance to macrolides, lincosa mides and streptogramin B. erm genes have been identified on plasmids and
transposons and are wide ly distributed in Gram - positive, Gram -negat ive and anaerobic bacteria from human and
animal sources. Many efflux genes have been identified in Gram -positive a nd Gram -negative bacteria (e.g. mef A,
mef E, msr), but not all confer resistance to 16 -member ring macrolides. Enzymatic inactivation is a les s common
resistance mechanism (- mph, ere genes) [294, 324, 325].

Monitoring under mandatory EFSA/ECDC surveillance shows that resistance to macrolides in C. jejuni fromf ood-
producing animals and humans  remains low in Europe overall; but it is at moderate levels in C. coli and is higher
in certain EU countrie s. In Salmonella spp. and E. coli resistance to azithromycin is generally low [26]. Monitoring
of MRSA 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 co untry. High levels of macrolide resistance

have been reported in MRSA fr  om pigs in  Belgium , Portugal and calves from Belgium and Switzerland [26].

In the EU, erm (B) has been reported on plasmids and multidrug resistant islands in C. coli from poultry [326-328].

There is evidence for selection and spread of resistance to macrolides due to the use of these antimicrobials in
food - producing animals. Long  term, in particular low  -dose use of macrolides selects for emergence of erythromycin
resistant campylobacter in animal reservoirs [324, 329].

Transmission

Resistance to macrolides can be transferred from food -producing and companion animals to humans via zoonotic

patho gens ( Campylobacter, Salmonella spp., LA -MRSA (See annotation 3 under Table 61), Rhodococcus equi and
commensals [327, 330-333]. Most concern relates to poultry, which are the primary source of C.jejuni and
campylobacter infection in humans [334]. A significant association has been shown between macrolide -resistance
in C. jejuni isolates from poultry and from humans [56].

There is evidence for the selection and significant trans mission of resistance to macrolides from animals to humans
via zoonotic pathogens or commensal bacteria capable of transferring resistance to human pathogens.

Criterion B.1.(a) is met.

Criterion C Macrolides are authorised in VMPs in the EU, predominantl y for use in food -producing animals for gastrointestinal
met: No and respiratory infections. Several macrolides are included in Table 1 of the MRL Regulation (EU) 37/2010 and the
class may be used in all food  -producing species.

Food - producing species

Mycoplasmas p rimarily cause respiratory and synovial infections with high morbidity leading to important impacts

on health and welfare in ruminants, pigs and occurring sporadically in poultry in the EU [335-337]. Alternative first -
line antibiotics for mycoplasmas include tetracyclines; however, despite increa sing resistance to both classes [338],
macrolides remain important for bovine respiratory disease and enzootic pneumonia in calves due to Mycoplasma
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bovis and complicated by seconda  ry pathogens as amphenicols or fluoroquinolones may be the only alternatives
[41, 339] (See annotation 1 under  Table 61).

Disease due to Lawsonia intracellularis  is of major importance in the swine industry and may manifest as
proliferative haemorrhagic enteropathy with high mortality in acute outbreaks. Alternatives to macrolides under
these circumstances include tetracyclines and pleuromutilins but are limited [84, 340, 341].

Companion animals

Macrolides (e.g. erythromycin, clarithromycin , azithromycin ) are used in combination with rifampicin to treat cases
of pneumonia in foals due to Rhodococcus equi  when thisis severe life -threatening. Alternatives such as

doxycycline have only been investigated for treatment of less severe cases [331, 342 -344]. Based on either clinical
trial results or published AST, alternative antibiotics for Rhodococcus equi include doxycy cline, fluoroquinolones,

and aminoglycosides.

Macrolides are also part of recommended treatment (in combination with e.g. rifampicin and a fluoroquinolone) in

cats and dogs for rare but serious life -threatening infections due to Mycobacteria spp. Euthanasia may be

considered as an alternative due to the guarded prognosis or zoonotic potential ( e.g. Mycobacterium bovis ) [345,
346].

In conclusion, macrolides are used in food -producing and companion animal species to treat serious life -threatening

infections  with significant morbidity or mortality for which there are no or limited alternatives, in particular from a
lower AMEG category. Criterion C is not met.

Recommended to be designated as an antimicrobial class to be reserved for humans :No

Table 29 . Evaluation of macrocycles

Macrocycles
See Table 98

for ATC(vet) codes

Criterion A Fidaxomicin is a narrow spectrum, bactericidal agent that acts by inhibiting RNA polymerase at the bacterial

met: Yes transcription initiation pathway [347].
Fidaxomicin is selectively active against Gram -positive anaerobic bacteria (e.g., Clostridioides difficile  and
Clostridium perfringens ) and is poorly active against anaerobic Gram -negative bacteria [347].
Fidaxomi cinis a first line treatment option for C. difficile infections [348].
The alternatives or traditional treatment options for C. difficile infections are metronidazole and vancomycin [348].
Arecent network meta  -analysis suggests that fidaxomicin and vancomycin are effecti ve first -line treatments for
mild or moderate  C. difficile infections, however fidaxomicin may be more effective at preventing C. difficile
infection recurrence than vancomycin [349].
The estimated annual burden of healthcare associated C. difficile infections in EU/EEA, 2011 i 2012 was 152 ,905
cases and accounted for 8 ,382 deaths/year [350].
Fidaxomicin is centrally approved in the EU for the treatment of C. difficile infections, also known as C. difficile -
associated diarrhoea in adult and paediatric patients with a body weight of at least 12.5 kg.
Fidaxomicin fulfi Is criterion A.1.(b), based on being an essential component of treatment for serious, life -
threatening infections.

Criterion B C. difficil e resistant to fidaxomicin have been demonstrated under selective pressure in in vitro studies. Resistance

met: Yes is due to mutation in the rpo B/C genes, affecting the fidaxomicin binding site inthe target enzyme, RNA
polymerase. No cross -resistance has been observed with rifamycin s or other antibiotics  tested [159, 351, 352].
There are no recommended breakpoints and r eports of clinically relevant resistance in C. difficile isolates from

humans are sparse and unclear [353, 354].
No reports were found relating to resistance to fidaxomicin in (non -experimental)  animal isolates.

Transmission

C. difficile  clones commonly associated with human diseases, such as ribotype 078 , are found in companion and
food -producing animals . There are differences between animal species in strain distribut ion, but in many studies,
C. difficile has been found with high  prevalence and shedding, especially in neonates . He nce C. diffic ile isa
potentially important zoonotic patho gen for which animals are a reservoir , although further studies are needed to
establish direct evidence for animal to human transmission [355-360].

In conclusion, thereis evidence for the potential for emergence of resistance to fidoxamicin , although its c linical
relevance is very limited at this time . If use of fidaxomicin in animals became established, o wing to the high

prevalence of potentially zoonotic ~ C. difficile in animal populations, there would be an important pathway for
transmission of  resistance from animals to humans which would likely be significant

Criterion B.1.(b) is met.
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Criterion C Macrocycles have not been authorised for use in VMPs in the EU and there is no knowledge of veterinary

met: Yes authorisation  globally . No macrocycles are included in the Annex to the MRL Regulation (EU) 37/2010 and they
cannot be used in food -producing animals in the EU, including under Articles 113 & 114 of Regulation (EU) 2019/6
C. difficile may cause peracute , potentially fatal, intestinal disease in foals and piglets. The role of C. difficile in
enteric disease in cats and dogs is unclear at this time. In pigs, potential treatments include tetracyclines,
macrolides and pleuromutilins, and in companion an imals , metronidazole may be used [361] although dis ease due
to C. diff icile has often been associated with antibiotic treatment in horses [362].
No evidence was found for use of fidaxomicin  outside the terms of the marketing authorisation in companion
animals .

No evidence was found  for the need for fidaxomicintot reat serious infections in animals in the EU at the present
time .

Criterion C.1.(a) is met.

Recommended to be designated as an antimicrobial class to be reserved for humans : Yes

Table 30 . Evaluation of ketolides

Ketolides
See Table 99 for ATC(vet) codes

Criterion A The mode of action of ketolide molecules involves inhibition of protein synthesis by binding to the 50S subunit of
met: No the bacterial ribosome and by blocking the translation of messenger RNA [315].

Ketolides have been developed for the treatment of RTIs due to Gram -positive and Gram -negative bacteria causing
CAP (Streptococcus pneumoniae , Haemophilus spp., Moraxella spp.), particularly those resistant to beta -lactams
and macrolide antimicrobials. Telithromycin is active against at ypical organisms suchas  Chlamydia spp.,
Mycoplasma spp. and Legionella spp. Ketolides are not active against Enterobacterales and Pseudomo nas
aeruginosa [315].

Safety and efficacy of telithromycin has been extensively studied in numerous trials involving several RTIs,
including CAP, pharyngitis, sinusitis, acute exacerbations of chronic bronchitis and asthm a [315]. D espite initial
clinical promise, no ketolide s are currently on the EU market due to the identified safety concerns .

Alternatives have not been considered dueto the current lack of market ing authorisation for ketolides in the EU

Telithromycin has been authori sed for use in the EU but was withdrawn by the marketing authorisation holder in
2018 due to safety concerns.

I f authorised for use in the EU, ketolides would not fulfil criterion A ,duetolimitedu sefulness inthe EU/EEA and
due to other existing treatment alternatives

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 31 . Evaluation of lincosamides

Lincosamides
See Table 100 for ATC(vet) codes

Criterion A Lincosamides are mostly represented by two substances : clindamycin and lincomycin. Due to superior
met: No microbiologic al activity and bioavailability of clindamycin, lincomycin is infrequently used clinically today. Therefore,
the evaluation f  ocuses primarily on clindamycin. Clindamycin disrupts protein synthesis by binding to the 50s
ribosomal subun it of bacteria, thereby inhibiting early chain elongation. The antibacterial spectrum of activity of
clindamycin is similar to that of the macrolides, streptogramins, and chloramphenicol [363].

Clindamycin is active against Gram -positive bacteriae.g.  Staphylococci (including many beta  -lactamase -producing
strains) , Streptococci , including penicillin  -resistant Streptococcus pneumoniae , but it is not typically active against
Enterococcus spp.or Gram -negative bacteria [364]. It also demonstrates a potent activity against anaerobic

bacteria such as Bacteroides fragilis , Clostridium perfringens, Fusobacterium spp., Prevotella melaninogenica  and
Peptostreptococcus  spp. [363].

Lincosamides also have activity against some protozoa (for more information please see Table 65).

Clindamycin is used in combination for the treatment of inhalational anthrax, however the burden of this disease is

low [365]. Currently, clindamycin is regarded as the first -choice medicine for bacterial vaginosis. Other important
indications are for the tre atment of staphylococcal anaerobic infections, including mixed infections (for which they
must be combined with an antibiotic with activity against aerobic Gram -negative bacilli) [124].

The high prevalence of clindamycin -resistant staphylococci, streptococci, and an aerobes in some geographic
locations limits the clinical usefulness of this agent. Also, as a bacteriostatic antibiotic , clindamycin is not
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considered to be suitable to treat severe infections as monotherapy, especially in immunocompromised hosts
[364].

To treat above -mentioned infections including staphylococcal infections, alternative antibiotic agents (e.g.

penicillin 1 beta -lactamase inhibitor combinations tetracycline, cephalosporins and metronidazole,) are available

[364]. For anthrax, the re are alternativesto clindamycin, e.g. vancomycin or linezolid, that can be included as part
of combination therapy [366].

The incidence of anthrax has declined over the last decades and remain s at avery low level. In 2020, there were
only 3 confirmed cases  reported in the EU/EEA area [365].

Clindamycin is nationally approved in the EU and is indicated for the treatment of serious infections caused by
anaerobic bacteria, including intra -abdominal infections, SSTIs ; tonsillitis and dental infection . As needed,
clindamycin should be administered in conjunction with another antibacterial agent tha tis active against Gram -

negative aerobic bacteria.

Lincosamides (clindamycin) do not fulfil criterion A, as there are other treatment options available on the market.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 32 . Evaluation of streptogramins

Streptogramins
See Table 101 for ATC(vet) codes

Criterion A Streptogramins are a group of natural (virginiamycin, pristinamycin) or semisynthetic (quinupristin - dalfopristin)
met: No cyclic peptides belong to the macroli dei lincosamide 1 streptogramin group of antibiotics. Streptogramins act at the
level of inhibition of translation through binding to the 50S subunit of the bacterial ribosome [367, 368].

The combination  of quinupristin  and dalfopristin  has a broad spectrum of activity against Gram - positive bacteria,
including Streptococcus pyogenes and MDR staphylococcal strains, in particular MRSA. Most Enterococcus faecium
are susceptible, including vancomycin -resistant st rains, whereas E. faecalis is protected by an efflux pump.
Quinupristin -dalfopristin  is also active against respiratory tract pathogens (e.g. , Haemophilus influenzae
Mycoplasma spp., Legionella spp., Chlamydophila pneumoniae ). Virginiamycin is mainly acti ve against Gram -
positive aerobic cocci and anaerobic bacteria (such as Clostridium perfringens ). Pristinamycin was developed as an
oral agent to treat staphylococcal infections and streptococcal infections [367, 368].

Quinupristin -dalfopristin was previously regarded as one of few available treatments for VR and MDR E. faecium
and MDR Staphylococcus aureus infections in humans  [369].

There are more effective alternatives with better safety. Streptogramins have now been replaced in human
medicine and have limited availability in the EU/EEA.

MRSA is regarded as an important public health burden in the EU, accounting for c. 150 ,000 infections in the
EU/EEA per annum, and 7,000 deaths [153]. Prevention and control of MRSA in the EU is a public health priority.

Pristinamycin is  nationally authorised in some EU member states for oral administration to treat acut e maxillary
sinusitis, acute exacerbations of chronic bronchitis, mild to moderate CAP and SSTls.

Quinupristin -dalfopristin no longer appears to be marketed in the EU and is not used to treat either MRSA or VRE as
there are alternatives with better activi ty that are also less  toxic.

Streptogramins do not fulfil criterion A, due to limited use in the EU/EEA and due to other existing treatment
alternatives.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 33 . Evaluation of aminoglycosides

Aminoglycosides (excluding aminocyclitols and plazomicin )
See Table 102 for ATC(vet) codes

Criterion A Aminoglycosides are broad  -spectrum bactericidal antibiotics and include gentam icin, amikacin, tobramycin,
met: Yes neomycin, kanamycin, netilmicin, sisomicin, isepamicin. Aminoglycosides interrupt protein synthesis by binding
irreversibly to the 16S ribosomal RNA receptor on the 30S subunit of the bacterial ribosome.

Aminoglycosides are particularly active against Gram -negative, aerobic  bacteria (e.g., Escherichia coli , Klebsiella
pneumoniae , Pseudomonas aeruginosa, Acinetobacter baumannii ) and Gram - positive bacteria (including MRSA and
VR- Staphylococcus aureus  and VR -Enterococci ) as well as  Mycobacterium  spp. [370-372].
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Aminoglycosides have similar spectra of activity with some exceptions. Tobramycin has a slightly higher activity

against wild -type P. aeruginosa. Amikacin is more active against ESBL -producing and quinolone  -resistant E. coli
than other aminoglycosides. Als 0, amikacin has good activity against Mycobacterium tuberculosis [373].
Aminoglycosides have been used in clinical practice since 1940. Aminoglycosides are primarily used in combination
with other antibiotics. They are used to treat severe infections such as septica emia, endocarditis, complicated UTIs,
severe pelvic inflammatory disease, peritonitis and other severe intra -abdominal infections  [374]. In paediatrics,
gentam icin is used for septicaemia, meningitis, biliary tract infections, acute pyelonephritis and endocarditis [375].
Aminoglycosides are used to treat serious infections caused by MDR Gram -negative bacteria when othe r
alternatives are lacking, and endocarditis caused by difficult -to -treat pathogens when monotherapy with beta -
lactam antibiotics is not sufficient. Beta -lactam antibiotics are often combined with an aminoglycoside for severe
sepsis/septic shock to broaden the antibacterial spectrum and achieve rapid bactericidal, and possibl y synergistic

effects [373].
Alternatives to treat severe MDR infections are limited and include beta -lactam antibiotics, fluoroquinolones.

Infective endocarditis is associated with high morbidi ty, mortality and healthcare expenditure. A recent data from
Finland showed that  the standardised incidence rate of deaths associated with infective endocarditis was 1.42 (95%

Cl: 1.32 -1.52) per 100,000 person -years. The incidence rate increased progressiv ely with aging from 50 years of
age [376].

Aminoglycosides are n  ationally approved in the EU for indications that include the treatment of bacteraemia, UTIs,
chest infections, severe neonatal infections and other serious systemic infections due to susceptible organisms, in
adults and children including neonates.

Aminog lycosides fulfil criterion 1.A.(b). They are essential components of the limited treatment alternatives
available for management of serious, life -threatening infections in humans.

Criterion B The three main mechanisms of bacterial resistance to aminoglycosides are the reduction of the intracellular

met: Yes concentration of the antimicrobial, the enzymatic modification of the antibiotic and the modification of the

molecular target. Resistance mechanisms are complex and differ between the aminoglycoside molecules and

between bacterial species, and generally there is less cross -resistance when compared with other classes of
antimicrobials. E  nzymatic inactivation of aminoglycosi des is the most common resistance mechanism [377-380].
Aminoglycosides are differently affected by these enzymes. Among those enzymes , A A C( 6llZ-gr confers
resistance to gentamicin and fluoroquinolones such as ciprofloxacin [378].

Except in mycobacteria, resistance genes are often located on mobile genetic elements, facilitating their spread
between different bacterial species and between animals and humans [377,381-384].

In M. tuberculosis , mutations in the genes rpsL and rrs encoding the ribosomal protein S12 and the 16S rRNA,

respectively, are responsible for most of the high -level streptomycin  resistance [385].

EFSA/ECDC mandatory surveillance shows that the EU prevalence of resistance to gentamicin in Campylobacter
spp. is low in food -producing animals except in Italy for C.coli (18.8%). Resistance to streptomycin was observed
atlow levelsin  C.jejuni isolates from carcasses and fresh meat, and at a moderate level in meat preparations. The

median levels of resistance to gentamicin in indicator E. coli from all animal species was low [26].

Resistance to aminoglycosides has been detected in isolates from companion animals including Pseudomonas spp.,
staphylococci including MRSP and Enterobacterales also producing ESBLs [377].

There is evidence that the usage of aminoglycosides in veterinary medicine is associated with the increased
prevalence of resistance to aminoglycosides and other antimicrobial classes i n bacteria in animals  [377, 386, 387].

Transmission

Aminoglycoside -resistance has been found in many different bacterial species, including those with zoonotic
potential such as  Salmonella spp., Campylobacter spp. and (LA)MRSA. The same resistance genes have been found
in isolates from humans and animals [388-391].

Evaluation of risk factors indicates that the probability of transmission of aminoglycoside -resistance from animals to
humans through transfer of zoonotic pathogens or commensal foodborne bacteria and/or their mobile genetic

elements can be regarded as high. The highest risk is anticipated from transfer of resistant enterococci or coliforms

(E. coli ) since infections with these pathogens in humans would potentially be tr eated with aminoglycosides [377,
378]. Aminoglycosides are not part of the recommended treatment regimen for mycobacterial infections in

companion animals.  See Table 49 (Rifamycins ) for further information . In conclusion, t here is evidence for the
selection and significant trans mission of resistance to aminoglycosides from animals to humans via zoonotic

patho gens or commensal bacteria capable of transferring resistance to human pathogens.

Criterion B.1.(a) is met.

Criterion C Aminoglycosides are authorised in VMPs in the EU, for use in companion and food -producing animals (cattle, pigs,
met: No poultry, sheep, goats, horses, dogs and cats) for treatment of septicaemias, gastrointestinal, urinary and
respiratory tract infections. Several aminoglycosides (e.g. streptomycin, neomycin, apramycin) are included in
Table 1 of the MRL Regulation (EU) 37/ 2010 and certain substances in the class may be used in all food -producing
species.

Food - producing species

Aminoglycosides a re among few alternatives for treatment of weaning diarrhoea in piglets and other infections due

to MDR Enterobacterales in various animal species. E. coli infections (e.g. septicaemia, meningitis , severe enteritis )
are a major cause of morbidity and mortali ty in neonatal livestock and horses [137-140]. Recent EFSA opinions

noted high levels of resistance to first line antimicrobials (e.g. aminopenicillins, potentiated sulfonamides,

tetracyclines), often involving multidrug resistance, in pathogenic E. coli_from swine, poultry, calves, lambs and
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horses. This suggests the limited efficacy of first -line antibiotics against these infections in many EU countries [41,
86, 88, 142, 392] (See annotation 1 under Table 61). Aminog lycosides are a treatment option where

Enterobacterales spp. remain susceptible [378]. Alternatives for resistant E. coli are limited to AMEG Category B
substances i.e. colistin (not foals), 3 rd- and 4 th -generation cephalosporins (not poultry) or fluoroquinolones.

Companion animals

Aminoglycosides (in particular gentamicin and amikacin) are also one of few treatment options in companion
animals for treatment of MDR Gram -negative bacteriaand  Pseudomonas spp. causing a variety of serious,
potentially life -threatening, infections (septicaemia, urinary and respiratory tract infections, otitis). They are used

with caution due to  potential nephrotoxicity and ototoxicity [80, 83, 226, 378, 393]. Fluoroquinolones (AMEG
Category B) are  the only veterinary  -authorised alternative for systemic treatment of pseudomonas infections ,
although susceptibility is variabl e [183], whilst polymyxins might be used for localised infections amenable to

topical treatment.  In cases where topical treatment is unsuitable, a mikacin (along with rifampicin) is often one of
few systemic antimicrobials to which MRSP isolates remain suscepti ble. Prevalence of MRSP in companion animals
varies across the EU. It is most commonly implicated in canine recurrent pyoderma, and may be involved in life -
threatening surgical wound, urinary and respiratory tract infections. Use of o ther alternatives for MDR Gram -
negative bacteria and MRS that are last resort classes in human medicine, such as carbapenems, oxazolidinones

and glycopeptides, is avoided in animals [27, 28, 281, 303, 305].

In conclusion, aminoglycosides are used in food -producing and companion an  imal species to treat serious life -
threatening infections with significant morbidity or mortality. Due to resistance development, there are limited
alternatives, and these are from a higher AMEG category. Criterion C is not met.

Recommended to be designa  ted as an antimicrobial class to be reserved for humans  : No

Table 34 . Evaluation of plazomicin

Plazomicin

See Table 102 for ATC(vet) codes

Criterion A
met: Yes

Plazomicin is a novel aminoglycoside antibiotic that displays a broad spectrum of activity and was developed to
overcome inactivation by aminoglycosid e modifying enzymes (AMESs) e.g. acetyltransferases, phosphotransferases,
nucleotidyltranferases. Plazomicin binds to the bacterial 30S ribosomal subunit inhibiting protein synthesis [394].

Plazomicin is active against aerobic Gram -negative bacteria including many strains of extended -spectrum beta
lactamase 1 producing Enterobacterales, carbapenem -resistant Enterobacterales, Pseudomonas aeruginosa  (unless
they produce RNA methyltransferases). P lazomicin also displays activity against Staphylococcus  spp . including

MRSA and organisms producing AMEs. As with other aminoglycosides, plazomicin exhibits poor activity against

Gram -negative and Gram - positive anaerobes. Plazomicin also has reduced or no activity against  Enterococcus spp.,
Streptococcus  spp., Acinetobacter spp.,and Stenotrophomonas spp. [394].

In the future, plazomicin may be useful to treat cUTIs caused by MDR Gram -negative bacteria, or  infections caused
by carbapenem -resistant Enterobacterales (including MBLs, except for NDM).

No alternatives considered due to lack of market authorisation.
Data on plazomicin resistance in human isolates are not included in the Annual EARS -Net report.

Plazomicin is not currently authorised for use in the EU; however, future development for the EU market cannot be
excluded and the spectrum of activity includes several MDR pathogens with high health burden and for which there
are few alternatives availabl e.

Plazomicin has been under investigation for treatment of complicated UTIs (marketing authorisation application
withdrawn in the EU in 2020 ).

If authori sed in future for the use in the EU, plazomicin would fulfil criterion A.1.(a) based on being an esse ntial
component of the limited treatment alternatives available for management of serious, life -threatening infections in
humans .

Criterion B
met: Yes

Resistance to plazomicin is most commonly due to ribosomal RNA methyltransferases, found in Enterobacterales,
Pseudomonas and Acinetobacter spp. In addition,  plazomicin may have reduced activity against Enterobacterales
that overexpress certain efflux pumps (e.g. acr AB-tol C) or s how lower expression of porins [395, 396].

The genes encoding methyltransferases are usually located on plasmids encoding resistance to other antimicrobial

classes, such as quinolones,  beta -lactams including to carbapenems (e.g.NDM -1) [378]. Plasmids co -producing 16S
rRNA methylases and  carbapenemases such as NDM -1 have been observed in Enterobacterales,

including Salmonella spp. [377]. 16S rRNA methyla ses are mainly reported from human clinical isolates; however,

similar resistance genes have been identified in isolates of animal origin at low prevalence [378].

The emergence of 16S rRNA methylases in bacteria of animal origin has been described in E. coli isolates from pigs,
chickens, and cows [382, 384, 397-399].

Transmission

Similar resistance genes were identified in isolates from human and animal origins. [388, 390, 400]. Although 16s
rRNA methylases are mainly reported from human clinical isolates, arm A, rmt B and rtm C have also been found in
isolates from pets and farm animals at low prevalence [397, 401 -403]. There are potential pathways for
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transmission of resistance to plazomicin from animals to humans e.g. via transfer of MGE between commensal

Enterobacterales.

In conclusion, there is evidence for the potential for selection and likely significant transmi ssion of resistance  to
plazomicin from animals to humans, through zoonotic pathogens or commensals capable of transferring resistance

to human pathogens, if use in animals became established [378].

Criterion B.1.(b) is met.

Criterion C Plazomicin has not been authorised for use in VMPs in the EU and there is no knowledge of its veterinary
met: Yes authorisation globally . Plazomicin is not includ  ed in the Annex to the MRL Regulation (EU) 37/2010 and cannot be
used in food -producing animals in the EU, including under Articles 113 & 114 of Regulation (EU) 2019/6

No evidence was found for use in companion animals outside the terms of the marketing authorisation , or specific
need for plazomicin , to treat serious infections in animals in the EU at the present time . Where aminoglycosides are
specifically indicated in veterinary medicine, e.g. for certain Gram -negative infections including Pseudomonas spp.,
earlier generation substances are generally adequate.

Criterion C.1(a) is met.

Recommended to be  designated as an antimicrobial to be reserved for humans : Yes

Table 35 . Evaluation of aminocyclitols

Aminocyclitols
See Table 102 for ATC(vet) codes

Criterion A Spectinomycin has structural similarity to streptomycin but it is not an aminoglycoside. The mechanism of action is

met: No based on inhibiting protein synthesis by binding to 30S ribosomal subunit [404].
Spectinomycin shows some activity against Gram -positive bacteria (e.g., Streptococcus pyogenes , Streptococcus
pneumoniae , and Staphylococcus epidermidis) and a wider range of activity against Gram -negative bacteria (e.g.

Enterobacterales and Neisseria gono rrhoeae ) [404].

Uncomplicated gonorrho ea is the only relevant indication for spectinomycin (administered as a single injection) and
is recommended for use among patients allergic to penicillin G or in patients with infections produced by penicillin
Gi resistant gonoc occal strains  [404].

Ceftriaxone in combination with azithromycin or ceftriaxone alone are considered as treatment of choice for
treatment of uncomplicated gonorrh oea in Europe [405].

In 2019 there were 117881 ca ses of gonorrhoea reported in the EU/EEA. The proportion of resistant isolates was:
57.3% to ciprofloxacin, 0.9% cefixime and 0.1% to ceftriaxone.

Spectinomycin is nationally approved in very few EU Member States for the treatment of uncomplicated gonorrh oea
(urethritis, cervicitis).

Aminocyclitols  do not fulfil criterion A, due to limited use in the EU/EEA and due to other existing treatment
alternatives for the treatment of uncomplicated gonorrhoea.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 36 . Evaluation of tetracyclines

Tetracyclines (excluding minocycline, eravacy cline and omadacycline )
See Table 103 for ATC(vet) codes

Criterion A The tetracyclines are broad  -spectrum bacteriostatic antibiotics that represent a large and diverse group of

met: No compounds. The class includes among others chlortetracycline, doxycycline, oxytetracycline, tetracycline, and
(evaluated separately)  tigecycline and minocycline. The use of tetracyclines has declined in recent decades due to
emerge of resistance. Tetracycline resistance now occurs in an increasing number of pathogenic, opportunistic, and
commensal bacteria.

Tetracyclines are used to tr  eat infection s caused by many aerobic Gram  -positive (e.g.,  Streptococcus spp.,
Staphylococcus spp.), and Gram -negative bacteria (e.g., Enterobacter ales, Brucella spp.) as well as atypical
pathogens, such as  Rickettsia spp., Chlamydia spp., and Mycoplasmap neumoniae [406]. Tigecycline has a broader
spectrum of activity when compared with other tetracyclines. Tigecycline (evaluated as a glycy Icycline) has activity
against Gram - positive pathogens including: Enterococcus spp., VR -enterococci, Listeria, ~ Streptococcus spp., both
MSSA and MRSA, and  Staphylococcus epidermidis . Its Gram -negat ive activity includes  Acinetobacter baumannii
Citrobacter spp., Enterobacter spp., Escherichiacoli , Klebsiella spp., Pasteurella multocida, Serratia marcescens ,
and Stenotrophomonas maltophilia [407].

Tetracycline remains an important agent in the therapy of severe diarrho ea due to Vibrio cholerae and in salvage
eradication regimens for Helicobacter pylori . [408]. T opical tetracycline is used for Chlamydia trachomatis __infection
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causing trachoma  [407 ]. Doxycycline is more widely used in clinical practice and it is effective for patients with
nongonococcal urethritis caused by C. trachomatis ; however, recurrent urethritis in patients previously treated with
doxycycline may be the resul t of tetracycline resistant Ureaplasma urealyticum . Doxycycline is an alternative agent
in the treatment of genital chlamydial infections. Tetracycline (doxycycline in combination with aminoglycosides)

remains an effective treatment option for brucellosis. Tetracycline is an alternative antibiotic in the treatment of
leptospirosis, gas -gangrene and tetanus  [407, 409].

For most of the approved indications, treatment alternatives are available: penicillins, cephalosporins, respiratory

fluoroquinolones  for pneumonia; beta -lactam -BLI, macrolides and cephalosporins for acute exacerbations of chronic
obstructive pulmonary dis ease ; fosfomycin trometamol, pivmecillinam, cephalosporins and TMP -SMX for
uncomplicated UTI and a number of classes ( fluoroquinolones , cefepime, ceftazidime, piperacillin -tazobactam
carbapenems) for complicated UTI - here combinations with other antibact erials are usually needed; azithromycin

for Chlamydia, Mycoplasma and Ureaplasma STIs; macrolides in acne.

There were 157.04 confirmed cases per 100 ,000 population of Chlamydia infection in EU/EEA in 2019.

Tetracyclines are nationally approved in the EU Member States. Approved indications include: RTIs (pneumonia and
other lower RTIs due to susceptible strains of Streptococcus pneumoniae , Haemophilus influenzae , Klebsiella
pneumoniae and other organisms); Mycoplasma pneumoniae  pneumonia; treatment of chronic bronchitis (including
the prophylaxis of acute exacerbations) and whooping cough; treatment of UTIs caused by susceptible strains of
Klebsiella spp., Enterobacter spp., Escherichia coli, Streptococcus faecalis and other org anisms; sexually
transmitted diseases (infections due to C. trachomatis including uncomplicated urethral, endocervical or rectal

infections; non -gonococcal urethritis caused by U. urealyticum ; chancroid, granuloma inguinale and
lymphogranuloma venereum). T etracycline is an alternative antibiotic in the treatment of penicillin resistant
gonorrhoea and syphilis; Skin Infections: Acne vulgaris when antibiotic therapy is considered necessary and severe
rosacea; Ophthalmic infections: Trachoma, although the infe ctious agent, as judged by immunofluorescence, is not
always eliminated. Inclusion conjunctivitis may be treated with oral tetracycline alone or in combination with topical

agents; Rickettsial infections: Rocky Mountain spotted fever, typhus group, Q fever and Coxiella endocarditis and
tick fevers; Other infections: Stagnant loop syndrome, psittacosis, brucellosis (in combination with streptomycin),

cholera, bubonic plague, louse and tick -borne relapsing fever, tularaemia, glanders, melioidosis

Tetracyclin es are generally safe, but some adverse effects may occur. Most tetracyclines are contraindicated in
pregnancy due to the risk of hepatoxicity in the mother and adverse effects on foetal bone and teeth [406].

Tetracyclines do not fulfil criterion A, as there are newer treatment alternatives.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 37 . Evaluation of glycylcyclines

Glycylcyclines
See Table 104 for ATC(vet) codes

Criterion A The glycycyclines are semi  -synthetic or synthetic tetracyclines specifically developed to overcome common

met: Yes mechanisms of resistance to older tetracycli nes (ribosomal protection and efflux). Tigecycline binds to the A site of
the 30S subunit and also interacts with residues of H34 ribosomal subunit [410] in a stronger way than minocycline
and tetracycline  [411]. Tigecycline is the first glycylcycline that became av ailable for clinical use.
Tigecycline has a broad antimicrobial spectrum. As for tetracyclines, it is active against Gram -positive and Gram -

negative microorganisms, including most Enterobacterales (some species of the Morganellaceae family are

intrinsicall y resistant) and  Acinetobacter spp., anaerobic bacteria, as well as most atypical microorganisms,

including many rapidly growing non -tuberculous mycobacteria. However, it is not active against certain Gram -
negative non -fermenters, including  Pseudomonas aer uginosa [412].

Tigecycline is used (often in combination) for treatment of certain serious infections, including cSSSis and clAls,

where it is last resort option to treat infections caused by carbapenem -resistant Enterobacterales, MDR
Acinetobacter baumann ii, MRSA and VRE. It may be used to treat polymicrobial infections and can also be used in
patients with renal dysfunction or allergic to penicillins and/or cephalosporins [412].

Few alternatives are available for the treatment of MRSA infections, but may include e.g. glycopeptides,

oxazolidinones, daptomycin, ceftobiprole and ceftaroline. Few alternatives are available for the treatment of VRE

infections, e.g. oxazolidinones, fosf omycin and daptomycin. Alternatives for the treatment of infections caused by
carbapenem -resistant bacteria include new antibiotics and combinations with beta -lactamase inhibitors such as
ceftazidime -avibactam, ceftolozane -tazobactam ( P. aeruginosa ), imipenem -relebactam, meropenem  -vaborbactam
and cefiderocol, as well as colistin and fosfomycin (in combination ) [49, 157, 160, 167].

MRSA infections and infections caused by carbapenem -resistant Gram -negative bacteria are an important health
burden to the EU/EEA (see above). VRE was estimated to cause >16,000 infections and to be associated with
>1,000 deaths in the EU/EEA in 2015 [153].

In the EU, tigecycline is centrally approved for clinical use for the treatment of complicated SSTIs and ¢ omplicated
1Al
Glycycyclines fulfilc  riterion A.1.(a) based on being an essential component of the limited treatment alternatives
available for management of serious, life -threatening infections in humans
Criterion B Alt hough glycylcyclines evade many resistance mechanisms encoded by plasmid -borne tet genes, in Gram -negative
met: Yes bacteria, clinical resistance is still mostly associated with overexpression of chromosomally -encoded RND multidrug
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efflux pumps [413]. In addition, acquired resistance determinants include mutants of Tet(A), or increased
expression of Tet(L) and Tet(M). tet(X) which encodes a tigecycline  -modifying enzyme,  have recently been
identified in Enterobacterales and Acinetobacter from food, animals and humans [413-415]. Over -expression of
efflux pumps may also decrease activity against Staphylococcus aureus [416].

The pr evalence of resistance to tigecycline in human isolates remains very low, although higher levels were
reported in European carbapenem -resistant Enterobacterales [417] orin cephalosporin  -resistant Enterobacterales
in France [418].

Very low levels of tigecycline resistance have been reported in EFSA/ECDC EU surveillance of Salmonella spp. From
food - producing animals  [26, 295] and there are sporadic reports of resistance in Enterobacterales isolates from

companion animals, in particular associated with clones of Klebsiella pneumoniae of concern to public health [419,
420].

Transmission

In conclusion, although glycylcyclines are not authorised in VMPs, there is evidence for the potential for selection
and likely significant trans mission of resistance, through zoonotic pathogens or commensal bacteria capable of
transferring resistance to human pathogens, if their use in animals became established [413].

Criterion B.1.(b) is met.

Criterion C There is no knowledge of the authori sation of glycylcyclines in VMPs in the EU or globally. They are not included in
met: Yes the Annex to the MRL Regulation (EU) 37/2010 and therefore cannot be used to treat food -producing animals in the
EU, including under  Articles 113 & 114 of Regulation (EU) 2019/ 6.
Companion animals
There is very limited evidence for use or need for tigecycline in cats and dogs to treat MDR infections e.g. MRSA/P
[413]; hence such use is expected to be very rare. In the absence of more specific evidence, alternatives cannot be
proposed.
Based on the low number of reports it appears that impacts of inappropriate treatment on morbidity and mortality
would be very limited.
In conclusio n, considering the public health interest identified from criteria A and B, criterion C.1 .(c) is met.
Recommended to be designated as an antimicrobial class to be reserved for humans  : Yes

Table 38 . Evaluation of minocycline

Minocycline

See Table 103 for ATC(vet) codes

Criterion A
met: No

Minocycline is considered as a second -generation tetracycline (as doxycycline). This generation is characterised by
longer serum half  -life, high lipid  solubility and enhanced activity against some pathogens [421]. Minocycline has a
bacteriostatic effect based on inhi bition of protein synthesis.

Minocycline has a spectrum of activity that is largely similar to that of the tetracyclines . ltis reported to be

effective in vitro against some tetracycline -resistant Staphylococcus spp., Streptococcus spp., and certain strai  ns of
tetracycline -resistant E. coli and Haemophilus influenzae . Itis active against a variety of intracellular

microorganisms, including Mycoplasma pneumoniae, Ureaplasma urealyticum, Chlamydia trachomatis ,
Chlamydophila psittaci , and Chlamydophila pneum oniae [422].

Minocycline is indicated for the treatment of the following infections: gonorrhoea , n on-gonococcal urethritis
prostatitis , m oderate to severe acne  (use in moderate acne only if topical treatment is ineffective, if acne is

extensive or hard to reach a nd if there is a high risk of scarring ), a cute and chronic bronchitis  , b ronchiectasis , lung
abscess, p neumonia , e ar, nose and throat infections , UTIs, p elvic inflammatory disease (e.g. , salpingitis,

oophoritis) , SSTIs caused by minocycline sensitive organi sms, o phthalmic infections , n ocardiosis , p rophylactic
treatment of asymptomatic meningococcal carriers , pre- and post -operative prophylaxis of infection. Itisa

potential option for the treatment of infections caused by certain strains of MRSA and MDR

Acinetobacter baumannii , although notably used in combination with other classes of antimicrobials (e.g.,

carbapenems ) [422].

Alternative and  safer options are available.
Data on minocycline resistance in human isolates are not included in the Annual EARS -Net report.

Minocycline is nationally authorised in some of the EU member states for indications that include ear, nose and
throat infections, RTIs such as pneumonia, bronchiectasis, lung ab scess, acute and chronic bronchitis, prostatitis,
venereal diseases (g onorrhoea), UTIs, pelvic inflammatory disease (salpingitis, oophoritis), SSTIs, ophthalmological
infections, nocardiosis, prophylactic treatment of asymptomatic meningococcal carriers , preventative treatment
before and after surgery, actinomycosis, anthrax patients, with a penicillin allergy.
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Minocycline does not fulfil criterion A as sufficient effective or safer alternative options exist for the treatment of the
presented serious infections.

Recommended to be designated as an antimicrobial to be reserved for humans : No

Table 39 . Evaluation of eravacycline (fluorocycline)

Eravacycline  (fluorocycline)
See Table 103 for ATC(vet) codes

Criterion A Eravacycline is a fully synthetic fluorocycline and newly approved tetracycline derivative . The mechanism of action
met: Yes of eravacycline involves the disruption of bacterial protein synthesis by binding to the 30S ribosomal subunit, thus
preventing the incorporation of amino acid residues into elongating peptide chains [423].

Eravacycline exhibits good activity against anaerobes, Gram -positive bacteria (including MRSAand VRE), Gram -
negative bacteria (e.g., Enterobacterales and Acinetobacter baumanii) , and those prod ucing ESBLs,
carbapenemases or carrying the mcr -1 gene. It has limited activity against Pseudomonas aeruginosa  [423].

In the context of the growing health burden of infections caused by MDR bacteria, eravacycline fills a therapeutic

gap, being one of few broad -spectrum antibiotics available to treat polymicrobial infections, e.g., clAls, complicated
UTls, and overcoming resistance to several antibiotic classes [423] .
Alternative broad -spectrum antibiotics ~ used to treat infections with MDR bacteria include ceftobiprole and
ceftaroline (for MRSA), oxazolidinones and daptomycin (for VRE) and new antibiotics and combinations with beta -
lactamase inhibitors such as ceftazidim e-avibactam, ceftolozane -tazobactam, imipenem -relebactam, meropenem -
vaborbactam and cefiderocol, as well as colistin and fosfomycin (in combination) for MDR Gram -negatives [49, 157,
160, 167].
MRSA infections and infections caused by carbapenem -resistant Gram -negative bacteria are an important health
burdentot he EU/EEA (see above). VRE was estimated to cause >16,000 infections and to be associated with
>1,000 deaths in the EU/EEA in 2015 [153].
Eravacycline is centrally authorised in the EU/EEA for the treatment of clAls in adults .
Eravacycline fulfils criterion A.1.(a) based on being an essential component of the limited treatment alternatives
available for management of serious, life -threateni ng infections in humans

Criterion B As for tigecycline, eravacycline remains vulnerable to upregulated non -specific intrinsic multidrug efflux pumps

met: Yes found in Gram -negative bacteria and monooxygenase enzymes mediated by tet (X) genes that conferr  esistance to
all tetracyclines and tigecycline. As noted for glycylcyclines, tet(X) have been identified on a highly transferable

plasmid in Enterobacterales and Acinetobacter spp. from food, animals and humans, hence there are concerns that
there could be rapid dissemination of resistance [413, 414, 424].

In addition, resistance to eravacycline has been observed in human isolates of Enterococcus spp. due to mutations
in the ribosomal binding site [425].

There is no EU -coordinated specific surveillance for eravacycline susceptibility in animal isolates.
Transmission

There are potential pathways for transmission of resistance to eravacycline from food -producing and companion
animals to humans (see Table 37, Glycylcyclines).

Although eravacycline is not authorised in VMPs, there is evidence for the potential for selection and likely
significant trans mission of resistance from animals to humans , through zoonotic pathogens or commensal bacteria
capable of transferring resistance to human pathogens, if use in animals became established.

Criter ion B.1.(b) is met.

Criterion C Eravacycline has not been authorised for use in VMPs in the EU and there is no knowledge of its veterinary
met: Yes authorisation globally . Eravacycline is not included in the Annex to the MRL Regulation (EU) 37/2010 and cannot be
used in food -producing animalsint he EU, including under  Articles 113 & 114 of Regulation (EU) 2019/6

Companion animals

No evidence was found for use in companion animals  outside the terms of the marketing authorisation , or specific
need for eravacycline , to treat serious infections in a nimals in the EU at the present time . Where tetracyclines are
specifically indicated in veterinary medicine (e.g. vector -borne diseases), earlier generation substances are

currently judged to be adequate

Criterion C.1(a) is met.

Recommended to be  designated as an antimicrobial to be reserved for humans : Yes
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Table 40 . Evaluation of omadacycline

Omadacycline
See Table 103 for ATC(vet) codes

Criterion A Omadacycline is a semisynthetic tetracycline derivative and displays the same mechanism of action as the

met: Yes tetracycline class, inhibiting bacterial protein synthesis by binding to the primary tetracycline binding site on the
30S subunit of the bacterial ribosome [426].
It is active against several types of resistant Gram -positive pathogens, including methicillin -resistant

Staphylococcus aureus  (MRSA); penicillin  -resistant and multidrug -resistant Streptococcus pneumoniae
Streptococcus pyogenes , and Streptococcus agalactiae ; and vancomycin  -resistant Enterococcus (VRE) spp. Itis
also active against pathogens that are important in community -acquired respiratory tract infecti ons, including
Haemophilus influenzae, Moraxella catarrhalis , and species of Legionella, Chlamydia and Mycoplasma spp. [426].

Omadacycline is developed as a once -daily, intravenous and oral treatment for acute bacterial skin and skin
structure infection and CAP. Omadacycline is currently approved by the FDA for use in treatment of acute bacterial
skin and skin structure infection and community -acquired bacterial pneumonia [427 -429].

No alternatives considered due to lack of market ing authorisation.

In October 2019, an application was withdrawn for a marketing authorisation in the EU for omadacycline for

treatment of community -acquired bacterial pneumonia and bacterial inf ections of the skin and skin structures. The
EMA/CHMP considered that the single clinical study in patients with CAP did not provide sufficient evidence of
effectiveness .
If authori sed in future for the use in the EU, omadacycline would fulfil ¢ riterion A.1.(b) based on being an essential
component of the limited treatment alternatives available for management of serious, life -threatening infections in
humans .

Criterion B As for tigecycline, omadacycline remains vulnerable to upregulated non -specific intrinsic multidrug efflux pumps

met: Yes found in Gram -negative bacteria and monooxygenase enzymes mediated by tet (X) genes that confer resistance to
all tetracyclines and tigecycline. As noted above, tet (X) have been identified on a highly transferable plasmid in
Enterobacterales and  Acinetobacter spp. From food, animals and humans, hence there are concerns that there
could be rapid dissemination of resistance. Resistance [413, 414, 424].

There is no EU -coordinated specific surveillance for omadacycline susceptibility in animal isolates.
Tran smission

There are potential pathways for transmission of resistance to omadacycline from food -producing and companion
animals to humans (se e Table 37, Glycylcyclines).

Although omadacycline is not authorised in VMPs, there is evidence for the potential for selection and likely
significant transfer of resistance from animals to humans , throu gh zoonotic pathogens or commensals capable of
transferring resistance to human pathogens, if use in animals became established.

Criterion B.1.(b) is met.

Criterion C Omadacycline has not been authorised for use in VMPs in the EU and there isno  knowledge of its veterinary
met: Yes authorisation globally . Omadacycline is not included in the Annex to the MRL Regulation (EU) 37/2010 and cannot
be used in food -producing animals in the EU, including under Articles 113 & 114 of Regulation (EU) 2019/6

Companio n animals

No evidence was found for use in companion animals outside the terms of the marketing authorisation , or specific
need for omadacycline,  to treat serious infections in animals in the EU at the present time . Where tetracyclines are
specifically indicated in veterinary medicine (e.g. vector -borne diseases), earlier generation substances are

currently judged to be adequate.

Criterion C.1(a) is met.

Recommended to be designated as an antimicrobial to be reserved for humans : Yes

Table 41 . Evaluation of amphenicols

Amphenicols
See Table 105 for ATC(vet) codes

Criterion A Amphenicols are a class of broad -spectrum antibiotics  that include thiamphenicol and chloramphenicol.
met: No Thiamphenicol is  a chloramphenicol analogue and has limited use in human medicine . Therefore, the information
provided in this section concerns primarily chloramphenicol. Chloramphenicol inhibits protein synthesi s by

reversibly binding to the peptidyl transferase cavity of the 50S subunit of the bacterial 70S ribosome. This prevents
the aminoacyl -tRNA from binding to the ribosome, thus terminating polypeptide chain synthesis.

Chloramphenicol is effective against a wide range of aerobic and anaerobic bacteria, including Gram -positive (e.g.,
Staphylococcus aureus , Staphylococcus epidermidis  , Streptococcus pyogenes , S. pneumoniae |, alpha -haemolytic
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streptococci , Enterococcus faecalis) and Gram -negative bacteria ( Bacteroides fragilis , Neisseria -meningococci and
gonococci, Haemophilus spp., Salmonella typhi ) [430].

Chloramphenicol was the first broad -spectrum antibiotic and has been in clinical use since 1949 [430]. Currently it
is no longer the  antibiotic of choice for any specific infection and is not frequently used due to serious adverse

effects (e.g., bone marrow toxicity). Chloramphenicol can be used for bacterial conjunctivitis (topical form ulation),
typhoid fever, meningitis (specifically in countries where access to recommended 3 rd - generation cephalosporines is

limited) or  S. aureus infections (including VRSA) [430].

It is recommended by the WHO as an option for the treatment of meningitis, meningococcal sepsis, osteoarthritis,
and pyomyositis in children in low -income countries, and is included on their model list of essential medicines
[431].

There are alternative treatment options considered first choice such as fluoroquinolones to treat typhoid fever and
conjunctivitis or 3  rd-generation cepha losporines to treat meningitis and penicillinase -resistant penicillins and
glycopeptides for ~ S. aureus infections [430].

Chloramphenicol is nationally approved in some of the EU Member States for the treatment of typhoid, meningitis
caused by H. influenzae and of other serious infections; eyedrops are approved for the treatment of acute bacterial
conjunct ivitis.

Amphenicols (chloramphenicol) do not fulfil criterion A, due to limited use in human medicine in the EU and due to
the existence of other, safer treatment alternatives to manage above -mentioned infections.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 42 . Evaluation of sulfonamides

Sulfonamides
See Table 106 for ATC(vet) codes

Criterion A Sulfonamides (sulfamethoxazole, sulfamethizole, sulfadiazine) are synthetic antibacterials that contain the
met: No sulfonamide chemical group. They are bacteriostatic and work by interfering with the synthesis of folic acid (an
essential component for DNA and RNA formation). Combinations with trimethoprim are bactericidal. Originally,
sulfonamides had a broad spectrum of activity, but due to increas ing resistance their use is limited [432]. The

therapeutic role of sulfonamides is diminishing, however several agents from this class are used in combination
with other agents (e.g., with trimethoprim).

Sulfonamides show activity again st Gram -positive (e.g., Staphylococcus aureus , S. saprophyticus , Streptococcus
pyogenes , S. pneumoniae , Bacillus anthracis , Clostridium tetani , C. perfringens )and Gram -negative
(Enterobacterales , Neisseria , Brucella ), Actinomyces, Nocardia, Chlamydia, Pla smodium and Toxoplasma spp.
[432].

Sulfonamides alone have been used to treat uncomplicated UTIs. Nowadays, their clinical use is diminishing due to
emerging spread of resistance. Their importance is when used in combination with trimethoprim (evaluated
separately). Topical argentic sulfadi  azine is used for wound infections [432].

There are several alternative options to treat UTIs.
Data from a multi -country European study including France, Germany, Spain, Sweden, and the U nited Kingdom ,

showed that E. coli isolates from women with acute uncomplicated UTIs have increasing antimicrobial resistance. It
was shown that since 2000, compared with 2014, there has been a significant increase in resistance to

trimethoprim in Germany (23% to 37%), Spain (25% to 37%), Sweden (9 % to 17%), and the UK (13% to 46%)
[95].
Sulfonamides are approved nationally in the EU. Since they were first approved a long time ago, some of them

have authorised indications that need to be modernized , but in general they are approved in adults and children
over 2 months of age, in the prevention and treatment of infections as part of the management of burns from the
2nd degree.

Sulfonamides do not fulf il criterion A, as there are treatment alternatives.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 43 . Evaluation of trimethoprim and derivates

Trimethoprim and derivates
See Table 106 for ATC(vet) codes

Criterion A Trimethoprim (TMP) inhibits the action of dihydrofolate reductase (DHFR), an enzyme that catalyses the last step of
met: No folic acid synthesis, and ultimately, DNA synthesis. TMP has a broad -spectrum bacteriostatic activity [433].
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TMP is active against a range of bacterial species including Gram -positive (- Streptococcus , Staphylococcus
Corynebacterium , Listeria monocytogenes ) and Gram -negative bacteria ( E. coli, Enterobacte r, Klebsie lla, Proteus ,
Salmonella , Shigella , Providencia , Citrobacter , Hafnia , Edwardsiella , Serratia, Haemophilus influenzae ) [433].

TMP has been widely used to treat UTls. Nowadays, due to emerging spread of TMP -resistant organisms , the
importance of this antibiotic is diminishing. It is used in combination with sulfamethoxazole ( see Table 44).

There are several alternative options to treat UTIs.

Data from a multi -country European study including France, Germany, Spain, Sweden, and the UK, showed that E.
coli isolates from women with acute uncomplicated UTIs have increasin g antimicrobial resistance. It was shown
that since 2000, compared to 2014, there has been a significant increase in resistance to trimethoprim in Germany

(23% to 37%), Spain (25% to 37%), Sweden (9% to 17%), and the UK (13% to 46%) [95].

TMP is nationally approved in the EU Member States. Approved indications include treatment of infections caused
by trimethoprim  -sensitive organisms including urinary and respiratory tract infections. TMP is also approved for the
prophylaxis of recurrent UT  Is.

TMP does not fulfil criterion A, as there are other treatment alternatives.

Recommended to be designated as an antimicrobial to be reserved for humans :No

Table 44 . Evaluation of sulfonamide -trimethoprim derivative combination s

Sulfonamide

-trimethoprim derivative  combination s

See Table 106 for ATC(vet) codes

Criterion A Trimethoprim - sulfamethoxazole also known as co -trimoxazole, is a combination of two antimicrobial agents

met: Yes (sulfamethoxazole -SMX and trimethoprim  -TMP) that act synergistically against a wide variety of bacteria. While
TMP and SMX are weak bactericidal agents when given alone, the combination is highly bactericidal against
many bacteria. Although other combinations of sulfonamides are available with trimethoprim, co -trimoxazole is
by far the most widely used [434].
Co-trimoxazole is effective against a wide variety of aerobic Gram -positive ( Staphylococcus spp., including
MRSA) and Gram -negative (e.g., Enterobacter ales) bacteria. It is also active against certain nosocomial acquired
and/or infections seen in immunocompromised patients (e.g., Burkholderia cepacia  (formerly Pseudomonas
cepacia ), Stenotrophomonas mal tophilia (formerly Xanthomonas maltophilia ), Serratia marcescens ,
and Nocardia spp.) Co-trimoxazole also ha s an activity against fung i e.g., Pneumocystis jirovecii  (Table 64).
Co-trimoxazole is a treatment of choice for P. jirovecii pneumonia (PjP) which is a potentially life -threatening
infection that occurs in immunocompromised individuals [434]. Co -trimoxazole is further among first choice
agents for the treatment of MRSA infections, particularly those community acquired. Most importantly co -
trimoxazole is a recommended treatment for nocardiosis [435]. Co-trimoxazole is the only available alternative
against MDR  S. maltophilia and B. cepacia.
Alternative treatment options include (1) PjP: for patients with moderate -to-severe disease: pentamidine/
primaquine plus clindamycin; for patients with mild -to-moderate disease dapsone plus trimethoprim, primaquine
plus clindamycin or atovaquone; (2) MRSA acute bacterial skin and skin structure infections : clindamycin,
doxycycline, minocycline, linezolid, for complicated cases vancomycin, linezolid, daptomycin, telavancin; (3)
Nocardiosis: imipenem or meropenem , ceftriaxone, cefotaxime, amikacin, linezolid [434, 435].
PjP is a well -known opportunistic infection affecting immunocompromised patients. The European data about the
epidemiology of pneumocystis pneumonia (  PCP) are scarce, although a recent study from Spain showed 4 ,554
cases of PCP were reported, 1,204 (26.4%) in HIV -negative patients. During the study period (2008 -2012),
mean annual incidence (cases per million) was 19.4, remaining globally stable, increasing from 4.4 to 6.3 in
HIV -negative patients and decreasing from 15 .51t0 13.4 among HIV  -infected patients [436].
Co-trimoxazole is nationally approved in the EU member states. Among the approved i ndications are the
following: treatment and prevention of PjP, treatment and prophylaxis of toxoplasmosis, treatment of
nocardiosis. The following infections may be treated with co-trimoxazole where there is bacterial evidence of
sensitivity to  co-trimoxaz ole and good reason to prefer the combination of antibiotics in co-trimoxazole to a
single antibiotic: acute uncomplicated UTIs, acute otitis media, acute exacerbation of chronic bronchitis.
Co-trimoxazole fulfils the criteri on A.1(b) by being essential component of limited treatment alternatives,
specifically for life  -th reatening PjP in immunocompromised patients and nocardiosis in immunosuppressed
patients.

Criterion B Both sulfonamides  (S) and trimethoprim (TMP) affect bacterial folic acid synthesis. Sulfonamides inhibit

met: Yes dihydropteroate synthetase (DHPS), which catalyses the formation of dihydrofolate from para -aminobenzoic
acid. In the subsequent step of the pathway, TMP inhibits dihydrofo late reductase (DHFR), which catalyses the
formation of tetrahydrofolate from dihydrofolate. Bacterial resistance to TMP and to sulfonamides is mediated by
the following 5 main mechanisms: (1) changes to the permeability barrier and/or efflux pumps, (2) na turally
insensitive target enzymes, (3) regulational changes in the target enzymes, (4) mutational or recombinational
changes in the target enzymes, and (5) acquired resistance by drug -resistant target enzymes [437].

Resistance to TMPS can be chromosomal or the resistance genes can be located on MGE e.g. plasmids or
transposons. Resistance in Gram  -negative bacteria is mainly conferred by acquisition of sul genes and/or dfr
genes [433]. Resistance in staphylococci to TMP is based on several dfr genes [243].
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The resistance mechanisms in P. jirovecii have not been fully elucidated, but genetic mutations within DHFR
probably play arole  [438]. The majority of patients with PCP and DHPS mutations who are treated with
trimethoprim - sulfamethoxazole respond to this treatment, however, patients with DHPS mutations who are

treated with trimethoprim -sulfamethoxazole tend to have worse outcomes com pared with those with wild -type
DHPS [438].

The mechanisms of resistance in Nocardia spp. are not fully understood, but sul and dfr A genes play a role
[433].

Sull genes and dfr A genes are part of classl integrons. MDR in Enterobacterales, particular ly among isolates
with ESBLs, is likely to be a r esult of the coexisting nature of sull and sul2, dfr genes encoded within ESBL and
carbapenemase -encoding plasmids (Grayson et al., 2018). Class 1 and 3 integrons carrying sul genes have been

found in Nocardia spp. [439].

Sul and dfr genes have been detected in Ente robacterales from humans, food -producing and companion animals
[243, 440]. The dfr K gene (linked to  tet L) is widely disseminated on plasmids in LA -MRSA from food -producing
species and has also been identified on a transposon in MSSA and E. faecium [23].

In Salmonella spp. and indicator E. coli isolates recovered from animals and food during the 2018 12019 routine
EU monitoring, resistance to sulfonamides was generally high to very high. Resistance t o TMP is at a lower level
[26]. In LA -MRSA, extremely high levels of TMP resistance were detected in isolates from pigs [26], although the
number of isolates tested is small.

Pneumocycstis spp. cannot be cultured. No EU monitoring of resistance in animals exists.
Transm ission

Similar sul and dfr genes have been detected in Enterobacterales from food -producing and companion animals
and humans [243, 440, 441]. Sul and dfr resistance genes are located on MGEs that have the potential to be
transferred from animal commensal bacteria to pathogeni ¢ bacteria in humans (See annotation 2 under Table
61). There is also the possibility for transmission of TMPS -resistance from animals to humans via zoonotic
pathogens, e.g. LA -MRSA (See annotation 3 under Table 61).

The genus Pneumocystis is host -species specific and there is no evidence to support potential transfer of TMPS -
resistance from animals to humans [438]. See also Table 63. Nocardia spp. are ubiquitous environmental
saprophytes and are transmitted by inhalation, ingestion or inoculation through the skin [442]. Integrons

carrying resistance genes could potentially be transmitted between different bacterial species. Although seve ral
references report  Nocardia spp. as a potential zoonosis, there is no clear evidence supporting direct transmission

from animals to humans [443].

In conclusion, there is evidence for the selection and significant trans mission of resistance to sulfonamides and
trimethoprim from animals to humans via zoonotic pathogens or commensal bacteria capable of transferring
resistance to human pathogens.

Criterion B.1.(a) is met.

Criterion C Sulfonamide -trimethoprim combinations (TMPS) are authorised in VMPs in the EU for a wide range of infections
met: No in food -producing and companion animals and are one of few classes authorised for use in minor species
including turkeys, goats, rabbits, fish and childrenbds pet

All substances belon ging to the sulfonamide group and trimethoprim are included in Table 1 of the MRL
Regulation (EU) 37/2010 and they may be used in all food -producing species (except those producing eggs for
human consumption).

All species

The importance of TMPS combination s lie s in their use as a first  -line antibiotics for numerous potentially serious

Gram -positive and Gram  -negative infections of respiratory, gastrointestinal and urogenital tracts and SSTI

including bovine interdigital necrobacillosis [84, 226, 444, 445]. They have an advantage compared with other

first -line antibiotics used in horses because of the good safety profile and possibility for oral administration [84].
TMPS is the only authorised  antibiotic for oral administration for horses in the EU. TMPS are one of few antibiotic
classes authorised in the EU for use in fish, being important for treatment of e.g. Aeromonas spp., Vibrio spp.,

Yersinia ruckerii , Streptococcosis [446]. However, use of TMPS is limited by high levels of resistance to common
pathogens, particularly E.coli [41, 75, 86, 88, 142, 392] (See annotation 1 under Table 61) and the sulfonamide
component has the potential to cause adverse effects if long treatment courses are required [445]. Depending
on the animal species and susceptibility of the targ et pathogen under treatment, alternatives are often from a

higher AMEG category.

TMPS are also important as one of limited options for treatment of less common infections e.g. Nocardia spp.
and certain protozoal infections e.g. toxoplasmosis, Equine Protozoal Myeloencephalitis (imported cases),

Neospora [345] (Antiprotozoals are primarily addressed in Table 65). In addition , MRSA isolated from companion
animals may re main susceptible to TMPS  [281].

In conclusion, sulfonamide  -trimethoprim combinations are widely used as first -line antimicrobials to treat serious
life -threatening infections with significant morbidity or mortality in food -producing and companion animal
species. Alternatives are commonly in a higher AMEG category.

Criterion C is not met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No
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Table 45 . Evaluation of quinolones (non -fluorinated)

Quinolones  (non -fluorinated)
See Table 107 for ATC(vet) codes

Criterion A Non -fluorinated quinolones act by inhibiting the activity of two essential bacterial enzymes that modulate the

inhibiting bacterial DNA synthe sis.

Data from a multi -country European study including France, Germany, Spain, Sweden, and the UK, showed that
coli isolates from women with acute uncomplicated UTIs have increasing antimicrobial resistance. It was

met: No chromosomal supercoiling required for critical nucleic acid processes (DNA gyrase and topoisomerase V) therefore

Non -fluorinated quinolones  (e.g., nalidixic acid) have activity against aerobic, Gram -negative bacteria. However,
they are not very active against aerobic, Gram -positive bacteria or anaerobic bacteria [447].

Non -fluorinated quinolones  have been used historically to treat uncomplicated UTIs and are not recommended for

use in patients with poor renal function because of significantly decreased urine concentrations [448]. They have
had limited use due to short serum and tissue half -lives as result of rapid renal elimination.

Newer quinolones (fluoroquinolones) can be an alternative treatmen t option.

shown

that since 2000, compared to 2014, there has been a significant increase in resistance to ciprofloxacin in Germany

(2% to 21%), Spain (15% to 31%), Sweden (0% to 7%), and the UK (1% to 15) [95].
E M A &smmittee for Medicinal Products for Human Use (CHMP) endorsed the recommendat
Pharmacovigilance Risk Assessment Committee (PRAC) and concluded that the marketing authorisation s of
medicines containing cinoxacin, flumequine, nalidixic acid, and pipemidic acid should be suspended [449].
Quinolones do not fulfil ¢ riterion A, as alternative treatment options are available.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 46 . Evaluation of fluoroquinolones

Fluoroquinolones

See Table 108 for ATC(vet) codes

Criterion A Fluoroquinolones are broad  -spectrum antibiotics that directly inhibit bacterial DNA synthesis. With their

met: Yes widespread use, the antimicrobial resistance to fluoroquinolones  has grown [450].
Fluoroquinolones  (norfloxacin, ciprofloxacin, levofloxacin, spa rfloxacin, moxifloxacin) overall have activity against
aerobic, enteric Gram  -negative bacilli (e.g. Enterobacterales, including MDR E. coli, Klebsiella  spp., Proteus spp.,

Salmonella spp., Shigella spp.and Campylobacter spp.), many common respiratory path ogens (e.g.,

against Gra m-positive s. Newer fluoroquinolones (e.g., levofloxacin, sparfloxacin, moxifloxacin) have enhanced

Fluoroquinolones are used as second -line agents to treat TB in the context of resistance and/or intolerance to first

clinical indications there are alternatives as long as the pathogen is susceptible.

cases (9.6 per 100 ,000 population). The overall TB notification rate in the EU/EEA continued to decline, as did
epidemic by 2030. MDR  -TB was reported for 3.4% of TB cases with susceptibility testing results reported. XDR

2019 795 cases of MDR -TB were re ported in EU/EEA area [365].

Most fluoroquinolones are nationally approved in the EU, except for delafloxacin, which is centrally approved. They
are approved for a broad range of indications . EMA confirmed that the use of fluoroquinolones  should be
to cases when it is considered inappropriate t o use other antibacterial agents that are commonly recommended
the initial treatment of the infections for which they are indicated (in particular in view of the risk of disabling

sequelae) risk of serious adverse effects involving the musculoskeletal and nervous system).

Streptococcus pneumoniae (including MDR strains) , Haemophilus influenzae , Moraxella catarrhalis ). In addition,

some fluoroquinolones are active against Pseudomonas species, some Gram -positive organisms (including MRSA),
anaerobes, and have excellent activity in vitro against Mycobacterium tuberculosis [450]. The older
fluoroquinolones  (e.g., norfloxacin, ciprofloxacin) have high activity against Gram -negative bacteria and no activity

activity against Gram - positive bacteria (  Streptococcus pneumoniae, Staphylococcus aureus and Enterococcus

species), as well as good activity against Mycoplasma and Chlamydia . The newest fluoroquinolones (e.g.,
moxifloxacin) ha ve the most potent activity against anaerobic bacteria [451].

The spectrum of activity and potency of fluoroquinolones  has led to a wide range of clinical indications, including
treatment of UTIs, RTIs, SSTIs, infectious diarrhoea , bone and joint infections and infec tions of the ear and eyes.

line agents , and similarly ~ campylobacteriosis in HIV infection. Very relevant indications for which fluoroquino lones
are first line are the post  -exposure prophylaxis and the treatment of inhalational anthrax [366].
For the above -mentioned life -threatening indications there are virtually no alternatives treatments . For other

In 2019, 29 countries in the European Union/European Economic Area (EU/EEA) reported a total of 49 ,752 TB

most country -specific TB notification  rates. However, the EU/EEA is not on track to reach the goal of ending the TB

-TB

was reported for 22.4% of MDR TB cases that underwent second -line substance susceptibility testing  [452].In
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Fluoroquinolones fulfil criteri on Al(b). They are essential components of the limited treatment alternatives

available for management of serious, life -threatening infections in humans.

Criterion B In Enterobacterales, reduced susceptibility most commonly arises through stepwise chromosomal mutations in

met: Yes DNA gyrase and topoisomerase 1V, with multiple mutations resulting in clinical resistance. Nevertheless, plasmid -
mediated quinolone resistance genes (P MQR) ( gnr ogx AB, aac(69-Ib-cr, gep and crpP genes) are increasing, with

several reports of  the isolation of quinolone  -resistant microorganisms in the absence of target mutations, including
ina Salmonella Rissenisolate [453]. The PMQR aac(6 Y Ib-cr gene also confer decrease susceptibility to
aminoglycosides (kanamycin, tobramycin, and amikacin) [454] and ogx AB to antimicrobials, disinfectants and
detergents [455].

PMQR genes (mainly  gnr genes) have been identified in isolates from food -producing and companion animals in
the EU [61, 456, 457 ]. However, studies in companion animals have shown resistance in Enterobacterales isolates
mostly associated with chromosomal mutations in g uinolone resistance -determining region  (gyrA, parC, parE)
[456, 458].

Co-selection of resistance to other antimicrobials might occur due to the frequent location of P MQR on plasmids
carrying resistance genes to other antimicrobials.

In Campylobacter spp., a single mutationin  gyrA imparts high -level resistance to  fluoroquinolones . The CmeAB C

efflux pump also contributes significantly to fluoroquinolone resistance in Campylo bacter jejuni . Fluoroquinolone
resistance develops rapidly in  Campylobacter spp. in poultry following exposure [459].

Resistance in  Pseudomonas spp. is due to decreased permeability, over -expression of efflux pumps and mutations
in topoisomerases which have been detected in isolates from dogs [460].

Evidence for the selection and spre ad of resistance to fluoroquinolones due to the use of these antimicrobials in
food - producing animals are available [133, 453].

ECDC/EFSA mandatory surveillance shows very high levels of resistance to fluoroquinolones in Salmonella spp.
from humans and poultry, E. coli from poultry andin ~ Campylobacter from humans and food -producing animals
[26].

Transmission

Inthe EU, non -typhoidal Salmonella and Campylobacter spp. infections in humans are predominantly foodborne. A
significant association has been shown between fluoroquinolone -resistance in C. jejuni isolates from poultry and
from humans [56].

Epidemiological studies have shown similarity between fluoroquinolone -resist ant E. coli, fluoroquinolone -resistant
Salmonella and Campylobacter spp. isolates from humans and chickens [61, 62, 461, 462].
Ther e is also evidence for association between several PMQR carrying isolates and food  -producing animals  [453].

Fluoroquinolone -resistant MDR E. coli of the ST131 clone of importance in human medicine has been isolated in
dogs [463].

In con clusion, t here is evidence for the selection and significant trans mission of resistance to fluoroquinolones
from animals to humans via zoonotic pathogens or commensal bacteria capable of transferring resistance to
human pathogens.

Criterion B.1.(a) is  met.

Criterion C Fluoroquinolones are authorised in VMPs in the EU for use in a wide range of food -producing and companion

met: No animal species, for local and systemic administration, for indications including gastrointestinal, respiratory and

urogenita |infections and septicaemia. SPC recommendations are for use to be restricted to infections that have, or

are expected to, respond poorly to other antibiotic classes, and preferably based on susceptibility testing.

Enrofloxacin is one of few antibiotics a uthorised for use in exotic species. Several fluoroquinolones are included in
Table 1 of the MRL Regulation (EU) 37/2010 and they can be used in all food - producing animals in the EU, except
poultry laying eggs for human consumption.

Food - producing species

Fluoroquinolones are among few alternatives for treatment of diarrhoeas in piglets ( E. coli ) and sepsis caused by
Enterobacterales in various animal species, when these infections are resistant to antibiotics from lower AMEG

categories. E. coli infections (e.g. septicaemia, meningitis , severe enteritis ) are a major cause of morbidity and
mortality in neonatal and juvenile livestock, and the most common cause of peracute mastitis leading to

bacteraemia and fatality in adult cattle [39, 137 -141]. Recent EFSA opinions noted high levels of resistance to first
line antim icrobials (e.g. aminopenicillins, potentiated sulfonamides, tetracyclines), often involving multidrug

resistance, in pathogenic E. coli from swine, poultry, calves, lambs and horses. This suggests the limited efficacy

of first -line antibiotics against thes e infections in many EU countries [41, 86, 88, 142, 392] (See annotation 1
under Table 61). Levels of resistance to fluoroquinolones have remained lower. Alternatives for resistant E. coli are
limited to AMEG Category B substances: colistin (not foals) or 3 rd- and 4 th-generation cephalosporins (not
poultry) or, depending on patient/disease suitability, aminoglycosides (Category C).

Fluoroquinolones are also important for treatment of Mycoplasma bovis, a cause of mastitis, arthritis and a
frequent and challenging cause of enzootic pn eumonia with potentially high morbidity/mortality in young calves.
M. bovis is often resistant to tetracyclines and macrolides with alternatives otherwise being limited to florfenicol

[41, 338, 339, 464] (See annotation 1 under Table 61).

Companion animals
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In cats and dogs, fluoroquinolones are considered essential for treatment of life -threatening infections e.g.
pyelonephritis, sepsis, acute pneumonia, and infections resistant to first -line agents [226 ]. They are recommended
in international and EU treatment guidelines for respiratory infections due to Pseudomonas aeruginosa  and
empirical treatment of pneumonia accompanied by sepsis and pyothorax, whilst awaiting AST results [76, 83].

UTl in dogs and cats are increasingly associated with pathogens resistant to first -line antibiotics  [80, 143, 144,
465]. According to ISCAID guidelines, fluoroquinolones may be one of limited options for pyelonephritis, often due

to Enterobacterales, a disease requiring promp t empirical treatment. 3 rd - generation cephalosporins are the
alternative [80]. In the case of severe sepsis, early treatment with a broad -spectru m bactericidal antimicrobial is
critical for survival and fluoroquinolones are recommended alone or in combination. Alternatives include

combinations of e.g. aminopenicillins, clindamycin, or for septicaemias caused by MDR Gram -negative bacteria,
aminoglyc osides, although the latter are limited by nephrotoxicity [84, 345, 466 ]. EFSA has noted high level s of
resistance to aminopenicillins, 3 rd -generation cephalosporins and fluoroquinolones in E. coli isolates from dogs and
cats [75] (See annotation 1 under Table 61), supporting that a range of antibiotic classes should be available for

their treatment.

In conclusion, fluoroquinolones are used in food -producing and companion animal species to treat serious life -
threatening infections with significant morbidity or mortality, in particular when there are no alternatives from a
lower AMEG category . Criterion C is not met.

Recommended

to be designated as an antimicrobial class to be reserved for humans :No

Table 47 . Evaluation of nitrofuran derivates

Nitrofuran derivates
See Table 109 for ATC(vet) codes

Criterion A
met: No

The most important members of the nitrofurans class with respect to the use in humans include nitrofurantoin,
furazolidone and nitrofurazone. Therefore, the information provided below concern s primarily these  three
substances [467].

Nitrofurantoin is active against most Gram -negative bacilli, which commonly cause UTIs. Most strains of E. coli
remain susceptible, but Enterobacter , Citrobacte r, and Klebsiella species are either less or variably susceptible.
Nitrofurantoin is  also active against Gram  -positive cocci that sometimes cause UTlIs, such as Enterococcus spp.,
(including VRE) and  Staphylococcus spp. [467 ]. Furazolidone is a component of combinat ion therapy for
Helicobacter pylori  infections [468].

Nitrofurans also have an activity against protozoal infections - giardiasis (for more information please se e Table
65).

Nitrofurantoin is one of the first choices of antibiotics for treating uncomplicated UTI in women, including treatment
of UTIs with ESBL -producing Enterobacterales . Nitrofurazone has been ma  inly used for topical chemotherapy of
wounds, burns, and skin infections, and for infection in skin grafts [467].

There are several alternatives for treatment of uncomplicated UTIs (fosfomycin trometamol, co -trimoxazole,
trimethoprim and beta  -lactam antibiotics) as well as for bacillary dysentery (ciprofloxacin, pivmecilinam,

ceftriaxone, azithromycin). Nitrofurantoin is one of a few alternatives to treat UTI caused by vancomycin resistant
Enterococcus faecium [469].

Data from a multi -country European study including France, Germany, Spain, Sweden, and the UK, showed that

E. coli isolates from women with acute uncomplicated UTIs have increasing antimicrobial resistance. However, it

was presented that only in the UK, resistance to nitrofurantoin in 2014 was significantly greater than that recorded
in 2008 (0% to 5.6%) [95].

Nitrofurantoin is nationally approved in some of the EU Member States [4701]. The main indication is for the

treatment of and prophylaxis against acute or recurrent, uncomplicated UTIs or pyelonephritis, either spontaneous
or following surgical procedures. It is indicat ed in adults and children over 3 months of age.

Nitrofurans do not fulfil criterion A, as other treatment alternatives are available.

Recommended

to be designated as an antimicrobial class to be reserved for humans  : No

Table 48 . Evaluation of the antibiotic substances in the class of nitroimidazoles

Nitroimidazoles

See Table 110 for ATC(vet) codes

Criterion A
met: Yes

Nitroimidazoles is a class of broad -spectrum antimicrobial agents. Metronidazole is commonly used in clinical
practice. Metronidazole diffuses into the organism, inhibits protein synthesis by interacting with DNA and causing a
loss of helical DNA structure and strand breakage leading to cell death in susceptible organisms [471].

Nitroimidazoles (e.g. metronidazole) are active against a broad array of anaerobic Gram -negative (e.g.,
Bacteroides spp., Prevotella spp., Porphyromonas spp., Fusobacterium spp., Bilophila wadswort hia, and

Advice on the designation of antimicrobials or groups of antimicrobials reserved for treatment of certain

infections in humans - in relation to implementing measures under Article 37(5) of Regulation (EU) 2019/6 o n

veterinary medicinal products

EMA/CVMP/678496/2021 Page 69/234




Capnocytophaga ) and Gram -positive bacteria (e.g., Clostridium spp.), and microaerophilic bacteria ( Helicobacter

pylori ) [472].

Nitroimidazoles also have an activity against protozoa and parasites ( Trichomonas vaginalis, Entamoeba histolytica ,
trypanosomiasis, giardiasis, Balantidium coli  and Blastocystis hominis ) (for more information please Table 65).
Nitroimidazoles (e.g. metronidazole) are effective in management of a wide range of anaero bic infections such as

bacterial vaginosis, septicaemia, endocarditis, bone and joint infections, central nervous system infections, RTIs,

skin and skin -structure infections  [473]. Metronidazole has been the antibiotic  of choice for the treatment of
Bacteroides infection and remains reliable for this use [473]. Metronidazole is widely used to treat a broad range of
infections and it is considered first line therapy in the paediatric population for Clostridioides difficile. Metronidazole
is widely used as a therapeutic agent for Helicobacter pylori infection in the human gut and is one of the few

antibiotics - primarily as part of a combined treatment regimen (e.g., in combination with omeprazole,
clarithromycin, and amoxicillin) and for intra -abdominal infections (in combination with fluoroquinolones)

Vancomycin and fidaxomicin are alternative treatment options to treat C. difficile infections.

[473].

The est imated annual burden of healthcare associated C. difficile infections in EU/EEA, 2011 12012 was 152 ,905

cases and accounted for 8 ,382 deaths/year [350].

Metronidazole is nationally approved in the EU member states. Metronidazole is indicated in the prophylaxis and
treatment of infections in which anaerobic bacteria have been identified or are suspected to be the cause.
Metronidazole is active against a wide range of pathogenic microorganisms notably species of Bacteroides,
Fusobacteria, Clostridia, Eubacteria, anaerobic cocci and Gardnerella vagin alis.

Indications approved for Metronidazole include: the prevention of post -operative infections due to anaerobic

bacteria, particularly species of Bacteroides and anaerobic streptococci; the treatment of septicaemia, bacteraemia,
peritonitis, brain absc  ess, necrotising pneumonia, osteomyelitis, puerperal sepsis, pelvic abscess, pelvic cellulitis,
and post -operative wound infections from which pathogenic anaerobes have been isolated; bacterial vaginosis (also
known as non -specific vaginitis, anaerobic vag inosis or Gardnerella vaginitis); acute ulcerative gingivitis;
anaerobically -infected leg ulcers and pressure sores; acute dental infections (e.g., acute pericoronitis and acute
apical infections).  Tinidazole is nationally approved in the EU member states.

Nitroimidazoles fulfil criterion A.1.(b), based on being an essential component of treatment for serious, life
threatening infections.

Criterion B
met: Yes

The mechanisms of nitroimidazole resistance are complex and have not been extensively studied. Mechanisms
described include reduced rate of uptake, by efflux or by reducing the rate of metronidazole reductive activation.

Increased efficiency of DNA repair provides an additional mechanism [474]. Resistance to nitroimidazoles can be

mediated by nim genes, which encode nitro -imidazole -reductases responsible  for antibiotic inactivation
can be located on the chromosome or on a pl asmid [475].

nim genes have been described in a variety of anaerobic genera encompassing the four main groups of
Gram -negative and Gram - positive bacilli and cocci (e.g. Bacteroides spp.) [475, 476].

C. difficile can harbour a plasmid  -borne resistance capable of horizontal transfer [477].

. nim genes

C. difficile clones commonly associated with human diseases, such as ribotype 078 are found in food -producing ,

companion animals and humans (see Table 29).

Resistance to nitroimidazoles is reported from human and food -producing and companion animal isolates

worldwide, but generally at low levels [353, 475, 478 -481] [482]. There is no routine monitoring of nitroimidazole

susceptibility in animal isolates at EU level.

Transmission

There is evidence for the selection of resistance to nitroi midazoles in companion animal isolates and there is a
transmission pathway for this resistance from animals to humans via zoonotic pathogen s or commensal bacteria

(e.g. C. difficile isolates) [356, 358, 483].

As nitroimidazoles are prohibited from use in food -producing animals, resistance in isolates from these species is

unrelated to current nitroimidazole use in the EU.

Criterion B.1.(a) is met (limited evidence)

Criterion C
met: No

Metronidazole is authorised in VMPs intended for use in companion animals within the EU, for treatment of
infections of gastrointestinal and urogenital tracts, mouth, pharynx and skin caused by obligate anaerobes (e.g.
Clostridium spp. and Clostridioides difficle ~ spp.) Metronidazole and dimetridazole are included in Table 2

of the MRL

Regulation (EU) 37/2010 and thus are prohibited from use in food -producing animals in the EU, including under

Articles 113 & 114 of Regulation (EU) 2019/6

Companion animals

Nitroimidazoles are among few alternatives for treatment of anaerobic infections in non -food - producing animals.
Metronidazole has good tissue penetration and rapid bactericidal activity against Clostridium spp., Clostridioides

difficile , Prevotella, Bacteroides and Fusobacterium spp. and in companion animals (including non -food
important for treatment of life -threatening sepsis, peritonitis, intra -abdominal abscesses (horses),
pleuropneumonia, osteomyelitis and central nervous s ystem (| CNS) infections, and for gastrointestinal and
periodontal infections ~ [484 -490]. Alternatives include aminopenicillin -BLlIs, clindamycin (not horses), 3
generation cephalosporins, carbapenems, ticarcillin/tazobactam; however, depending on the nature of the

infection, alternatives m  ay have less favourable pharmacokinetics, lower activity against the target pathogen(s)
due to intrinsic or acquired resistance, or derive from a higher AMEG category [491-496].

horses) is
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Metronidazole is also important for treatment of protozoal infections ( see Table 65).
In conclusion, nitroimidazoles are used in companion animal species to treat serious life -threatening anaerobic
infections with significant morbidity and mortality and for which there are n o or limited alternatives of lower
importance to human health . Criterion C is not met.

Recommended to be designated as an antimicrobial class to be reserved for humans :No

Table 49 . Evaluation of rifamycins

Rifamycins

See Table 111 for ATC(vet) codes

Criterion A
met: Yes

Rifamycins are part of the ansamycins class of antibiotics, which also includes streptovaricins and geldanamycin

Rifamycins enter bacteria and form stable complexes with the beta - subunit of bacterial DNA  -dependent RNA
polymerase, while not affecting mammalian polymerase at therapeutic doses. The degree of antibacterial activity of

rifamycins is related to the binding affinity to the  beta - subunit of prokaryotic DNA  -dependent RNA polymerase. This
binding results in inactivation of the enzymes and inhibition of RNA synthesis, by preventing chain initiation [497].

Rifamycins are broad -spectrum, concentration or time -dependent, bactericidal and/or bacteriostatic antibiotic s,
with activity against mycobacteria, Gram -positive as well as facultative an aerobic organisms. For example,

rifampicin demonstrates bactericidal concentration -dependent activity against Mycobacterium tuberculosis [498]1],
whereas rifampicin demonstrates bacteriostatic time -dependent activity against Rhodococcus equi  [343].

Rifamycins are used for a variety of serious and life -threatening infecti  ons; notably rifampicin (in combination) is
used as an essential component of first -line therapy for mycobacterial infections : Mycobacterium tuberculosis
(tuberculosis, TB), M. leprae (leprosy) and M. avium complex. Rifampicin is also used for prophylaxis against
meningitis ( Neisseria meningitidis ) or in combination with other antibiotics to treat MRSA and other serious

staphylococcal infections, as well as brucellosis. Other clinical uses of rifamycins in human medicine include the

treat ment f osrdiatrhoea v, Elbstridiaidés difficile  associated -diarrhoea , and infections caused by R. equi.
R. equi is an opportunistic pathogen, mostly reported in HIV -infected patients, where the most common

manifestation of infection is pneumonia, often with cavitati on and bacter aemia [499].

For treatment of invasive infections with Staphylococcus  spp ., alternatives include e.g. lip oglycopeptides,
oxazolidinones, daptomycin. For treatment of zoonotic infections alternatives include e.g. fluoroquinolones,

doxycycline, aminoglycosides. Alternative treatment options for TB are mentioned below (see Substance s used
solely to treat tubercu  losis or other mycobacterial diseases entry , Table 50).

Globally, mycobacterial infection in humans, especially TB, remain one of the most common infectious diseases. In

the EU in 2018, 53,000 cases of TB were reported to ECDC. Although cases hav e declined across the EU,
MDR/XDR -TB remains a public health threat in some eastern and central European countries. In 2018, there were
approximately 1,000 MDR  -TB cases reported to ECDC, of which 20% were XDR. It is estimated that in 2019, there
were appro ximately 280 deaths due to MDR -TB and 100 deaths due to XDR  -TBinthe EU [500]. Treatmentis
lengt hy, expensive and associated with poor outcomes.

Rifampicin and rifabutin are approved in the EU either as monoagents or part of combination human medicinal

products. Indications for these rifamycins include the treatment of serious infections caused by m ycobacteria, both
M. tuberculosis and M. avium -intracellulare complex and other atypical mycobacteria, according to WHO guidelines.

They are also approved for prophylaxis against M. avium -intracellulare colonization in patients ~ with acquired
immunodeficiency syndrome (AIDS) . Rifaximin is approved in the EU for the treatment of adult patients with

t r av e ldiarhoeé scaused by non -invasive intestinal pathogens

Rifamycins fulfil ¢ riterion A.1.(b)  based on being an essential component of the limited treatment alternatives
available for management of serious, life -threatening infections in humans such as mycobacterial infections.

Criterion B
met: Yes

In mycobacteria, Rhodococcus spp. and staphylococci, rifamycin resistance develops quickly, predominantly from

single - point mutations of the chromosomal rpoB gene, which alters the binding site on RNA polymerase. Therefore,
rifamycins are most often used in combination with other ant imicrobials, with the exception of rifaximin which is

used in human and veterinary medicine as monotherapy [294, 501, 502]. Rifampicin -resistance associated with the
rpo gene has been reported in LA -MRSA from pigs, MRSP from dogs and R. equi from horses [14, 503, 504].
Rifampicin resistance has also been detected at low levels in M. bovis from cattle and humans [503-507].

Monitoring of MRSA under EFSA/ECDC surveillance is voluntary and data are provided by few member states. Most

isolates are LA -MRSA. The prevalence of (LA)MRSA ranges from 0% to 100% depending on animal production type

and country and prevalence of rifampic in resistance in these isolates is low [26]. Rifampicin resistance is also at low
level in human clinical ~ Staph ylococcus aureus , includ ing MRSA, from EU -wide surveillance [14].

There is no established mandatory European -wide surveillance of AMR in mycobacterial infections in either
companion or food -producing animals.

Transmission

The major cause of tuberculosis in humans is M. tuberculosis , with human -to-human transmission accounting for
the vast majority of cases.

Food-producing animals are mostly affected by Mycobacterium  bovis and transmission of infection to humans is
rare in the EU due to the widespread pasteurisation of milk and the | ong -established eradication programmes
whereby all animals testing positive are removed from the food chain [508, 509 ]. In 2020, there were 88 cases of
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tuberculosis due to  M.bovis/caprae in humans (49 cases in individuals of EU origin) reported to EFSA surveillan ce of

zoonoses. For the 68 tested cases, one case was rifampicin resistant [505]. However, recent evidence suggests

that the prevalence could be higher than previously recognised in some food -producing animals e.g. goats [510].
Treatment of mycobacterial infections in food -producing animals is unlikely and illegal in most EU countries;

therefore , the potential for emergence and transmission of resistance to rifamycins linked to their use in food -

producing animals is  low/ negligible.

Mycobacterial infections (M. bovis, M. avium, M. tuberculosis ) historically have been reported rarely in companion
animals in Europe  [511, 512], however current prevalence data are not available. A risk assessment conducted in
the UK following a cluster of nine M. bovis cases in catsin 2012 -13 identified two cases of cat -to-human
transmission and considered the risk as very low [513].

Based on current evidence and frequency of use, although there is the potential for emergence of resistance to
rifamycins in isolates from companion animals if their use became well established, transmission of resistant
mycobacteria to humans is not likely to be significant at present. (Limited evidence).

Food is generally not considered to be a significant source of MRSA in humans [30, 31]. MRSA is mainly
transmitted by  direct contact from food  -producing animals  [32]. In geographical areas with high density of farms,
the livestock associated MRSA (LA -MRSA) contribution to the burden of MRSA disease could be significant [73, 74].

There i s the potential for ~ transmission of rifamycin  -resistant staphylococci including S.aureusand MRSA/P from
companion animals to humans [69].

Transmission of rifampicin resistant R. equi from foals to humans could occur. Nevertheless, human infection due
to R.equi isarare occurrence [514]

In conclusion, there is evidence supporting the emergence of resistance to rifamycins in S. aureus (including MRSA)
and MRSP in animals, and for the potential for significant transmission from an imals to humans.

Criterion B.1.(a/b) is met.

Criterion C
met: No

Rifaximin is authorised in the EU in VMPs intended for cattle for intramammary use to treat IMI and intrauterine

use to treat endometritis . Rifaximin is included in Table 1 of the MRL Regulation (EU) 37/2010 for intramammary
use in bovines and topical use in all food -producing species. Other rifamycins are not included and therefore cannot
be used in food -producing animals in the EU, including under Articles 113 & 114 of Regulation (EU) 2019/6

Companion animals

Rifampicin is used off  -label for the treatment of R. equi pneumonia in foals, in combination with a macrolide.
Although severe pneumonia is uncommon in foals, R. equi is the most frequent cause and, if inappropriately

treated, it can lead to mortality. Potential alternative antimicrobial options (macrolides, dox ycycline, as
monotherapy or combined) have been identified from scientific studies investigating sub -clinical to moderate

R. equi pneumonia [344, 515-519]; however, efficacy for severe R. equi pneumonia has not been investigated and
rifampicin in combination with a macrolide therefore remains the recommended treatment strategy [39, 342].

Rifampicin is also used for rare serious infections in companion animals due to mycobacteria, and occasionally

other resistant bacteria (e.g. MRSP). MRSP is most commonly implicated in canine recurrent pyoderma, but may

also be invo Ived with life -threatening surgical wounds, urinary and respiratory tract infections. Selection of

appropriate antibiotic should be based on susceptibility testing ~ as MRSP is often susceptible to only few

antimicrobials e.g. rifampicin, amikacin. Alternati ves of last resort in human medicine (e.g. oxazolidinones) are

avoided due to the over  -riding public health interest [281, 303, 305]. Tuberculosis comple x and non -tuberculous
mycobacterial infections are rare in cats and dogs but are usually serious/life -threatening [511]. Rifampicinis the
recommended treatment, in combi nation with a macrolide and a fluoroqui nolone [346]. Euthanasia may be
considered as an alternative due to the guarded prognosis or zoonotic potential ( M. bovis ) [345, 346].

In conclusion, rifampicin is used in companion animals to treat uncommon but serious infections which lead to
significant mortality and for which no adequate alternative medicinal products are available.

Criterion C is not met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 50 . Evaluation of substance s used solely to treat tuberculosis or other mycobacterial diseases

Substance s used solely to treat tuberculosis or other mycobacterial diseases
See Table 112 for ATC(vet) codes

Criterion A The group of substances used solely to treat mycobacterial infections is a specialised group represented by
met: Yes several antimicrobial classes. The majorit y are for the treatment of tuberculosis (TB). This can include active
and latent infections, as well as MDR -TB and XDR -TB. Many of these substance s are active only against
mycobacteria. They may be bacteriostatic or bactericidal and have different modes of action (RNA, mycolic acid
suppression, ATP, etc).
Tuberculosis is caused by one of several genetically related mycobacterial species that belong to the
Mycobacterium tuberculosis complex. Best known TB pathogens include M. tuberculosis, M. africanum , and
M. bovis . The other member of the complex, M. microti , is primarily a rodent pathogen. M. tuberculosis is the
most important of the human pathogens
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Typical protocols for mycobacterial infections, as recommended by the WHO, involve combination therapy, ove r
several months. Thus, these substance s should be considered together because combination use is essential for
successful treatment  [520].

Isoniazid (+rifampicin) is the mainstay first -line treatment combination for TB; however, resistance can develop
rapidly, and they are often used in combination with other agents (e.g. pyrazinamide, ethambutol). For

treatment of MDR -TB, regimens may includ e fluoroguinolones and other substance s e.g. bedaquiline,

delamanid; however, these regimens are often more toxic and involve prolonged treatment courses. There are

few treatment options for XDR -TB (resistant to isoniazid, rifampicin, fluoroquinolones and at least one second -
line substance ) and in some cases it is incurable.

There are essentially no alternative anti -mycobacterial agents beyond those listed in this group that can be
used as treatment option.

Globally, mycobacterial infection in people, espe cially TB, remains one of the most common infectious diseases.

In the EU in 2018, 53,000 cases of TB were reported to ECDC. Although cases have declined across the EU in

recent years, MDR/XDR -TB remains a public health threat in some eastern and central Eu ropean countries. In
2018, there were approximately 1,000 MDR -TB cases reported to ECDC, of which 20% were XDR. Itis

estimated that in 2019, there were approximately 280 deaths due to MDR -TB and 100 deaths due to XDR  -TBin
the EU [500 ]. Treatment is lengthy, expensive and associated with poor outcomes.

These medicines are approved in the EU either via centralised or national procedures

Medicines used solely to treat tuberculosis or other mycobacterial diseases fulfil criterion A.1.(b) based on being
an essential component of the limited treatment alternatives available for management of serious, life -
threatening infections in humans such as serious mycobacterial infections.

Criterion B Most antimicrobial resistance mechanisms appear unique to the substance s used solely for treatment of
met: No mycobacterial infections. They are chromosomally encoded, inactivating essential enzymatic house -keeping
systems. Resistance to TB  antibiotic s can develop rapidly  [521, 522].

Cross -resistance between these antibiotics could be observed. Resistance to isoniazid from mutations of t he
katG gene and/or inhA/nph genes confers resistance to ethionamide. Furthermore, mutations of ethA gene can
lead to multi  -resistance to isoniazid, ethionamide (protionamide), tiocarlide (Thiocarlide / Isoxyl) and

thiacetazone. Mutations of the thyA gene can confer resistance to both para -Amino Salicylic Acid (as well as
Calcium Aminosalicylate and Sodium Aminosalicylate) as well as cyclic peptides (Capreomycin, Viomycin).

Mutations in the transcriptional regulator Rv0678 , leading to upregulation of efflux pump MmpL5 , can cause
cross -resistance involving both clofazimine and bedaquiline [523, 524].

Assessing the likely risk of transmission of resistance to TB antibiotic s in mycobacteria is confounded by the
knowledge that TB  antibiotic s are used as specialised combinations to delay the emergence of resistance and to
enhance antimycobacterial effi cacy, both in animals and humans. Thus, TB substance s should be considered
together because their combination use is essential for the successful treatment of mycobacterial infections.

There is no established mandatory European -wide surveillance of AMR in mycobacterial infections in either
companion or food -producing animals.

There is a report of isolation from a pet dog in Portugal of pre -MDR M. tuberculosis that was resistant to
isoniazid, ethambutol and streptomycin; however, the resistance was not linke d to use of these antimicrobials
in the dog. Such cases are usually suspected to be of human origin [525].

Transmission

The major cause of tuberculosis in humans is M. tuberculosis , with human -to-human transmission accounting
for the vast majority of cases  [510].

Food - producing animals are mostly affected by M. bovis and transmi ssion of infection to humans is rare in the

EU due to the widespread pasteurisation of milk and the long -established eradication programmes whereby all
animals testing positive are removed from the food chain [508, 509]. In 2020, there were 88 cases of

tuberculosis due to M. bovis/caprae in humans (49 cases in individuals of EU origin) reported to EFSA

surveillance of zoonoses. For the 68 tested cases, two ¢ ases were resistant to isoniazid [505]. However, recent
evidence suggest s that the prevalence  could be higher than previously recognised in some food -producing
animals e.g. goats  [510]. Treatment of mycobacterial infections in food -producing animals is unlikely and illegal

in most EU countries ; therefore , the potential for emergence and transmission of resistance to TB antibiotic s
linked to their use in food -producing animals is  low/ negligible.

Mycobacterial infections (M. bovis, M. avium , M. tuberculosis ) historically have been reported rarely in
companion animals in Europe [512, 526], however current prevalence data are notavailable . A risk assessment
conducted in the UK following a cluster of nine M. bovis cases in catsin 2012 -13 identified two cases of cat -to-
human transmission and considered the risk as very low [513].

In conclusion, based on curre nt evidence and frequency of use , although there is the potential for emergence of
resistance to TB  antibiotic s in isolates from companion animals if their use became established, transmission of
resistant mycobacteria to humans is not likely to be signifi cant at present . (Limited evidence).

Criterion B is not met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No
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Table 51 . Evaluation of riminofenazines

Riminofenazines
See Table 113 for ATC(vet) codes

Criterion A Riminofenazines are  currently represented by one antimicrobial - clofazimine. Clofazimine is a lipophilic
met: Yes compound (C27H22CI2N4) that primarily acts on the bacterial outer membrane. It has broad - spectrum activity
against bacteria, parasites and fungi. The WHO placed clofazimine in the group of five medicines for the

management of multi  -drug resistant TB (MDR  -TB) and extensively drug  -resistant TB (XDR -TB) [527].

Clofazimine is active against Gram - positive organisms, while Gram -negative organisms are uniformly resistant.
Clofazimine has demonstrated high activity agains t various mycobacterial species, and acts synergistically with
other antimicrobial agents, such as amikacin and clarithromycin [528]. Itis principal ly used as a treatment of
leprosy ( Mycobacterium leprae and Mycobacterium lepromatosis ), a second -line treatment for rifampicin -
resistant TB, as well as selected atypical mycobacterial infections (e.qg., Mycobacterium abscessus ).

The approved indication of clofazimine is for treatment of lepromatous leprosy, including cases resistant to
dapsone treatment and cases complicated by erythema nodosum. First line treatment of leprosy consists of

multiple -drug therapy to prevent development of resistance and inclu des dapsone, rifampin and clofazimine.
Therefore, clofazimine  is deemed critical  in leprosy treatment.

While clofazimine is not approved in the EU for the treatment of drug -resistant tuberculosis (MDR  -TB), it has
been considered by WHO as a critical medicine in the treatment of drug -resistant TB for years and its
importance has been growing. The WHO has rec ommended the use of clofazimine in the shorter regimen used

to treat DR -TB since 2016. The current WHO guidance on treatment of drug -resistant TB has also prioritized
clofazimine moving it into Group B for the longer DR -TBregimens [520].

Alternative agents  for treatment of leprosy include minocycline, ofloxacin, levofloxacin, clarithromycin, and

moxifloxacin  [529]. MDR tuberculosis can be treated with two regimens based on the length of the drug
administration. The recommended treatment concerns 3 different groups of medicines (A, B and C) as well as

other medicines. Medicines from group A are considered highly effective against MDR -TB (e.g., bedaquiline,
levofloxacin, moxifloxacin, linezolid). Cycloserine or terizidone (group B) can be used as second line agents, but

not in those patients who get only two medicines from the group A subst ances. When the medicines from group

A and B cannot be used, then Group C is recommended (e.g., ethambutol, delamanid, pyrazinamide,

imipenem -cilastatin or meropenem, amikacin, streptomycin, ethionamide or prothionamide, para -aminosalicylic
acid). Clofazim ine belongs to group B and is an integral part of the short -term regimen and some of these
alternatives for the long - term regimen, are more toxic than clofazimine.

There are recent reports of bedaquiline and clofazimine cross -resistance (e.g., in souther  n Africa this is
emerging repeatedly, with evidence of onward transmission largely due to Rv0678 mutations in M. tuberculosis
[530].

In 2019, there were 202 ,16 6 new cases of leprosy reported from 161 countries in six WHO Regions [531].In
2019, 29 countries in the European Union/European Economic Area (EU/EEA) reported a total of 49 752 TB

cases (9.6 per 100 000 population). The overall TB notification rate in the EU/EEA continued to decline, as did

most country -specific TB notificatio  n rates. However, the EU/EEA is not on track to reach the goal of ending the

TB epidemic by 2030. MDR  -TB was reported for 3.4% of TB cases with susceptibility testing results reported.

XDR-TB was reported for 22.4% of MDR TB cases that underwent second -line antibiotic susceptibility testing.
area [452].1n 2019 795 cases of MDR  -TB were reported in EU/EEA  [365].

Clofazimine is authorised for the tre atment of leprosy in some EU countries (nationally approved product).
Clofazimine has been granted orphan drug status in the EU for the treatment of non -tuberculous mycobacterial
lung disease.
Clofazimine fulfils criterion A.1.(b). It is an essential compo  nent of the limited treatment alternatives available
for management of serious, life -threatening infections in humans.

Criterion B Resistance to clofazimine has not yet been fully characterized; however, mutations in the chromosomal

met: No transcriptional regulator genes appear likely causes of resistance for M. tuberculosis and M. leprae [528, 532,
533].
Cross resistance between clofazimine and bedaquiline ¢ubstaece 6of bertreatment of
have been described in M. tuberculosis  with mutations in the transcriptional regulator Rv0678 [530, 532].

There is no esta blished mandatory European  -wide surveillance of AMR in mycobacterial infections in either
companion or food -producing animals.

No reports were found of resistance to clofazimine in mycobacteria isolates from animals.
Transmission

The major cause of tuberc  ulosis in humansis M. tuberculosis , with human -to-human transmission accounting
for the vast majority of cases.

Food - producing animals are mostly affected by M. bovis and transmission of infection to humans is rare in the

EU due to the widespread pasteur isation of milk and the long -established eradication programmes whereby all
animals testing positive are removed from the food chain [508, 509]. In 2020, there were 88 cases of
tuberculosis due to  M.bovis/caprae in humans (49 cases in individuals of EU origin) reported to EFSA

surveillance [505]. However, recent evidence suggests that the prevalence could be higher than previously

recognised in some food  -producing animals e.g. g oats [510]. Treatment of mycobacterial infections in food -
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producing anima s is unlikely and illegal in most EU countries; therefore , the potential for emergence and

transmission of resistance to riminofenazines linked to their use in food -producing animals is  low/ negligible.
Mycobacterial infections (M. bovis, M. avium, M. tube rculosis ) historically have been reported rarely in
companion animals in Europe [511, 512] , however current prevalence data are not available . A risk
assessment conducted in the UK following a cluster of nine M. bovis cases in catsin 2012 -13 identified two
cases of cat -to-human tran smission and considered the risk as very low [513].

In cats, clofazimine is recommended for treatment of disseminated Mycobacterium avium  -intracellulare
complex infection, a serious disease with a poor prognosis, and for feline leprosy (e.g. M. lepraemurium ) [346,
511, 534].

Moreover, in companion animals leprosy has been associated with different mycobacterial species ( e.g. M.
lepraemurium ) from that causing the disease in humans and t here is no evidence that food -producing animals
or companion animals could act as reservoirs of M. leprae or M. lepromatosis [535]. Clofazimine resistance has

been only associated with chromosomal mutations, restricting any potential horizontal transmission of
resistance between mycobacterial species.

Therefore, transmiss ion of clofazimine resistance from animal sources is not demonstrated to be relevant for
treatment of M. leprae in humans.

In conclusion, based on current evidences and frequency of use , although there is the potential for emergence
of resistance to rimin  ofenazines in isolates from companion animals if their use became established,
transmission of resistant mycobacteria to humans is not likely to be significant at present .

Criterion B is not met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 52 . Evaluation of sulfones

Sulfones
See Table 114 for ATC(vet) codes

Criterion A Sulfones include two substances (dapsone and sulfoxone) primarily used to treat leprosy. Dapsone

met: Yes (diaminodiphenyl sulfone  -DDS) is the most  effective sulfone derivative in the treatment of leprosy. It inhibits the
synthesis of dihydrofolic acid through by competing with para -aminobenzoic acid for the active site of
dihydropteroate synthetase.
Sulfoxone (aldesulfone sodium) is another represent ative of sulfones which was , butis no longer , used to treat
leprosy.
Dapsone is active against many bacteria. Fully susceptible strains of Mycobacterium leprae are inhibited at very low
minimum inhibitory concentrations ( MICs). The antibiotic is primarily bacteriostatic. High -level resistance is
acquired by several sequential mutations.
Dapsone is also effective against some protozoa and fungi (e.g., malaria, Pneumocystis jirovec ii).
The relevant indicatio nis for the treatmen tof leprosy . Since this requires combination treatment, and since
dapsone and clofazimine are the mainstays of the therapy, use of dapsone in leprosy is deemed critical
Alternative agents for treatment of leprosy include minocycline, ofloxacin, levofloxa cin, clarithromycin, and
moxifloxacin  [536].
In 2019, there were 202 ,166 new cases of leprosy reported from 161 countries in six WHO Regions [531].
Dapsone is approved in some EU member states for a number of indications: as part of a multi -drug regimenin  the
treatment of all forms of leprosy, for the treatment of dermatitis herpetiformis and other dermatoses, for the
prophylaxis of malaria in combination with pyrimethamine and for the prophylaxis of Pneumocystis carinii  (now
jirovecii ) pneumonia inimmunod  eficient subjects, especially AIDS patients [537]. It can also be used (off  -label) for
th e prophylaxis of toxoplasmosis (in combination with pyrimethamine) [538] and for the treatment (in combination
with trimethoprim) of P. jirovecii pneumonia [539].
Dapsone fulfils criterion A.1.(b). It is an essential component of the limited treatment alternatives available for
management of serious, life  -threatening infections in humans.

Criterion B Resistance to dapsone  has not yet been fully characterized; however mutations in the  folP1 gene -encoded

met: No dihydropteroate synthase (DHPS) and genomic reduction has been associated with decreased activity of dapsone in
M. leprae [540].
There is no established mandatory European -wide surveillance of AMR in mycobacterial infections in either
companion or food -producing animals.
No information could be found on the occurrence of resistance to sulfones in mycobacteria from animals.
Transmission
In companion animals, leprosy has been associated with different mycobacterial species (includ ing Mycobacterium
lepraemurium ) from that causing the disease in humans . There is no evidence that food -producing animals or
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companion animals could act as reservoirs of M. leprae or M. lepromatosis. Potential wildlife reservoirs have been
proposed (outside the EU) , but the evidence for transmission from animals to humans is unclear [535].

Sulfones are not authori  sed in VMPs in the EU and  there is scant evidence for their use to treat feline leprosy [445,
541]. Potential selection of resistance in Mycobacterium  spp. could occur if sulfones were authori sed for the
treatment of rare cases of lepromatosis/leprae infections in companion animals (other tr eatments are currently
recommended, [346]).

In co nclusion, although there would be the potential for emergence of resistance to sulfones in isolates from
companion animals if their use became established , the mycobacterial species causing leprosy in companion
animals are not regarded as zoonotic and ther e is no likely significant pathway for transmission of resistance to
relevant human pathogens.

Criterion B is not met.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 53 . Evaluation of pseudomonic acids

Pseudomonic acids
See Table 115 for ATC(vet) codes

Criterion A
met: Yes

Mupirocin is also called pseudomonic acid because its major metabolite (pseudomonic acid A; responsible for most
of the activity) is derived from subm erged fermentation of Pseudomonas fluorescens . Three other minor
metabolites (pseudomonic acids B, C and D) share a similar chemical structure and antimicrobial spectrum [542].

Mupirocin shows a high level of activity against staphylococ ci and streptococci and against certain Gram -negative
bacteria, including  Haemophilus influenzae  and Neisseria gonorrhoeae , butis much less active against most Gram -
negative bacilli and anaerobes. Mupirocin inhibits bacterial RNA and protein synthesis by binding to bacterial

isoleucyl tRNA synthetase, which catalyzes the formation of isoleucyl tRNA from isoleucine and tRNA. This prevents
incorporation of isoleucine into protein chains, leading to arrest of protein synthesis [543-545].

Mupirocin is the only antibiotic registered for the treatment of carriage (decolonisation therapy) of

Staphylococcus aureus , including MRSA. Carriage of S. aureus is a wel I-defined risk factor for subsequent infection
and screening for nasal carriage before a surgical intervention, followed by decolonisation therapy of positive

patients to eliminate nasal carriage, is recommended to decrease the risk of subsequent S. aureus infection,
including MRSA surgical site infection, particularly in patients undergoing cardiothoracic and orthopaedic surgery

and those receiving implantable devices or undergoing organ or stem -cell transplants.  Topical mupirocin is a
cornerstone in decol onisation therapy for nasal carriage of S. aureus , especially MRSA, and thereby an essential
component of the public health response against MRSA in many EU/EEA countries [546].

Mupirocin is of essential importance for patient management in hospitals as the sole agent for eradication of MRSA
carriage. For topical  treatment of SSTIs fusidic acid is an alternative [547 ]. A further alternative is retapamulin
ointment for topical treat ment of cutaneous bacterial infections, particularly those caused by S. aureus ;
retapamulin is, however, not indicated for treatment of MRSA infections [548, 549].

MRSA remains an important human health burden in the EU, accounting for 7,000 deaths per annum [153].

Mupirocin is nationally authorised in t he EU for topical use and is available as creams, ointments, nasal ointments.
Mupirocin as nasal ointment is authorised for the elimination of nasal carriage of staphylococci, including MRSA.

Decolonisation of MRSA is an essential part of infection control guidelines in several European countries e.g. The
Netherlands and the Nordic countries. Mupirocin is also used preoperatively to reduce serious S. aureus infections
associated with surgery as well as in patients receiving haemodialysis or continuous ambul atory peritoneal dialysis
treatment. For these purposes, mupirocin is the sole antibiotic and is therefore essential for avoiding serious

infections in a range of situations where patients are carrying S. aureus , especially MRSA, including surgery

involving prosthetic implants.

Creams containing  mupirocin are authorised for the topical treatment of primary bacterial skin infections and
secondarily infected traumatic lesions such as small lacerations, sutured wounds or abrasions, due to susceptible
strains of Staphylococcus aureus  and Streptococcus pyogenes . Mupirocin is not essential for treatment of these
indications.

Pseudomonic ac ids (m upirocin ) fulfil ¢ riterion A.1.(b) due to its importance in the patient management approach for
serious infections due to MRSA.

Criterion B
met: Yes

Acquired re sistance to mupirocin can be chromosomal and plasmid -mediated. In staphylococci, mupirocin
resistance can be either low level (LL) or high level (HL). LL resistance is the result of point mutations in the

chromosomally located  ile S gene. High level resistance in staphylococci is mediated by the mup A gene which is
located on a conjugative plasmid and can spread clonally and horizontally, even between different staphylococcal

species and MRSA. The mup B gene is located on non  -conjugative plas mids [294, 550, 551].

There is no cross -resistance between mupirocin and other antimicrobial agents. Co -resistance of mupirocin with
clindamycin, tetracycline, erythromycin and levofloxacin has been reported in MRSA isolates from humans in the
USA [552]

Mupirocin is not authorised for use in animals and presently mupirocin resistance in staphylococci of animal origin is
not reported from fo  od-producing animals and is rare in companion animals [281, 553-555].
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Staphylococcus  spp. (including MRSA/MRSP) may be transmitted from livestock and companion animals to humans
[69, 132, 556] (See annotation 3 under Table 61).

There is evidence for  potential selection and likely significant trans mission of resistance to pseudomonic acids ~ from
animals to humans  through zoonotic bacteria if use of pseudomonic acids in animals became established.

Criterion B.1.(b) is met.

Criterion C Pseudomonic acids have not been authorised for use in VMPs in the EU. They are not included in the MRL

met: No Regulation (EU) 37/2010 so cannot be used in food -producing animals in the EU, including under Articles 113 &
114 of Regulation (EU) 2019/6 . In the USA, mupirocin is autho rised for topical treatments in dogs, cats and
equines.

Companion animals

Mupirocin is used outside the terms of the marketing authorisation in companion animals as topical treatment of
serious skin infections caused by MRSP or MRSA that have been shown t o be resistant to antimicrobials of lower
importance [557 -559]. Based on international guidelines, the frequenc y of such use is low and mupirocin is not
used for decolonisation therapy in companion animals [281]. Whilst MRSA is more commonly associated with
prosthetic implants or wounds, MRSP is most commonly implicated in canine skin infections, but may also be

involved with surgical wounds, urinary and respiratory tract infections, which can be life -threatening. Where
possible, early topical  treatment is preferred and susceptibility testing may show that the only effective alternatives

are systemically administered antibiotics of higher importance in human medicine (e.g. vancomycin, linezolid,

rifamycin) [281, 303-305, 560-562].

MRSAV/P infections in companion animals are potentially zoonotic and considering the close and sustained contact
between pet and owner, such infe ctions should be treated effectively and efficiently [563].

A distinction in terms of public health significance under this criterion is drawn between topical mupirocin, primarily
used for MRSA decolonisation in humans, versus the need to ensure availability of systemically active antibiotics
used in treatment of life  -threatening MRSA infections in humans e.g. oxazolidinones.

I'n conclusion, mupirocin is used in companion animals to treat uncommon but serious infections which may lead to
mortality and are of zoonotic relevance. The only alternatives may be of higher importance in human medicine.
Criterion C is not met.

Recommen ded to be designated as an antimicrobial class to be reserved for humans  : No

Table 54 . Evaluation of steroid antibacterials

Steroid antibacterials
See Table 116 for ATC(vet) codes

Criterion A Fusidic acid has a narrow spectrum, bacteriostatic activity. It inhibits protein synthesis by interfering with ribosome

met: No translation.
Fusidic acid has b een shown to be active against Gram -positive cocci and bacilli such as Staphylococcus aureus
(including MRSA), most coagulase -positive staphylococci,  beta-haemolytic streptococc i, Corynebacterium  spp., and
most Clostridioides spp. Fusidic acid has only  limited activity against Gram -negative bacteria  [564].

Fusidic acid is mainly used for combinatio n therapy in humans (systemic treatment) of staphylococcal infections or
topically for treatment of skin or eye infections. Although effective, it is not recommended for initial monotherapy

of severe staphylococcal infections owing to its bacteriostatic ac tivity and the high risk of development of

resistance.

There are several alternative treatment options including penicillinase -resistant penicillins.

Staphylococcal infections, especially by S. aureus , cause awide range of diseases i from minor skin inf  ections to

life -threatening sepsis.

Fusidic acid is approved nationally in several EU countries for systemic use. The approved indications are the

treatment of primary and secondary skin infections caused by sensitive strains of Staphylococcus aureus

Str eptococcus spp. and Corynebacterium minutissimum . Primary skin infections that may be expected to respond

to treatment with fusidic acid applied topically include impetigo contagiosa, superficial folliculitis, sycosis barbae,

paronychia and erythrasma; also such secondary skin infections as infected ecz ematoid dermatitis, infected contact
dermatitis and infected cuts/abrasions.

Fusidic acid does not fulfil criterion A, as other treatment alternatives exist to treat staphylococcal infections.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Advice on the designation of antimicrobials or groups of antimicrobials reserved for treatment of certain

infections in humans - in relation to implementing measures under Article 37(5) of Regulation (EU) 2019/6 on

veterinary medicinal products

EMA/CVMP/678496/2021 Page 77/234



Table 55 . Evaluation of bicyclomycin (bicozamycin )

Bicyclomycin (bicozamycin )

Criterion A Bicyclomycin is the only substance found in this class and its mechanism of action is based on inhibiting the rho
met: No transcription termination factor [565].
Bicyclomycin is active against Gram -negative bacteria including E. coli and has little activity against Gram - positive

bacteria (except  Micrococcus luteus ), an aerobes, Proteus or Pseudomonas [566 ]. In vitro studies have shown that
bicyclomycin exhibits lethal synergy when combined with bacteriostatic concentrations of protein synthesis
inhibitors (tetracyclines, chlo ramphenicol, rifampicin) [567].

It has |l ow oral bi oavailability and has been used (historicad
associated with enteric infections in humans and for ente ric infections livestock [568, 569].

Bicyclomycin is not approved in the EU, neither as a human nor as a veterinary medicine.

Bicycl omycin, does not fulfil criterion A, as no currently available evidence supports its importance of use in human
medicine.

Recommended to be designated as an antimicrobial to be reserved for humans :No

Table 56 . Evaluation of orthosomycins/ oligosaccharides

Orthosomycins/ oligosaccharides

Criterion Orthosomycins manifest their antimicrobial activity by binding to the 50S ribosomal subunit and inhibiting protein
A met: synthesis. The class contains several substances such as evernimicin, flambamycin and hygromycin.

No
Orthosomycins are active against Gram - positive bacteria including enterococci, staphylococci, and streptococci .

According to Arenz et al. [570] the binding site and mode of action of orthosomycins are distinct from other

ribosome -targeting antibiotics and they do not display cross -resistance with other classes, suggesting possible scope

for development of new a  gents. Evernimicin was investigated in human medicine as a treatment for Gram - positive
infections including penicillin -resistant pneumococci but development was suspended due to poor efficacy [569].In
vitro, evernimicin has shown higher activity than vancomycin against Gram -positive cocci, including MRSA [571,
572].

Orthosomycins are not approved in the EU as a human medicine.

Orthosomycins, do not fulfil criterion A, as of now no evidence can be found to confirm their importance of use in
human medicine.

Recommended to be  designated as an antimicrobial class to be reserved for humans  : No

Table 57 . Evaluation of quinoxalines

Quinoxalines

Criterion A Quinoxalines class contains several substances such as carbadox, quinocetol, mequindox, quinocetone and cyadox.
met: No The mode of action of quinoxalines is not fully understood although they demonstrate bioreductive effects [573].
Quinoxalines are active against Gram -positive, Gram -negative bacteria, including E. coli and Salmonella spp., and

anaerobes [574].

Quinoxaline derivatives have been investigated as antivirals [5751]; they also have antimycobacterial, antifung al
and antiprotozoal activity, suggesting development of less toxic derivatives is of interest [576]. No evidence could
be found for current use of quinoxalines in human medicine.

Quinoxalines are not approved in the EU as a human medicine

Quinoxalines do not fulfil criterion A, as of now no evidence can be found to confirm their importance of use in
human medicine.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No
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Table 58 . Evaluation of thiopeptides

Thiopeptides
e.g. Nosiheptide

Criterion A The thiopeptides class contains several substances such as thiostrepton, cyclothiazomycin, nosiheptide, lactocillin.
met: No Thiopeptides inhibit bacterial protein synthesis by binding to the 23S rRNA and the N -terminal domain of  ribosomal
protein uL11.

Thiostrepton is a cyclic peptide, produced by Strepotmyces aureus , that is active predominantly against Gram -
positive bacteria  [577]. Thiopeptides have been investigated in in vitro studies for effectiveness against MRSA,

methicillin resistant ~ Enterococcus faecium,  VRE, penicillin -resistant Streptococcus pneumoniae and m ycobacteria,
and in a human clinical study for treatment of Clostridioides difficile . Thiopeptides also have antimalarial, antifungal
and anticancer properties [578-581].

Thiopeptides are not approved in the EU as a human medicine.

Thiopeptides, do  not fulfil criterion A, as of now no evidence can be found to confirm their importance of use in
human medicine.

Recommended to be designated as an antimicrobial class to be reserved for humans :No

Table 59 . Evaluation of phosphoglycolipids/ moenomycins

Phosphoglycolipids/ m oenomycins
e.g. Bambermycin (ATCVet code QA07AA96)

Criterion The moenomycins class contains substances such as bambermycin (syn. flavomycin, flavofosfolipol, menomycin) and
A met: moenomycin. Moenomycins are phosphoglycolipid antibiotics produced by Streptomyces bambergiensis . They have a
No distinct mode of action, competing as substrates for peptidoglycan glycosyltransferase enzymes involved with

bacterial cell wall formation.

They are mostly active against Gram - positive bacteria, including methicillin - and vancomycin -resistant cocci, and
have activity against some Gram -neg ative bacteria.

Moenomycins have not been used in human medicine due to poor pharmacokinetics 1 they are poorly absorbed from
the gastrointestinal tract and have a very long half -life - although there is renewed interest in their development

(Galley et al ., 2014). Some strains of Enterococcus faecium are intrinsically resistant, otherwise there are almost no
reports of naturally occurring resistance [582].

Moenomycins are not approved in the EU as a human medicine.

Moenomycins, do not fulfil criterion A, as of now no evidence can be found to confirm their importance of use in
human medicine.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No

Table 60 . Evaluation of elfamycins

Elfamycins
e.g. Efrotomycin

Criterion A Substances in the elfamycin class include efrotomycin, kirromycin, enacycloxin, pulvomycin and aurodox.
met: No Efrotomycin is produced by Nocardia lactamdurans. Elfamycins act by interfering with bacterial protein synthesis,
binding to the elongation factor EF -Tu.

Efrotomycin is effective against a narro w spectrum of gram - positive bacteria, Moraxella , Pasteurella , Yersinia ,
Haemophilus , Arcanobacterium spp.and Clostrid ioides difficile [583, 584]. Enterococcus faecium and closely
related spp. are susceptible, whereas other enterococcal spp.including E. faecalis are resistant [585].

Elfamycins have been understudied due to poor pharmacokinetics, but there is renewed interest in their potential
for clinical use  [586]. No current therapeutic uses were found in human or veterinary medicine.

Elfamycins are not approved in the EU as a human medicine.

Elfamycins do not fulfil criterion A, as of now no evidence can be found t o confirm their importance of use in human
medicine. A potential for future development has been noted.

Recommended to be designated as an antimicrobial class to be reserved for humans  : No
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Table 61 . Evaluation of aminocoumarins

Aminocoumarins
e.g. Novobiocin

Criterion A Novobiocin is an aminocoumarin antibiotic which inhibits bacterial DNA synthesis by targeting at the bacteria DNA

met: No gyrase and the related enzyme DNA topoisomerase |V [587].
Novobiocin is primarily active against Gram - positive microorganisms such as Staphylococcus aureus (in cluding
beta -lactamase - producing strains) and the pneumococci. Enterococcus faecalis  is usually moderately resistant, but
Enterococcus faecium , including MDR strains, is susceptible. It also has an activity against some Gram -negative

bacteria (e.9., Haemop hilus influenzae, pathogenic Neisseria spp.). Other Gram -negative bacilli, such as
Escherichia coli , Enterobacter , Klebsiella , Salmonella and Shigella spp.,and Pseudomonas aeruginosa , are
novobiocin -resistant [587].

Novobiocin formerly had a role in the treatment of staphylococcal infections [587].

With the advent of the penicillinase -resistant penicillins and other antistaphylococcal agents, novobiocin is no
longer used for this indication [587].

Medicinal products containing novobiocin are not approved in th e EU.

Aminocoumarin s do not fulfil criterion A, as there are newer and safer treatment alternatives.

Recommended to be designated as an antimicrobial class to be reserved for humans :No

Annotations to the antibiotics tables

Annotation  1: 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 lit erature 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 dogs and cats, horses, pigs, poultry
cattle, small ruminants, rabbits and aquatic species.

Annotation  2: Enterobacterales are mainly transferred from food -producing animals to humans via the foodborne
route [61, 62]. Transfer of resistant zoonotic pathogens is demonstrated for S almonella spp. with mounting
evidence for uropathogenic E. coli strains [63-65, 588 -590]. 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 sprea d and
persistence of antibiotic resistance genes and resistant bacteria in the human intestinal tract [54, 67, 68].

Comp anion 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 s tudies investigating these pathways [69-71]

Annotation  3: Food is generally not considered to be a significant source of MRSA in humans [26, 72]. MRSA is
mainly transmitted by direct contact from food -producing animals  [32]. In geographical areas with high density of

farms, livestock associated MRSA (LA -MRSA) contribution to the burden of MRSA disease could be significant  [73,
74, 556]. There is evidence for rare zoono tic transmission of MRSA/P from companion animals to persons in contact
[29, 33, 34, 69].
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3.2. Antivirals - Confirmatory process

The antivirals in this table are those recommended to be reserved for human use according tothe screening process outlined in the Methodology (Section

2.6. of this advice) and the evaluation shown in the Monograph on Antivirals ( See Annex Section 2. ). The ta ble shows an analysis confirming their  fulfilment
of the relevant criteria . This table include s only those antiviral s that fulfil all three criteria. Information on the ATC codes and EU authorisation status is

presented in Annex  6.2.

Table 62 . Summary table of antivirals that underwent detailed evalu ation and fulfilled all three criteria for designation of antimicrobials to be reserved for

humans

Antivirals

Criterion A
human health

- High importance to

Criterion B - Risk of transmission of

resistance

Criterion C - Non -essential need for

animal health

Recommended
to be reserved

Amantadine, baloxavir
rimantadine, laninamivir,
oseltamivir, peramivir,
umifenovir and zanamivir

marboxil,

These antivirals are acting against

influenza viruses. Human influenza can
cause severe illness and  death, especially
in high risk patients, and is associated with
seasonal epidemics.

Influenza spreads globally in yearly
outbreaks, resulting in about three to five
million cases of severe illness and about

290,000 to 650,000 deaths annually [591].
Amant adine, rimantadine, laninamivir,
oseltamivir, and zanamivir are authori sed
in the EU.

Peramivir is authori  sed in Australia, Japan
and South Korea. It is used, but

unapproved, in the United States against

the H1N1 influenza virus. Initially approved
inthe EU (Alpivab), it is no longer

authori sed.

Baloxavir marboxil is approved in Japan
and US.

Umifenovir is approved in China and the
Russian Federation.

Amantadine and R imantadine (adamantanes)
are M2 ion channel inhibitors , for human
influenza A virus infection.

Oseltamivir, zanamivir, laninamivir and
peramivir are neuraminidase inhibitors,
indicated for human influenza A and B virus
infection.

Baloxavir marboxil is a novel cap -dependent
endonuclease inhibitor, for human influenza A
and B virus infection.

Resistance to all three classes is already
recorded, including for peramivir [592] and
baloxavir marboxil ~ [593].

The levels of resistance to each antiviral
fluctuate over time: therefore, M2 ion channel
inhibitors are  currently not used.

Resistance to umifenovir is not recorded so
far.

Humans can be infected with influenza viruses
that are usually circulating in animals, such as
avian influenza virus subtypes A(H5N1) and

No antivirals are included in the Annex to
the MRL Regulation (EU) 37/2010 and
hence they cannot be used at present in
food - producing animals in the EU,
including under  Articles 113 & 114 of
Regulation (EU) 2019/6

Not presently authorised as veterinary
medicines in the EU or internationally.

Outbre aks of HPAI are controlled by

slaughter in the EU (DR (EU) 2020/687 ).

Neuraminidase inhibitors (e.g. oseltamivir)
and adamantane are prohibited by FDA
from extra -label use in poultry in the US.

Some evidence was found for use of
antivirals against influenza in animals:

- there are reports of adamantane use to
treat avian and swine influenza outside the
EU.

- Oseltamivir is used to treat feline and
canine parvovirus diseases.

-amantadine is used to treat pain in
companion animals,  and oseltam ivir may

for human use

Yes
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Antivirals

Criterion A - High importance to

human health

Criterion B - Risk of transmission of
resistance

Criterion C - Non -essential need for
animal health

Recommended
to be reserved

Other non -authori sed antivirals are active
against influenza:  favipiravir and
triazavirin.

Vaccines are currently available to prevent
human influenza virus infections in the EU,

but presently neuraminidase inhibitors and

the endonuclease inhibitor are the only
effective antivirals to treat infection T see
column on the right.

A(H9N2) and swine influenza virus subtypes
A(H1IN1) and (H3N2).

Other species including horses, cats and dogs
also ha ve their own varieties of influenza
viruses. Although these viruses may be named
as the same subtype as viruses found in
humans, all of these animal viruses are
distinct from human influenza viruses and do
not easily transmit to and between humans.
However , highly pathogenic (HP) Avian
Influenza A virus can infect several animal
species, notwithstanding birds and humans
HPAI infections were recorded in pigs,
domestic cats and dogs  [594 ]; because of the
sometimes close proximity of these animals
with owners, HPAI  -infected animals can
become a threat to humans. Moreover,
because Influenza viruses can swap whole
sections of their genome (shift), their
antigenicity and/or pathogenicity can b e
radically altered through this mechanism,
making Influenza viruses in their entirety a
potential threat to humans

No transfer of resistant viruses, from domestic
animals to humans, was identified so far.

be used to treat canine influenza (although
regularly discouraged on websites).

Influenza mortality rates vary, depending

on the virulence of the circulating strains.
Typically, there are few deaths in pigs and
horses, less than 10% in dogs, but around
50% in poultry, unless disease is

exacerbated by secondary bacterial

infection.

Canine parvovirus disease has a mortality
rate that can exceed 90% (especially in
young puppies) [595]; feline
panleukopenia virus has an approximate
fatality rate of 50% [596].

Availability of alternative treatm ents for
infections in animals  : none, except
vaccines available in the EU for certain
strains of avian, equine and swine

influenza, and for canine and feline
parvovirus.

Criterion met: Yes

Criterion met: Yes

Criterion met: Yes

for human use

Favipiravir

Currently approved to treat human
influenza in Japan. It is however only
indicated for novel influenza (causing more
severe disease) rather than seasonal
influenza [597].

It is also under investigation for Yellow

fever, Foot -and -mouth disease, flaviviruses
(including West Nile virus), arenaviruses ,
bunyaviruses, alphaviruses (togaviridae)

and SARS -CoV-2 coronavirus.

Many of these viruses represent a major
threat to humans. For instance:

- Yellow fever (Flaviviridae) causes most
commonlynon -s p e c i ¥ylike synhptoms;
but in 15% of people, abdomin al pain
occurs with liver and kidneys damage.

Resistance to this antiviral is already recorded
[599].

Influenza viruses, Pico rnaviridae, (eg Foot -
and - mouth disease virus), flaviviruses (eg

West Nile virus), arenaviruses (eg Akabane),
alphaviruses (eg equine encephalitis virus)
represent major threats to domestic animals.
Amongst the quoted genera or families of
viruses, the Inf  luenza A virus, the hantavirus
(Hemorrhagic fever with renal syndrome) and
the West Nile virus (flavivirus) represent the

only zoonotic threat to humans.

No transfer of resistant viruses, from domestic
animals to humans, was identified so far.

No antivir als are included in the Annex to
the MRL Regulation (EU) 37/2010 and
hence they cannot be used at present in
food - producing animals in the EU,
including under  Articles 113 & 114 of
Regula tion (EU) 2019/6

Not presently authorised as veterinary
medicines in the EU or internationally.

Little evidence was found for use of
favipiravir in animals:

- Favipiravir (T -705) and its derivatives T -

1105 and T -1106 are efficient inhibitors of
foot -and -mouth disease virus replication in
cell culture andinvi  vo [600].

- it was tested against canine distemper
virus infection in vitro.

Yes
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Antivirals

Criterion A - High importance to

human health

Criterion B - Risk of transmission of
resistance

Criterion C - Non -essential need for
animal health

Recommended
to be reserved

- Several bunyaviruses can produce mild to
severe diseases in humans: eg
Hantaviruses (belonging to the
Bunyaviridae family) can cause acute
respiratory illness in humans.

- Several alphaviruses can cause human
disease (e.g. Chikungunya). Infectious
arthritis, encephalitis, rashes and fever are
the most commonly observed symptoms.

- Refer also to the section about antivirals
acting against influenza viruses above.

Authori sed in Japan against influenza
viruses.

Various antivirals are active against
influenza: amantadine, rimantadine,
laninamivir, oseltamivir, peramivir,
zanamivir, baloxavir marboxil and
umifenovir.

Antiviral therapy for Bunyaviridae is
currently limited: ribavirin can be used for
Crimean -Congo hemorrhagic fever and
hemorrhagic fever with renal syndrome,
though efficacy is not clearly established
[598].

Remdesivir received a conditional

authorisation in the EU to treat Covid -19.

Specific antiviral treatment options, with
proven efficacy, for Yellow fever and
alphavirus infections are not available.

Vaccines are currently available to prevent
humans against Influenza, Yellow fever
and Covid -19 infections.

The not i eaiabilbyfof albemative
treatmentsd does not
use of faviripavir in veterinary field

practice is anecdotal so far.

for human use

ap

Criterion met: Yes

Criterion met: Yes

Criterion met: Yes

Ribavirin

Ribavirin is indicated against chronic
hepatitis C virus (HCV), and could be
relevant for chronic hepatitis E virus (HEV)
infection.

Both hepatitis viruses, HCV and HEV, can
cause acute and chronic infections. Most
people with chronic disease have no

Antiviral resistance to Ribavirin is already
recorded [608].

HCV is not involved so far in any zoonotic
disease. Several animal species (rabbits, rats,
pigs) are capable of hosting HEV, but the
principal animal reservoir is suidae (swine)
[609].

No antivirals are included in the Annex to
the MRL Regulation (EU) 37/2010 and
hence they cannot be used at present in
food -producing an imals in the EU,
including under the  Articles 113 & 114 of
Regulation (EU) 2019/6

Yes
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