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Abstract

Staphylococcus aureus (S. aureus) was identified among the most relevant antimicrobial-resistant
(AMR) bacteria in the EU for cattle and horses in previous scientific opinions. Thus, it has been
assessed according to the criteria of the Animal Health Law (AHL), in particular criteria of Article 7 on
disease profile and impacts, Article 5 on its eligibility to be listed, Annex IV for its categorisation
according to disease prevention and control rules as in Article 9, and Article 8 for listing animal species
related to the bacterium. The assessment has been performed following a methodology previously
published. The outcome is the median of the probability ranges provided by the experts, which
indicates whether each criterion is fulfilled (lower bound ≥ 66%) or not (upper bound ≤ 33%), or
whether there is uncertainty about fulfilment. Reasoning points are reported for criteria with uncertain
outcome. According to the assessment here performed, it is uncertain whether AMR S. aureus can be
considered eligible to be listed for Union intervention according to Article 5 of the AHL (60–90%
probability). According to the criteria in Annex IV, for the purpose of categorisation related to the level
of prevention and control as in Article 9 of the AHL, the AHAW Panel concluded that the bacterium
does not meet the criteria in Sections 1, 2 and 4 (Categories A, B and D; 1–5%, 5–10% and 10–33%
probability of meeting the criteria, respectively) and the AHAW Panel was uncertain whether it meets
the criteria in Sections 3 and 5 (Categories C and E, 33–90% and 60–90% probability of meeting the
criteria, respectively). The animal species to be listed for AMR S. aureus according to Article 8 criteria
include mainly mammals, birds, reptiles and fish.
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1. Introduction

The European Food Safety Authority (EFSA) received a mandate from the European Commission to
investigate the global state of play as regards antimicrobial-resistant (AMR) animal pathogens that
cause transmissible animal diseases (Term of Reference (ToR) 1), to identify the most relevant AMR
bacteria in the European Union (EU) (first part of ToR 2), to summarise the existing or potential animal
health impact of those identified bacteria in the EU (second part of ToR 2) and to perform the
assessment of those bacteria to be listed and categorised according to the criteria in Article 5, Annex
IV according to Article 9 and Article 8 within the Regulation (EU) No 2016/4291 on transmissible animal
diseases (‘Animal Health Law’) (ToR 3).

The global state of play for AMR animal pathogens that cause transmissible animal diseases (ToR 1)
and the results of the assessment of the most relevant AMR bacteria in the EU (first part of ToR 2) for
cattle and horses were published in separate EFSA scientific opinions (EFSA AHAW Panel, 2021a,b).

According to the results of the assessment already conducted, Staphylococcus aureus (S. aureus)
was identified among the most relevant AMR bacteria in the EU for cattle and horses due to their
frequent involvement in a variety of infections in both species (and especially mastitis in the case of
cattle) and the high levels of phenotypic resistance to commonly used antimicrobials (particularly b-
lactams) found in strains of animal origin.

This scientific opinion presents the results of the assessment on AMR S. aureus in cattle and horses
on its eligibility to be listed and categorised within the AHL framework. Special focus is placed on the
animal health impact of AMR S. aureus in cattle and horses in the EU, which is also summarised here
as part of the assessment conducted according to the profile of the infection and its impact on animal
welfare (Article 7).

1.1. Background and Terms of Reference as provided by the requestor

The background and ToRs as provided by the European Commission for the present document are
reported in Sections 1.1 and 1.2 of the scientific opinion on the ad hoc method to be followed for the
assessment of animal diseases caused by bacteria resistant to antimicrobials within the AHL framework
(EFSA AHAW Panel, 2021c).

1.2. Interpretation of the Terms of Reference

The interpretation of the ToRs is as in Sections 1.2.3 and 1.3.3 of the scientific opinion on the ad
hoc method to be followed for the assessment of animal diseases caused by bacteria resistant to
antimicrobials within the AHL framework (EFSA AHAW Panel, 2021c).

The present document reports the results of the assessment on AMR S. aureus in cattle and horses
according to the criteria of the AHL articles as follows:

• Article 7: AMR S. aureus infection profile and impacts;
• Article 5: eligibility of AMR S. aureus infection to be listed;
• Article 9: categorisation of AMR S. aureus infection according to disease prevention and control

rules as in Annex IV;
• Article 8: list of animal species (also apart from cattle and horses) related to AMR S. aureus

infection.

2. Data and methodologies

The methodology applied in this opinion is described in detail in a dedicated document about the
ad hoc method developed for assessing any animal disease for listing and categorisation of animal
diseases within the AHL framework (EFSA AHAW Panel, 2017).

In order to take into account the specifics related to animal diseases caused by bacteria resistant to
antimicrobials, the term ‘disease’ as in the AHL was interpreted in a broader sense, referring also to
colonisation by commensal and potentially opportunistic bacteria, and the general presence of the
identified AMR bacteria in the EU, depending on each criterion.

The following assessment was performed by the EFSA Panel on Animal Health and Welfare (AHAW)
based on the information collected and compiled in form of a fact sheet as in Section 3.1 of the present

1 Regulation (EU) 2016/429 of the European Parliament and of the Council of 9 March 2016 on transmissible animal diseases
and amending and repealing certain acts in the area of animal health (‘Animal Health Law’). OJ L 84, 31.3.2016, p. 1–208.
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document. The outcome is the median of the probability ranges provided by the experts, which are
accompanied by verbal interpretations only when they fall within the ranges as spelled out in Table 1.

3. Assessment

3.1. Assessment of AMR Staphylococcus aureus according to Article 7
criteria of the AHL

3.1.1. Article 7(a) Disease profile

This fact sheet summarises current knowledge on the presence, importance, control and prevention
of AMR S. aureus in cattle and horses.

For cattle, the focus of the fact sheet is on resistance against antimicrobials used for dry cow
therapy and treatment of mastitis (cefoperazone, oxacillin, neomycin, penicillin, penicillin–novobiocin,
pirlimycin) and other infections such as of the respiratory and digestive system, metritis and skin/soft
tissue infections (ceftiofur, enro-/ciprofloxacin, erythromycin, sulfa-TMP) (EFSA AHAW Panel, 2021a).
For these antimicrobials, geographically varying levels of resistance have been described,
predominantly in S. aureus isolates from the udder or milk and with highest levels in Asia and Africa
(EFSA AHAW Panel, 2021a). The mecA gene, responsible for methicillin resistance in S. aureus
(MRSA), is specifically mentioned. The presence of the mecA gene is considered as conferring
resistance to all b-lactam antibiotics, even though heterogeneous and borderline resistance phenotypes
exist (Chambers, 1997). Attention is also granted to MRSA carrying the mecC gene, a more recently
described variant of the mecA gene (Garc�ıa-�Alvarez et al., 2011). Beta-lactam resistance caused by
non-mec genes (e.g. due to penicillinases) are mentioned where relevant.

For horses, the focus is on S. aureus associated with skin and soft tissue infections (SSTIs) and
exhibiting resistance to fusidic acid, methicillin, sulfa-TMP, gentamicin, tetracyclines and
enro-/ciprofloxacin (EFSA AHAW Panel, 2021b).

S. aureus are Gram-positive, non-motile, facultative anaerobic, typically coagulase-positive cocci
that live as commensals on the skin, in the nose and on diverse mucous membranes of humans and
animals (Kluytmans et al., 1997; Haag et al., 2019). They behave as opportunistic pathogens causing
SSTIs and a range of other infections in virtually all hosts, animals and humans, with in the latter
frequent lethal outcomes, especially due to MRSA in, e.g. bacteraemia, endocarditis and pneumonia
(Lee et al., 2018). In animals, it is best known as a cause of mastitis in dairy cattle, being one of the
major mastitis pathogens (Reyher et al., 2012; Rainard et al., 2018), of SSTI in various animal species,
including horses (Devriese et al., 1985; Sieber et al., 2011), and of skin and skeletal disorders in
poultry (Heidemann Olsen et al., 2018; Szafraniec et al., 2022).

Mastitis is an inflammation of the mammary gland, and in general, the vast majority of mastitis
cases are due to an intramammary infection (IMI) caused by a microorganism. The latter starts with
the penetration into the mammary gland and proliferation in milk, followed by the dissemination in the
cisterns and throughout the duct system, triggering an inflammatory reaction with an influx of
leucocytes, leading to elevated somatic cell counts (SCC). The host response may be varied but in S.
aureus mastitis typically involves an initial clinical stage with visual clinical signs (swelling, firmness,
warmth, tenderness of the udder, clotted milk, elevated body temperature, etc.) that may disappear in

Table 1: Approximate probability scale recommended for harmonised use in EFSA (EFSA Scientific
Committee, 2018)

Probability term Subjective probability range

Almost certain 99–100%

Extremely likely 95–99%
Very likely 90–95%

Likely 66–90%
About as likely as not 33–66%

Unlikely 10–33%
Very unlikely 5–10%

Extremely unlikely 1–5%

Almost impossible 0–1%
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a few days with the condition evolving into a subclinical stage, with sometimes more or less intense
flare-up episodes (Rainard et al., 2018). In this context, a distinction will be made between infection
with (AMR) S. aureus, leading to disease (inflammation) of the infected tissue, hence comprising both
clinical and subclinical mastitis in dairy cows and clinical horse SSTI, and (healthy) presence of (AMR)
S. aureus, with isolates originating from typical carriage sites such as the nose.

Literature on AMR S. aureus in animals, including cattle and horses, in the last two decades is
dominated by MRSA. This is due to the emergence of livestock-associated (LA-)MRSA capable of
causing human infections (Voss et al., 2005), hence considered a third type of MRSA relevant for
human healthcare – along with hospital-associated (HA-)MRSA and community-associated (CA-)MRSA
(van Alen et al., 2017; Lee et al., 2018).

The general construction of the sections below is that facts about ‘LA-MRSA (of clonal complex
398)’ in cattle and horses are described first, including other resistances of interest (RoI) for this fact
sheet when available. Secondly, facts about (some) ‘other MRSA’ strains in cattle and horses (including
other RoIs when available) are presented. Thirdly, ‘non-MRSA’ in cattle and horses exhibiting other
RoIs are discussed. When S. aureus is mentioned in general, results are described not linked to
particular resistant strains.

3.1.1.1. Article 7(a)(i) Animal species concerned by the disease

It is accepted that S. aureus shows host specificity; this was originally based on phenotypic traits
and has since been confirmed with molecular data (Fitzgerald, 2012; Haag et al., 2019). Host
adaptation might occur frequently and quickly, in various lineages and to several host species,
including cattle and horses (Lowder et al., 2009; Spoor et al., 2013; Akkou et al., 2018; Grunert et al.,
2018; Magro et al., 2018; Wang et al., 2018). Cattle is considered a major exchange host with humans
(Haag et al., 2019). Yet, contamination and spill-over events from other hosts also occur commonly
(Boss et al., 2016). From the multitude of recent studies offering typing results, the enormous diversity
of S. aureus strains and complexity of S. aureus lineages become more and more apparent (Boss
et al., 2016), but actual host adaptation is not always investigated.

Moreover, many studies do not conclude on the type of non-infection related presence
(contamination, intermittent carriage or true colonisation) the isolation of (AMR) S. aureus in animals
implies (Magro et al., 2018). Hence, isolation of S. aureus from an animal provides, as such, little
evidence about the degree to which the animal species is affected by it (e.g. whether it can be
considered a reservoir or a natural host species).

Furthermore, it is difficult to say whether all animals apparently ‘susceptible’ for non-AMR S. aureus
(= where S. aureus has been isolated from) are also ‘susceptible’ to AMR S. aureus or vice versa, and
if the isolation of AMR S. aureus pertains to a real reservoir or a temporary presence due to a spill-
over event or a selection pressure (e.g. use of antimicrobials).

To deal with this complexity, the tables, lists or texts below, pertaining to the subsequent
parameters, have been drafted as follows:

• ‘Naturally susceptible’ species (wildlife/domestic) include those species where natural (= not
experimentally caused) presence of S. aureus – resistant or not – has been demonstrated. This
can include isolates from infections or healthy presence.

• ‘Experimentally susceptible’ species (wildlife/domestic) include those species where the
presence of S. aureus – resistant or not – has been experimentally induced. This can include
isolates from infections or healthy presence.

• The sections on ‘reservoir species’ (wildlife/domestic) focus on (AMR) S. aureus lineages that
have been suggested or shown to be adapted to a certain host species or might be suspected
to have a reservoir in a certain species due to frequent detection in that species.

• A ‘wildlife species’ has been considered free-living or living in captivity but without being bred
for the purpose of living alongside humans (held in zoos or parks, or as exotic pets); ‘domestic
species’ as living in captivity and having been bred for the purpose of living alongside humans.

Susceptible animal species

Parameter 1 – Naturally susceptible wildlife species (or family/order)

S. aureus has been isolated from a huge variety of animal species, ranging from mammals
(terrestrial and aquatic) to birds, reptiles, fish and insects. Table 2 lists those species from which
S. aureus with one or more RoIs for this fact sheet have been isolated. If available in the referenced
study, the Latin name is provided in the table; if not, the common name is given.

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The mentioned resistances can pertain to different studies or different isolates in one study; no
distinction is made between pheno- and genotypic resistance; MRSA might have been determined
genotypically (mecA) or phenotypically (oxacillin and/or cefoxitin resistance); mecC is specifically
mentioned.

The review of Heaton et al. (2020) provides the most extensive summary to date of the presence
of (AMR) S. aureus in wildlife, including the species, molecular types and antibiotic resistances
identified – if available. When a species (group) was included in any of the referenced studies, it was
not systematically investigated whether there could be additional references for the same species or
additional species from that group.

Table 2: List of wildlife species (groups) where S. aureus with RoIs for this fact sheet has been
isolated

Species (group) Antimicrobial resistance Reference

Mammals

Small mammals
Hammer-headed bat (Hypsignathus
monstrosus)

MRSA, TET Loncaric et al. (2019)

Indian flying fox (Pteropus giganteus) mecC Heaton et al. (2020)
Straw-coloured fruit bat (Eidolon helvum) CIP, CLI, ERY, FUS, PEN, TET Heaton et al. (2020)

Black-flanked rock wallaby (Petrogale lateralis) PEN Heaton et al. (2020)
Common vole (Microtus arvalis) PEN Heaton et al. (2020)

European brown hare (Lepus europaeus) BLA, mecC, MRSA Heaton et al. (2020)
European hedgehog (Erinaceus europaeus) CLI, ERY, FUS, GEN, mecC, MRSA,

PEN, TET
Heaton et al. (2020)

European otter (Lutra lutra) BLA, mecC, MRSA Heaton et al. (2020)
European pine marten (Martes martes) CLI, ERY, MRSA, TET Heaton et al. (2020)

Mara (Dolichotis patagonum) mecC Heaton et al. (2020)
Naked mole rat (Heterocephalus glaber) PEN, TET Heaton et al. (2020)

Norway/Brown rat (Rattus norvegicus) MRSA, PEN, TET Heaton et al. (2020)
Eastern cottontail rabbit (Sylvilagus floridanus) ERY, MRSA, TET Heaton et al. (2020)

European rabbit (Oryctolagus cuniculus) mecC, PEN Heaton et al. (2020)
Red fox (Vulpes vulpes) MRSA Heaton et al. (2020)

Red squirrel (Sciurus vulgaris) PEN, FQ Heaton et al. (2020)
Rodents and shrews (various) MRSA Heaton et al. (2020)

Wood mouse (Apodemus sylvaticus) mecC, MRSA, PEN Heaton et al. (2020)
Large mammals

African elephant (Loxodonta africana) MRSA Heaton et al. (2020)
Alpine chamois (Rupicapra rupicapra) CIP, FQ, MRSA, PEN Heaton et al. (2020)

Fallow deer (Dama dama) mecC, MRSA, PEN Heaton et al. (2020)
Red deer (Cervus elaphus) mecC, MRSA, PEN, TET, T/S Heaton et al. (2020)

Eurasian lynx (Lynx lynx) BLA, FQ Heaton et al. (2020)
Iberian ibex (Capra pyrenaica) MRSA, PEN, TET, T/S Heaton et al. (2020)

Wild boar (Sus scrofa) CLI, CIP, ERY, GEN, LIN, mecC,
MRSA, PEN, TET, T/S

Heaton et al. (2020)

Non-human primates/monkeys

Chimpanzee (Pan troglodytes) CLI, ERY, MRSA, PEN, TET, T/S Heaton et al. (2020)
Gorilla (Gorilla gorilla gorilla) PEN Heaton et al. (2020)

Rhesus macaque (Macaca mulatta) CIP, CLI, ERY, GEN, MRSA, PEN, TET,
T/S

Heaton et al. (2020)

Singaporean long-tailed macaque (Macaca
fascicularis)

CIP, ERY, GEN, KAN, MRSA, PEN, TET Heaton et al. (2020)

Southern pig-tailed macaque (Macaca
nemestrina)

CIP, ERY, GEN, MRSA, PEN, TET Heaton et al. (2020)
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In addition, the lists below include animal species (groups) from which S. aureus has also been
isolated but where either resistances not of interest were found, either no resistances at all were found
or resistance data were not determined or unclear from the respective studies. It is hence unclear
whether these species are susceptible for AMR S. aureus with RoIs, but they were considered
potentially relevant. It must be noted that some of the studies referenced in Heaton et al. (2020) did
not determine antimicrobial resistance in species where RoIs had been described in other studies (e.g.
in one study penicillin resistance in common vole (Microtus arvalis) was identified, but in another study
antimicrobial resistance was not determined in the same species). In those cases, the species is
included in Table 2 but is excluded from the lists below. If available in the referenced study, the Latin
name is provided; if not, the common name is given.

Mammals:

• Banded mongoose (Mungos mungo) (Heaton et al., 2020);
• Bats (Nathusius pipistrelle (Pipistrellus nathusii), Egyptian fruit bat (Rousettus aegyptiacus),

Peters’s dwarf epauletted fruit bat (Micropteropus pusillus)) (Heaton et al., 2020);

Species (group) Antimicrobial resistance Reference

Red-fronted lemur (Eulemur rufifrons) PEN Heaton et al. (2020)

Verraux’s sifaka (Propithecus verreauxi) PEN Heaton et al. (2020)
Marine mammals

Common seal (Phoca vitulina) mecC Paterson et al. (2012)
Risso’s dolphin (Grampus griseus) MRSA, PEN Mazzariol et al. (2018)

Bottlenose dolphin (Tursiops truncatus) MRSA, PEN Mazzariol et al. (2018)
Short-finned pilot whale (Globicephala
macrorhynchus)

MRSA Hower et al. (2013)

Walrus (Odobenus rosmarus) MRSA Heaton et al. (2020)

Birds

Common buzzard (Buteo buteo) PEN, TET Heaton et al. (2020)
Common chaffinch (Fringilla coelebs) mecC Paterson et al. (2012)

Canada goose (Branta canadensis) CLI, ERY, MRSA, PEN Heaton et al. (2020)
Lesser yellowlegs (Tringa flavipes) CLI, ERY, MRSA Heaton et al. (2020)

Magpie (Pica pica) MRSA, PEN Heaton et al. (2020)
Northern bald ibis (Geronticus eremita) CIP, MRSA, PEN, TET Loncaric et al. (2019)

African grey parrot (Psittacus erithacus) FQ, MRSA Rankin et al. (2005)
Peregrine (Falco peregrinus) CIP Vidal et al. (2017)

Rook (Corvus frugilegus) MRSA Heaton et al. (2020)
Rock pigeon (Columba livia) TET Heaton et al. (2020)

Screech owl (Megascops spp.) TET Heaton et al. (2020)
Cinereous vulture (Aegypius monachus) CLI, ERY, MRSA, PEN, TET Heaton et al. (2020)

Eurasian griffon vulture (Gyps fulvus) MRSA, TET Heaton et al. (2020)
White-face whistling duck (Dendrocygna
viduata)

TET Heaton et al. (2020)

White stork (Ciconia ciconia) ERY, FUS, mecC, MRSA, PEN, TET Heaton et al. (2020)

Reptiles

Turtle MRSA Walther et al. (2008)

Fish

Tilapia (Oreochromis niloticus) MRSA Heaton et al. (2020)

Insects

House flies (Musca domestica) and stable flies
(Stomoxys calcitrans)

MRSA Stelder et al. (2021)

BLA: b-lactams; CIP: ciprofloxacin; CLI: clindamycin; ERY: erythromycin; FQ: fluoroquinolones; FUS: fusidic acid; GEN:
gentamicin; KAN: kanamycin; LIN: lincomycin; MRSA: methicillin-resistant S. aureus with the mecA gene or phenotypic resistance
(oxacillin and/or cefoxitin); PEN: penicillin; TET: tetracycline; T/S: trim-sulfa antimicrobials.
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• Black bear (Ursus americanus) (McBurney et al., 2000);
• Black rhinoceros (Diceros bicornis) (Clausen and Ashford, 1980);
• Capybara (Hydrochoerus hydrochaeris) (Heaton et al., 2020);
• Chinchilla (Chinchilla sp.) (Walther et al., 2008);
• Colobuses (King colobus (Colobus polykomos), Western red colobus (Piliocolobus badius))

(Heaton et al., 2020);
• Deer (Roe deer (Capreolus capreolus), Silka deer (Cervus nippon)) (Heaton et al., 2020);
• Dromedary camel (Camelus dromedaries) (Heaton et al., 2020);
• European badger (Meles meles) (Heaton et al., 2020);
• European beaver (Castor fiber) (Heaton et al., 2020);
• European marmot (Marmota marmota) (Heaton et al., 2020);
• Fox squirrel (Sciurus niger) (Heaton et al., 2020);
• Gabon talapoin (Miopithecus ogouensis) (Heaton et al., 2020);
• Grey-cheeked mangabey (Lophocebus albigena) (Heaton et al., 2020);
• Harbour porpoise (Phocoena phocoena) (Heaton et al., 2020);
• Killer whale (Orcinus orca) (Power and Murphy, 2002);
• Lion (Panthera leo) (Heaton et al., 2020);
• Macaques (Japanese macaque (Macaca fuscata), Barbary macaque (Macaca sylvanus))

(Heaton et al., 2020);
• Malayan tapir (Tapirus indicus) (Heaton et al., 2020);
• Mandrill (Mandrillus sp.) (Heaton et al., 2020);
• Mice (Yellow-necked mouse (Apodemus flavicollis), House mouse (Mus musculus) (Heaton

et al., 2020);
• Mongolian sheep (Ovis ammon f. aries) (Heaton et al., 2020);
• Monkeys (Greater spot-nose monkey (Cercopithecus nictitans), Red-tailed monkey

(Cercopithecus ascanius)) (Heaton et al., 2020);
• Moose (Alces alces) (Heaton et al., 2020);
• Mouflons (European mouflon, Mouflon (Ovis orientalis)) (Heaton et al., 2020);
• Moustached guenon (Cercopithecus cephus) (Heaton et al., 2020);
• Northern white-breasted hedgehog (Erinaceus roumanicus) (Heaton et al., 2020);
• Pygmy goat (Capra hircus) (Heaton et al., 2020);
• Raccoon (Procyon lotor) (Plommet and Wilson, 1969);
• Reindeer (Rangifer tarandus) (Heaton et al., 2020);
• Voles (Bank vole (Myodes glareolus), Field vole (Microtus agrestis)) (Heaton et al., 2020);
• White-eared opossum (Didelphis albiventris) (Siqueira et al., 2010);
• Wild cats (European wildcat (Felis silvestris), African wildcat (Felis lybica)) (Heaton et al.,

2020);
• Yellow-footed rock wallaby (Petrogale xanthopus) (Heaton et al., 2020).

Birds:

• Bustards (Heaton et al., 2020);
• Eagles (Golden eagle (Aquila chrysaetos), White-tailed eagle (Haliaeetus albicilla)) (Heaton

et al., 2020);
• Great blue heron (Ardea herodias) (Heaton et al., 2020);
• Great tit (Parus major) (Heaton et al., 2020);
• Green woodpecker (Picus viridis) (Heaton et al., 2020);
• Grey partridge (Perdix perdix) (Heaton et al., 2020);
• Herring gull (Larus argentatus) (Monecke et al., 2016);
• Japanese quail (Coturnix coturnix japonica) (Monecke et al., 2016);
• Red kite (Milvus milvus) (Heaton et al., 2020);
• Swans (Black swan (Cygnus atratus), Mute swan (Cygnus olor)) (Heaton et al., 2020);
• Owls (Great horned owl (Bubo virginianus), Tawny owl (Strix aluco)) (Heaton et al., 2020);
• Teals (Baikal teal (Sibirionetta formosa), Blue-winged teal (Spatula discors)) (Heaton et al.,

2020).

Reptiles:

• Komodo dragon (Varanus komodoensis) (Montgomery et al., 2002).

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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From these numerous susceptible animal species, an enormous diversity of molecular types of
(AMR) S. aureus has been identified, some less common or unique and other associated with humans
and animals, with some having a likely reservoir in certain wildlife species (see Parameter 5 in this
section).

Parameter 2 – Naturally susceptible domestic species (or family/order)

S. aureus of various AMR types, including most RoIs for this fact sheet, has been isolated from
virtually all major and some less common domestic animal species. It is not feasible to list all
references per species or per resistance. A recent review by Schwarz et al. (2018) provides an
overview of antimicrobial resistance (genes) in staphylococci of animal origin, including S. aureus. A
selection of other studies providing pheno- or genotypical resistance data allowed to establish Table 3,
with susceptible domestic animal species for S. aureus and its RoIs; note that when animal species are
in the table that could be considered wildlife as well (e.g. guinea pigs and rabbits), the referenced
studies do pertain to domesticated animals of the species.

Parameter 3 – Experimentally susceptible wildlife species (or family/order)

No literature was found on the experimental infection of wildlife with (AMR) S. aureus.

Parameter 4 – Experimentally susceptible domestic species (or family/order)

Many studies have experimentally applied (AMR) S. aureus or MRSA (of human origin) in common
laboratory animals, typically to study its pathology or test new strategies for battling its infections:

Table 3: List of domestic species where S. aureus with RoIs for this fact sheet has been isolated

Species Antimicrobial resistance Reference

Mammals

Companion animals
Cat FQ, GEN, LS, mecC, ML, MRSA, NEO,

PEN, TET, T/S
Schwarz et al. (2018), Loncaric et al. (2019), Chueahiran
et al. (2021)

Dog FUS, FQ, GEN, LS, mecC, ML, MRSA,
NEO, PEN, TET, T/S

Schwarz et al. (2018), Frosini et al. (2019), Loncaric et al.
(2019), Chueahiran et al. (2021)

Horse FQ, GEN, LS, mecC, ML, MRSA, NEO,
PEN, TET, T/S

Haenni et al. (2015), Schwarz et al. (2018), Loncaric et al.
(2019), Sekizuka et al. (2020)

Rabbit GEN, LS, mecC, ML, MRSA, NEO,
PEN, TET, T/S

Vancraeynest et al. (2004), Schwarz et al. (2018), Loncaric
et al. (2019)

Livestock and farmed animals

Cow FUS, GEN, LS, mecC, ML, MRSA,
NEO, PEN, TET, T/S

Khemiri et al. (2018), Schwarz et al. (2018)

Goat FUS, FQ, GEN, LS, mecC, ML, MRSA,
NEO, PEN, TET, T/S

Schwarz et al. (2018), Lima et al. (2020), Quraishi et al.
(2021)

Guinea pig FQ, LS, mecC, ML, MRSA, TET, T/S Schwarz et al. (2018), Zambrano-Mila et al. (2020)
Mink FQ, GEN, LS, ML, MRSA, NEO, PEN,

TET, T/S
Hansen et al. (2017, 2020), Nikolaisen et al. (2017)

Pig FQ, GEN, LS, mecC, ML, MRSA, NEO,
PEN, TET, T/S

Feltrin et al. (2016), Schwarz et al. (2018)

Sheep FUS, LS, mecC, ML, MRSA, PEN, TET,
T/S

Carfora et al. (2016a), Schwarz et al. (2018)

Birds

Chicken FQ, GEN, LS, ML, MRSA, NEO, PEN,
TET, T/S

El-Adawy et al. (2016), Schwarz et al. (2018)

Canary FQ, GEN, MRSA, PEN, TET Loncaric et al. (2019)
Pigeon GEN, LS, ML, MRSA, TET Chobrak-Chmiel et al. (2021)

Turkey FQ, GEN, LS, ML, MRSA, NEO, PEN,
TET, T/S

El-Adawy et al. (2016), Schwarz et al. (2018)

FQ: fluoroquinolones; FUS: fusidic acid; GEN: gentamicin; LS: lincosamides; ML: macrolides; MRSA: methicillin-resistant S. aureus
with the mecA gene or phenotypic resistance; NEO: neomycin; PEN: penicillin; TET: tetracycline; T/S: trim-sulfa antimicrobials.
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mice (Kim et al., 2014; Marra, 2020), guinea pigs (Baldoni et al., 2009; Tatar et al., 2017), rabbits
(Casta~neda et al., 2021; Long et al., 2021) and rats (Marra, 2020; Valente et al., 2021). Even Drosophila
melanogaster models have repeatedly been deployed (Wu et al., 2012; Thomsen et al., 2016).

S. aureus osteomyelitis appears to be of particular interest; a review from Reizner et al. (2014)
shows that various animal species have been used to develop models exploring this disease: mostly
rabbits and rats, but also mice, sheep, dogs, goats, pigs, guinea pigs and hamsters, leading to a list of
93 references, the earliest one from 1973.

Mice have also been used as a model for bovine S. aureus mastitis (Brouillette and Malouin, 2005).
In general, S. aureus mastitis is a frequent subject of experimental studies, in small and large
ruminants (Le Mar�echal et al., 2009; Kerro-Dego et al., 2012, 2020; Capoferri et al., 2021) and rabbits
(Penad�es et al., 2020).

The spread of livestock-associated MRSA CC398 has been investigated in several experimental
studies in pigs (Broens et al., 2012; Cromb�e et al., 2013; Rosen et al., 2018; Sørensen et al., 2018)
and mink (Fertner et al., 2019).

Reservoir animal species

Parameter 5 – Wild reservoir species (or family/order)

Compared to livestock or domestic animals, true host adaptation of S. aureus to wildlife species has
been sparsely studied. Clues to the reservoir potential of wildlife species for certain lineages of
S. aureus, including AMR isolates, therefore generally come from frequent detection of these lineages
in wildlife or, in contrast, from detection of new, not previously reported lineages (van Elk et al., 2012;
Monecke et al., 2016). Remarkably, several of the main cattle lineages are also widely found in wildlife
and might in fact be animal-adapted rather than cattle- or livestock-adapted.

In addition to its major reservoir in livestock (see below), CC398 has repeatedly been detected in
wildlife, including in mammals (deer, hares, ibexes, rats, wild boar) and birds (geese, storks, vultures)
(Heaton et al., 2020). This is mostly but not always MRSA, containing various additional RoIs. While
MRSA CC398 appears to be particularly adapted to pigs (Fitzgerald, 2012; Aires-de-Souza et al., 2017),
it is less frequently found in wild boar (Monecke et al., 2016; Silva et al., 2020; Plaza-Rodr�ıguez et al.,
2021). It is unclear whether CC398 has a true reservoir in any wildlife species but due to its proven
low host specificity, making it prone to colonise various host species, it has been suggested that CC398
was originally a human methicillin-susceptible S. aureus (MSSA) that has adapted to livestock,
acquiring methicillin and several other resistances (Price et al., 2012), and is now spreading to wildlife
(Silva et al., 2020).

An especially interesting MRSA lineage is CC130, not only because it is one of the most common
found MRSA lineages among wildlife but it also typically carries the mecC gene, instead of the common
mecA gene conferring methicillin resistance (Monecke et al., 2016; Silva et al., 2020), and it is
furthermore considered a cattle-adapted lineage (Fitzgerald, 2012; Aires-de-Souza et al., 2017; see
also Parameter 6 in this section). CC130 has been described in birds (stork, magpies, vultures, teals)
and large mammals (deer, wild boar, ibexes); however, it appears to be of particular importance in
small mammals, having been found in otters and foxes, yet finding its likely main wildlife reservoir in
rodents (rats, wild mice, maras), lagomorphs (hares, rabbits) and hedgehogs (Monecke et al., 2016;
Heaton et al., 2020; Silva et al., 2020; Dube et al., 2021). Interestingly, the lineage seems limited to
(Western) Europe (Monecke et al., 2016).

In addition, the CC425 lineage appears to be shared among wildlife and cattle. It has been
described as a cattle lineage (Fitzgerald, 2012) and in wildlife ST425 strains have been found in deer,
wild boar, foxes, badgers, ibexes, rabbits and vultures (Heaton et al., 2020), typically as MSSA, with
occasional RoIs (against penicillin, erythromycin, lincosamides, co-trimoxazole/trimethoprim and
tetracycline). mecC-MRSA ST425 isolates have been reported in wild boar and fallow deer (Heaton
et al., 2020).

It has been suggested that mecC-MRSA is a general wildlife rather than livestock-associated MRSA,
with a main reservoir in European hedgehogs (Becker et al., 2014; Monecke et al., 2016; Dube et al.,
2021). Recently, it has even been suggested that mecC-methicillin resistance in S. aureus has evolved
in hedgehogs in the pre-antibiotic era, possibly as a co-evolutionary adaptation of S. aureus to
colonisation of dermatophyte-infected hedgehogs (Larsen et al., 2022).

A potential wildlife reservoir of S. aureus CC133 is noteworthy. CC133 is considered a ruminant-
(Fitzgerald, 2012) or even ungulate-associated lineage (Smyth et al., 2009). In wildlife, it typically
appears as MSSA with occasional RoIs (penicillin, erythromycin, tetracycline, co-trimoxazole/
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trimethoprim) and has been found in various mammals (maras, capybaras, wild boar, deer, mouflon,
tapirs, wild goats and lions) and birds (vultures, stork, teals, ducks). In Tunisia, CC133 appeared to be
the predominant lineage in donkeys; the isolates were all identified as MSSA with various RoIs,
including against fusidic acid (Gharsa et al., 2012).

Several other S. aureus lineages might have a wildlife reservoir: most relevant are CC97, of which
isolates phenotypically related to cattle isolates have been found in roe deer and wild Norway rats;
ST8, considered as typically human but having adapted to horses and repeatedly isolated from wildlife
such as chimpanzee (captive), European pine marten, Norway rats, red fox, semi-captive short-finned
pilot whales and Canada goose; and ST5, also considered typically human but having adapted to
poultry and apparently spreading in wild fowl (Hower et al., 2013; Monecke et al., 2016; Nowakiewicz
et al., 2016; Heaton et al., 2020).

Parameter 6 – Domestic reservoir species (or family/order)

In 2012, Fitzgerald published an overview of livestock-associated S. aureus sequence types and
their host species (including humans). This is reproduced in Table 4.

Since then, multiple publications have largely confirmed these findings, and it still represents the
major S. aureus lineage–host relations known of in domestic animals (Smith, 2015; Feltrin et al., 2016;
Wang et al., 2018; Leijon et al., 2021). Note that little added value is to be expected from including
information on antimicrobial resistance to this list, since it is focussing on host specificity and
antimicrobial resistance as such is not associated with host specificity, the latter being rather
determined by genetic adaptations in terms of host–bacteria interaction (Haag et al., 2019).
Antimicrobial resistance in host-specific lineages is to be considered the result of a selection pressure,
suggesting that all possible resistances might at some point be found in isolates of that lineage in that
host species under the ‘right’ circumstances (Haag et al., 2019), and the host at that moment
functioning as a reservoir. Indeed, in most of the lineages in the list, various resistance profiles have
been described and virtually all have been found as MRSA as well as MSSA in the suggested host
species (see the references provided below).

A notable exception might be CC398, which is the predominant MRSA in domestic animals, with
several additional RoIs. Carriage rates are particularly high in pigs and veal calves generally without
causing infections (Vandendriessche et al., 2013; Tenhagen et al., 2014; Haag et al., 2019). A subclone
(‘the equine clinic clade’), epidemiologically associated with infections in horses and typically
gentamicin-resistant, has been described (Abdelbary et al., 2014; Cuny and Witte, 2017; Islam et al.,
2017). It has been suggested that MRSA CC398 is replacing the CC8 lineage in horses (Cuny and
Witte, 2017). AlUNMRSA CC398 might be emerging (Aires-de-Sousa et al., 2017).

MRSA CC8 itself is assumed to have originated from humans and adapted to horses quite recently
(Cuny and Witte, 2017). There might also be a cattle-adapted CC8 lineage (Boss et al., 2016).

Table 4: S. aureus genetic lineages and reservoir domestic animal species

ST Host species

ST1 Human, cow, horse, chicken

CC5 Human, chicken, turkey
ST8 Human, horse, cow

ST9 Pig, chicken
CC97 Cow, human

ST121 Human, rabbit
CC126 Cow

CC130 Cow, sheep
CC133 Sheep, goat, cow

CC385 Chicken, wild birds
ST398 Pig, human, cow, chicken, horse

ST425 Cow
CC705, including ST151 Cow

ST1464 Sheep

CC: clonal complex; ST: sequence type.
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As noted, CC130 is considered an archetypical ruminant lineage, sharing a common ancestor with
CC705, a lineage typical for cattle (Boss et al., 2016; Grunert et al., 2018). Yet, it might need to be
considered general animal-associated rather than livestock- (or bovine-) associated. CC130 is one of
the most typical MRSA lineages harbouring mecC, also in domestic animals (Paterson et al., 2014a).

CC97 is one of the most common bovine lineages, and is found sometimes as MRSA (Luini et al., 2015;
Feltrin et al., 2016; Locatelli et al., 2017) but might be mostly MSSA (Akkou et al., 2018; Wang et al., 2018).
MRSA-CC97 appears also to be of importance in pigs in certain countries (Feltrin et al., 2016).

Some additional lineages might be emerging in specific hosts: CC22-MRSA in cattle (Akkou et al.,
2018; Magro et al., 2018) and possibly also horses (Cuny and Witte, 2017), and ST612-MRSA in horses
(Murphy et al., 2019). CC9 is a genotype predominant among MRSA from pigs in Asia (Haag et al.,
2019) but has recently been found as an MSSA subtype with a high within-herd prevalence, persisting
for years in dairy herds with notable resistances to pirlimycin, erythromycin and marbofloxacin
(Grunert et al., 2018).

Finally, ST1 and ST5 are also frequently detected in animals, including dairy cattle where they are
mostly suggested to have originated from human contacts (Schnitt and Tenhagen, 2020). Notably, a
poultry ST5 clade has been described to have evolved from a human-to-poultry jump several decades
ago (Lowder et al., 2009).

3.1.1.2. Article 7(a)(ii) The morbidity and mortality rates of the disease in animal
populations

Morbidity

Parameter 1 – Prevalence/incidence

For this parameter, non-infection related presence (referred to in the table as ‘carriage’) is
differentiated from presence in subclinical or clinical infections (‘disease’); for the latter for cows, a
distinction is made between presence in ‘milk/subclinical mastitis/clinical mastitis’ (which are in practice
milk samples originating from the udder or from the bulk tank) and ‘other infections’.

Results on ‘carriage’ and ‘(other) infections’ in cattle and horses are presented at animal level (%
cows/horses with AMR S. aureus among all cows/horses sampled) or farm/clinic level (% farms/clinics
with AMR S. aureus among all farms/clinics sampled). Results on ‘milk/subclinical mastitis/clinical mastitis’
can additionally be presented at quarter level (% quarter milk samples with AMR S. aureus in all quarter
milk samples taken). Almost all results are prevalence data; incidence data of AMR S. aureus were found
only in horses (incidence rates, IR). Prevalence data mostly are point prevalence data; this is important as
e.g. Graveland et al. (2012) illustrated that MRSA (CC398) prevalence in white veal calves (nasal and
rectal carriage) on three farms ranged from 9% to 14% directly after arrival on the farm to 63–96% at the
end of the study period (� 126 days later), with even 100% carriers in between in one farm.

Table 5: Prevalence/incidence of AMR S. aureus with RoIs for this fact sheet in cattle, ranked per
country and year of the publication

Prevalence/
incidence

Type
Geographical
area

Time period RoI(a)
Population
remarks

Reference

Carriage (nose/skin/udder)

AL: 64%/FL: 90% NA Belgium August 2009–
May 2011

MRSA 200 veal calves
from 20 herds

Vandendriessche
et al. (2013)

AL: 5%/FL: 30% NA Belgium August 2009–
May 2011

MRSA 100 beef cows
from 10 herds

Vandendriessche
et al. (2013)

AL: 1%/FL: 10% NA Belgium August 2009–
May 2011

MRSA 100 dairy cows
from 10 herds

Vandendriessche
et al. (2013)

FL: 9.9% NA Belgium 2012 MRSA 141 dairy farms Nemeghaire
et al. (2014)

FL: 10.2% NA Belgium 2012 MRSA 187 beef farms Nemeghaire
et al. (2014)

FL: 46.1% NA Belgium 2012 MRSA
CC398

104 veal calf
farms

Nemeghaire
et al. (2014)
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Prevalence/
incidence

Type
Geographical
area

Time period RoI(a)
Population
remarks

Reference

AL: 35.1% (2009)/
45.0% (2012)

NA Germany 2009–2012 MRSA 350/320 veal
calves at
slaughter

Tenhagen et al.
(2014)

AL: 8.7% NA Germany 2009–2012 MRSA 288 beef cows
at slaughter

Tenhagen et al.
(2014)

AL: 22.7% NA Germany November
2018–
December
2020

MRSA
CC398

20 herds
previously
MRSA-positive,
201 milk-fed
calves

Schnitt et al.
(2020)

AL: 9.1% NA Germany November
2018–
December
2020

MRSA
CC398

20 herds
previously
MRSA-positive,
187 post-
weaning calves

Schnitt et al.
(2020)

AL: 8.9% NA Germany November
2018–
December
2020

MRSA
CC398

20 herds
previously
MRSA-positive,
191 pre-fresh
heifers’ nose

Schnitt et al.
(2020)

AL: 6.5% NA Germany November
2018–
December
2020

MRSA
CC398

20 herds
previously
MRSA-positive,
170 pre-fresh
heifers’ udder

Schnitt et al.
(2020)

AL: 3.9% NA Netherlands MRSA
CC398

411 cows at
slaughterhouse

van Duijkeren
et al. (2014)

Milk/subclinical mastitis/clinical mastitis

AL: 0–7.4% SCM Belgium February–April
2008

MRSA
CC398, AG,
LS, ML,
TMP

All lactating
cows in 5 herds

Vanderhaeghen
et al. (2010a)

IRCM: 0.5 CM Belgium
(Flanders)

2012–2013 S. aureus 42 randomly
selected dairy
herds

Verbeke et al.
(2014)

FL: 2.2% BTM England and
Wales

November
2011–October
2012

mecC MRSA BTM samples,
465 farms

Paterson et al.
(2014b)

FL: 4.4% BTM Germany 2009–2010 MRSA
CC398

28/635 farms,
part of national
monitoring

Kreausukon
et al. (2012)

AL: 28.6% SCM Germany
(Bavaria)

Not specified mecC MRSA 16/56 lactating
cows, single
farm

Schlotter et al.
(2014)

AL: 1.4%–16.7% SCM Germany June 2008–
April 2009

MRSA
CC398

3 farms,
sampled twice,
40–162 animals

Spohr et al.
(2011)

FL: 10% (2010) BTM Germany 2009–2010 MRSA 30 BTM samples
from certified
dairy farms,
allowed to sell
raw milk to
consumers but
required to take
additional
hygienic
measures

Tenhagen et al.
(2014)
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Prevalence/
incidence

Type
Geographical
area

Time period RoI(a)
Population
remarks

Reference

FL: 4.1% (2009)/
4.7% (2010)

BTM Germany 2009–2010 MRSA 338/297 BTM
samples from
conventional
dairy farms

Tenhagen et al.
(2014)

QL: 2.9% SCM Germany November
2018–
December
2020

MRSA
CC398

20 herds
previously
MRSA-positive,
2,347 QMS from
597 cows

Schnitt et al.
(2020)

AL: 7.9% SCM Germany November
2018–
December
2020

MRSA
CC398

20 herds
previously
MRSA-positive,
2,347 QMS from
597 cows

Schnitt et al.
(2020)

FL: 8.3%–10% BTM Greece (North) 2016–2017 MRSA, ERY,
TRIM

1/12 and 1/10
dairy farms

Papadopoulos
et al. (2018,
2019)

FL: 7% BTM Italy (North) March 2010 MRSA 27 dairy farms Locatelli et al.
(2016)

FL: 3.8% BTM Italy (North) July 2012–
October 2013

MRSA 32/844 farms
out of total of
7,008 dairy
farms in
Lombardy

Cortimiglia et al.
(2016)

AL: 4.8%–60%

QL: 2.1%–28.2% SCM Italy (North) April–July
2010

MRSA, ENR,
ERY, CLI,
GEN

(Part of)
lactating cows
on 2 farms,
close pig contact

Locatelli et al.
(2017)

AL: 16.7% SCM Italy
(Lombardy)

Not specified MRSA, FQ,
KAN

4/24 lactating
cows in single
farm

Magro et al.
(2018)

AG: aminoglycosides; AL: animal level; BTM: bulk tank milk; CC: clonal complex; CLI: clindamycin; CM: clinical mastitis; ENR:
enrofloxacin; ERY: erythromycin; FL: farm level; FQ: fluoroquinolones; GEN: gentamicin; IRCM: incidence rate of clinical mastitis;
KAN: kanamycin; LS: lincosamides; ML: macrolides; MRSA: methicillin-resistant S. aureus; NA: not applicable; NOR: norfloxacin;
QL: quarter level; SCM: subclinical mastitis; TMP: trimethoprim.
(a): When no MRSA ST/CC is indicated, another type than CC398 was detected (along with CC398).

Table 6: Prevalence/incidence of AMR S. aureus with RoIs for this fact sheet in horses, ranked per
country and year of the publication

Prevalence/
incidence

Geographical
area

Time period RoI(a) Population remarks Reference

Carriage (nose/skin)

AL: 10.9% Belgium, France,
Luxembourg,
Netherlands

March–July 2007 MRSA CC398,
TET, GEN

110 horses upon
submission, Veterinary
Teaching Hospital

van den
Eede et al.
(2009)

AL: 0.5% Belgium (East/
West Flanders)

January–March
2008

MRSA CC398,
TET

Convenience sample,
189 horses from 10
farms (15–21 animals
per farm)

van den
Eede et al.
(2012)
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Noteworthy, a recent meta-analysis estimated the global, pooled point prevalence of MRSA in
bovine subclinical/clinical mastitis as 4.3% (95% CI: 3.2–5.5), with the highest prevalence in Asia
(6.5%, 95% CI: 4.3–9.0) and the lowest prevalence in Europe (1.2%, 95% CI: 0.2–2.8) as well as a
significantly higher prevalence in clinical mastitis (5.9%, 95% CI: 3.1–9.4) compared with subclinical
mastitis (2.85, 95% CI: 1.6–4.4), and in cases published between 2016 and 2020.

(5.3%, 95% CI: 3.6–7.3) compared with between 2012 and 2015 (3.8%, 95% CI: 1.8–6.5), and
between 2005 and 2011 (1.8%, 95% CI: 0.6–4.9) (Zaatout and Hezil, 2021).

It should also be noted that several studies from various countries worldwide have reported a lack
of MRSA colonisation in horses outside the hospital setting (Yasuda et al., 2002; Baptiste et al., 2005;
Busscher et al., 2006; Vengust et al., 2006; Burton et al., 2008; Tirosh-Levy et al., 2015). Yet, Baptiste
et al. (2005) suggested that MRSA should be present in the general horse population in the UK, based
on the diversity of MRSA isolates found in hospitalised horses. Moreover, a point prevalence study of
MRSA colonisation of horses on farms in Ontario, Canada and New York state, USA reported isolation
of MRSA from 46/391 (12%) of horses from farms with a history of MRSA infection or colonisation,
including one farm where 45% of horses were colonised (Weese et al., 2005b).

Prevalence/
incidence

Geographical
area

Time period RoI(a) Population remarks Reference

AL: 2.7% Canada October 2002 –
June 2004

MRSA 2,283 horses upon
submission, Veterinary
Teaching Hospital

Weese et al.
(2006)

Nosocomial IR:
23/1,000
admissions

Canada October 2002 –
June 2004

MRSA Horses during
hospitalisation,
Veterinary Teaching
Hospital

Weese et al.
(2006)

AL: 4.2%/FL:
9.5%

Denmark (Funen
and Zealand)

April–August 2015 MRSA, GEN 17/401 horses from
7/74 farms

Islam et al.
(2017)

AL: 0.9%/FL:
8.7%

Germany
(Northwest)

May 2015–March
2016

MRSA, GEN,
TET, T/S

223 horses from 23
farms

Kaspar et al.
(2019)

AL: 50% Israel September 2012 MRSA, CIP, GEN 14 hospitalised horses,
single hospital,
Veterinary Teaching
Hospital

Steinman
et al. (2015)

AL: 7.2% Israel November 2007–
April 2009

MRSA ST5, CIP,
GEN

83 hospitalised horses,
single hospital,
Veterinary Teaching
Hospital

Tirosh-Levy
et al. (2015)

AL: 54% Pakistan Not specified MRSA, CIP 150 horses from a
race club (100), a
hospital (35) and a
farm (15)

Waqar et al.
(2019)

Infections

Nosocomial IR:
1.8/1,000
admissions

Canada October 2002–
June 2004

MRSA Horses during
hospitalisation,
Veterinary Teaching
Hospital

Weese et al.
(2006)

AL: 13.6% Germany October 2015–
September 2016

MRSA, TET,
GEN, FQ, T/S

44 horses with clinical
signs of conjunctivitis/
blepharitis (n = 8),
keratitis (n = 9) or
uveitis (n = 29)

Soimala
et al. (2018)

AL: 6.3% UK January 2011–May
2016

CC 398 MRSA Surgical site infections,
one equine clinic

Bortolami
et al. (2017)

AL: animal level; CC: clonal complex; CIP: ciprofloxacin; FL: farm level; FQ: fluoroquinolones; GEN: gentamicin; IR: incidence
rate; MRSA: methicillin-resistant S. aureus; TET: tetracycline; T/S: trim-sulfa antimicrobials.
(a): When no MRSA ST/CC is indicated, another type than CC398 was detected.
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Parameter 2 – Case morbidity rate (% clinically diseased animals out of infected ones)

For this parameter, morbidity was understood as ‘causing clinical signs’ and cases as ‘the number of
animals where AMR S. aureus was present’ (hence, including healthy carriage, non-clinically infected
and clinically infected). Rates all pertain to animal level.

It appears such case morbidity data of AMR S. aureus pertaining to mastitis (hence: number of
cows with clinical mastitis due to AMR S. aureus out of the total number of cows with S. aureus IMI
and/or S. aureus carriage) are extremely rare. Several studies describe resistance profiles of only a
selection of clinical mastitis S. aureus isolates, or provide inadequate denominator data to calculate the
case morbidity rate, and/or lack data about resistance (e.g. Waage et al., 1999; Gr€ohn et al., 2004;
Pitk€al€a et al., 2004; Bradley et al., 2007; Bengtsson et al., 2009; Verbeke et al., 2014; de Jong et al.,
2018). No other data were found allowing assessment of case morbidity rates associated with mastitis
or other bovine infections.

Mortality

Parameter 3 – Case fatality rate

Very little data are available to assess the case fatality rates associated with AMR S. aureus
infections in cattle or horses. In dairy cows, culling is often applied in chronic S. aureus IMI (see
Parameter 1 in Section 3.1.1.4) but that type of ‘fatality’ was not considered as applicable to include in
Table 8 (besides, there are little quantitative data available on the rate of culling due to S. aureus in
general and for AMR S. aureus in particular). Fatal S. aureus mastitis cases are known on an anecdotic
basis (Rainard et al., 2018), which does not fit the purpose of assessing rates. No other data were
found allowing assessment of case fatality rates associated with mastitis or other bovine infections.

To get some insight, it should be noted that S. aureus mastitis is commonly subclinical and when
clinical cases occur, clinical signs are varying but generally mild (Rainard et al., 2018). However, (very)
severe, peracute cases can occur, as gangrenous mastitis causing necrosis of the udder quarter and
severe systemic signs, requiring euthanasia (R€uegsegger et al., 2014; Rainard et al., 2018; �Avall-
J€a€askel€ainen et al., 2021). In Finland, among S. aureus isolates from very severe bovine mastitis cases
(of which 11 died or were euthanised) during the years 2011–2018 in the Ambulatory Production
Animal Clinic of the Faculty of Veterinary Medicine, University of Helsinki, 14 isolates associated with
the most severe clinical signs were selected for a genomic analysis study comparing with isolates from
less severe clinical and subclinical mastitis cases (�Avall-J€a€askel€ainen et al., 2021). None of the isolates
harboured the blaZ, mecA or mecC genes responsible for b-lactam resistance, but the norA gene
conferring quinolone resistance and the tet(38) gene encoding tetracycline resistance were found in all
isolates.

With respect to culling, in a field evaluation of sanitation approaches for 19 Swiss farms selected as
positive for a specific S. aureus genotype dubbed genotype B (GTB), Sartori et al. (2018) found culling
rates (defined as total number of cows culled – because S. aureus GTB-positive – divided by the total
number of cows tested S. aureus GTB-positive over all samplings, with cows sampled positive several
times being counted only once) between 0% and 71%, with a median culling rate of 17%.
Antimicrobial resistance data for the strains involved on the different farms were not provided,
although an overall very high cure rate of 93% was found for the recommended treatment protocol,
suggested to be the result of the use of aminoglycoside antimicrobials because aminoglycoside
resistance was known to be low (Sartori et al., 2018). In a single Italian herd, of 4/24 animals with
MRSA IMI, two of the animals were culled 7–8 weeks after first detection (Magro et al., 2018).

Table 7: Case morbidity rates of AMR S. aureus with RoIs for this fact sheet in infections of horses

Case
morbidity
rate

Geographical
area

Time period Resistances
Population
remarks

Reference

8.3% Belgium, France,
Luxembourg,
Netherlands

March–July 2007 MRSA CC398,
TET, GEN

1/12 carriers
with infected
wound

van den Eede et al.
(2009)

16% Canada October 2002–June
2004

MRSA 10/61 horses Weese et al. (2006)

CC: clonal complex; GEN: gentamicin; MRSA: methicillin-resistant S. aureus; TET: tetracycline.
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For the table below, ‘case’ was understood as the presence (hence, including healthy carriage, non-
clinically infected and clinically infected) of AMR S. aureus.

3.1.1.3. Article 7(a)(iii) The zoonotic character of the disease

Parameter 1 – Report of zoonotic human cases (anywhere)

In a recent systematic review and meta-analysis, human exposure to livestock was significantly
associated with an increased risk of MRSA carriage (pooled odds ratio of 7.03), with a cattle-specific
OR of 5.66 and a horse-specific OR of 2.28 (Liu et al., 2020). With increasing frequency of livestock
exposure, risk of MRSA carriage increased (Liu et al., 2020). A similar study found a pooled OR for LA-
MRSA carriage among livestock workers and veterinarians of 9.80, with an OR of 11.62 for cattle
workers and of 7.45 for horse workers specifically (Chen and Wu, 2021). In addition, slaughterhouse
workers are at increased risk of carriage (Becker et al., 2017; Chen and Wu, 2021).

There are indeed numerous reports of (suspected) zoonotic cases of AMR S. aureus from cattle or
horses. In some cases, similar strains of suspected animal origin were detected in humans and in
cattle or horses that had (direct) contact (van Duijkeren et al., 2011; van den Eede et al., 2013;
Vandendriessche et al., 2013; Krukowski et al., 2020). Other studies looked at population level, with
assumed animal AMR S. aureus strains found in people, without investigating the (suspected) reservoir
animals (Deiters et al., 2015; Alekish et al., 2020). It is unfeasible to give a comprehensive overview of
all the existing reports here, but in several papers, zoonotic cases of AMR S. aureus, including cases
originating from horses and cattle, are reviewed (Smith and Wardyn, 2015; Cuny et al., 2016; Cuny
and Witte, 2017; Goerge et al., 2017; Haag et al., 2019; Dong et al., 2021).

The bulk of reports involve S. aureus CC398, predominantly MRSA. When present in horses, it is
often found in human contacts and it poses a risk for veterinary personnel working in equine clinics
(Cuny and Witte, 2017). Remarkably, although MRSA CC398 has in several studies been detected in
cow (mastitis) milk (Schnitt and Tenhagen, 2020) and it is in general considered primarily an
occupational health risk to farm workers and veterinarians, transfer of MRSA CC398 from dairy cows to
humans is infrequently described (Goerge et al., 2017; Krukowski et al., 2020). Among cattle, veal
calves seem to pose the greatest risk for transmission (Graveland et al., 2010; Vandendriessche et al.,
2013), with even higher antimicrobial resistance levels in veal calf-related MRSA CC398 strains than in
strains from pigs (Vandendriessche et al., 2013).

Zoonotic cases involving other AMR S. aureus lineages have also been reported (Spoor et al., 2013;
Cuny and Witte, 2017; Wang et al., 2018; Tomao et al., 2020). However, with both animals and
humans being natural hosts of various, sometimes overlapping lineages of S. aureus, the direction of
transfer is not always obvious (Juh�asz-Kaszanyitzky et al., 2007; Murphy et al., 2019; Tomao et al.,
2020). In addition, MRSA CC398 might actually be introduced in cattle or horses as a spillover event
mostly from pigs, through the veterinarian (Krukowski et al., 2020) or owner (Locatelli et al., 2016,
2017).

Zoonotic cases of MRSA in humans, including from horses and cattle, mostly result in asymptomatic
and possibly intermittent carriage (Cuny et al., 2016; Cuny and Witte, 2017; Goerge et al., 2017; Chen
and Wu, 2021). Yet, there are several reports of infections with CC398 and other types of MRSA after
suspected zoonotic transfer from cattle or horses, sometimes very serious and even fatal (Becker
et al., 2017; Goerge et al., 2017). A dairy cattle farmer was identified with necrotising fasciitis

Table 8: Case fatality rates of AMR S. aureus with RoIs for this fact sheet in horses

Case-fatality
rate

Geographical
area

Time period Resistances
Population and infection
remarks

Reference

1.3% Canada 2000, 2002 MRSA 79 horses from hospital and
farms; 1 dead horse due to
severe osteomyelitis

Weese et al.
(2005a)

1.5% USA 2007–2017 MRSA Convenience sample of 65 S.
aureus isolates from horses,
Texas A&M University Veterinary
Medical Teaching Hospital;
secondary infection at site of
previous erythema multiforme
and bronchopneumonia,
synovitis, abscesses

Little et al.
(2021)
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(Soavi et al., 2010). Cases of wound and urinary tract infection by MRSA CC398 from horses were
described in the Netherlands (van Duijkeren et al., 2011; Overbeek et al., 2017). In livestock-dense
regions, CC398 take in a high proportion of MRSA in screening samples upon hospital admission or in
infections (Cuny and Witte, 2017; van Alen et al., 2017). A CC130 mecC-MRSA strain with suspected
cow origin was found causing an invasive bone infection in a French man (Barraud et al., 2013). Also
in Denmark, ST130 mecC-MRSA strains from cows and sheep were identified from human infections
(Harrison et al., 2013).

A longer-term risk of zoonotic transfer is the development of host adaptation, with the potential to
introduce new clones with the capacity for pandemic spread in humans. This has been described from
MSSA/MRSA CC97 that originated from bovines (Spoor et al., 2013).

3.1.1.4. Article 7(a)(iv) The resistance to treatments, including antimicrobial resistance

Parameter 1 – Resistant strain to any treatment, even at laboratory level

Due to the presence of mecA, MRSA CC398 is per definition resistant to all b-lactam antibiotics, a
widely used antimicrobial class in treatment of cattle IMI and horse SSTI (Boyen et al., 2013; Rainard
et al., 2018). In addition, MRSA CC398, regardless of animal species and isolation from healthy or
diseased animals, carriage or infection sites, is typically resistant to tetracyclines, often to macrolides,
lincosamides, streptogramins, aminoglycosides and in part to cotrimoxazole (trimethoprim),
fluoroquinolones and phenicols; MRSA CC398 are typically susceptible to other antimicrobials, including
fusidic acid and mupirocin (Vanderhaeghen et al., 2010b; Haenni et al., 2014; Tenhagen et al., 2014;
Haag et al., 2019; Krukowski et al., 2020). Resistance levels appear to be particularly high in isolates
from veal calves (Vandendriessche et al., 2013; Tenhagen et al., 2014). The equine clade of MRSA
CC398 appears typically resistant to gentamicin (Cuny and Witte, 2017).

Resistance of other MRSA strains found in cattle and horses is varying. mecC-MRSA strains appear
to have little additional antimicrobial resistance to b-lactams (Paterson et al., 2014b; Haenni et al.,
2014, 2015; Lozano et al., 2020). Tetracycline resistance appeared common among non-CC398 MRSA
in veal calves, dairy and beef cattle (Tenhagen et al., 2014). ST8 MRSA in horses is typically
multiresistant, including to gentamicin (Cuny and Witte, 2017). Tirosh-Levy et al. (2015) found a
multidrug-resistant MRSA clone, ST5-SCCmec V, in 6 of 83 nasal samples of horses hospitalised in a
veterinary teaching hospital, displaying resistance to ciprofloxacin. It has been suggested that
fluoroquinolone resistance in MRSA from horses is rising in recent years compared to earlier studies, as
a possible result from selective pressure by use of fluoroquinolones in equine clinics (Cuny et al.,
2016).

Such a wide variety of resistance types among other AMR S. aureus strains from cattle and horses
has been described that it is unfeasible to list it. As noted in EFSA AHAW Panel (2021a), resistance
levels for S. aureus from IMI appear particularly high in Asia and Africa. However, pan-resistance of
AMR S. aureus from mastitis has not been described, meaning that some options remain for the
treatment of AMR S. aureus, e.g. penicillin–novobiocin and pirlimycin (EFSA AHAW Panel, 2021a).
Notably, resistance to treatment of S. aureus IMI is often not (only) due to antimicrobial resistance but
also results from factors like immune evasion, cell internalisation, biofilm formation and the forming of
small colony variants (Grunert et al., 2018; Rainard et al., 2018). Therefore, in vitro susceptibility not
necessarily results in in vivo treatment success. Also in horses, pan-resistant AMR S. aureus has not
been described.

3.1.1.5. Article 7(a)(v) The persistence of the disease in an animal population or the
environment

Animal population

Parameter 1 – Duration of infectious period in animals

The dominant pattern in S. aureus IMI is persistent infection with relatively low bacterial shedding,
with the majority of the IMIs going clinically unnoticed (Schukken et al., 2011; Rainard et al., 2018).
Most infections are chronic, frequently persisting over the ongoing lactation and possibly the following
lactations, with more or less intense clinical flare-up episodes, with sometimes an acute clinical phase
at the start. Alternatively, infections may colonise udders without clinical signs and spread furtively in
the herd (Rainard et al., 2018).

In a study of both experimentally induced and natural S. aureus IMI, a duration of at least 20 days
was found (Sears et al., 1990). It was not specified whether the IMI was resolved with antimicrobial
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treatment. In a Dutch herd, an overall median duration of S. aureus IMI, including chronic and
transient cases but excluding samples within 14 days after antimicrobial treatment for mastitis, of 30
(95% CI: 20–45) days was found, but specifically for chronic S. aureus IMI the median duration was
found to be 95 (95% CI: 72–125) days (Deng et al., 2021); the authors however stated that it was
likely that they underestimated the duration of IMI due to biased data (left truncation and right
censoring). Indeed, other studies reported durations of S. aureus IMI of 64–91 days, with cured
animals comprising both spontaneously cured animals and treated animals (Kirkeby et al., 2019),
128 days including only untreated subclinical IMI (Dalen et al., 2019) and 136–178 days (Lam et al.,
1996; information on antimicrobial treatment unclear). The definition of IMI (taking transient IMI along
with chronic IMI into account), the duration of the study and the type of milking system are factors
that can contribute to the differences among these results (Deng et al., 2021). In all these studies, it
was not elucidated whether the S. aureus strains involved were AMR or not.

Clearly, S. aureus IMI can have a very long duration. In a single herd in Brazil with Jersey and
Holstein Friesian dairy cows, a CC133 MSSA strain resistant to ciprofloxacin persisted for 9 months
(Rossi et al., 2019). Another fully susceptible SA CC126 strain persisted for 4 months. However, in an
Austrian farm, MSSA CC705 and CC9 strains with (phenotypical) resistance to marbofloxacin,
erythromycin and pirlimycin were found to persist over several years (Grunert et al., 2018). While it is
generally poorly understood to what extent duration of IMI is driven by host or pathogen, antimicrobial
resistance is an obvious pathogen factor (Rainard et al., 2018). It has been shown that the cure rate
of S. aureus IMI is lower for penicillin-resistant isolates regardless of the antimicrobial molecule used
for treatment, but the mechanisms underlying this association remain unknown (Rainard et al., 2018).

Little is known on the duration of and shedding of AMR S. aureus from SSTI in horses. A study
testing honeybee lactic acid as treatment for chronic SSTI included several horses with SSTI lasting for
over 1 year that were infected with S. aureus, among other pathogens (Olofsson et al., 2016).

Parameter 2 – Presence and duration of latent infection period

It is unclear whether there is a real latent infection period after contracting (AMR) S. aureus.
Experimentally induced S. aureus IMI in cows exhibit short incubation periods (12–48 h) with most
strains, even with low inoculum (< 1,000 colony forming units), before S. aureus is detectable in milk
samples (Rainard et al., 2018). Shedding is almost continuous but with irregular, cyclical patterns and
low numbers in many subclinical cases. Consequently, the sensitivity of a single milk sample to allow
determination of the infection status of a gland is not perfect, particularly when employing a typical
sample volume of 10 µl. A second or third sample for bacterial culture is necessary to reach a high
sensitivity of > 95%, owing to the irregular pattern of S. aureus A shedding (Rainard et al., 2018).
Hence, these low-shedding periods might be considered latent infection periods but appear to be
irregular and unpredictable.

A latent infection period for MRSA CC398 in cattle or horses has not been reported.

Parameter 3 – Presence and duration of the pathogen in healthy carriers

Little is known about the period in which healthy animals carrying AMR S. aureus can shed the
bacteria, in both cattle and horses, and what is known comes from MRSA CC398, which may not be
representative for other AMR S. aureus strains due to its elevated host promiscuity. In a longitudinal
study of MRSA CC398 carriage in Dutch veal calves, Graveland et al. (2012) found a small number of
source animals rapidly affecting the rest of the calves, especially after releasing from their individual
housing. Yet, there were large numbers of intermittent carriers, suggesting the infectious period of a
single animal carrying MRSA CC398 is probably short but due to high level of shedding, especially from
rectal colonisation, a heavily contaminated environment, including air, contributes to frequent re-
infection events.

Also in the Netherlands, it was shown that a girl, only after avoiding contact with her foal
suspected as source of her CC398 infectious MRSA strain, kept a negative status; the horse itself had
been hospitalised at a horse clinic 2 months prior to the detection of the MRSA strain from the girl,
where it probably contracted MRSA. It became – without treatment – negative after 3 months (van
Duijkeren et al., 2011). This carriage duration is in line with the median carriage time (143 days, IQR:
111–172 days) observed in a small longitudinal study on MRSA carriage in horses with healed wounds
previously infected with MRSA (Bergstr€om et al., 2013).
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Environment

Parameter 4 – Length of survival of the agent and/or detection of DNA in selected matrices (soil,
water, air) from the environment

MRSA CC398 can be heavily present in the direct environment of cows on a farm including air and
dust (Fessler et al., 2012; Graveland et al., 2012; Locatelli et al., 2017) and of horses in clinics
(Bortolami et al., 2017). It is, however, unclear how long it can survive there. In pigs, experimental
exposition of piglets to air containing MRSA at high doses led to persistent colonisation (Rosen et al.,
2018). In experimental studies in pigs, strains could be found 42 days post-infection on the barn walls
and feeders (Cromb�e et al., 2013). MRSA CC398 has also been found in various water samples in
relation to slaughterhouses and wastewater treatment facilities (Savin et al., 2020a,b).

mecC-MRSA of CC425 and CC130 and several MSSA lineages with variable RoIs types have been
found in surface waters, of which some had a possible cattle or horse origin (Silva et al., 2021). A
study by Porrero et al. (2014) found mecC-positive S. aureus in river water after the area had been
found to be positive for ST425-mecC in wild boar and fallow deer at the same location (Porrero et al.,
2013), suggesting a shared source of exposure or transmission between the various animal species
and/or the environment.

3.1.1.6. Article 7(a)(vi) The routes and speed of transmission of the disease between
animals, and, when relevant, between animals and humans

Routes of transmission

Parameter 1 – Types of routes of transmission from animal to animal (horizontal, vertical)

Horizontal transmission is the main type of transmission of (AMR) S. aureus in cattle as well as in
horses.

When (AMR) S. aureus is predominantly found in the nose or the rectum and young animals with
frequent contact are involved, as is the case in veal calves with MRSA CC398, both direct contact and
spread through exposure to a contaminated environment are important transmission routes (Graveland
et al., 2012). Air and/or dust might play a particularly important role (Graveland et al., 2012; Bos
et al., 2016).

When direct contact occurs less frequently, like in adult cattle or horses in veterinary clinics, indirect
animal-to-animal transmission and circulation through the contaminated environment, abiotic as well as
biotic, appears to be more important (van Duijkeren et al., 2010; van Balen et al., 2014; Steinman et al.,
2015; Rainard et al., 2018). In dairy cattle, chronically infected mammary glands represent the main
reservoir of S. aureus in herds and the pathogen is primarily transmitted during the milking process as
the bacteria are spread to uninfected quarters by teat cup liners, milkers’ hands and wash cloths
(fomites). There is no reason to assume this typical pattern would be absent for AMR S. aureus, e.g. for
MRSA. Yet, to understand the transmission pattern in a herd, hygiene practices as well as the pathogen
and host characteristics are also important (Rainard et al., 2018). The frequent occurrence of multiple
strains with low prevalence or incidence in infected herds indicates that not all infections are the result of
cow-to-cow transmission (Klaas and Zadoks, 2018; Rainard et al., 2018). These environmental reservoirs
may include bedding material, faeces and dust (Locatelli et al., 2017; Klaas and Zadoks, 2018), although
the latter might be less contaminated compared to veal calf farms (Dahms et al., 2014).

In dairy farms as well as veterinary clinics, AMR S. aureus might frequently be introduced through
indirect transmission from other animals (Brennan et al., 2016; Schnitt et al., 2020).

Indirect vertical transmission through feeding mastitis ‘waste milk’ (containing pathogens or
residues) to calves has been suggested to represent a risk for heifer mastitis but few data support this
(De Vliegher et al., 2012; Abb-Schwedler et al., 2014; Schnitt et al., 2020).

Parameter 2 – Types of routes of transmission between animals and humans (direct, indirect, including
food-borne)

Both direct and indirect transmission of AMR S. aureus between cattle and horses and humans
occurs, but direct transmission is of greater importance. Numerous reports have described similar AMR
S. aureus strains in cattle and horses and human contacts, of various genetic lineages, including but
certainly not limited to CC398. As noted, there are several interesting reviews providing further
references (Cuny and Witte, 2017; Goerge et al., 2017; Chen and Wu, 2021; Liu et al., 2020; Dong
et al., 2021). Noteworthy, transmission can go in both ways and the direction is often difficult to be
determined.
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Indirect transmission through contaminated surfaces or dust and air might also occur (van Cleef
et al., 2011; Bisdorff et al., 2012; Deiters et al., 2015; Bos et al., 2016).

Contact with and consumption of contaminated food products (carcasses, meat, milk) have been
described as possible sources of MRSA in humans (Larsen et al., 2016), but in general, it is perceived
that this poses only a minor risk (Wendlandt et al., 2013; Larsen et al., 2016; Cuny et al., 2019).

Speed of transmission

Parameter 3 – Incidence between animals and, when relevant, between animals and humans

A few studies provide data on the occurrence of new IMIs of S. aureus in dairy cows (Lam et al.,
1996; Zadoks et al., 2002; Barlow et al., 2013; Schukken et al., 2014; van den Borne et al., 2017;
Kirkeby et al., 2019). However, except for Barlow et al. (2013), these studies do not note anything
about antimicrobial resistance. It is unclear whether antimicrobial resistance would be related to
incidence, but considering that many other factors are involved in the transmission dynamics of
S. aureus IMI (hygiene practices, host factors, pathogen virulence) (Rainard et al., 2018), it seems
unlikely that any such relationship would be ‘universal’.

Lam et al. (1996) studied an S. aureus outbreak over a 20-month study period on a single dairy
farm during a split-udder trial where all right teats were disinfected post-milking and all left teats were
left as untreated controls. They found the incidence density rate (IDR), expressed as the number of
new S. aureus IMIs per number of susceptible quarter-days, was 13 of 71,129 for dipped quarters and
40 of 65,509 for control quarters, revealing a crude IDR of 0.30 (95% CI of 0.16–0.56). In a study
investigating a model for control of S. aureus mastitis in three endemically infected herds, the number
of new IMIs over 3-week intervals ranged between 0 and 7 over the herds and in time (Zadoks et al.,
2002). The other studies do not mention (single) incidence rates.

No other data were found on the incidence of (AMR) S. aureus in cattle or horses, nor on the
transmission of (AMR) S. aureus from animals to humans.

Parameter 4 – Transmission rate (b) (from R0 and infectious period) between animals and, when
relevant, between animals and humans

A few studies provide data on the transmission rate of S. aureus IMI in dairy cows, but again, these
studies do not include resistance data. Here as well, it is unclear whether ‘resistance’ would have a
‘universal’ impact on transmission. Some studies have investigated the transmission of MRSA CC398
experimentally in pigs and mink (e.g. Cromb�e et al. (2013) and Fertner et al. (2019)), but similar
studies have not been performed in cattle or horses. Transmission rates from (AMR) S. aureus from
cattle or horses to humans are also unknown.

In their split-udder trial for estimating efficacy of post-milking teat disinfection, Lam et al. (1996)
found transmission rates of 0.0032 per day for dipped quarters and 0.011 per day for control non-
dipped quarters. Zadoks et al. (2002) estimated transmission rates for new infections in uninfected
quarters of 0.007, 0.014 and 0.014 cases/quarter-day at risk in three different herds, and rates for
new infections in recovered-uninfected quarters of 0.042, 0.052 and 0.041 cases/quarter-days at risk
in those same herds. In a field trial that evaluated a diagnosis-driven treatment programme targeting
subclinical S. aureus IMI, Barlow et al. (2013) estimated the transmission rate for S. aureus at 0.00804
cases/quarter-day and 0.00448 cases/quarter-day for two different herds. In a trial assessing the
Startvac vaccine (Hipra), Schukken et al. (2014) estimated a monthly quarter-level transmission rate at
0.295, corresponding to 0.009 per quarter-day. Van den Borne et al. (2017) quantified transmission of
a specific S. aureus genotype (B) among Swiss dairy cows in nine communal pasture-based operations
and over the seven positive farms involved estimated a cow-level transmission rate of 0.0232 per day.
Kirkeby et al. (2019) investigated the transmission dynamics of S. aureus in two Danish dairy herds –
one with low prevalence and one with high prevalence of S. aureus IMI – and estimated daily quarter-
level transmission rates of 0.0132 and 0.0077 cases/quarter-day in the two herds, respectively. Finally,
Deng et al. (2021) studied transmission dynamics of S. aureus and S. agalactiae in a Dutch dairy herd
using an automated milking system. Using three different definitions of IMI, they estimated the
transmission rate for S. aureus to be within the range of 0.002 cases/quarter-days to 0.019 cases/
quarter-days.
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3.1.1.7. Article 7(a)(vii) The absence or presence and distribution of the disease in the
Union and, where the disease is not present in the Union, the risk of its
introduction into the Union

Presence and distribution

Parameter 2 – Type of epidemiological occurrence (sporadic, epidemic, endemic) at MS level

Considering that S. aureus has a highly clonal population structure and that several lineages
worldwide, and so in several European countries, have adapted to bovine (e.g. CC97, CC130, CC151,
etc.) or equine (CC8, CC398, etc.) hosts, it might appear that S. aureus has a rather pandemic
occurrence (Keane, 2019). However, from an ecological point of view, this may be questioned, since
S. aureus is a normal coloniser of skin and mucous membranes, from where it can cause opportunistic
infections. Furthermore, it is a heterogeneous organism with a high degree of adaptability (Monistero
et al., 2020), resulting in adaptations within the same lineage to different host species, e.g. CC8 (Boss
et al., 2016; Cuny and Witte, 2017) or environments (Rainard et al., 2018). Moreover, in numerous
studies, sublineages of the common lineages or several uncommon, local or sporadic lineages have
been detected in cattle or horses (Nemeghaire et al., 2014; Gu�erin et al., 2017; Locatelli et al., 2017;
Mama et al., 2019). Hence, it might make more sense to describe the occurrence of (AMR) S. aureus
in cattle and horses in Europe and worldwide as endemic. Indeed, as shown in Section 3.1.2.1 later
on, AMR S. aureus with RoIs has been described from most European countries. The presence of
antimicrobial resistance makes in this sense no difference. In theory, as will be the case for most of
the RoIs of this fact sheet, antimicrobial resistance in S. aureus should be considered an adaptation to
a selection pressure, occurring in the locally residing strains (Price et al., 2012). The emergence of
methicillin-resistant strains, and specifically MRSA CC398, might seem different with an apparent clonal
spread over various animal species as colonisers and occasional infection-causing agents. However,
even if it would be assumed that its emergence and rapid spread over various species, countries and
continents was due to a limited number of genetic variants, recent studies show in reality an enormous
variety of sublineages exists (Glasner et al., 2013; Bosch et al., 2015; van Alen et al., 2017), likely
endemically associated with specific reservoirs, regions or even farms and clinics (Lienen et al., 2021).

Risk of introduction

MRSA CC398 and numerous other (AMR) S. aureus (sub)lineages reside and can cause infections in
cattle and horses virtually all over Europe. Therefore, this section is not applicable.

3.1.1.8. Article 7(a)(viii) The existence of diagnostic and disease control tools

Diagnostic tools

Parameter 1 – Existence of diagnostic tools

To investigate carriage of (AMR) S. aureus in cattle and horses requires, as in other animals,
samples from the nose, skin, mucous membranes or other exterior body locations, like the guttural
pouch or the rectum (Graveland et al., 2012; Boyle et al., 2017). Van den Eede et al. (2013)
investigated three nasal locations from horses (the left nasal vestibulum, the diverticulum and the
ventral meatus) and found the likelihood of detecting an MRSA-positive animal was highest following
sampling of the vestibulum. Deep sampling, of the ventral meatus, has not significantly worse results,
but the more proximal sampling technique is easily accessible, well-tolerated by the patient and
delivers results at least as good as the deep sampling method indicating that the nasal vestibulum is
the optimum sampling location for equine MRSA screening.

To isolate (AMR) S. aureus from infections, tissue samples of infection sites are required. For
detection of IMI, milk samples are required. Due to the typical shedding pattern of S. aureus IMI, two
or three consecutive milk samples are preferable (Rainard et al., 2018). Samples require standard
treatment for preservation and transport to the lab.

Diagnosis of mastitis (the inflammation resulting from the IMI of the pathogen) is based on SCC,
bacteriological results and view of the udder and milk, as well as temperature of udder and animal
(Dohoo et al., 2011; Ruegg, 2017; Rainard et al., 2018).

Standard bacteriological culturing and identification methods should be applied. S. aureus is a
typically coagulase-positive organism, allowing to differentiate it from the large group of coagulase-
negative staphylococci which are the most important pathogens in bovine subclinical mastitis
(Vanderhaeghen et al., 2015). It has characteristic small white-yellow b-haemolytic colonies on blood
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agar. Recently, selective chromogenic culture media for rapid identification of microorganisms,
including S. aureus, specifically from samples of bovine mastitis have been tested (Garcia et al., 2021;
Granja et al., 2021). Also for selective growth of MRSA, chromogenic agars are commercially available
(Pletinckx et al., 2013). In general, increased sensitivity is obtained when using selective liquid
enrichment methods. In recent decades, identification of S. aureus is commonly confirmed by gene
detection (PCR or micro-array) for genus-specific (16S rRNA) and species-specific sequences (e.g. spa,
nuc, rpoB) (Maes et al., 2002; Spanu et al., 2011; EFSA, 2012). Some other molecular identification
techniques are more and more used, e.g. matrix-assisted laser desorption ionisation–time-of-flight
mass spectrometry (MALDI-TOF MS) (Spanu et al., 2011; Hansen et al., 2019).

Determination of antimicrobial resistance can be done pheno- and genotypically. The standard
phenotypical methods (disk diffusion, minimum inhibitory concentration (MIC) determination, E-tests)
are available. Automated systems can be used, e.g. VITEK 2 (bioM�erieux) (Felten et al., 2002; Schmitt
et al., 2020). To identify methicillin resistance, testing for cefoxitin resistance is the current
phenotypical standard. Another phenotypic test is the latex agglutination test, for detection of pbp2a
(Felten et al., 2002). Detection of the mecA gene can be done for confirmation and is nowadays often
performed as a standard. Care must be taken as methicillin resistance can also be caused by the mecC
gene (Becker et al., 2014).

A multitude of resistance and virulence genes have been described for which PCR or micro-arrays
have been developed (Monecke et al., 2007; Kadlec et al., 2012; Schmitt et al., 2020). Whole genome
sequencing (WGS) is also more and more used as a tool to scan for resistance (and virulence) genes
(e.g. Hansen et al., 2019).

Parameter 2 – Existence of control tools

Epidemiological typing tools are an essential starting point for a well-founded control of (AMR)
S. aureus. A multitude of typing tools for (AMR) S. aureus has been described, with various resolution
power (Zadoks et al., 2011). Fingerprinting methods such as pulsed-field gel electrophoresis, amplified
fragment length polymorphism, restriction fragment length polymorphism, random amplification of
polymorphic DNA and multiple-locus variable number tandem repeat analysis have a high
discriminatory power, allowing for small-scale epidemiological research (Rasschaert et al., 2009;
Sakwinska et al., 2011; Zadoks et al., 2011; Gurjar et al., 2012). spa typing and multilocus sequence
typing (MLST) (used for distinguishing sequence types, grouped in clonal complexes) are used to
identify (sub)lineages, and in combination with typing of the methicillin resistance determinant SCCmec
form a basic typing set for LA-MRSA (EFSA, 2012). In addition, micro-array and WGS can be used for
typing and epidemiological analyses (Zhou et al., 2018; Lienen et al., 2021).

To prevent S. aureus mastitis, vaccines are available in Europe (STARTVAC, Hipra SA) as well as
Northern America (the Lysigin vaccine, Boehringer Ingelheim Vetmedica, Inc.). Other preventive
measures relate to hygienic, biosecurity and health management practices, adapted to the specific
farm or clinic setting. In dairy cattle, S. aureus is considered a major contagious pathogen, for control
of which mastitis control programmes have been developed (see Section 3.1.4.4), to good success
(Ruegg, 2017; Rainard et al., 2018). Yet, it can also have an environmental origin, requiring adapted
control measures, such as managing bacterial load in bedding material or choosing appropriate
bedding and housing to avoid injury (Klaas and Zadoks, 2018; Leuenberger et al., 2019). Within a
farm, multiple epidemiological types of S. aureus might be present (Leuenberger et al., 2019; Rainard
et al., 2018). The roles of extra-mammary colonisation of healthy persistent carriers and of
environmental sources as a reservoir for IMI are not well defined, and the drivers of the shift from
colonisation to IMI still need to be investigated using modern molecular epidemiological methods
(Rainard et al., 2018).

S. aureus mastitis is known to be difficult to treat and can become chronic; this might be due to
antimicrobial resistance but more typically is considered to be due to factors like immune-evasion, cell
internalisation, biofilm formation and the forming of small colony variants (Grunert et al., 2018;
Rainard et al., 2018). Culling is advised for chronic infections, especially in multiparous cows (Rainard
et al., 2018).

In horse clinics, typical nosocomial (surgery) hygienic and hospital sanitation measures are applied
in order to limit the spread of (AMR) S. aureus (Boyen et al., 2013; Steinman et al., 2015).
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3.1.2. Article 7(b) The impact of diseases

3.1.2.1. Article 7(b)(i) The impact of the disease on agricultural and aquaculture
production and other parts of the economy

The level of the presence of the disease in the Union

Parameter 1 – Number of MSs where the disease is present

It is virtually certain that S. aureus with one or multiple of the RoIs is present in both cattle and
horses in all of the MSs of the EU, even if this would not yet have been described in literature. As
noted, S. aureus is a natural coloniser and opportunistic pathogen in both animal species and
antimicrobial treatment is broadly applied in both species. Table 9 gives examples per animal species
and MS of studies that illustrate the presence of AMR S. aureus (with a RoI). This list is exemplary,
with hyphens indicating no references were found.

The loss of production due to the disease

Parameter 2 – Proportion of production losses (%) by epidemic/endemic situation

Mastitis in general is considered the most important cause of economic losses in the dairy sector,
mostly due to a reduced milk yield and quality, but also because of treatment and veterinary costs,
costs of culling (cattle replacement, impact on the herd’s ability to genetically improve, etc.),
investment in mastitis management protocols and infrastructure, diagnostic testing and even fertility
effects (Ruegg, 2017; Rainard et al., 2018). In a UK study, the estimated annual output losses,

Table 9: Examples of studies in MSs of the EU that illustrate the presence of AMR S. aureus with
(any of) the RoIs for this fact sheet

Country Cattle Horses

Austria Firth et al. (2022) Cuny et al. (2008)

Belgium Vanderhaeghen et al. (2010a) van den Eede et al. (2012)
Bulgaria – –

Croatia Cvetni�c et al. (2021) –

Cyprus – –

Czech Republic Tegegne et al. (2019) –

Denmark Ronco et al. (2018) Islam et al. (2017)

Estonia – –

Finland Gindonis et al. (2013) –

France Haenni et al. (2014) Gu�erin et al. (2017)
Germany Lienen et al. (2021) Walther et al. (2009)

Greece Papadopoulos et al. (2019) –

Hungary Juh�asz-Kaszanyitzky et al. (2007) Albert et al. (2019)

Ireland Anjum et al. (2019) Brennan et al. (2016)
Italy Antoci et al. (2013) Carfora et al. (2016b)

Latvia – –

Lithuania – –

Luxembourg – –

Malta – –

Netherlands Graveland et al. (2010) van Duijkeren et al. (2014)
Poland Krukowski et al. (2020) –

Portugal Couto et al. (2015) Couto et al. (2015)
Romania Pascu et al. (2022) –

Slovakia – –

Slovenia – –

Spain – G�omez-Sanz et al. (2014)

Sweden Unnerstad et al. (2013) Bergstr€om et al. (2012)

–: No references were found.

AHL assessment on antimicrobial-resistant Staphylococcus aureus

www.efsa.europa.eu/efsajournal 25 EFSA Journal 2022;20(5):7312



treatment costs and costs of prevention for mastitis were £197.9 million, £79.8 million and £9.3
million, respectively (Rainard et al., 2018). According to a comprehensive review on the overall
economic effects of bovine mastitis and mastitis management, the cost per case of clinical mastitis and
subclinical mastitis was estimated at €287 and €102, respectively (Halasa et al., 2007). Also Huijps
et al. (2008) presented a model estimating economic losses due to clinical and subclinical mastitis. It is
clear, however, that the cost depends on a great number of factors. That also explains why the
proportion of S. aureus and specifically AMR S. aureus in these losses is difficult to estimate (Swinkels
et al., 2005; Rainard et al., 2018). Although considered one of the major mastitis pathogens, S. aureus
mastitis is commonly subclinical. Most infections are chronic, frequently persisting over the ongoing
lactation and possibly the following lactations, with more or less intense clinical flare-up episodes
(Rainard et al., 2018). S. aureus appears to mostly circumvent the host immune response and IMI
typically result in a very moderate host response, milk production losses and risks of culling and death
(Schukken et al., 2011). Nonetheless, Huijps et al. (2008) assumed by default in their model that
S. aureus clinical mastitis caused more production losses than other pathogens. If the number of
S. aureus clinical mastitis cases was higher than default (20%), the production losses were estimated
to be 1% higher. If the number of S. aureus clinical mastitis cases was lower, the production losses
were estimated to be 1% lower. However, a calculated loss due to (AMR) S. aureus (sub)clinical
mastitis was not found in literature.

For other cattle types, production losses are unknown but are likely low, since S. aureus is not
considered an important pathogen in these species, even though carriage rates of MRSA CC398 can be
very high in veal calves (Vandendriessche et al., 2013).

In horses, no estimates are available for the production losses due to (AMR) S. aureus. Cases of
AMR S. aureus infections in, e.g. race horses have been described (Sekizuka et al., 2020), but the
economic impact has not been systematically investigated.

3.1.2.2. Article 7(b)(ii) The impact of the disease on human health

Transmissibility between animals and humans

Parameter 1 – Types of routes of transmission between animals and humans

As evidenced by numerous studies, direct contact is the most important transmission route for
transmission of AMR S. aureus, including MRSA CC398, mecC-MRSA and several other MRSA lineages,
from cattle and horses to humans (Bisdorff et al., 2012; Graveland et al., 2012; Vandendriessche et al.,
2013; Deiters et al., 2015; Cuny and Witte, 2017; Alekish et al., 2020; Lozano et al., 2020). Recent
reviews and meta-analyses found that people (e.g. farm workers, veterinarians, slaughterhouse
workers, etc.) with frequent direct contact with livestock, including cattle and horses, had an increased
risk for MRSA carriage (Goerge et al., 2017; Chen and Wu, 2021; Liu et al., 2020; Dong et al., 2021).

Indirect transmission in the close environment of animals, through contaminated surfaces or dust
and air, might also occur (Wendlandt et al., 2013). Bos et al. (2016) found that exposure to MRSA
CC398 in veal calf barn air was an important determinant for nasal carriage, especially in the group of
farmers that had frequent or long contact with the animals. Dorado-Garc�ıa et al. (2013) described a
positive association between the level of MRSA prevalence in veal calves, barn dust and MRSA carriage
in veal calf famers and household members. Single visits to MRSA CC398-positive veal calf barns
(lasting a few hours but with intensive contact with animals and dust) led to the isolation of MRSA
CC398 in the fieldworkers, up to 24 h after the visit (van Cleef et al., 2011). Similarly, private farm
visits without or with only rare animal contact were identified as risk factors for colonisation with MRSA
(Bisdorff et al., 2012). Transmission might also be possible through contaminated equipment or
surfaces or equipment in farms and (equine) veterinary clinics (Bortolami et al., 2017).

Transmission through dissemination of (AMR) S. aureus in the further environment appears to be
less likely (Bisdorff et al., 2012; Deiters et al., 2015). Even though MRSA (CC398) has been described
from carcasses and (retail) meat, especially pork and poultry meat, and has been suggested as a
possible source of transmission to people further without livestock contact (Larsen et al., 2016;
Sergelidis and Angelidis, 2017; Anjum et al., 2019; ECDC, EFSA and EMEA, 2009), food-borne
colonisation or infection seems in general to be of minor importance in the epidemiology of LA-MRSA
in humans (ECDC, EFSA and EMEA, 2009; Deiters et al., 2015; Cuny et al., 2019). The main risk might
be the potential for food poisoning due to the consumption of raw foods, like milk, harbouring
enterotoxigenic (AMR) S. aureus. In that sense, the presence of enterotoxins in AMR S. aureus from
milk has been occasionally described (Argud�ın et al., 2011; Sergelidis and Angelidis, 2017; El-Ashker
et al., 2020) and so is likely of minor concern (Lienen et al., 2021).
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Parameter 2 – Incidence of zoonotic cases

Although zoonotic cases of AMR S. aureus from cattle and horses have been extensively
documented (see Section 3.1.1.3), the incidence of zoonotic transmission cases has not yet been
estimated.

Transmissibility between humans

Parameter 3 – Human-to-human transmission is sufficient to sustain sporadic cases or community-level
outbreak

Clearly, most cases of (AMR) S. aureus from animals being present in humans originate from
animal-to-human transmission (Deiters et al., 2015). With respect to MRSA CC398, secondary cases in
humans occur but are less common and often have a link to another person with direct occupational
contact, for example in the household (Bosch et al., 2015; Deiters et al., 2015; Walter et al., 2017;
Krukowski et al., 2020).

Several cases of MRSA CC398 carriage or infections in humans reporting no (direct) animal contact
have been described (van Rijen et al., 2014; Larsen et al., 2015; Becker et al., 2017). These infections
can be very severe (Becker et al., 2017). Wulf et al. (2008) described an outbreak of MRSA CC398
with a possible pig origin in a Dutch hospital, involving 10 cases in total, patients as well as healthcare
workers, possibly introduced by one of the latter.

Human-to-human transmission has also been described for mecC-MRSA from cattle but these
strains are considered even less able to colonise and spread among humans than CC398 (Lozano
et al., 2020). Long-term colonisation with mecC-MRSA appears unlikely (Barraud et al., 2013; Lozano
et al., 2020).

It appears that the potential to lead to community-level outbreaks of human-to-human transmission
of (AMR) S. aureus with a direct link to the source animals is limited. Yet, considering the potential of
S. aureus to be able to quickly adapt to new hosts, zoonotic transmission might lead to human-
pathogenic S. aureus with the capacity for pandemic spread among its new hosts (Spoor et al., 2013).

Parameter 4 – Sporadic, epidemic or pandemic potential

Just as MRSA CC398 might appear to behave as an epidemic or even pandemic in animals, having
been described in livestock worldwide, its transmission to humans in close contact might be considered
an epidemic or pandemic. However, MRSA CC398 is currently more likely being present endemically in
various regions. Due to the necessity of direct contact and the likeliness of transmission, MRSA CC398
should be considered to behave endemic in human populations in close contact with animal
populations where MRSA CC398 resides endemically. This might lead to the increased representation of
MRSA CC398 among human clinical cases in regions with high livestock density, especially when
numbers of healthcare-associated MRSA infections are low (Becker et al., 2017; Schnitt et al., 2020).
However, after dramatic increases in the past decade, numbers of MRSA CC398 in human surveillance
data seem to have stabilised in recent years (van Alen et al., 2017).

Other AMR S. aureus strains from cattle or horses, e.g. mecC-MRSA, seem to have rather a sporadic
potential (Barraud et al., 2013; Lozano et al., 2020). In Australia, MRSA ST612 might have a reservoir in
horses, leading to colonisation of veterinarians and sporadic infections (Murphy et al., 2019).

The severity of human forms of the disease

Parameter 5 – Disability-adjusted life year (DALY)

The DALY in humans is unknown for AMR S. aureus strains originating from cattle and horses.
Recently, it was reported that the global burden of MRSA in humans in 2019 included 3.5 million DALYs
attributable to resistance (Antimicrobial Resistance Collaborators, 2022).

The availability of effective prevention or medical treatment in humans

Parameter 6 – Availability of medical treatment and their effectiveness (therapeutic effect and any
resistance)

Presence of AMR S. aureus, just as for regular S. aureus, in itself is not cause for medical
treatment. However, upon hospital admission, decolonisation of MRSA (CC398) might be attempted,
especially in those countries where hospital-prevalence of MRSA is low, e.g. the Netherlands and
Northern European countries (George et al., 2017). Mupirocin ointment and chlorhexidine washing is
often applied for decolonisation (Wulf et al., 2008).
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Treatment of human infections with AMR S. aureus from cattle and horses has been done using
different strategies, depending on the type and severity of the infection and the antimicrobial
resistances present. In the Netherlands, a girl was infected with an MRSA ST398 strain transmitted
from a foal that was resistant to clindamycin, ciprofloxacin, erythromycin, gentamicin, kanamycin,
tetracycline and trimethoprim/sulfonamide, and susceptible to rifampin and fusidic acid. The girl’s
wound healed after application of mupirocin ointment to the nares and perineum (39/day for 5 days),
washing of the body with chlorhexidine shampoo (19/day for 5 days) and oral administration of fusidic
acid and rifampin for 7 days.

In France, a patient infected with a mecC-MRSA strain possibly originating from cows was initially
treated with cloxacillin, gentamicin and metronidazole for only 3 days and then switched to
vancomycin, gentamicin and fosfomycin. After 2 weeks of this intravenous treatment, he was
prescribed oral ofloxacin and rifampicin for 8 weeks. The infection was considered cured at the end of
treatment (Barraud et al., 2013).

In general, treatment of a human MSSA infection would start with administration (orally for less
severe infections or intravenously for more severe infections) of a penicillinase-resistant penicillin or
a cephalosporin, with various possible substances for step-down treatment (see for example
references provided on https://www.uptodate.com/contents/clinical-approach-to-staphylococcus-
aureus-bacteremia-in-adults).

Parameter 7 – Availability of vaccines and their effectiveness (reduced morbidity)

There are no human vaccines for (AMR) S. aureus with a cattle or horse origin.

3.1.2.3. Article 7(b)(iii) The impact of the disease on animal welfare

Parameter 1 – Severity of clinical signs at case level and related level, and duration of impairment

S. aureus IMI in dairy cattle is typically chronic and subclinical. Chronic, persistent IMI cases are
difficult to treat and prone to resurgence, and often accompanied by long-lasting cost-intensive
antibiotic treatment and premature culling (Rainard et al., 2018). It can last one or even several
lactations (Grunert et al., 2018; Deng et al., 2021).

S. aureus is among the most common causes of clinical bovine mastitis as well (Verbeke et al.,
2014; �Avall-J€a€askel€ainen et al., 2021). Occasionally, the severity of clinical S. aureus mastitis can go to
peracute gangrenous mastitis causing necrosis of the affected udder quarter, severe systemic signs
and even death of the cow (Rainard et al., 2018; �Avall-J€a€askel€ainen et al., 2021).

In horses, several types of infections with (AMR) S. aureus, with variable seriousness and duration
of infection, occur (Weese et al., 2005a; Gu�erin et al., 2017; Soimala et al., 2018). Infections might
last over a year (Olofsson et al., 2016). In the latter study, honeybee lactic acid was successfully
applied for treatment of long lasting wound in 7 out of 10 treated horses. Weese et al. (2005a)
reported a number of horses infected, sometimes seriously ill and requiring prolonged hospitalisation,
with MRSA implicated directly in the death of one horse as a result of severe osteomyelitis.
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3.1.2.4. Article 7(b)(iv) The impact of the disease on biodiversity and the environment

Biodiversity

Parameter 1 – Endangered wild species affected: listed species as in CITES and/or IUCN list

Parameter 2 – Mortality in wild species

Mortality of AMR S. aureus infections has not been systematically studied in wildlife. Fatal infections
have sporadically been reported in several species, e.g. Black bear (McBurney et al., 2000), Black

Table 10: List of wildlife species where S. aureus with RoIs for this fact-sheet has been isolated
and that are included in the CITES and/or IUCN lists

Species (group) Antimicrobial resistance CITES IUCN

Mammals

Small mammals
Indian flying fox (Pteropus
giganteus)(a)

mecC Appendix II

Straw-coloured fruit bat
(Eidolon helvum)

CIP, CLI, ERY, FUS, PEN, TET Near threatened

Black-flanked rock wallaby
(Petrogale lateralis)

PEN Vulnerable

European otter (Lutra
lutra)(a)

BLA, mecC, MRSA Appendix I Near threatened

Mara (Dolichotis
patagonum)

mecC Near threatened

Large mammals
African elephant
(Loxodonta africana)(a)

MRSA Appendix I Critically endangered

Non-human primates/monkeys
Chimpanzee (Pan
troglodytes)

CLI, ERY, MRSA, PEN, TET, T/S Appendix I Endangered

Gorilla (Gorilla gorilla
gorilla)(a)

PEN Appendix I Critically endangered

Rhesus macaque (Macaca
mulatta)(a)

CIP, CLI, ERY, GEN, MRSA, PEN, TET, T/S Appendix II

Singaporean long-tailed
macaque (Macaca
fascicularis)

CIP, ERY, GEN, KAN, MRSA, PEN, TET Appendix II Vulnerable

Southern pig-tailed
macaque (Macaca
nemestrina)(a)

CIP, ERY, GEN, MRSA, PEN, TET Appendix II Vulnerable

Marine mammals
Risso’s dolphin (Grampus
griseus)(a)

MRSA, PEN Appendix II

Bottlenose dolphin
(Tursiops truncates)(a)

MRSA, PEN Appendix II

Birds

Northern bald ibis CIP, MRSA, PEN, TET Appendix I Regionally extinct
Peregrine (Falco
peregrinus)(a)

CIP Appendix I

Cinereous vulture CLI, ERY, MRSA, PEN, TET Appendix II Near threatened

Eurasian griffon vulture
(Gyps fulvus)

MRSA, TET Appendix II

BLA: b-lactams; CIP: ciprofloxacin; CLI: clindamycin; ERY: erythromycin; FUS: fusidic acid; GEN: gentamicin; KAN: kanamycin;
MRSA: methicillin-resistant S. aureus with the mecA gene or phenotypic resistance (oxacillin and/or cefoxitin); PEN: penicillin;
TET: tetracycline; T/S: trim-sulfa antimicrobials.
(a): Isolates originated from infections.
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rhinoceros (Clausen and Ashford, 1980), dolphins (Mazzariol et al., 2018), red squirrels (Simpson et al.,
2013), etc.

Environment

Parameter 3 – Capacity of the pathogen to persist in the environment and cause mortality in wildlife

Fatal infections with (AMR) S. aureus in wildlife have sporadically been reported (Clausen and
Ashford, 1980; McBurney et al., 2000; Simpson et al., 2013; Mazzariol et al., 2018). Links with
environmental persistence have not been studied. It has been shown that mecC-MRSA was present in
surface waters and wildlife species that came drinking there, but these cases involved no fatal
infections (Porrero et al., 2013, 2014).

3.1.3. Article 7(c) Its potential to generate a crisis situation and its potential use
in bioterrorism

Parameter 1 – Listed in OIE/CFSPH classification of pathogens

CFSPH: Yes, as MRSA.
OIE: No.

Parameter 2 – Listed in the Encyclopaedia of Bioterrorism Defence of Australia Group

No, but S. aureus enterotoxins, haemolysin alpha toxin and toxic shock syndrome toxin (formerly
known as staphylococcal enterotoxin F) are in the list.

Parameter 3 – Included in any other list of potential bio-agro-terrorism agents

S. aureus itself is not listed as a potential bio-agro-terrorism agent. However, the staphylococcal
enterotoxin B (SEB) is listed on the Centers for Disease Control and Prevention (CDC) Bioterrorism
Agents/Diseases list (https://emergency.cdc.gov/agent/agentlist-category.asp) as a Category B agent.
These are the second highest priority agents that:

• are moderately easy to disseminate;
• result in moderate morbidity rates and low mortality rates;
• require specific enhancements of CDC’s diagnostic capacity and enhanced disease surveillance.

It is also listed on the Arizona Department of Health Services ‘Bioterrorism Agent Profiles for Health
Care Workers’ (https://azdhs.gov/documents/preparedness/emergency-preparedness/zebra-manual/
zm-s5-staphylococcal.pdf).

In general, SEB is considered in literature as a potent biological weapon with incapacitating effects
(Ahanotu et al., 2006; Bhaskar and Sant, 2020). It is one out of 25 currently characterised
staphylococcal enterotoxins and has its toxic effect from its ability to function as a superantigen, toxins
able to evoke an immune response of large proportions, commonly resulting in food poisoning and flu-
like symptoms that can lead to multi-organ failure and death (Bhaskar and Sant, 2020). AMR S. aureus
strains carrying this and related toxins have frequently been described in both horses and cattle
(Little et al., 2021; Patel et al., 2021).

3.1.4. Article 7(d) The feasibility, availability and effectiveness of the following
disease prevention and control measures

3.1.4.1. Article 7(d)(i) Diagnostic tools and capacities

Availability

Parameter 1 – Officially/internationally recognised diagnostic tools, OIE-certified

There are no officially/internationally recognised OIE certified diagnostic tests for (AMR) S. aureus
in bovines or equines, neither for identification and typing of the bacteria nor for resistance
determination.

The EU Reference Laboratory for antimicrobial resistance (DTU Food in Denmark) provides
protocols for a number of diagnostic tools for MRSA (https://www.eurl-ar.eu/protocols.aspx):

• PCR amplification of mecA, mecC, spa and pvl;
• Determination of MIC by sensititre;
• Reading and interpretation of MIC;
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• Isolation of MRSA from food-producing animals and farm environment;
• Protocol for spa-typing;
• MLST typing.

In Section 3.1.1.8, a brief overview is given on the broad variety of pheno- and genotypic tools
used for identification and typing of S. aureus as well as for the antimicrobial susceptibility testing.

Effectiveness

Parameter 2 – Sensitivity and specificity of diagnostic tests

There are no officially/internationally recognised OIE certified diagnostic tests for (AMR) S. aureus
in bovines or equines, neither for identification and typing of the bacteria nor for resistance
determination.

Of many of the tools mentioned in Section 3.1.1.8, sensitivity and specificity data are available yet
not always based on animal (bovine/equine) isolates. More data can be found in some of the
references mentioned there.

Notably, to identify S. aureus IMI through milk, the sensitivity of a single milk sample to allow
determination of the infection status of a gland is not perfect, particularly when employing a typical
sample volume of 10 µl. A second or third sample for bacterial culture is necessary to reach a high
sensitivity of > 95%, owing to the irregular pattern of S. aureus shedding in milk (Rainard et al., 2018).

Feasibility

Parameter 3 – Type of sample matrix to be tested (blood, tissue, etc)

To investigate carriage of (AMR) S. aureus in cattle and horses requires, as in other animals,
samples from the nose, skin, mucous membranes or the rectum. Van den Eede et al. (2013) found the
nasal vestibulum to be the optimal testing site to detect LA-MRSA (CC398) in horses.

For IMI, milk samples need to be taken, preferably more than one, as described above (Rainard
et al., 2018). The number and location of the quarters to sample might vary depending on the study
set-up, as do the choice to pool the samples.

For other infections, samples need to be taken depending on the infection site.

3.1.4.2. Article 7(d)(ii) Vaccination

Availability

Parameter 1 – Types of vaccines available on the market (live, inactivated, DIVA, etc)

There is a single vaccine on the European market against S. aureus mastitis: STARTVAC (Hipra SA).
Other vaccines are not available in Europe, neither for bovines nor horses.

Table 11 summarises the characteristics of STARTVAC (Rainard et al., 2021). Information from the
European Medicines Agency (EMA) can be found online (https://www.ema.europa.eu/en/medicines/
veterinary/EPAR/startvac).

Table 11: Characteristics of the STARTVAC vaccine

Way of administration Intramuscular injection

Field protection Schukken et al. (2014)

• 2 large dairy herds;
• 21–month observation period;
• Moderate reduction in the incidence of new staphylococcal IMIs: reduction of

the ‘basic reproduction ratio’ of 45% for S. aureus.

Bradley et al. (2015)

• 7 farms;
• No reduction of the incidence or prevalence of clinical or subclinical mastitis;
• Associated with a significant reduction in the severity of clinical cases and

milk losses with a return on investment of 2.57 to 1;
• Most clinical cases (25%) were due to E. coli; clinical cases caused by

S. aureus accounted for only 2.5%.
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In Northern America, another vaccine is licensed, the Lysigin vaccine (Boehringer Ingelheim
Vetmedica, Inc.). The vaccine is administered by the subcutaneous route (Rainard et al., 2021). Lysigin
vaccine efficacy has been evaluated in several studies, as discussed in Rainard et al. (2021). A review
by Middleton (2008) showed variable results with a decreased clinical severity of mastitis, lower milk
SCC and sometimes a reduction in the incidence of IMI. More unfavourable results were obtained in a
study with heifers vaccinated twice in late gestation in which the only positive effect of the vaccine
was a reduction in the duration of clinical mastitis after challenge (Middleton et al., 2006). Another
field study by the same research group did not show a reduction in the prevalence or incidence of
S. aureus or coagulase-negative staphylococci IMI by the Lysigin vaccine (Middleton et al., 2009).

Parameter 2 – Availability/production capacity (per year)

See Table 11.

Effectiveness

Parameter 3 – Field protection as reduced morbidity (as reduced susceptibility to infection and/or to
disease)

See Table 11.

Parameter 4 – Duration of protection

See Table 11.

Feasibility

Parameter 5 – Way of administration

See Table 11.

3.1.4.3. Article 7(d)(iii) Medical treatments

Availability

Parameter 1 – Types of drugs available on the market

There are various antimicrobial drugs available on the market to treat S. aureus infections in cattle
and horses. Evidently, treatment options depend on the resistance pattern determined. Since not all
RoIs are necessarily present simultaneously, the overview below will not consider any drug unavailable
for reasons of resistance.

For antimicrobial therapy of dairy cow S. aureus mastitis during lactation or the dry period, various
antimicrobial compounds are available, but b-lactam antimicrobials are among the most used and have
especially high cure rates when applied as dry cow therapy (Schnitt and Tenhagen, 2020). These
include natural penicillins, aminopenicillins, b-lactamase-resistant penicillins and cephalosporins, and
can be combined with clavulanic acid. Others include aminoglycosides (neomycin, kanamycin),
lincosamides (pirlimycin, lincomycin, etc.), macrolides (spiramycin, tylosin, etc.), ansamycines and still
others. Most of the substances are typically used intramammary, some can also be administered
systemically. Fluoroquinolones can also be applied systemically for treatment of S. aureus mastitis
(Alfonseca-Silva et al., 2021).

Landin et al. (2015)

• Herd with high S. aureus mastitis prevalence;
• No beneficial effect on udder health, milk production or culling rate.

Freick et al. (2016)

• Herd in which S. aureus was the predominant pathogen;

The vaccine was not an appropriate tool to manage the S. aureus problem.
Duration of protection According to the EMA document, the full immunisation scheme induces immunity

from approximately day 13 after the first injection until approximately day 78 after
the third injection.

Yearly availability/
production capacity

There are no known issues concerning the yearly availability or production capacity.
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There are no studies on antibiotic treatment outcomes for mastitis caused by MRSA, but as the
b-lactams, the most important class used in an essential aspect of S. aureus mastitis control, dry cow
therapy, are probably ineffective, culling might be the only chance to remove MRSA from dairy herds
(Schnitt and Tenhagen, 2020).

To treat S. aureus mastitis, often combinations of drugs are applied, notably penicillin–neomycin
and penicillin–novobiocin.

Formulations of the compounds can be varying, with an important effect on efficacy (Barkema
et al., 2006; Alfonseca-Silva et al., 2021).

In addition to antimicrobials, various other (non-traditional) compounds are available for mastitis
treatment: prednisolone, bovine lactoferrin, nisin (bacteriocins), ginseng, cytokines, essential oils and
other herbal and homoeopathic remedies (Barkema et al., 2006; Rainard et al., 2018).

Preventive pre- or post-milking teat dips can contain various compounds, such as lactic acid,
chlorhexidine or iodine.

For treatment of other cattle infections caused by S. aureus, the standard palette of antimicrobials
is available, including amphenicols, trim-sulfo antimicrobials, tetracyclines, aminoglycosides and
fluoroquinolones. Several antibacterial and antimicrobial-free disinfecting sprays exist.

SSTI in horses may be treated with a selected number of antimicrobial compounds, including
penicillin, ampicillin, oxacillin, ceftiofur, cefquinome, amphenicols, gentamicin, tetracycline,
(potentiated) sulfonamides and fluoroquinolones. This is due to the fact that horses are naturally
highly sensitive for antimicrobials, with respect to the risk of developing dysbacteriosis (Costa et al.,
2015; Arnold et al., 2021). Depending on whether the horses are meant for food production or not,
the availability might differ.

There are no specific treatment regimens for horse SSTI caused by MRSA. Except from the fact
that no b-lactam antibiotics registered for veterinary purpose can be used, treatment options also
depend on additional antimicrobial resistances the MRSA strain carries. For example, the equine clade
of MRSA CC398 is typically resistant to gentamicin (Cuny and Witte, 2017). In general, it is therefore
of utmost importance that the choice of the antimicrobial agent to treat infections caused by multi-
resistant staphylococci is based on the result of an antimicrobial susceptibility test (Boyen et al., 2013).
It has been reported that antimicrobial agents that are considered to be critically important for the
treatment of multidrug-resistant Staphylococcus infections in human medicine, such as mupirocin,
fusidic acid, linezolid, daptomycin, teicoplanin, vancomycin, tigecycline and streptogramins, which
should principally be avoided at all cost, may be occasionally used topically or for regional perfusion
therapy in horses (Boyen et al., 2013). Indeed, in case of superficial or local infections, such as SSTI,
local treatment with antiseptic or antimicrobial agents should be considered, as this route of treatment
not only results in low levels of systemic antimicrobial selection pressure but also allows reaching
(very) high antimicrobial concentrations at the infected site, which may result in successful treatment
of ‘resistant’ strains (Boyen et al., 2013).

In several (European) countries, the use of the critically important antimicrobials in animals has
been restricted due to antimicrobial resistance concerns. This might lead to the use of ‘older’
antimicrobials which can have a longer waiting period for the animal to be available for the food chain.

Parameter 2 – Availability/production capacity (per year)

Production capacity is not known to be a problem relating to products used for treatment of AMR
S. aureus in cattle or horses.

As for the availability, the new EU legislation should make the market better accessible to increase
the availability of antimicrobial products throughout Europe, by harmonising the way of distributing
products and easing the rules of cascade.

Effectiveness

Parameter 3 – Therapeutic effects in the field (effectiveness)

Antimicrobial therapy during lactation or the dry period results in real or apparent cure rates that
are highly variable (from 4% to 92%), depending on a number of factors including herd transmission
rates, cow, pathogen and treatment regimen (Barkema et al., 2006; Rainard et al., 2018). As to host-
level factors, lower probability of cure is associated with ageing of the cow (primiparous vs. higher
parity), high levels of SCC (> 106 cells/mL), duration of the mammary infection (> 2–4 weeks), high
bacterial load in milk before treatment and number (> 1) and position (hindquarters) of infected
quarters. These factors are helpful for selection of the cows that may benefit from treatment and
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guide the decision to treat or not. However, herd-level factors such as transmission rates may influence
the economic justification for lactational therapy of subclinical S. aureus mastitis and should also be
considered when making treatment decisions (Rainard et al., 2018).

Pathogen factors also play a role, but with the exception of antimicrobial resistance, they remain
poorly defined. Resistance to b-lactam antibiotics is the most well-known antibiotic resistance of
S. aureus mastitis isolates and it has been shown that the cure rate is lower for penicillin-resistant isolates
regardless of the antimicrobial molecule used for treatment (Barkema et al., 2006). This has led to the
suggestion to limit the testing for antimicrobial susceptibility to testing sensitivity to penicillin or
b-lactamase production before deciding to treat (Rainard et al., 2018). Yet, the mechanisms underlying
this association remain poorly understood. Elsewhere in this fact-sheet, information can be found
regarding the resistances found in S. aureus in IMI, and the EFSA scientific opinion gives a detailed
overview of resistance levels worldwide against various compounds (EFSA AHAW Panel, 2021a).

To improve treatment efficacy, variations in combination of drugs, route of application (mammary
vs. systemic) and duration of treatment have been applied. There are no guidelines on specific
combinations of antimicrobials to circumvent antimicrobial resistance. Some combinations of drugs
seem to have synergistic effects, for others like penicillin–neomycin, efficacy is unclear (Barkema et al.,
2006). Also, combined treatment by systemic and intramammary routes is not always more effective.
Extended treatment is generally associated with a higher probability of cure (Barkema et al., 2006;
Rainard et al., 2018; Sartori et al., 2018). It must be taken in consideration that when the same active
compound is used, treatment efficacy can differ considerably between different formulations of that
compound. It is not always possible to differentiate between the effect of the active compound and
the effect of the commercial product and its route or dose of administration (Barkema et al., 2006).

For the alternative treatments cited under Parameter 1 in this section, adequate data on the
efficacy are lacking (Barkema et al., 2006; Rainard et al., 2018).

In horses, local treatment of superficial or local infections with antiseptic or antimicrobial agents
should be considered. This route of treatment allows reaching high antimicrobial concentrations at the
infected site, resulting in successful treatment even if isolates would show acquired or intrinsic
resistance (Boyen et al., 2013). The clinical response, which should be monitored frequently, is the
main guideline in evaluating the efficacy of local treatments in practice (Boyen et al., 2013).

The prognosis for MRSA infection in horses depends more on the severity and location of the
infection than on the fact that MRSA is involved, as long as MRSA is identified early and appropriate
antimicrobial therapy is initiated. With appropriate treatment, it is likely that the prognosis for MRSA
infection is no different than that for infections caused by susceptible strains (Weese, 2009).

Feasibility

Parameter 4 – Way of administration

Antimicrobial treatment of subclinical or clinical mastitis can be done by only intramammary
administration or the combination of intramammary and systemic treatment. For SSTIs, topical and
systemic treatments are available.

Recently, guidelines for a more responsible use of antimicrobials, including guidance for avoiding it,
have been provided in some European countries (see for example https://www.amcra.be/nl/adviezen-
en-wetgeving/ (in Dutch), https://epruma.eu/home/best-practice-guides/). This encompasses
describing approaches to implementing responsible use of antibiotics for further optimisation of animal
health. In Belgium, the Belgian centre of expertise in Antimicrobial Consumption and Resistance in
Animals (AMCRA) provides a free-of-charge website (https://formularium.amcra.be/) formulating
responsible use guidelines for the most common diseases in livestock and companion animals.

3.1.4.4. Article 7(d)(iv) Biosecurity measures

Availability

Parameter 1 – Available biosecurity measures

Biosecurity is the whole set of measures to avoid the introduction of diseases in a herd (external
biosecurity) and the dissemination of the disease within a herd (internal biosecurity) (Dewulf and Van
Immerseel, 2018).

To avoid re-introducing bacteria into a S. aureus-free herd or introducing new lineages into an
infected herd, maintaining a closed herd is desirable. When purchasing cows, if necessary for herd
expansion or animal replacement, a number of precautions have to be taken (Rainard et al., 2018).
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For veterinary clinics, maintaining a closed system is per definition impossible but testing of horses or
applying a risk classification of equine patients at admission might be important (van Balen et al.,
2014; Walther et al., 2014) yet impractical and expensive (Steinman et al., 2015). Other general
external biosecurity measures, like limiting the sources of new ‘material’ and maintaining strict visitor
protocols (Dewulf and Van Immerseel, 2018), might be applicable for dairy and horse farms and
veterinary clinics. This might be particularly important for LA-MRSA, as it is likely that its introduction
into dairy and veal calf herds results from contamination events from pigs (on mixed farms) or human
sources (veterinarians) (Hansen et al., 2019; Schnitt and Tenhagen, 2020). From an external
biosecurity point of view, industrial white veal calf farming is extremely challenging, with animals from
numerous different farms and countries being mixed under very stressful conditions. There is,
however, no indication that specifically the mixing contributes to the introduction of LA-MRSA in the
herds. Besides, S. aureus is not a pathogen of importance for veal calves. Suspected introductions of
MRSA (CC98) in equine clinics through staff members have been described (Steinman et al., 2015;
Brennan et al., 2016). For MRSA with a potential wildlife reservoir, like CC133 and mecC strains,
restricting contact with wildlife, e.g. on pastures, might be relevant.

Internal biosecurity measures are of particular importance for S. aureus IMI, since this is deemed
mainly a contagious mastitis pathogen (in contrast to environmental pathogens) although it is not
always the case (Klaas and Zadoks, 2017). To contain contagious S. aureus mastitis, implementation of
standard mastitis prevention measures is usually effective (Rainard et al., 2018). These measures have
been drafted in mastitis control plans, variants of which have been based on the original 5-points
plan (Neave et al., 1969; Ruegg, 2017), like the 10-point Mastitis Control Program of the National
Mastitis Council (https://www.nmconline.org/wp-content/uploads/2016/08/RECOMMENDED-MASTITIS-
CONTROL-PROGRAM-International.pdf, with a variant specifically for heifer mastitis: https://www.
nmconline.org/wp-content/uploads/2018/04/NMC-Factsheet-Heifer-Mastitis-and-Control.pdf), a 7-point
plan (https://m2-magazine.org/7-point-plan-mastitis-control/), national plans in Norway (Oster�as and
Sølverød, 2009) and Switzerland (Kirchhofer et al., 2011), or still other variants (Lam et al., 2013;
Sartori et al., 2018).

In essence, such plans come down to some general principles as described for example by the
Food and Agriculture Organization of the United Nations (FAO) (https://www.fao.org/3/t0218e/
t0218e04.htm):

• Adopt good cow management practices (e.g. feeding, housing, hygiene, etc.);
• Reduce exposure to pathogens (e.g. through equipment cleaning, post- and pre-milk teat-

dipping, etc.);
• Reduce the chances of pathogens penetrating the teat duct (e.g. by maintenance of milk

equipment to ensure stable teat end vacuum, etc.);
• Reduce the duration of infections (e.g. by culling of chronically affected cows and treating

cows at drying off);
• Reduce mastitis in non-lactating growing cattle or cows in the dry period (e.g. by adopting fly

control measures, as horn flies are considered possible vectors for S. aureus mastitis in dairy
heifers (Owens et al., 1998; Anderson et al., 2012), and by treating cows at drying off and
using dry cow teat sealant).

For containing MRSA outbreaks and to avoid spreading (AMR) S. aureus in horse clinics, some
major internal biosecurity principles, including (personal) hygiene measures, internal screening
procedures, cleaning and disinfection practices and isolation of affected animals can be applied
(Bergstr€om et al., 2012; Boyen et al., 2013; Steinman et al., 2015; Rockt€aschel et al., 2020).

Effectiveness

Parameter 2 – Effectiveness of biosecurity measures in preventing the pathogen introduction

In general, mastitis control plans have been very effective to reduce S. aureus contagious mastitis
(Sartori et al., 2018). This appears to be similar for MRSA, as also proper milking-time hygiene and
techniques are needed to prevent spread of MRSA within dairy herds (Locatelli et al., 2017; Schnitt
et al., 2020). In some herds, however, these classical control measures appear to be ineffective
because of the occurrence of infections by S. aureus strains of type patterns similar to that of
environmental pathogens, requiring alternative measures such as managing bacterial load in bedding
material or choosing appropriate bedding and housing to avoid injury (Klaas and Zadoks, 2018;
Rainard et al., 2018; Leuenberger et al., 2019). Within a farm, multiple epidemiological types of
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S. aureus might be present (Rainard et al., 2018; Leuenberger et al., 2019). The roles of extra-
mammary colonisation of healthy persistent carriers and of environmental sources as a reservoir for
IMI are not well defined, and the drivers of the shift from colonisation to IMI still needs to be
investigated using modern molecular epidemiological methods (Rainard et al., 2018).

Considering horses, given that introduction of new animals in a clinic is mostly on an individual
basis and that MRSA can be introduced on multiple occasions in a clinic (van Balen et al., 2014;
Bortolami et al., 2017), testing (based on a risk classification) can be expected to be effective to
identify (AMR) S. aureus carriers upon admission (Weese and Lefebvre, 2007). However, this approach
might be impractical and expensive (Steinman et al., 2015). Infection control measures such as passive
surveillance, where horses in which MRSA infection is suspected are tested and from each case of
post-operative wound infection a horse swab is sent for culture and antimicrobial susceptibility testing,
are effective to reduce the risk for recurring MRSA infections (Steinman et al., 2015). This can be
combined with decolonisation treatment of carrier personnel, isolation of all horses colonised or
infected with MRSA and discharge of these horses as soon as medically feasible (Steinman et al.,
2015). Internal screening procedures incorporating high-risk areas (such as intensive care units) or
equipment (anaesthetic machine y-piece) in routine environmental bacterial monitoring, allow quick
intervention and implementation of enhanced cleaning and disinfection, leading to elimination of likely
reservoirs for veterinary hospital-acquired infections and the containment of transmission between
horses and personnel (van Balen et al., 2014; Steinman et al., 2015; Bortolami et al., 2017).

On two Canadian horse farms, active screening and strict implementation of infection control
protocols resulted in a rapid decrease in the number of colonised horses (Weese and Rousseau, 2005).
Noteworthy, some major subsets of the equine population, such as breeding farms, are characterised by
the frequent contact of horses with veterinary personnel, frequent antimicrobial use (AMU), regular inter-
farm movement of horses and care by a constant group of farm personnel that may concurrently be
managing sick horses (Weese and Lefebvre, 2007). In general, horses have frequent contact with other
horse populations, and considering furthermore the fact that the identification of carrier or colonised
horses most likely does not reach 100% sensitivity and the lack of efficient decolonisation protocols for
horses (Boyen et al., 2013), preventing MRSA introduction into horse farms is likely challenging.

Feasibility

Parameter 3 – Feasibility of biosecurity measures

The feasibility of the standard mastitis control plans is illustrated by the fact that their broad
implementation has been very effective in reducing contagious S. aureus mastitis. The elements
therein relating to biosecurity mostly concern cleaning, disinfecting and maintenance, and are not
difficult or costly, but require a certain dedication and routine. This also accounts for MRSA, as also
proper milking-time hygiene and techniques are needed to prevent spread of MRSA within dairy herds
(Locatelli et al., 2017; Schnitt et al., 2020). However, a difficulty in applying the standard mastitis
control plans for contagious S. aureus and for MRSA is the fact that dry-cow therapy cannot be done
with b-lactam antimicrobials (Schnitt and Tenhagen, 2020).

Also successfully applying internal biosecurity measures in equine clinics require dedication and
routine (Boyen et al., 2013; Steinman et al., 2015). Rigorous application of external biosecurity
measures might be more difficult considering that truly closed environments are difficult or impossible
to obtain, and humans, including the veterinarian, can be the source of introduction. This accounts for
horses as well as cattle. Modern genotyping tools might be a valuable asset to inform biosecurity
measures (Sartori et al., 2018).

3.1.4.5. Article 7(d)(v) Restrictions on the movement of animals and products

Availability

Parameter 1 – Available movement restriction measures

Except for common external biosecurity measures, restricting the (economic) movements of
animals and products is not considered an important prevention and control measure for AMR
S. aureus in cattle and horses.
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Effectiveness

Parameter 2 – Effectiveness of restriction of animal movement in preventing the between-farm spread

No data were found to assess the effectiveness of restricting (economic) animal movements in
preventing spread of AMR S. aureus between farms or clinics.

Feasibility

Parameter 3 – Feasibility of restriction of animal movement

Restricting animal movement may be feasible but would seriously disrupt the normal production
practices in cattle and horse farming, and is per definition impossible for veterinary clinics. Even
though carriage of AMR S. aureus is a risk factor for both IMI in dairy cows and SSTI in horses,
introduction of AMR S. aureus into a herd or clinic will not necessarily lead to serious disease
outbreaks, questioning the feasibility of restricting the animal movement. Furthermore, AMR S. aureus
can also have an in-farm environmental or endemic presence, which will not be avoided with
restricting animal movements.

3.1.4.6. Article 7(d)(vi) Killing of animals

Availability

Parameter 1 – Available methods for killing animals

As noted in Section 3.1.1.4, culling of chronically affected dairy cows is part of the standard
mastitis prevention plans. Chronic infections that have resisted one or two treatments are considered
impossible to cure, and culling is the best solution to reduce the risk of infection spread within the
herd (Rainard et al., 2018). Resistance to treatment can be related to antimicrobial resistance, but it is
unclear whether (LA-) MRSA IMI has a higher risk for culling. Chronic IMI is considered to be rather
due to factors like immune-evasion, cell internalisation, biofilm formation and the forming of small
colony variants (Grunert et al., 2018; Rainard et al., 2018).

In beef cattle, veal calves and horses, killing is not considered an available method for controlling
or preventing (AMR) S. aureus.

Effectiveness

Parameter 2 – Effectiveness of killing animals (at farm level or within the farm) for reducing/stopping
spread of the disease

It is not known to what extent the culling step in the mastitis control programmes has contributed to
the overall success of the programmes in reducing (contagious) S. aureus IMI, and there are no data
available specifically for IMI caused by AMR S. aureus. However, culling is considered the best solution to
reduce the risk of infection spread within the herd in case of chronic IMI (Rainard et al., 2018).

Feasibility

Parameter 3 – Feasibility of killing animals

Culling is not a purely epidemiological measure, as welfare issues, social and psychological factors
and particularly economic considerations play a vital part (Lehenbauer and Oltjen, 1998; Haine et al.,
2017). As the probability of cure has a large impact on the economic benefit of treatment, cost-benefit
analyses are necessary before application of any treatment, including side effects like the persistence
of infected cows in a herd as a source of new contaminations (Rainard et al., 2018). When deciding to
apply culling, care must be taken to have used diagnostic tools with sufficient discriminatory power in
order to distinguish contagious with sporadic S. aureus IMI cases (Rainard et al., 2018).

3.1.4.7. Article 7(d)(vii) Disposal of carcasses and other relevant animal by-products

Availability

Parameter 1 – Available disposal option

No specific disposal measures are taken when live animals or carcasses are affected with AMR
S. aureus. In fact, MRSA is frequently found on carcasses meant for consumption (Sergelidis and
Angelidis, 2017), but apart from standard disinfection procedures and personal hygiene protective
measures for slaughterhouse workers, no actions are taken.

AHL assessment on antimicrobial-resistant Staphylococcus aureus

www.efsa.europa.eu/efsajournal 37 EFSA Journal 2022;20(5):7312



Discarding milk is not an epidemiological measure for preventing or controlling spread of AMR
S. aureus.

No information was found on any specific measures for disposal of horse carcasses or by-products
affected by AMR S. aureus.

Effectiveness

Parameter 2 – Effectiveness of disposal option

Disposal of carcasses and milk is not considered a measure for preventing or controlling spread of
AMR S. aureus.

Feasibility

Parameter 3 – Feasibility of disposal option

The procedures for disposal of carcasses and milk affected by AMR S. aureus do not differ from the
standard methods used for carcasses and milk unaffected by AMR S. aureus.

3.1.5. Article 7(e) The impact of disease prevention and control measures

3.1.5.1. Article 7(e)(i) The direct and indirect costs for the affected sectors and the
economy as a whole

Parameter 1 – Cost of control (e.g. treatment/vaccine, biosecurity)

There can be a certain additional cost when mastitis is caused by an AMR S. aureus compared to a
sensitive S. aureus. For example, treatment of young animals with moderate SCC elevation and IMI
with penicillin-sensitive S. aureus strains is economically viable, but treatment of older animals with
strongly elevated SCC and IMI with penicillin-resistant S. aureus is not (Barkema et al., 2006). Due to
the high variation in the probability of cure between animals, the importance of additional factors (e.g.
transmission rate, cow age, costs of antibiotics and discarded milk, etc.) and the variation in regulatory
and economic conditions between countries (Barkema et al., 2006), the cost of control for AMR
S. aureus likely plays at ‘case level’ and is difficult to assess at sector or national level. Even though
several countries have their own variants of a mastitis control programme, the cost of this is not clear.
It has been reported that applying a Dutch mastitis control programme, farm-specific costs could
decrease with €400, leading to a total possible reduction in the sector of €8 million (Lam et al., 2013).
The part (AMR) S. aureus plays in this is however unclear. In cattle, antimicrobial resistance is only one
of a number of factors influencing treatment success for S. aureus mastitis and it is reasonable to
expect the costs for control measures specifically for AMR S. aureus in dairy cattle IMI to be similar to
those for control measures due to regular S. aureus.

In beef cattle or veal calves, AMR S. aureus is considered an occasional opportunistic pathogen,
likely acting as regular S. aureus. Specific control measures are not in place for (AMR) S. aureus in
these species.

For horses, specifically in horse clinics additional costs may emerge for adapting health
management and biosecurity protocols to avoid entrance and spread of AMR S. aureus. However,
these measures will have in theory a general positive effect on containment of regular S. aureus and
other diseases as well, and if the additional costs would be measurable, it might not be clear what part
would need to be allocated to AMR S. aureus specifically.

No information was found on the additional costs that might be brought by treatment failures due
to antimicrobial resistance in horses.

Parameter 2 – Cost of eradication (culling, compensation)

There is no information available on the cost of culling specifically of cows suffering from AMR
S. aureus IMI. In beef cattle, veal calves or horses, eradication due to (AMR) S. aureus infections is
not feasible.

Parameter 3 – Cost of surveillance and monitoring

Worldwide, numerous studies have been performed the last two decades into the presence and
epidemiology of especially LA-MRSA in animals, including cattle and horses. The cost of these is not
clear.
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In Europe, Commission Implementing Decision (EU) 2020/17292 does not include monitoring and
reporting of antimicrobial resistance in S. aureus. However, EFSA recommends a periodically,
harmonised monitoring and reporting of AMR in MRSA in food producing animals and food in
accordance with Directive 2003/99/EC3 (EFSA, 2012, 2021). Among the recommendations on the food-
producing animals for MRSA monitoring, it is recommended to perform consistently on a regular basis
(every third year) a monitoring of bulk tank milk samples on dairy farms and of nasal swabs of
fattening veal calves (under 1 year of age) at the slaughterhouse (if production exceeds 10 million
tonnes slaughtered/year). For beef animals and horses, a voluntary monitoring is recommended, also
every third year, of nostril swabs to be collected at the slaughterhouse. Furthermore, it is
recommended to collect, on a voluntary base, every third year, samples of fresh meat of bovines and
veal at the cutting plant or retail, and of raw milk (products) at the dairy processing plant or retail.
Prevalence data, spa-typing and MLST data are requested. Furthermore, antimicrobial resistance data
to a set of antimicrobials is requested on a voluntary base (EFSA, 2012, 2021). The overall cost this
brings to each MS is unclear.

Specific monitoring programmes might exist in individual farms or clinics, but they are not applied
at sector or national level, hence no information on the cost of this was found.

Parameter 4 – Trade loss (bans, embargoes, sanctions) by animal product

Bans or sanctions have not been applied due to AMR S. aureus in cattle or horses, and hence
information on trade losses is unavailable.

Parameter 5 – Importance of the disease for the affected sector (% loss or € lost compared to
business amount of the sector)

Mastitis is described as the most costly disease in the dairy sector (Halasa et al., 2007). Although
several models have been developed to estimate the costs of mastitis and associated containment
measures (Huijps et al., 2008), the costs specifically for S. aureus mastitis is not known, hence, neither
is the specific impact of antimicrobial resistance. A rough estimation could be done when assuming
that the weight S. aureus has as a causative agent of clinical mastitis is approximately 10% (Olde
Riekerink et al., 2008; Verbeke et al., 2014; Chung et al., 2021), and approximately 20% for subclinical
mastitis (Bradley et al., 2007; Chung et al., 2021); relating this to the estimated cost per case of
clinical mastitis and subclinical mastitis of €287 and €102, respectively (Halasa et al., 2007). However,
in some countries, highly differing weights have been found (e.g. Bradley et al. (2007): 3.3% in clinical
mastitis, Keane (2019): 23% in clinical mastitis) and this assumption does not take into account the
highly varying resistance rates reported for S. aureus (Barkema et al., 2006), specifically for MRSA
(Schnitt and Tenhagen, 2020).

The financial importance of AMR S. aureus is not known for other cattle and horses.

3.1.5.2. Article 7(e)(ii) The societal acceptance of disease prevention and control
measures

In several countries, in the EU but also worldwide, initiatives have been set up to work towards
sustainable and altogether lowered AMU in animals, including horses and cattle. Such initiatives can
concern the set-up of dedicated organisations that try to achieve a reduced, responsible AMU in
animals (for example the Netherlands Veterinary Medicines Institute, AMCRA, the European Platform
for the Responsible Using of Medicines in Animals (EPRUMA) at the European level, etc.). Their work
includes publishing guidelines for improved disease prevention and control measures in clinics or farms
or AMU best-practice guidelines (see for example https://www.amcra.be/nl/adviezen-en-wetgeving/ (in
Dutch), https://epruma.eu/home/best-practice-guides/). This encompasses describing approaches to
implementing responsible use of antibiotics for further optimisation of animal health, guidance on
housing, biosecurity, nutrition, etc., and presenting a decision tree on the use of veterinary antibiotics
in food-producing animals. In Belgium, AMCRA provides a free-of-charge website (https://formularium.
amcra.be/) formulating responsible use guidelines for the most common diseases in livestock and
companion animals.

2 Commission Implementing Decision (EU) 2020/1729 of 17 November 2020 on the monitoring and reporting of antimicrobial
resistance in zoonotic and commensal bacteria and repealing Implementing Decision 2013/652/EU (notified under document C
(2020) 7894). OJ L 387, 19.11.2020, p. 8–21.

3 Directive 2003/99/EC of the European Parliament and of the Council of 17 November 2003 on the monitoring of zoonoses and
zoonotic agents, amending Council Decision 90/424/EEC and repealing Council Directive 92/117/EEC. OJ L 325, 12.12.2003,
p. 31–40.
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In general, the public and political awareness and attention for AMU in animals, and the measures
required to achieve a sustainable reduction, have increased over the years (e.g. https://fve.org/fve-
congratulates-the-european-parliament-for-taking-a-one-health-approach-and-voting-for-science-based-
regulation-in-europe/). Despite this subjective perception of a growing societal awareness on the
issues of AMU and antimicrobial resistance in animals, data that objectively measure this, specifically
for AMR S. aureus, were not found. It is furthermore difficult to know whether society truly accepts
the existing or possible measures as that assumes society is fully aware of and understands the
implications of these measures. In the UK and the USA, farmers believed that misconceptions existed
with consumers about AMU in agriculture and felt that consumers believed raising animals without
antibiotics would significantly improve animal welfare. Subsequently, farmers believe consumer
misconceptions and marketing strategies are driving regulations, thus endangering agricultural
sustainability in the future (McKernan et al., 2021).

3.1.5.3. Article 7(e)(iii) The welfare of affected subpopulations of kept and wild animals

Parameter 1 – Welfare impact of control measures on domestic animals

Animal welfare could, e.g. be impacted by treatment failure hence prolonged disease conditions, by
the forceful application due to antimicrobial resistance of antimicrobial therapy that has adverse effects
(compared to the product(s) of first choice), by delaying or avoiding antimicrobial therapy due to AMU
monitoring regulations (if e.g. applying further therapy would mean trespassing a usage threshold
leading to penalties), or by market-driven schemes for animals to be raised without antibiotics
(McKernan et al., 2021). Also isolating animals to avoid further spread of AMR S. aureus, preventing
animals to display their normal social behaviour, might be suspected to impair welfare. There is little
data available to quantitatively or qualitatively assess welfare impact of those factors. However,
farmers and vets have been found to worry that reduced AMU, for example by legislative restrictions
feared to threaten their future ability to treat sick animals effectively, would compromise animal health
and welfare (McKernan et al., 2021).

Parameter 2 – Wildlife depopulation as control measure

Wildlife depopulation is not applied as a control measure for AMR S. aureus in domestic animals.

3.1.5.4. Article 7(e)(iv) The environment and biodiversity

Environment

Parameter 1 – Use and potential residuals of biocides or medical drugs in environmental compartments
(soil, water, feed, manure)

No data are available that allow to assess the impact of biocides, antimicrobials or other medical
drugs, used for control of AMR S. aureus in cattle and horses, on the environment and biodiversity.
Clearly, residues in more or less active form, including critically important antimicrobials like
fluoroquinolones, are heavily dispersed into the environment through manure application on fields,
especially in heavy-using sectors like the veal calf sector (Huygens et al., 2021). In Belgium for
example, use of fluoroquinolones is legally prohibited to cases where laboratory testing data proof that
no other antimicrobials are effective for the disease, hence indicative for the occurrence of
antimicrobial resistance in the involved bacteria. Manure might also contain AMR bacteria itself, for
example E. coli (Huygens et al., 2021). The role specifically of AMR S. aureus in this is unclear.

Biodiversity

Parameter 1 – Mortality in wild species

There are no reports on mortality in wildlife species due to control measures for control and
prevention of S. aureus infections in cattle or horses.

3.2. Assessment of AMR Staphylococcus aureus according to Article 5
criteria of the AHL on its eligibility to be listed

3.2.1. Detailed outcome on Article 5 criteria

In Table 12 and Figure 1, the results of the expert judgement on the Article 5 criteria of the AHL
for AMR S. aureus in cattle and horses are presented.
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The distribution of the individual answers (probability ranges) provided by each expert for each
criterion are reported in Sections A.1 and A.2 of Appendix A.

In Figure 1, the outcome of the expert judgement is graphically shown together with the estimated
overall probability of the AMR bacterium meeting the criteria of Article 5 on its eligibility to be listed.

Table 12: Outcome of the expert judgement on Article 5 criteria

Criteria to be met by the disease:

According to the AHL, a disease shall be included in the list
referred to in point (b) of paragraph 1 of Article 5 if it has been
assessed in accordance with Article 7 and meets all of the
following criteria

Outcome

Median
range
(%)

Criterion
fulfilment

Number
of na

Number of
experts

A(i) The disease is transmissible 95–100 Fulfilled 0 12

A(ii) Animal species are either susceptible to the disease or
vectors and reservoirs thereof exist in the Union

99–100 Fulfilled 0 12

A(iii) The disease causes negative effects on animal health or
poses a risk to public health due to its zoonotic character

90–100 Fulfilled 0 12

A(iv) Diagnostic tools are available for the disease 90–100 Fulfilled 0 12
A(v) Risk-mitigating measures and, where relevant, surveillance

of the disease are effective and proportionate to the risks
posed by the disease in the Union

60–90 Uncertain 0 12

At least one criterion to be met by the disease:

In addition to the criteria set out above at point A(i)–A(v), the disease needs to fulfil at least one of the following
criteria

B(i) The disease causes or could cause significant negative
effects in the Union on animal health, or poses or could
pose a significant risk to public health due to its zoonotic
character

66–95 Fulfilled 0 12

B(ii) The disease agent has developed resistance to treatments
which poses a significant danger to public and/or animal
health in the Union

90–99 Fulfilled 0 12

B(iii) The disease causes or could cause a significant negative
economic impact affecting agriculture or aquaculture
production in the Union

66–90 Fulfilled 0 12

B(iv) The disease has the potential to generate a crisis or the
disease agent could be used for the purpose of
bioterrorism

10–50 Uncertain 0 12

B(v) The disease has or could have a significant negative
impact on the environment, including biodiversity, of the
Union

10–50 Uncertain 0 12

na: not applicable.
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3.2.1.1. Reasoning for uncertain outcome on Article 5 criteria

Criterion A(v) (risk-mitigating measures and, where relevant, surveillance of the disease are effective
and proportionate to the risks posed by the disease in the Union)

• A large array of diagnostic, therapeutic and prophylactic tools exist, but (AMR) S. aureus is still
a major animal health problem.

• Preventive measures are available and relate mainly to hygienic, biosecurity and health
management practices, which are effective if applied appropriately and considered as
proportionate.

• Differences in effectiveness and feasibility exist between species and production systems, e.g.
for mastitis in dairy cows prevention and control systems exist in several MSs and are
considered as effective, whereas in others it may not be the case.

• Vaccines are available, but their efficacy is controversial.

Criterion B(iv) (the disease has the potential to generate a crisis or the disease agent could be used
for the purpose of bioterrorism)

• Enterotoxins may be used for bioterrorism, but not the bacterium itself. The presence of the
toxin is linked neither to disease prevalence nor to antimicrobial resistance.

• S. aureus is already widespread and considered to have a limited potential for causing a crisis
due to the low mortality rate. Uncertainty remains if AMR strains have higher potential.

Criterion B(v) (the disease has or could have a significant negative impact on the environment,
including biodiversity, of the Union)

• AMR strains have been isolated from several wild species, but it is not clear whether fatal
infections in wild animals also include AMR strains.

• There is a large degree of uncertainty as to whether AMR strains can cause a significant
negative impact on wildlife, as wild animals are normally not treated (with some exceptions in
rehabilitation centres or game animal holdings before releasing them into the wild).

Listing: the probability of the disease to be listed according to Article 5 criteria of the AHL (overall outcome).

Figure 1: Outcome of the expert judgement on Article 5 criteria and overall probability of AMR
S. aureus on its eligibility to be listed
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3.2.2. Overall outcome on Article 5 criteria

As from the legal text of the AHL, a disease is considered eligible to be listed as laid down in Article
5 if it fulfils all criteria of the first set from A(i) to A(v) and at least one of the second set of criteria
from B(i) to B(v). According to the assessment methodology, a criterion is considered fulfilled when the
lower bound of the median range lays above 66%.

According to the results shown in Table 12, AMR S. aureus complies with four criteria of the first
set (A(i)–A(iv)), but there is uncertainty (60–90% probability) on the assessment on compliance with
Criterion A(v). Therefore, it is uncertain whether AMR S. aureus can be considered eligible to be listed
for Union intervention as laid down in Article 5 of the AHL. The estimated overall probability range for
the AMR bacterium being eligible to be listed is 60–90% (Figure 1).

3.3. Assessment of AMR Staphylococcus aureus according to criteria in
Annex IV for the purpose of categorisation as in Article 9 of the AHL

In Tables 13–17 and related graphs (Figures 2–4), the results of the expert judgement on AMR
S. aureus in cattle and horses according to the criteria in Annex IV of the AHL, for the purpose of
categorisation as in Article 9, are presented.

The distribution of the individual answers (probability ranges) provided by each expert for each
criterion are reported in Sections B.1 and B.2 of Appendix B.

3.3.1. Detailed outcome on Category A criteria

Table 13: Outcome of the expert judgement related to the criteria of Section 1 of Annex IV
(Category A of Article 9)

Criteria to be met by the disease:

The disease needs to fulfil all of the following criteria

Outcome

Median
range
(%)

Criterion
fulfilment

Number
of na

Number of
experts

1 The disease is not present in the territory of the Union or
present only in exceptional cases (irregular introductions)
or present in only in a very limited part of the territory of
the Union

1–5 Not fulfilled 0 12

2.1 The disease is highly transmissible 10–33 Not fulfilled 0 12
2.2 There are possibilities of airborne or waterborne or vector-

borne spread
33–66 Uncertain 0 12

2.3 The disease affects multiple species of kept and wild
animals or single species of kept animals of economic
importance

99–100 Fulfilled 0 12

2.4 The disease may result in high morbidity and significant
mortality rates

5–10 Not fulfilled 0 12

At least one criterion to be met by the disease:

In addition to the criteria set out above at point 1–2.4, the disease needs to fulfil at least one of the following
criteria

3 The disease has a zoonotic potential with significant
consequences for public health, including epidemic or
pandemic potential, or possible significant threats to food
safety

33–90 Uncertain 0 12

4 The disease has a significant impact on the economy of
the Union, causing substantial costs, mainly related to its
direct impact on the health and productivity of animals

66–90 Fulfilled 0 12

5(a) The disease has a significant impact on society, with in
particular an impact on labour markets

10–33 Not fulfilled 0 12

5(b) The disease has a significant impact on animal welfare, by
causing suffering of large numbers of animals

66–90 Fulfilled 0 12
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3.3.1.1. Reasoning for uncertain outcome on Category A criteria

Criterion 2.2 (there are possibilities of airborne or waterborne or vector-borne spread)

• Long-distance airborne spread of S. aureus is not common, but local airborne spread via dust
may occur.

• Local transmission via vectors (house and stable flies) is reported.
• (AMR) S. aureus has been found in water, but long-distance waterborne spread has not been

observed.

Criterion 3 (the disease has a zoonotic potential with significant consequences for public health,
including epidemic or pandemic potential, or possible significant threats to food safety):

• Animal-to-human transmission of AMR strains is well documented and results in general in
asymptomatic infection or intermittent carriage, but also very severe cases including fatalities
occur.

• As an opportunistic pathogen that is already endemic worldwide, pandemic potential is
considered to be limited.

Category A: the probability of the disease to be categorised according to Section 1 of Annex IV of the AHL (overall
outcome).

Figure 2: Outcome of the expert judgement on criteria of Section 1 of Annex IV and overall
probability of the AMR bacterium to be fitting in Category A of Article 9

5(c) The disease has a significant impact on the environment,
due to the direct impact of the disease or due to the
measures taken to control it

33–66 Uncertain 0 12

5(d) The disease has a significant impact in the long term on
biodiversity or the protection of endangered species or
breeds, including the possible disappearance or long-term
damage to those species or breeds

10–66 Uncertain 0 12

na: not applicable.
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• There is a potential for significant consequences for public health, as a longer-term risk of
zoonotic transfer is the development of host adaptation, with the potential to introduce new
clones with the capacity for pandemic spread in humans.

• Contaminated food products are a possible source of human infections but seem to be a minor
risk. Food safety could be an issue via the consumption of contaminated raw milk.

Criterion 5(c) (the disease has a significant impact on the environment, due to the direct impact of the
disease or due to the measures taken to control it)

• AMR strains may contaminate the environment around affected farms, but the impact thereof
is still unclear.

• Several wild species show infection with AMR strains potentially transmitted by farms via the
environment, but this does not necessarily imply a significant impact. A major change of the
proportion of MRSA may, however, have a significant impact on the environment.

• Antimicrobial residues can accumulate in the environment and major use of chemicals as a
hygienic measure may affect the environment.

Criterion 5(d) (the disease has a significant impact in the long term on biodiversity or the protection of
endangered species or breeds, including the possible disappearance or long-term damage to those
species or breeds):

• AMR strains were found in protected species, but their importance in causing also fatal
infections is unclear, although the potential seems to be real (fatal infections in wildlife have
sporadically been reported including endangered species).

• There is uncertainty as to how significant the impact on biodiversity is. It may be more
significant in case of spread of AMR clones or absence of control.

• The sole detection of AMR S. aureus in many species does not necessarily imply a significant
impact.

3.3.2. Detailed outcome on Category B criteria

Table 14: Outcome of the expert judgement related to the criteria of Section 2 of Annex IV
(Category B of Article 9)

Criteria to be met by the disease:

The disease needs to fulfil all of the following criteria

Outcome

Median
range
(%)

Criterion
fulfilment

Number
of na

Number of
experts

1 The disease is present in the whole or part of the Union
territory with an endemic character and (at the same
time) several Member States or zones of the Union are
free of the disease

5–10 Not fulfilled 0 12

2.1 The disease is moderately to highly transmissible 33–90 Uncertain 0 12
2.2 There are possibilities of airborne or waterborne or vector-

borne spread
33–66 Uncertain 0 12

2.3 The disease affects single or multiple species – Fulfilled 0 12
2.4 The disease may result in high morbidity with in general

low mortality
66–90 Fulfilled 0 12

At least one criterion to be met by the disease:

In addition to the criteria set out above at point 1–2.4, the disease needs to fulfil at least one of the following
criteria

3 The disease has a zoonotic potential with significant
consequences for public health, including epidemic
potential, or possible significant threats to food safety

50–90 Uncertain 0 12

4 The disease has a significant impact on the economy of
the Union, causing substantial costs, mainly related to its
direct impact on the health and productivity of animals

66–90 Fulfilled 0 12
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3.3.2.1. Reasoning for uncertain outcome on Category B criteria

Criterion 2.1 (the disease is moderately to highly transmissible):

• Most evidence suggests low to moderate transmissibility, but it is unknown whether MRSA is
more transmissible than non-resistant S. aureus strains.

• Different transmissibility rates were observed in dairy cows, where low levels of shedding were
reported, and in veal calves, where rapid and more extensive spread was observed, suggesting
a high transmissibility under certain conditions.

Criterion 2.2 (there are possibilities of airborne or waterborne or vector-borne spread): See above in
Section 3.3.1.1.

Criterion 3 (the disease has a zoonotic potential with significant consequences for public health,
including epidemic potential, or possible significant threats to food safety):

• There is clear evidence of zoonotic transmission.

5(a) The disease has a significant impact on society, with in
particular an impact on labour markets

10–33 Not fulfilled 0 12

5(b) The disease has a significant impact on animal welfare, by
causing suffering of large numbers of animals

66–90 Fulfilled 0 12

5(c) The disease has a significant impact on the environment,
due to the direct impact of the disease or due to the
measures taken to control it

33–66 Uncertain 0 12

5(d) The disease has a significant impact in the long term on
biodiversity or the protection of endangered species or
breeds, including the possible disappearance or long-term
damage to those species or breeds

10–66 Uncertain 0 12

na: not applicable.

Category B: the probability of the disease to be categorised according to Section 2 of Annex IV of the AHL (overall
outcome).

Figure 3: Outcome of the expert judgement on criteria of Section 2 of Annex IV and overall
probability of the AMR bacterium to be fitting in Category B of Article 9
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• AMR strains from cattle and horses are currently present with no apparent epidemic and
pandemic potential or significant impact on public health.

• Some strains of MRSA may cause local outbreaks with epidemic characteristics.
• Contact with and consumption of contaminated food products (carcasses, meat, milk) have

been described as possible sources of MRSA in humans, but this is generally considered only a
minor risk.

Criterion 5(c) (the disease has a significant impact on the environment, due to the direct impact of the
disease or due to the measures taken to control it): See above in Section 3.3.1.1.

Criterion 5(d) (the disease has a significant impact in the long term on biodiversity or the protection of
endangered species or breeds, including the possible disappearance or long-term damage to those
species or breeds): See above in Section 3.3.1.1.

3.3.3. Detailed outcome on Category C criteria

Table 15: Outcome of the expert judgement related to the criteria of Section 3 of Annex IV
(Category C of Article 9)

Criteria to be met by the disease:

The disease needs to fulfil all of the following criteria

Outcome

Median
range
(%)

Criterion
fulfilment

Number
of na

Number of
experts

1 The disease is present in the whole or part of the Union
territory with an endemic character

90–99 Fulfilled 0 12

2.1 The disease is moderately to highly transmissible 33–90 Uncertain 0 12
2.2 The disease is transmitted mainly by direct or indirect

transmission
– Fulfilled 0 12

2.3 The disease affects single or multiple species – Fulfilled 0 12
2.4 The disease usually does not result in high morbidity and

has negligible or no mortality and often the most observed
effect of the disease is production loss

66–90 Fulfilled 0 12

At least one criterion to be met by the disease:

In addition to the criteria set out above at point 1–2.4, the disease needs to fulfil at least one of the following
criteria

3 The disease has a zoonotic potential with significant
consequences for public health or possible significant
threats to food safety

66–90 Fulfilled 0 12

4 The disease has a significant impact on the economy of
the Union, mainly related to its direct impact on certain
types of animal production systems

66–95 Fulfilled 0 12

5(a) The disease has a significant impact on society, with in
particular an impact on labour markets

10–33 Not fulfilled 0 12

5(b) The disease has a significant impact on animal welfare, by
causing suffering of large numbers of animals

66–90 Fulfilled 0 12

5(c) The disease has a significant impact on the environment,
due to the direct impact of the disease or due to the
measures taken to control it

33–66 Uncertain 0 12

5(d) The disease has a significant impact in the long term on
biodiversity or the protection of endangered species or
breeds, including the possible disappearance or long-term
damage to those species or breeds

10–66 Uncertain 0 12

na: not applicable.
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3.3.3.1. Reasoning for uncertain outcome on Category C criteria

Criterion 2.1 (the disease is moderately to highly transmissible): See above in Section 3.3.2.1

Criterion 5(c) (the disease has a significant impact on the environment, due to the direct impact of the
disease or due to the measures taken to control it): See above in Section 3.3.1.1.

Criterion 5(d) (the disease has a significant impact in the long term on biodiversity or the protection of
endangered species or breeds, including the possible disappearance or long-term damage to those
species or breeds): See above in Section 3.3.1.1.

3.3.4. Detailed outcome on Category D criteria

Category C: the probability of the disease to be categorised according to Section 3 of Annex IV of the AHL (overall
outcome).

Figure 4: Outcome of the expert judgement on criteria of Section 3 of Annex IV and overall
probability of the AMR bacterium to be fitting in Category C of Article 9

Table 16: Outcome of the expert judgement related to the criteria of Section 4 of Annex IV
(Category D of Article 9)

Diseases in Category D need to fulfil criteria of
Section 1, 2, 3 or 5 of Annex IV of the AHL and the
following:

Outcome

Median
range
(%)

Criterion
fulfilment

Number of
na

Number of
experts

D The risk posed by the disease can be effectively and
proportionately mitigated by measures concerning
movements of animals and products in order to
prevent or limit its occurrence and spread

10–33 Not fulfilled 0 12

na: not applicable.
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3.3.5. Detailed outcome on Category E criteria

3.3.6. Overall outcome on criteria in Annex IV for the purpose of categorisation
as in Article 9

As from the legal text of the AHL, a disease is considered fitting in a certain category (A, B, C, D or
E – corresponding to points (a) to (e) of Article 9(1) of the AHL) if it fulfils all criteria of the first set
from 1 to 2.4 and at least one of the second set of criteria from 3 to 5(d), as shown in Tables 13–17.
According to the assessment methodology, a criterion is considered fulfilled when the lower bound of
the median range lays above 66%.

The overall outcome of the assessment on criteria in Annex IV of the AHL, for the purpose of
categorisation of AMR S. aureus as in Article 9, is presented in Table 18 and Figure 5.

Table 17: Outcome of the expert judgement related to the criteria of Section 5 of Annex IV
(Category E of Article 9)

Diseases in Category E need to fulfil criteria of Section 1, 2 or 3 of Annex IV
of the AHL and/or the following:

Outcome

Median
range
(%)

Fulfilment

E Surveillance of the disease is necessary for reasons related to animal health,
animal welfare, human health, the economy, society or the environment

(If a disease fulfils the criteria as in Article 5, thus being eligible to be listed,
consequently Category E would apply.)

60–90 Uncertain

Table 18: Outcome of the assessment on criteria in Annex IV of the AHL for the purpose of
categorisation as in Article 9

Category

Article 9 criteria

1° set of criteria 2° set of criteria

1 2.1 2.2 2.3 2.4 3 4 5(a) 5(b) 5(c) 5(d)
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A 1–5 10–33 33–66 99–100 5–10 33–90 66–90 10–33 66–90 33–66 10–66

B 5–10 33–90 33–66 – 66–90 50–90 66–90 10–33 66–90 33–66 10–66
C 90–99 33–90 – – 66–90 66–90 66–95 10–33 66–90 33–66 10–66

D 10–33

E 60–90

Probability ranges (% certainty; –: criterion fulfilled by default) and fulfilment of criteria (green: fulfilled; red: not fulfilled;
orange: uncertain) (EFSA AHAW Panel, 2017).
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According to the assessment here performed, AMR S. aureus complies with the following criteria of
Sections 1 to 5 of Annex IV of the AHL for the application of the disease prevention and control rules
referred to in points (a) to (e) of Article 9(1):

1) To be assigned to Category A, a disease needs to comply with all criteria of the first set (1,
2.1–2.4) and, according to the assessment, AMR S. aureus complies only with Criterion 2.3
(99–100% probability). The assessment was inconclusive on compliance with Criterion 2.2
(33–66% probability). To be eligible for Category A, a disease needs to comply additionally
with one of the criteria of the second set (3, 4, 5(a)–(d)), and AMR S. aureus complies with
Criteria 4 (66–90% probability) and 5(b) (66–90% probability). The assessment was
inconclusive on compliance with Criteria 3 (33–90% probability), 5(c) (33–66% probability)
and 5(d) (10–66% probability). Overall, it was assessed with 1–5% probability that AMR
S. aureus may be assigned to Category A according to criteria in Section 1 of Annex IV for
the purpose of categorisation as in Article 9 of the AHL.

2) To be assigned to Category B, a disease needs to comply with all criteria of the first set (1,
2.1–2.4) and, according to the assessment, AMR S. aureus complies only with Criteria 2.3
(fulfilled by default) and 2.4 (66–90% probability). The assessment was inconclusive on
compliance with Criteria 2.1 (33–90% probability) and 2.2 (33–66% probability). To be
eligible for Category B, a disease needs to comply additionally with one of the criteria of the
second set (3, 4, 5(a)–(d)), and AMR S. aureus complies with Criteria 4 (66–90%
probability) and 5(b) (66–90% probability). The assessment was inconclusive on compliance
with Criteria 3 (50–90% probability), 5(c) (33–66% probability) and 5(d) (10–66%
probability). Overall, it was assessed with 5–10% probability that AMR S. aureus may be
assigned to Category B according to criteria in Section 2 of Annex IV for the purpose of
categorisation as in Article 9 of the AHL.

3) To be assigned to Category C, a disease needs to comply with all criteria of the first set (1,
2.1–2.4) and, according to the assessment, AMR S. aureus complies with Criteria 1 (90–
99% probability), 2.2 (fulfilled by default), 2.3 (fulfilled by default) and 2.4 (66–90%
probability). The assessment was inconclusive on compliance with Criterion 2.1 (33–90%
probability). To be eligible for Category C, a disease needs to comply additionally with one

Figure 5: Outcome of the expert judgement on criteria in Annex IV and overall probabilities for
categorisation of the AMR bacterium in accordance with Article 9
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of the criteria of the second set (3, 4, 5(a)–(d)), and AMR S. aureus complies with Criteria 3
(66–90% probability), 4 (66–95% probability) and 5(b) (66–90% probability). The
assessment was inconclusive on compliance with Criteria 5(c) (33–66% probability) and 5(d)
(10–66% probability). Overall, it was assessed with 33–90% probability that AMR S. aureus
may be assigned to Category C according to criteria in Section 3 of Annex IV for the
purpose of categorisation as in Article 9 of the AHL.

4) To be assigned to Category D, a disease needs to comply with criteria of Section 1, 2, 3 or 5
of Annex IV of the AHL and with the specific Criterion D of Section 4, with which AMR
S. aureus does not comply (10–33% probability).

5) To be assigned to Category E, a disease needs to comply with criteria of Section 1, 2 or 3 of
Annex IV of the AHL, and/or the surveillance of the disease is necessary for reasons related
to animal health, animal welfare, human health, the economy, society or the environment.
The latter is applicable if a disease fulfils the criteria as in Article 5, for which the
assessment is inconclusive (60–90% probability of fulfilling the criteria).

3.4. Assessment of AMR Staphylococcus aureus according to Article 8
criteria of the AHL

In this section, the results of the assessment on the criteria of Article 8(3) of the AHL for AMR
S. aureus are presented. The Article 8(3) criteria are about animal species to be listed, as it reads below:

‘3. Animal species or groups of animal species shall be added to the list if they are affected or if
they pose a risk for the spread of a specific listed disease because:

a) they are susceptible to a specific listed disease, or scientific evidence indicates that such
susceptibility is likely; or

b) they are vector species or reservoirs for that disease, or scientific evidence indicates that such
role is likely’.

For this reason, the assessment on Article 8 criteria is based on the evidence as extrapolated from
the relevant criteria of Article 7, i.e. the ones related to susceptible and reservoir species or routes of
transmission, which cover also the possible role of biological or mechanical vectors.4

According to the mapping, as presented in Table 5, Section 3.2, of the scientific opinion on the ad
hoc methodology (EFSA AHAW Panel, 2017), the animal species to be listed for AMR S. aureus
according to the criteria of Article 8(3) of the AHL include mainly mammals, birds, reptiles and fish.

4. Conclusions

The AHAW Panel emphasises that the assessment of impacts, as well as prevention and control
measures, related to AMR bacteria using the criteria as laid down in Articles 5 and 9 of the AHL is
particularly challenging for opportunistic pathogens that can also be found as commensal bacteria in
healthy animals.

TOR 1: for each of those identified AMR bacteria considered most relevant in the EU, following the
criteria laid down in Article 7 of the AHL, an assessment on its eligibility to be listed for Union
intervention as laid down in Article 5(3) of the AHL;

• It is uncertain (60–90% probability) whether AMR S. aureus can be considered eligible to be
listed for Union intervention as laid down in Article 5 of the AHL.

TOR 2: for each of the AMR bacteria which was found eligible to be listed for Union intervention,
an assessment on its compliance with the criteria in Annex IV for the purpose of categorisation in
accordance with Article 9 of the AHL;

• The AHAW Panel considered with 1–5% probability (‘extremely unlikely’) that AMR S. aureus
meets the criteria as in Section 1 of Annex IV of the AHL, for the application of the disease
prevention and control rules referred to in point (a) of Article 9(1) of the AHL.

4 A vector is a living organism that transmits an infectious agent from an infected animal to a human or another animal. Vectors
are frequently arthropods. Biological vectors may carry pathogens that can multiply within their bodies and be delivered to
new hosts, usually by biting. In mechanical vectors, the pathogens do not multiply within the vector, which usually remains
infected for shorter time than in biological vectors.
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• The AHAW Panel considered with 5–10% probability (‘very unlikely’) that AMR S. aureus meets
the criteria as in Section 2 of Annex IV of the AHL, for the application of the disease
prevention and control rules referred to in point (b) of Article 9(1) of the AHL.

• The AHAW Panel was uncertain (33–90% probability, from ‘as likely as not’ to ‘likely’) whether
AMR S. aureus meets the criteria as in Section 3 of Annex IV of the AHL, for the application of
the disease prevention and control rules referred to in point (c) of Article 9(1) of the AHL.

• The AHAW Panel considered with 10–33% probability (‘unlikely’) that AMR S. aureus meets the
criteria as in Section 4 of Annex IV of the AHL, for the application of the disease prevention
and control rules referred to in point (d) of Article 9(1) of the AHL.

• The AHAW Panel was uncertain (60–90% probability) whether AMR S. aureus meets the
criteria as in Section 5 of Annex IV of the AHL, for the application of the disease prevention
and control rules referred to in point (e) of Article 9(1) of the AHL.

TOR 3: for each of the AMR bacteria which was found eligible to be listed for Union intervention, a
list of animal species that should be considered candidates for listing in accordance with Article 8 of
the AHL;

• The animal species that can be considered to be listed for AMR S. aureus according to Article
8(3) of the AHL include mainly mammals, birds, reptiles and fish.

The AHAW Panel highlights that monitoring of antimicrobial resistance in opportunistic bacteria
could help to assess their impacts. Therefore, even though the assessment on AMR S. aureus is
inconclusive on its eligibility to be listed for Union intervention, specific initiatives (e.g. monitoring or
applied research) into various aspects of AMR S. aureus can be useful to better understand its
distribution and to assess its impact on animal health and welfare in the EU.
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Appendix A – Criteria with certain outcome

A.1. Article 5 criteria

The median range is displayed as a dashed line.

Figure A.1: Individual probability ranges reflecting fulfilment of Criterion A(i) (the disease is
transmissible) after the collective judgement
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The median range is displayed as a dashed line.

Figure A.2: Individual probability ranges reflecting fulfilment of Criterion A(ii) (animal species are
either susceptible to the disease or vectors and reservoirs thereof exist in the Union)
after the collective judgement
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The median range is displayed as a dashed line.

Figure A.3: Individual probability ranges reflecting fulfilment of Criterion A(iii) (the disease causes
negative effects on animal health or poses a risk to public health due to its zoonotic
character) after the collective judgement
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The median range is displayed as a dashed line.

Figure A.4: Individual probability ranges reflecting fulfilment of Criterion A(iv) (diagnostic tools are
available for the disease) after the collective judgement
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The median range is displayed as a dashed line.

Figure A.5: Individual probability ranges reflecting fulfilment of Criterion B(i) (the disease causes or
could cause significant negative effects in the Union on animal health, or poses or could
pose a significant risk to public health due to its zoonotic character) after the collective
judgement
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The median range is displayed as a dashed line.

Figure A.6: Individual probability ranges reflecting fulfilment of Criterion B(ii) (the disease agent has
developed resistance to treatments which poses a significant danger to public and/or
animal health in the Union) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure A.7: Individual probability ranges reflecting fulfilment of Criterion B(iii) (the disease causes or
could cause a significant negative economic impact affecting agriculture or aquaculture
production in the Union) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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A.2. Article 9 criteria

The median range is displayed as a dashed line.

Figure A.8: Individual probability ranges reflecting non-fulfilment of Criterion 1A (the disease is not
present in the territory of the Union or present only in exceptional cases (irregular
introductions) or present in only in a very limited part of the territory of the Union) after
the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure A.9: Individual probability ranges reflecting non-fulfilment of Criterion 1B (the disease is
present in the whole or part of the Union territory with an endemic character and (at the
same time) several Member States or zones of the Union are free of the disease) after
the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure A.10: Individual probability ranges reflecting fulfilment of Criterion 1C (the disease is present
in the whole or part of the Union territory with an endemic character) after the
collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure A.11: Individual probability ranges reflecting non-fulfilment of Criterion 2.1A (the disease is
highly transmissible) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure A.12: Individual probability ranges reflecting fulfilment of Criterion 2.3A (the disease affects
multiple species of kept and wild animals or single species of kept animals of economic
importance) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure A.13: Individual probability ranges reflecting non-fulfilment of Criterion 2.4A (the disease may
result in high morbidity and significant mortality rates) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus

www.efsa.europa.eu/efsajournal 80 EFSA Journal 2022;20(5):7312



The median range is displayed as a dashed line.

Figure A.14: Individual probability ranges reflecting fulfilment of Criterion 2.4B (the disease may
result in high morbidity with in general low mortality) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure A.15: Individual probability ranges reflecting fulfilment of Criterion 2.4C (the disease usually
does not result in high morbidity and has negligible or no mortality and often the most
observed effect of the disease is production loss) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure A.16: Individual probability ranges reflecting fulfilment of Criterion 3ABC (the disease has a
zoonotic potential with significant consequences for public health or possible significant
threats to food safety) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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CI: current impact.
The median range is displayed as a dashed line.

Figure A.17: Individual probability ranges reflecting fulfilment of Criterion 4AB (current impact) (the
disease has a significant impact on the economy of the Union, causing substantial costs,
mainly related to its direct impact on the health and productivity of animals) after the
collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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PI: potential impact.
The median range is displayed as a dashed line.

Figure A.18: Individual probability ranges reflecting fulfilment of Criterion 4AB (potential impact) (the
disease has a significant impact on the economy of the Union, causing substantial costs,
mainly related to its direct impact on the health and productivity of animals) after the
collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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CI: current impact.
The median range is displayed as a dashed line.

Figure A.19: Individual probability ranges reflecting fulfilment of Criterion 4C (current impact) (the
disease has a significant impact on the economy of the Union, mainly related to its
direct impact on certain types of animal production systems) after the collective
judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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PI: potential impact.
The median range is displayed as a dashed line.

Figure A.20: Individual probability ranges reflecting fulfilment of Criterion 4C (potential impact) (the
disease has a significant impact on the economy of the Union, mainly related to its
direct impact on certain types of animal production systems) after the collective
judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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CI: current impact.
The median range is displayed as a dashed line.

Figure A.21: Individual probability ranges reflecting non-fulfilment of Criterion 5(a) (current impact)
(the disease has a significant impact on society, with in particular an impact on labour
markets) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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PI: potential impact.
The median range is displayed as a dashed line.

Figure A.22: Individual probability ranges reflecting non-fulfilment of Criterion 5(a) (potential impact)
(the disease has a significant impact on society, with in particular an impact on labour
markets) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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CI: current impact.
The median range is displayed as a dashed line.

Figure A.23: Individual probability ranges reflecting fulfilment of Criterion 5(b) (current impact) (the
disease has a significant impact on animal welfare, by causing suffering of large
numbers of animals) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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PI: potential impact.
The median range is displayed as a dashed line.

Figure A.24: Individual probability ranges reflecting fulfilment of Criterion 5(b) (potential impact) (the
disease has a significant impact on animal welfare, by causing suffering of large
numbers of animals) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure A.25: Individual probability ranges reflecting non-fulfilment of Criterion D (the risk posed by
the disease can be effectively and proportionately mitigated by measures concerning
movements of animals and products in order to prevent or limit its occurrence and
spread) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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Appendix B – Criteria with uncertain outcome

B.1. Article 5 criteria

The median range is displayed as a dashed line.

Figure B.1: Individual probability ranges reflecting uncertain outcome on Criterion A(v) (risk-
mitigating measures and, where relevant, surveillance of the disease are effective and
proportionate to the risks posed by the disease in the Union) after the collective
judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure B.2: Individual probability ranges reflecting uncertain outcome on Criterion B(iv) (the disease
has the potential to generate a crisis or the disease agent could be used for the purpose
of bioterrorism) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure B.3: Individual probability ranges reflecting uncertain outcome on Criterion B(v) (the disease
has or could have a significant negative impact on the environment, including
biodiversity, of the Union) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus

www.efsa.europa.eu/efsajournal 95 EFSA Journal 2022;20(5):7312



B.2. Article 9 criteria

The median range is displayed as a dashed line.

Figure B.4: Individual probability ranges reflecting uncertain outcome on Criterion 2.1BC (the disease
is moderately to highly transmissible) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure B.5: Individual probability ranges reflecting uncertain outcome on Criterion 2.2AB (there are
possibilities of airborne or waterborne or vector-borne spread) after the collective
judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure B.6: Individual probability ranges reflecting uncertain outcome on Criterion 3A (the disease
has a zoonotic potential with significant consequences for public health, including
epidemic or pandemic potential, or possible significant threats to food safety) after the
collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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The median range is displayed as a dashed line.

Figure B.7: Individual probability ranges reflecting uncertain outcome on Criterion 3AB (the disease
has a zoonotic potential with significant consequences for public health, including
epidemic potential, or possible significant threats to food safety) after the collective
judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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CI: current impact.
The median range is displayed as a dashed line.

Figure B.8: Individual probability ranges reflecting uncertain outcome on Criterion 5(c) (current
impact) (the disease has a significant impact on the environment, due to the direct
impact of the disease or due to the measures taken to control it) after the collective
judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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PI: potential impact.
The median range is displayed as a dashed line.

Figure B.9: Individual probability ranges reflecting uncertain outcome on Criterion 5(c) (potential
impact) (the disease has a significant impact on the environment, due to the direct
impact of the disease or due to the measures taken to control it) after the collective
judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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CI: current impact.
The median range is displayed as a dashed line.

Figure B.10: Individual probability ranges reflecting uncertain outcome on Criterion 5(d) (current
impact) (the disease has a significant impact in the long term on biodiversity or the
protection of endangered species or breeds, including the possible disappearance or
long-term damage to those species or breeds) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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PI: potential impact.
The median range is displayed as a dashed line.

Figure B.11: Individual probability ranges reflecting uncertain outcome on Criterion 5(d) (potential
impact) (the disease has a significant impact in the long term on biodiversity or the
protection of endangered species or breeds, including the possible disappearance or
long-term damage to those species or breeds) after the collective judgement

AHL assessment on antimicrobial-resistant Staphylococcus aureus
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