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Abstract

In this opinion, the antimicrobial resistant bacteria responsible for transmissible diseases that
constitute a threat to the health of cattle have been assessed. The assessment has been performed
following a methodology based on information collected by an extensive literature review and expert
judgement. Details of the methodology used for this assessment are explained in a separate opinion. A
global state of play on antimicrobial resistance in clinical isolates of Escherichia coli (non-VTEC),
Klebsiella pneumoniae, Staphylococcus aureus, Streptococcus uberis, Streptococcus dysgalactiae,
Pasteurella multocida, Mannheimia haemolytica, Histophilus somni, Mycoplasma bovis, Moraxella bovis,
Fusobacterium necrophorum and Trueperella pyogenes is provided. Among those bacteria, EFSA
identified E. coli and S. aureus with ≥ 66% certainty as being the most relevant antimicrobial resistant
bacteria in cattle in the EU based on the available evidence. The animal health impact of these most
relevant bacteria, as well as their eligibility for being listed and categorised within the animal health
law framework will be assessed in separate scientific opinions.
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1. Introduction

EFSA received a mandate from the European Commission to investigate the global state of play as
regards resistant animal pathogens that cause transmissible animal diseases [Term of Reference (ToR)
1], to identify the most relevant bacteria in the EU (first part of ToR 2), to summarise the existing or
potential animal health impact of those most relevant 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, Appendix D according to Articles 8 and 9 within the Regulation (EU) 2016/429 on
transmissible animal diseases (‘animal health law’)1 (ToR 3).

This scientific opinion presents the global state of play for resistant animal pathogens that cause
transmissible animal diseases (ToR 1) and the results of the assessment of the most relevant bacteria
in the EU (first part of ToR 2) for cattle following the methodology described in (EFSA AHAW Panel,
2021).

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

The background and ToR 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 animal health
law (AHL) framework (EFSA AHAW Panel, 2021).

1.2. Interpretation of the Terms of Reference

The interpretation of the ToR is as in Sections 1.3.1 and 1.3.2 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, 2021).

The present document reports the results of the assessment of bacterial pathogens resistant to
antimicrobials in cattle.

2. Data and methodologies

The methodology applied for this opinion is described in a dedicated document that details the ad
hoc method for the assessment of animal diseases caused by bacteria resistant to antimicrobials within
the AHL framework (EFSA AHAW Panel, 2021). Additional methods specific to this opinion (data
collection by an extensive literature review) are detailed below.

2.1. Extensive literature review

The process to identify the bacterial species on which to focus in the extensive literature review
(ELR) is described in Section 2.1.2 in the ad hoc method for the assessment of animal diseases caused
by bacteria resistant to antimicrobials within the AHL (EFSA AHAW Panel, 2021). According to that
methodology, the following target bacteria for cattle had been agreed upon by the EFSA working
group: Escherichia coli (non-VTEC), Klebsiella pneumoniae, Staphylococcus aureus, Streptococcus
uberis, Streptococcus dysgalactiae, Pasteurella multocida, Mannheimia haemolytica, Histophilus somni,
Mycoplasma bovis, Moraxella bovis, Fusobacterium necrophorum and Trueperella pyogenes. The ELR
was carried out by the University of Copenhagen under the contract OC/EFSA/ALPHA/2020/02 – LOT
1.2 On 13 April 2021, two different search strings (Annex A) were applied in PubMed and Embase,
respectively, resulting in a search result of 2,749 unique abstracts published since 2010. Upon
importation into Rayyan software, these abstracts were screened by a senior scientist who followed
the criteria described in the protocol for inclusion and exclusion of studies. When available, the full text
of articles was downloaded into EndNote software. In addition, the national antimicrobial resistance
(AMR) monitoring reports from Denmark, Finland, France, Ireland, Germany, Sweden, Switzerland and
United Kingdom (written in English or German) were downloaded and used in the ELR.

Only the latest version of the AMR monitoring reports was included in the ELR as isolates included
in these reports can be assumed to originate from the same sampled populations and most recent
versions would therefore include the most up-to-date AMR data. The previous versions of the national
AMR monitoring reports, i.e. up to the previous 5 years, were not included in the ELR but were
downloaded and analysed separately to assess changes over time when possible. AMR data in the full

1 http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016R0429&rid=8
2 https://ted.europa.eu/udl?uri=TED:NOTICE:457654-2020:TEXT:EN:HTML
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texts of national reports were evaluated for eligibility applying the exclusion criteria as described in the
ad hoc method followed for the assessment of animal diseases caused by bacteria resistant to
antimicrobials within the AHL framework (EFSA AHAW Panel, 2021), with the following deviations from
the standard methodology:

• Exclusion criterion 8 (minimum number of isolates in a study to be considered acceptable): this
number was set at 50 for E. coli and S. aureus and at the default of 10 for the other bacterial
species (the minimum number is for the whole study, meaning that in one study there could
be less than 50 E. coli from one country, but when isolates from different countries are added,
the limit of 50 is applied; also, one study could have 25 E. coli isolates from one study period
and 25 from another, and by merging those time periods, the limit of 50 isolates would be
reached).

• Exclusion criterion 6 (the same individual has been deliberately sampled more than once): This
criterion was difficult to enforce in this opinion, as in many studies, it was reported that
samples represented quarters of udders. Although these studies might have included more
than one sample per animal, we decided to include them unless it was proven that more than
one sample had been taken per animal (i.e. if the sample number was higher than the number
of cattle sampled).

• Exclusion criterion 16 (studies where AMR was only assessed genotypically): Studies in which
mecA and/or mecC was used to infer the proportion of methicillin-resistant S. aureus (MRSA)
were considered eligible.

Year of bacterial isolation was neither extracted nor reported from the included studies, as in most
studies, isolates had been collected over multiple years with no indication on the number of isolates
per year. An exception to this rule was if only data from a certain time period within a study were
extracted (in the case of national reports reporting multiple years, when only the last data points were
considered).

Information extracted from the eligible assessed full-text reports/publications is described in the
scientific opinion on the ad hoc method applied in the assessment (EFSA AHAW Panel, 2021).
Information on all the full-text studies that were assessed, including the reason for exclusion for those
that were excluded at the full-text screening, is presented in Annex B. AMR was assessed for clinically
relevant antibiotics according to the method detailed in Section 2.1.3 of the ad hoc method for the
assessment of animal diseases caused by bacteria resistant to antimicrobials within the AHL (EFSA
AHAW Panel, 2021). The list of clinically relevant antibiotics for each target bacterial species in cattle
considered in this opinion are shown in Annex C. When more than one antimicrobial from a given class
was considered eligible for inclusion in the report, the following order of preference for each
antimicrobial class and bacterial pathogen was considered:

• For methicillin in staphylococci, data for oxacillin, cefoxitin and presence of the mecA and
mecC gene were accepted. If data for more than one of these antimicrobials were available in
the same study, we included the one for which more isolates were tested. If the same number
of isolates was tested for the different antimicrobials, the order of preference was mecA +
mecC > cefoxitin > oxacillin.

• For third-generation cephalosporins (3GC) in Enterobacterales (as indicator of extended-
spectrum beta-lactamase/AmpC), the order of preference was cefpodoxime > cefotaxime >
ceftazidime > ceftriaxone > ceftiofur. If data for more than one of these antimicrobials were
available in the same study, we included the one for which more isolates were tested. If
resistance to at least one of these five 3GCs was not reported, we included instead – when
available – other phenotypic data indicating the presence of ESBL/AmpC, typically data from a
double disk synergy test (EUCAST, 2017).

• The 3GC cefoperazone was reported separately for E. coli, Staphylococcus spp., S. dysgalactiae
and S. uberis deriving from mastitis, as there is a mastitis-specific clinical breakpoint for
cefoperazone in these species.

• For fluoroquinolones, the order of preference was enrofloxacin > ciprofloxacin, meaning that
we always selected enrofloxacin if resistance data for both drugs were available.

• For tetracyclines, the order of preference was tetracycline > oxytetracycline > doxycycline >
chlortetracycline; hence, we always selected tetracycline if resistance data for all four drugs, or
tetracycline + one of the other drugs, were present.
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For each study, AMR data were extracted as percentages of resistant isolates (%R) and/or as
percentages of non-susceptible isolates by combining resistant and intermediate (I) isolates (%R + I).
Moreover, the following decisions were made when evaluating data sets:

When no information on the I category was provided in a study, we considered that the reported
%R only considered resistant isolates (i.e. I isolates had not been included in the R category).

• When proportion of susceptibility (%S) was reported with no information on I, it was not
possible to calculate %R. Instead, we calculated %R + I as 100% � %S.

• When a study using ECOFFs reported %R, we considered this as %R + I, as the I category is
always part of the non-wild-type population.

• When %I was reported separately, we extracted that along with %R and calculated %R + I.

For some drugs and presence of mecA/mecC, there is no I category for the bacterial species
included, hence for those we could only report %R, irrespective of the assumptions mentioned above.

3. Assessment

3.1. ToR 1: global state of play for resistant bacterial animal pathogens
that cause transmissible animal diseases

3.1.1. General overview of studies included and excluded

3.1.1.1. Data from the extensive literature review

After screening of the 2,750 abstracts, 491 publications were selected for evaluation according to
the criteria under methods. Of these, 364 publications were excluded with the reasons for exclusion
highlighted in columns D and E of Annex B. The reasons for exclusion of publications are listed in
Table 1. The most common reason for exclusion (n = 108) was that an insufficient number of isolates
had been investigated according to the inclusion criteria (≥ 50 for E. coli and S. aureus, ≥ 10 for the
remaining species). The second most common reason for exclusion was that isolates were not clinical
or that it was not possible to distinguish between clinical and non-clinical isolates (n = 47); several of
these publications had investigated milk samples but without specifying if they were from cows with
mastitis or not.

Table 1: Main reasons for exclusion of publications after full-text evaluation affecting more than
one publication (a publication could be excluded for more than one reason)(a)

Reason
Code in
Annex B

Number of
publications

Fewer than the minimum number of isolates are included in the publication 8 108

Inclusion of non-clinical isolates or isolates that cannot be distinguished
from clinical isolates

5 47

Full text not available at server of the University of Copenhagen 10 29

Percentage of resistant isolates not reported 7 27
Criteria for selection of isolates unclear and/or high risk of data duplication 14 26

Same animals sampled repeatedly 6 25
Minimum inhibitory concentration data reported without interpretation 12 22

Publication does not follow a standard for antimicrobial susceptibility
testing or a standard is not reported

4 20

AMR data included in another included publication 9 15

AMR assessed genotypically (except mecA used to infer methicillin
resistance in staphylococci)

16 11

AMR data reported at bacterial genus level or above 3 8

AMR data from multiple host species (other than cattle) reported together 2 7
Biased data presented (only for drugs for which more resistance was
found)

17(b) 7
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After exclusion of these references, 127 eligible publications with information on AMR from clinical
isolates were selected for data extraction. In addition, eight national reports representing Denmark,
Finland, France, Germany, Ireland, Sweden, Switzerland and the UK were selected, as they contained
eligible AMR data on clinical isolates from cattle according to the same set of eligibility criteria
mentioned above (for a total of 135 references considered).

An overview of the number of eligible studies for each target bacterium is shown in Table 2.

Figure 1 below provides an overview of the 135 included studies (some with data on multiple
bacterial species) sorted by year of publication.

Reason
Code in
Annex B

Number of
publications

Antimicrobials tested are not among the ones of interest for this scientific
opinion

13 6

All isolates in a publication originate from the same farm 15 5

Language (non-English) 11 2
Publication investigating AMR in a subset of resistant clinical isolates 17(b) 2

Data included in a more recent report published later 17(b) 2

(a): The other 36 reasons for exclusion affecting one publication each are not reported in this table and are listed in Annex B.
(b): Specified in column E, Annex B.

Table 2: Number of studies from which AMR data were extracted

Bacterial species Number of eligible studies for data extraction (n = 135)(a)

Staphylococcus aureus 66

Escherichia coli 37
Pasteurella multocida 23

Mannheimia haemolytica 20
Streptococcus uberis 18

Streptococcus dysgalactiae 13
Histophilus somni 12

Trueperella pyogenes 8
Mycoplasma bovis 8

Klebsiella pneumoniae 5
Moraxella bovis 1

Fusobacterium necrophorum 0

(a): A publication can provide information on more than one bacterial species.

Figure 1: Date of publication of the 135 publications included in the extensive literature review
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Considering geographical distribution, AMR data were reported in the following number of
publications: Asia (53 publications), Europe (47), North America (13), Africa (11), South America (5)
and Oceania (5) (Figure 2). One publication reported data from multiple continents. For publications
including information from a single country, the country in which a higher number of publications were
performed was China (26 publications) followed by Iran (8), Switzerland (7), USA (7), Canada (5),
France (5), South Korea (5), South Africa (5) and Turkey (5). In addition, there were eight publications
reporting data from multiple countries, of which six included a combination of European countries.

Based on the type of isolates analysed in the publication, references included were divided into
those based on the assessment of isolates from: (i) a clearly defined population of cattle in farms,
hospitals or clinics; and (ii) those without – or with limited - background information on sampled
animals (comprising publications with isolates from a diagnostic laboratory or obtained in
slaughterhouses). Ninety-four publications had isolates obtained from samples actively collected in
farms, whereas 29 publications had isolates from diagnostic laboratories and no publications were
performed on samples collected exclusively at slaughterhouses. In four publications, isolates had a
mixed origin (farm and diagnostic laboratory), and for the last eight publications, there was no
information on sample and isolate origin, except they were clinical isolates from cattle.

3.1.1.2. Data from national AMR monitoring reports

Additional details/data on one or more of the pathogens of interest of this opinion that are
provided in previous versions of eight national AMR monitoring reports retrieved (up to the previous 5
years), namely FINRES-Vet – Finland, SWEDRES-Svarm – Sweden, GERM-VET – Germany, RESAPATH –
France and UK-VARSS – United Kingdom, DANMAP – Denmark, ANRESIS ARCH-Vet – Switzerland and
All-Island Animal Disease Surveillance Report – Ireland, were also extracted and are presented in the
following section (see Table 3). The same terminology used in the report (e.g. proportion of non-
susceptible or proportion of resistant isolates) based on the selected breakpoint for defining resistance/
susceptibility in each report was used to describe the results provided.

3.1.2. AMR frequency data

The figures and tables in the following pathogen-specific sections summarise the AMR frequency
data reported for cattle.

The AMR frequency data are extremely difficult to compare, as study design, selection criteria,
study populations, sampling procedures, methods, interpretive criteria, etc., vary considerably between
publications. The number of antimicrobial susceptibility testing (AST) results for any given antimicrobial
extracted from the 135 selected references (total of 228,620, Annex B) was largely due to the number
of results found for E. coli (95,407, 41.7% of the total number of AST), S. aureus (40,822, 17.9%), P.
multocida (27,455, 12.0%), M. haemolytica (22,653, 9.91%) and S. uberis (18,693, 8.2%). Lower

Figure 2: Geographical distribution of the 135 included publications
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numbers of results were available for H. somni (9,217, 4.0%), S. dysgalactiae (5,510, 2.4%) and K.
pneumoniae, Mycoplasma bovis, T. pyogenes and Moraxella bovis (< 4.000 and < 2% from each) and
none for Fusobacterium necrophorum. The laboratory method most commonly used to determine the
AST phenotype was disk diffusion (116,138 of all AST results obtained through this method, 50.8%)
followed by broth microdilution (97,464, 42.6%), with the remaining being determined mostly through
a combination of methods (Annex B).

Furthermore, the definition of AMR differed across publications, as the intermediate category
defined by clinical breakpoints (CBPs) was included in the calculation of AMR frequencies in some
publications, whereas it was omitted in others. Accordingly, in the figures with resistance data, we
have illustrated for each study whether %R or %R + I was reported; hence, this should be taken into
account when comparing publications. When presenting data obtained in the ELR in the text, the
results are presented as proportion of resistant isolates irrespective of the cut-off used except in
specific cases. It is also important to mention that relatively few infection-specific and host-specific
CBPs exist for bovine pathogens. This complicates interpretation of data, as for several publications, it
was unclear if the CBPs used were adapted from other bacterial or animal species, from humans, or
even ‘self-invented’. In the present report, this issue is of particular relevance for mastitis, as this
infection accounts for the vast majority of data and relatively few CBPs exist for this indication. Taken
together, the outcomes of the present report should be interpreted and cited with caution, as not all
specificities of individual publications can be taken into consideration. In order to support conclusions
made from the figures or tables (e.g. a high proportion of resistance in a certain country/continent), it
is strongly recommended that individual papers are consulted and checked in case results would be
biased by previous antimicrobial treatment, sampling of animals in a certain environment, the use of
certain diagnostic methods or breakpoints, or other factors.

For data included in the national AMR monitoring reports, details/data provided in previous versions
of the reports from these monitoring programmes (up to the previous 5 years) were extracted and are
presented at the end of each bacterium’s specific section to assess the existence of changes over time
in the proportion of non-susceptible/resistant isolates when possible. The bacterial species most often
included in the reports were E. coli (from mastitis, gastrointestinal samples or unknown origin), S.
uberis (typically from mastitis cases) and P. multocida (from respiratory samples) (Table 3).
Assessment of changes in AMR levels over time in the pathogens under evaluation based on the data
in the reports is hampered in certain cases by the lack of consistent reporting over the years (i.e. only
data from specific years were reported) and/or because data on isolates retrieved over several years
were presented together. Between-country comparisons must be performed carefully as different
methodologies were applied to obtain the results presented in each report, number of isolates tested
for certain species and countries was limited and results provided here are those presented in the
reports (e.g. without accounting for the use of different breakpoints). A comparison of the
methodology, bacterial pathogens, number of isolates and temporal coverage of the information
provided in the last five reports of each monitoring programme is provided in Table 3.
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Table 3: AST methodology, bacterial species, host species, number of isolates and temporal coverage of the information on pathogens of interest from
cattle provided in the eight national AMR monitoring reports (up to the last 5 years) reviewed in this opinion. When a monitoring programme
does not include a pathogen of interest this is indicated in the table as ‘No’ marked in red

Programme UK-VARSS RESAPATH DANMAP All-Islands
ANRESIS
ARCH-Vet

SWEDRES-
Svarm

FINRES-Vet GERM-VET

Country UK France Denmark Ireland Switzerland Sweden Finland Germany

Laboratory method Disk diffusion Disk diffusion Broth
microdilution

Disk diffusion Broth
microdilution

Broth
microdilution

Broth
microdilution

Broth microdilution

AST interpretation CBPs(a) ECOFFs(b) CBPs CBPs CBPs ECOFFs CBPs CBPs

E. coli Yes Yes Yes Yes Yes Yes No Yes

Origin (no. of isolates) Mastitis
79–110/year(c)

Mastitis/GI
504–4,222/year

Mastitis
17–23/year

Unknown 268 Mastitis (54) Mastitis/GI
29–117/year

GI/Mastitis
(25–284/year)

Years covered 2015–2019 2014–2018 2018–2019 2018 2019 2012–2018 2014–1018

S. aureus Yes No(d) Yes Yes Yes No No Yes

Origin (no. of isolates) Mastitis
(36–78/year)

Mastitis
(12/year)

Mastitis (407) Mastitis
(56–60/year)

Mastitis
(196–363/year)

Years covered 2015–2019 2018–2019 2018 2016–2019 2015, 2017

S. uberis Yes Yes Yes Yes Yes No No Yes

Origin (no. of isolates) Mastitis
70–123/year

Mastitis
(56–60/year)

Mastitis
(16–17/year)

Mastitis (291) Mastitis (56) Mastitis
(335–384/year)

Years covered 2015–2019 2014–2018 2018–2019 2018 2019 2014, 2016

S. dysgalactiae Yes Yes Yes No No No No Yes

Origin (no. of isolates) Mastitis
(18–41/year)

Mastitis
(112–223/year)

Mastitis
(19–20/year)

Mastitis
(74–85/year)

Years covered 2015–2019 2014–2018 2018–2019 2014, 2016

K. pneumoniae Yes Yes No No No Yes No Yes

Origin (no. of isolates) Mastitis
(3–13/year)

Mastitis
(44–90/year)

Mastitis
(34–52/year)

Mastitis
(58–97 per year)

Years covered 2016–2019 2014–2018 2014–2018 2014, 2015, 2016,
2018

P. multocida Yes Yes No Yes No Yes Yes Yes

Origin (no. of isolates) Respiratory
(42–76/year)

Respiratory
(31–301/year)

Respiratory
(181)

Respiratory
(79–104/year)

Respiratory
(135–267/year)

Respiratory
(98–149/year)

Years covered 2015–2019 2014–2018 2018 2016–2018 2015–2019 2014, 2016–2018

www.efsa.europa.eu/efsajournal 10
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Programme UK-VARSS RESAPATH DANMAP All-Islands
ANRESIS
ARCH-Vet

SWEDRES-
Svarm

FINRES-Vet GERM-VET

M. haemolytica Yes Yes No Yes No No Yes Yes

Origin (no. of isolates) Respiratory
(28–70/year)

Respiratory
(45–178/year)

Respiratory 150 Respiratory
(35–79/year)

Respiratory
(65–81/year)

Years covered 2015–2019 2014–2018 2018 2015–2019 2014, 2016–2018

T. pyogenes Yes No No No No No No No

Origin (no. of isolates) Mastitis 3–8/year
Years covered 2015–2017

H. somni No No No No No No Yes No

Origin (no. of isolates) Respiratory
(28–47)

Years covered 2015–2019

(a): Human breakpoints recommended by the British Society for Antimicrobial Chemotherapy when available and a uniform cut-off point of 13 mm when not available.
(b): Veterinary guidelines of the Antibiogram Committee of the French Society of Microbiology (CA-SFM).
(c): Data from 157 and 134 isolates from Scotland retrieved in 2018 and 2019 were also available.
(d): Only data on ‘coagulase-positive Staphylococcus’ are provided.
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3.1.3. Staphylococcus aureus

3.1.3.1. Results of the ELR by bacterium

Staphylococcus aureus is an opportunistic pathogen of the skin and mucosal membranes. As in
other hosts, it may cause a variety of infections, but mastitis is by far the most important one in cattle.
Although S. aureus survives well in the environment, transmission between cows mainly occurs during
milking, via contaminated hands or equipment.

In total, 66 studies with ≥ 50 S. aureus isolates and results for one or more of the relevant
antibiotics [cefoperazone, ceftiofur, enrofloxacin/ciprofloxacin, erythromycin, methicillin (cefoxitin,
oxacillin or presence of mecA/mecC), neomycin, penicillin, penicillin–novobiocin, pirlimycin,
sulfonamide–trimethoprim] were included. Those studies were distributed as follows: Africa (9), Asia
(23), Europe (23), Oceania (3), North America (3) and South America (5).

The distribution of S. aureus isolates per site of infection is shown in Figure 3. For studies in which
the origin was specified, the vast majority of isolates originated from milk/udder, meaning that isolate
came from cases of either clinical or subclinical mastitis in dairy cattle. For non-mastitis-associated
isolates, it was not possible to discriminate between other specific locations (e.g. wounds).

Figure 4 shows for each continent the proportion of resistance reported in individual studies with at
least 50 S. aureus isolates. Information on proportion of resistance sorted by country is in Annex D.

Each circle represents one study, and the size of each circle reflects how many isolates were
included in the study. The colour of a circle illustrates resistance in isolates of dairy production origin
(light blue circle), resistance merged with intermediate in isolates of dairy production origin (dark blue
circle) or resistance in isolates of mixed or unknown origin (light grey circle). The dashed lines
indicate, for each antibiotic, the weighted arithmetic mean of %R or %R + I with the same colour
codes as used for the circles. The exact percentages these lines represent are listed in Annex E.
Numbers written to the left of antibiotic names reflect the number of studies for a certain drug/
continent combination.

Figure 3: Distribution of Staphylococcus aureus isolates per site of infection
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On average, the highest mean levels of resistance were observed for penicillin, but resistance
proportions varied substantially between studies (Figure 4). In addition, there was a large difference
between continents, e.g. the mean proportions of resistance in S. aureus from dairy cattle in Asia
(64.2%) and Africa (57.7%) were substantially higher than in Europe (32.1%) (Table 4). In Europe,
the lowest levels of penicillin resistance were generally observed in northern and central European
countries, namely Sweden (4%), Denmark (17.5%), Austria (10%) and Switzerland (14%), whereas
63.1% of isolates were resistant in Italy even though the corresponding study reported that animals
had not been subjected to antimicrobial treatment in the 3 weeks before sampling (Intorre et al.,
2012).

Resistance to other beta-lactams was considerably less pronounced. For methicillin resistance
(MR) in dairy cattle, this was uncommon in Oceania and South America (< 3%), whereas mean
proportions were higher in Africa (8.8%), Europe (9.9%) and Asia (19.1%). Importantly, a study by
Wu et al. (2019) illustrated that the MR indicator drugs we allowed in this report are not fully
comparable, as 52.4% of isolates in that study were resistant to cefoxitin, whereas only ~ 35% of the
same isolates were resistant to oxacillin. It is also reasonable to argue that MR proportions based on
the presence of mecA are not fully comparable with those based on both mecA and mecC. This was
however not an issue, as only two studies screened for mecC, and both of them found none of the
tested isolates to harbour this gene (Bonsaglia et al., 2018; Srednik et al., 2018). Resistance to the
3GCs cefoperazone and ceftiofur, for which mastitis-specific CBPs exist, was even less pronounced
in most continents (Table 4). Levels of resistance to these drugs were not always equal to MR despite
being caused by the same resistance mechanism. For example, in two studies, proportions of

Figure 4: Staphylococcus aureus resistance data for each included study sorted by continent
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resistance to ceftiofur were lower than MR (Costa et al., 2012; Dorneles et al., 2019). This means that
using ceftiofur, clinical breakpoint for mastitis will sometimes result in treating MRSA infections with
this drug, unless laboratories use an expert rule to classify MRSA isolates as resistant to all beta-
lactams. Penicillin–novobiocin appears to be effective for the treatment of mastitis caused by
S. aureus with no or very little resistance observed in the four studies testing this combination (Figure 4).

Resistance to the lincosamide pirlimycin was generally low (< 5%), but a study from Austria stood
out with 41% of 100 mastitis isolates being resistant (Wald et al., 2019). This contrasts with the 0%
resistance (%R) observed 2 years later in 60 mastitis isolates from the neighbouring country
Switzerland (ANRESIS ARCH-Vet, 2020). Mean fluoroquinolone resistance levels were higher in Asia
(20.5%) than in other continents (< 8%) (Table 2). Despite low mean levels in Europe, a study from
Italy reported 36.9% of 122 isolates resistant to enrofloxacin (Intorre et al., 2012). This high
proportion was observed in 2011 and reflected a significant increase over the years commencing with
only 5.9% resistance in isolates from 2005 (Intorre et al., 2012). Resistance to neomycin was tested
in relatively few studies and proportions were generally low. The highest proportion (18.3%) was
observed in a study from Canada (Awosile et al., 2018), but this value is not fully comparable with
most other studies, as the resistant and intermediate categories had been merged. The importance of
the I category for this drug is evident in a South African study reporting 16.7% of S. aureus isolates as
intermediate to neomycin (Schmidt, 2011). Most studies reported very low levels of resistance to
sulfonamide–trimethoprim (Figure 4), but a few noteworthy exceptions were detected, and also
for this drug, the highest mean resistance proportion (37.9%) was reported by studies from Asia
(Table 4).

Table 4: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or %R + I)
and weighted standard deviation (SD) in Staphylococcus aureus for the target antimicrobials
in each continent and sorted by production type. NA means that SD could not be calculated
as only one study was included

Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

%
observed

Maximum
resistance

%
observed

Standard
deviation

3GC
(Cefoperazone)

Europe Dairy 4 772 13.7 0 36.1 10.4

3GC
(Cefoperazone)

South
America

Dairy 1 352 5 5 5 NA

3GC (Ceftiofur) Africa Dairy 1 79 0 0 0 NA

3GC (Ceftiofur) Asia Dairy 4 273 11.5 0 26.8 10.5
3GC (Ceftiofur) Europe Dairy 4 317 6.9 0 41.5 15.5

3GC (Ceftiofur) North
America

Dairy 2 1,630 0.1 0 0.1 0

3GC (Ceftiofur) South
America

Dairy 3 539 0.2 0 0.3 0.1

Erythromycin Africa Dairy 6 483 22 0 62 25.4
Erythromycin Asia Dairy 9 1,309 30.9 1.2 79.9 26.3

Erythromycin Asia Mixed/
Unknown

1 104 22.1 22.1 22.1 NA

Erythromycin Europe Dairy 10 1,066 5.5 0 41.7 13

Erythromycin North
America

Mixed/
Unknown

1 123 0 0 0 NA

Erythromycin Oceania Dairy 1 782 28.8 28.8 28.8 NA

Erythromycin Oceania Mixed/
Unknown

1 404 0.2 0.2 0.2 NA

Erythromycin South
America

Dairy 4 552 4.9 0 14.1 5.8
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Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

%
observed

Maximum
resistance

%
observed

Standard
deviation

Fluoroquinolones Africa Dairy 4 303 6.1 0 14.3 6.3
Fluoroquinolones Asia Dairy 15 1,978 20.5 0 53.4 17.7

Fluoroquinolones Europe Dairy 6 582 7.9 0 36.9 14.9
Fluoroquinolones North

America
Mixed/
Unknown

1 123 0 0 0 NA

Fluoroquinolones Oceania Mixed/
Unknown

1 202 0 0 0 NA

Fluoroquinolones South
America

Dairy 4 824 0.8 0 2.5 0.8

Methicillin Africa Dairy 7 576 8.3 0 50 17.4
Methicillin Asia Dairy 21 2,944 19.1 0 60.7 16.6

Methicillin Asia Mixed/
Unknown

1 96 13.7 13.7 13.7 NA

Methicillin Europe Dairy 13 1,984 9.9 0 27.1 10.8

Methicillin Oceania Dairy 1 733 2.3 2.3 2.3 NA
Methicillin Oceania Mixed/

Unknown
1 202 0 0 0 NA

Methicillin South
America

Dairy 5 1,474 0.9 0 2.8 0.8

Neomycin Africa Dairy 3 233 3.9 0 6.3 2.8

Neomycin Europe Dairy 2 180 0.6 0 1.9 0.9
Neomycin North

America
Dairy 1 1,532 18.1 18.1 18.1 NA

Neomycin Oceania Dairy 1 103 8.9 8.9 8.9 NA
Neomycin South

America
Dairy 1 352 3.4 3.4 3.4 NA

Penicillin Africa Dairy 7 1,177 57.7 28.8 86 15.7
Penicillin Asia Dairy 15 1,837 64.2 11 97.1 28.9

Penicillin Europe Dairy 13 1,751 32.1 4 63.1 16
Penicillin North

America
Mixed/
Unknown

1 123 26 26 26 NA

Penicillin Oceania Dairy 2 1,100 23.9 21.8 28 2.9
Penicillin Oceania Mixed/

Unknown
1 202 12.4 12.4 12.4 NA

Penicillin South
America

Dairy 4 619 59.9 6.9 81.9 31.9

Penicillin–
novobiocin

Asia Dairy 1 52 0 0 0 NA

Penicillin–
novobiocin

Europe Dairy 1 78 0 0 0 NA

Penicillin–
novobiocin

North
America

Dairy 1 1,532 0.3 0.3 0.3 NA

Penicillin–
novobiocin

South
America

Dairy 1 115 1.7 1.7 1.7 NA

Pirlimycin Asia Dairy 1 52 0 0 0 NA

Pirlimycin Europe Dairy 2 160 25.6 0 41 19.9
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3.1.3.2. Results from the national AMR monitoring reports

Information on AMR in cattle clinical S. aureus isolates, typically originating from samples from
cows with mastitis, was included in five national reports, although number of isolates and
antimicrobials used for testing varied widely depending on the country. The base population
represented in these data will also vary according to the source material for these tests.

ANRESIS ARCH-Vet (Switzerland): Data on AMR determined in 56 isolates in 2016–2017
(obtained through a pilot study) and 60 isolates in 2019 (coming from all the country) retrieved from
mastitis cases, which can be detected in ~ 57% of all dairy herds in Switzerland, were included in the
last reports. Isolates were tested in both periods with five antimicrobials of interest for this opinion
(ceftiofur, ciprofloxacin, erythromycin, penicillin and pirlimycin), and in addition, sulfonamide–
trimethoprim was used in 2016–2017 and cefoperazone in 2019. The only antimicrobials for which
non-susceptible isolates were detected were ciprofloxacin and penicillin (Figure 5); although some
changes are observed between the two periods for penicillin resistance, these should be interpreted
with caution as they originated from different isolate populations.

Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

%
observed

Maximum
resistance

%
observed

Standard
deviation

Pirlimycin North
America

Dairy 1 1,532 1.9 1.9 1.9 NA

Pirlimycin South
America

Dairy 1 115 4.3 4.3 4.3 NA

Sulfa/TMP Africa Dairy 5 449 15.8 0.7 78.6 30.2

Sulfa/TMP Asia Dairy 7 1,041 37.9 0 91.8 34.8
Sulfa/TMP Europe Dairy 4 694 0.6 0 3.3 1.3

Sulfa/TMP North
America

Dairy 1 1,532 0.5 0.5 0.5 NA

Sulfa/TMP North
America

Mixed/
Unknown

1 123 0 0 0 NA

Sulfa/TMP Oceania Dairy 1 364 0.5 0.5 0.5 NA
Sulfa/TMP Oceania Mixed/

Unknown
1 202 0 0 0 NA

Sulfa/TMP South
America

Dairy 2 356 12.6 0.3 62 24.7
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All-Islands Animal Disease Surveillance Report (Ireland): Detailed data on AMR obtained in
clinical S. aureus are only provided for 407 isolates from mastitis cases in the 2018 report, providing
results for sulfonamide-trimethoprim with all isolates classified as susceptible (these data are already
included in Figure 4 and Table 4).

DANMAP (Denmark): Resistance data from 12 clinical isolates submitted by veterinary clinics in
2018 and 2019 to the Technical University of Denmark (DTU) in relation to several research projects
are included in the 2019 report. Isolates were tested for resistance to five antimicrobials of interest in
this opinion (cefoxitin, ciprofloxacin, erythromycin, penicillin and sulfonamide–trimethoprim), and only
one isolate resistant to penicillin and cefoxitin was found in 2018 and 2019, respectively.

UK-VARSS (United Kingdom): Between 36 and 78 S. aureus isolates retrieved from mastitis cases
in England and Wales were tested annually between 2015 and 2019 using two antimicrobials of
interest for this opinion. Resistance levels were much higher for penicillin (12–35%), with values
changing largely between years, than for neomycin (< 5%) (Figure 6).

Figure 5: Proportion of clinical Staphylococcus aureus isolates non-susceptible to ciprofloxacin and
penicillin retrieved from mastitis cases reported by the ANRESIS ARCH-Vet programme
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GERM-VET (Germany): Resistance data from S. aureus isolates were reported in 2015 and 2017
with 363 and 196 isolates, respectively. All isolates were considered susceptible to trimethoprim/
sulfamethoxazole and low levels of non-susceptibility were detected for gentamicin (1–1.1%).
Proportion of non-susceptible isolates to ceftiofur (4.2% in 2015 and 14.3% in 2017), erythromycin
(8.3% in 2015 and 4.1% in 2017), oxacillin (4.1% in 2015 and 13.8% in 2017) and pirlimycin (9.9% in
2015 and 5.1% in 2017) remained low, while for tetracycline non-susceptibility levels between 14.6
and 17.3% were reported, and for penicillin between 24 and 25.9%.

3.1.4. Escherichia coli

3.1.4.1. Results of the ELR by bacterium

Escherichia coli is a commensal and an opportunistic pathogen residing in the intestinal microbiota
of animals and humans. The environment can also constitute a reservoir for E. coli. A variety of
infections can be caused by E. coli in cattle, but it is mostly known for causing intestinal or septicaemic
infections in calves and mastitis in adult dairy cows. The former is a contagious disease, whereas the
latter occurs through environmental contamination of the udder. Other less common presentations
include peritonitis, cystitis/pyelonephritis, metritis, wound infections and meningitis derived from
sepsis.

In total, 37 studies with ≥ 50 E. coli isolates and results for one or more of the relevant antibiotics
(ampicillin/amoxicillin, amoxicillin-clavulanic acid, apramycin, colistin, enrofloxacin/ciprofloxacin,
gentamicin, neomycin, paromomycin, sulfonamide-trimethoprim, tetracyclines, 3GC) were included.
These were distributed as follows: Africa (2), Asia (12), Europe (19), Oceania (1), North America (3)
and South America (0).

The distribution of E. coli isolates per site of infection is shown in Figure 7. Most isolates originated
from mastitis in dairy cattle. Of note, clinical isolates included in this review from gastrointestinal tract/
faeces were typically not subjected to typing to confirm their pathogenic nature, and therefore even
though they were considered pathogenic in the references inclusion of a proportion of commensal
strains cannot be ruled out.

Figure 6: Proportion of clinical Staphylococcus aureus isolates retrieved from mastitis cases resistant
to neomycin and penicillin reported by the UK-VARSS programme
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Figure 8 shows for each continent the proportion of resistance reported in individual studies with at
least 50 Escherichia coli isolates. Information on proportion of resistance sorted by country is in
Annex D.

Each circle represents one study, and the size of each circle reflects how many isolates were included in the study.
The colour of a circle illustrates resistance in isolates of dairy production origin (light blue circle), resistance merged
with intermediate in isolates of dairy production origin (dark blue circle), resistance in isolates from beef/veal
production (red circles), resistance in isolates of mixed or unknown origin (light grey circle) and resistance merged
with intermediate in isolates of mixed or unknown origin (dark grey circle). The dashed lines indicate, for each
antibiotic, the weighted arithmetic mean of % R or %R + I with the same colour codes as used for the circles. The
exact percentages these lines represent are listed in Annex E. Numbers written to the left of antibiotic names
reflect the number of studies for a certain drug/continent combination

Figure 8: Escherichia coli resistance data for each included study sorted by continent

Figure 7: Distribution of Escherichia coli isolates per site of infection and type of production
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Before discussing results for E. coli, it should be noted that data for some of the antibiotics are
reported selectively. This concerns gentamicin, apramycin and paromomycin, which are reported for all
indications other than mastitis, according to clinical indications. Resistance data for tetracycline are
also presented for non-mastitis isolates. Conversely, cefoperazone is reported only for mastitis isolates,
as a mastitis-specific CBP exists for this drug. It must be highlighted that the route of administration
may be different in cases of mastitis (intramammary or parenteral depending on the presentation) and
gastrointestinal infections (oral or parenteral).

For 3GCs, there was a notable difference in resistance levels depending on the production type
with a weighted mean proportion of 10.9% resistance in dairy isolates and 36.5% in isolates of mixed/
unknown origin (Annex D). This is, however, strongly influenced by a large proportion of isolates
(n = 3,360) in the latter category originating from calves in the USA where Cummings et al. (2014)
found that 41.7% of these isolates were resistant to ceftiofur. One would expect an even higher
proportion of resistance when merging the R and I categories, but this was not the case with only 3.1%
of isolates with mixed/unknown origin being resistant to 3GCs. This low proportion is heavily influenced
by the French monitoring system reporting only 3% of 4120 isolates resistant to ceftiofur (RESAPATH
(ANSES), 2020) and could be due to the restriction in its use since 2016. Accordingly, weighted mean
proportions sorted by production type should be interpreted critically taking into consideration other
factors influencing the results. Specifically for Europe, 14 of 15 studies reported less than 8% of E. coli
isolates resistant to 3GCs. The single exception was a study by Elias et al. (2020) who found 43.3% of
102 mastitis isolates in Ukraine to be resistant to ceftiofur. The authors stated that ‘this finding could
potentially be explained by the unrestricted use of extended-spectrum cephalosporins in rural farming of
Ukraine, and more specifically by the preferred use of these antimicrobials for treatment of bovine
mastitis’. The only included study testing cefoperazone susceptibility in mastitis E. coli isolates reported
a resistance proportion of 0.8% among 135 isolates in France (Botrel et al., 2010).

For other beta-lactams, resistance levels were generally high for aminopenicillins although with
much variation between countries, irrespective of continent (Figure 6). Table 3 shows a large
difference in susceptibility between isolates from dairy and other production types. This is even clearer
when zooming in on the French and German monitoring reports; in France, 83% and 34% of E. coli
from calf diarrhoea and mastitis, respectively, were resistant to amoxicillin (RESAPATH (ANSES), 2020).
Corresponding figures in Germany (for ampicillin) were 81% and 12%, respectively. It therefore
appears that E. coli causing gastrointestinal disorders are much more likely to be resistant to
aminopenicillins than mastitis isolates. Although not described here in further detail, these two national
reports showed the same trend for other antibiotics, namely amoxicillin–clavulanic acid, sulfonamide–
trimethoprim and fluoroquinolones. As expected, mean resistance levels were somewhat lower for
amoxicillin–clavulanic acid compared with ampicillin. The highest levels were detected in a Chinese
study reporting resistance in 81 of 100 mastitis E. coli isolates (Cheng et al., 2019).

Mean proportions of fluoroquinolone resistance were low (Figure 6), although some rather large
continent-specific variations were observed. For example, the mean resistance proportions among
isolates of dairy and unknown/mixed origin were 22% and 45%, respectively, in Asia, whereas
corresponding values for Europe were 3% and 10%, respectively (Table 4). In Europe, two studies had
a much higher proportion of fluoroquinolone resistance than others, namely Aasm€ae et al. (2019)
reporting 38.1% of Estonian dairy isolates of various origin non-susceptible to ciprofloxacin, and
GERM-Vet (2020) reporting 29.3% of German isolates from calf diarrhoea resistant to ciprofloxacin
based on (human) CBP.

Colistin-resistant isolates were not found in four of the seven studies reporting data for this drug
in E. coli. The remaining three studies showed resistance percentages between 0.5% and 3.2%, the
highest in Estonia (Aasm€ae et al., 2019).

For the aminoglycosides gentamicin and neomycin, higher mean resistance percentages were
observed among isolates in Asia compared with Europe (Table 4). However, this is based on fewer
studies compared to other drug classes. Even fewer studies reported data for apramycin; hence,
geographical trends for this drug cannot be derived.

Similar to aminopenicillins, high average levels of resistance were observed for sulfonamide–
trimethoprim and – especially – tetracyclines (Figure 6 and Table 3). As for most other drugs, the
highest levels were observed in Asia compared with Europe. Specifically for Europe, the highest
proportion of tetracycline resistance (79%) was reported by Cengiz and Adiguzel (2020) in calf
diarrhoea isolates. A comparatively high proportion (76%, considering R + I) was observed in isolates
of similar origin from France (RESAPATH (ANSES), 2020). Here, 40% and 69.9%, respectively, of the
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same isolates were resistant to sulfonamide–trimethoprim, therefore also among the highest
proportions reported in Europe.

Table 5: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or %R + I)
and weighted standard deviation (SD) in Escherichia coli for the target antimicrobials in each
continent, sorted by production type. NA means that SD could not be calculated as only one
study was included

Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

3GC
(Cefoperazone)

Europe Dairy 1 135 0.8 0.8 0.8 NA

3GC (Other) Africa Dairy 2 176 31.8 2.5 91.4 41.9
3GC (Other) Asia Dairy 6 1,035 12.2 0 23 8.9

3GC (Other) Asia Mixed/
Unknown

3 250 7 4.9 8 1.2

3GC (Other) Europe Dairy 14 2,767 4.3 0 43.3 10.6

3GC (Other) Europe Mixed/
Unknown

3 4,791 2.9 0.6 3.1 0.4

3GC (Other) North
America

Dairy 2 814 2.9 2.6 5 0.8

3GC (Other) North
America

Mixed/
Unknown

1 3,360 41.7 41.7 41.7 NA

3GC (Other) Oceania Mixed/
Unknown

1 169 0.6 0.6 0.6 NA

Aminopenicillins Africa Dairy 1 118 44.9 44.9 44.9 NA

Aminopenicillins Asia Beef/Veal 1 176 64.8 64.8 64.8 NA

Aminopenicillins Asia Dairy 5 935 40.1 5.5 64.9 23.6

Aminopenicillins Asia Mixed/
Unknown

2 691 66.9 23 71.1 13.7

Aminopenicillins Europe Dairy 13 2,575 31.1 9.7 77.4 15.7

Aminopenicillins Europe Mixed/
Unknown

5 4,876 79.7 46.2 83 8.7

Aminopenicillins North
America

Mixed/
Unknown

1 3,360 83 83 83 NA

Aminopenicillins Oceania Mixed/
Unknown

1 169 39 39 39 NA

Amox/Clav Africa Dairy 2 176 16.5 12.1 18.6 3.1

Amox/Clav Asia Dairy 3 529 16.8 1.6 81 31

Amox/Clav Asia Mixed/
Unknown

2 117 16.2 8.2 25 8.4

Amox/Clav Europe Dairy 9 2,418 13.3 0 23 10.3

Amox/Clav Europe Mixed/
Unknown

5 5,078 49.1 3.4 56 14.8

Amox/Clav Oceania Mixed/
Unknown

1 169 4.1 4.1 4.1 NA

Apramycin Europe Mixed/
Unknown

1 2,057 6 6 6 NA

Apramycin Oceania Mixed/
Unknown

1 169 0.6 0.6 0.6 NA

Colistin Africa Dairy 1 118 0 0 0 NA
Colistin Asia Dairy 1 374 0.5 0.5 0.5 NA

Assessment of animal diseases caused by bacteria resistant to antimicrobials: cattle

www.efsa.europa.eu/efsajournal 21



Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

Colistin Europe Dairy 5 414 0.7 0 3.2 1.1

Fluoroquinolones Africa Dairy 2 176 11.4 11 12.1 0.5

Fluoroquinolones Asia Beef/Veal 1 176 22.7 22.7 22.7 NA

Fluoroquinolones Asia Dairy 8 1,433 22 0 81.4 20.8

Fluoroquinolones Asia Mixed/
Unknown

4 880 45.2 0 60.3 24.3

Fluoroquinolones Europe Dairy 9 2,020 3 0 38.1 6.9

Fluoroquinolones Europe Mixed/
Unknown

3 4,106 9.9 9 29.3 2.9

Fluoroquinolones North
America

Mixed/
Unknown

1 3,360 2.7 2.7 2.7 NA

Fluoroquinolones Oceania Mixed/
Unknown

1 169 0 0 0 NA

Gentamicin Africa Dairy 1 58 0 0 0 NA

Gentamicin Asia Beef/Veal 1 176 16.5 16.5 16.5 NA
Gentamicin Asia Dairy 1 379 35.4 35.4 35.4 NA

Gentamicin Asia Mixed/
Unknown

3 824 66.4 8.2 79.7 24.5

Gentamicin Europe Dairy 1 63 20.6 20.6 20.6 NA

Gentamicin Europe Mixed/
Unknown

4 4,785 17 2.5 25.9 5.5

Gentamicin North
America

Mixed/
Unknown

1 3,354 29.4 29.4 29.4 NA

Gentamicin Oceania Mixed/
Unknown

1 169 1.2 1.2 1.2 NA

Neomycin Asia Dairy 1 374 11.8 11.8 11.8 NA

Neomycin Asia Mixed/
Unknown

1 133 60.9 60.9 60.9 NA

Neomycin Europe Dairy 4 1,168 9 0 12 4.3

Neomycin Europe Mixed/
Unknown

1 99 14.9 14.9 14.9 NA

Neomycin North
America

Dairy 1 716 37.5 37.5 37.5 NA

Neomycin North
America

Mixed/
Unknown

1 3,333 81.9 81.9 81.9 NA

Neomycin Oceania Mixed/
Unknown

1 169 17.2 17.2 17.2 NA

Sulfa/TMP Africa Dairy 2 176 25.6 17.8 41.4 11.1

Sulfa/TMP Asia Beef/Veal 1 176 35.8 35.8 35.8 NA

Sulfa/TMP Asia Dairy 4 878 27.8 0 50.9 20.4

Sulfa/TMP Asia Mixed/
Unknown

3 250 45.4 17 69.9 26.2

Sulfa/TMP Europe Dairy 7 2,050 12.6 3 40 7

Sulfa/TMP Europe Mixed/
Unknown

4 4,983 38.4 14.2 50 6

Sulfa/TMP North
America

Dairy 1 716 6.3 6.3 6.3 NA
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3.1.4.2. Results from the national AMR monitoring reports

Information on AMR in cattle clinical E. coli included in the National monitoring programmes
originated from either samples from the gastrointestinal tract/faeces collected from young animals or
from milk/mastitis samples. The cattle population from which isolates originated will also vary
according to the source material for these tests.

ANRESIS ARCH-Vet (Switzerland): Data on AMR in 54 E. coli isolates from mastitis cases tested
with five antimicrobials of interest (ampicillin, cefotaxime, ceftiofur, ciprofloxacin and colistin) were
reported in 2019 (these data are already included in Figure 8 and Table 5). Non-susceptible isolates
were only found for ampicillin (19%) and ciprofloxacin (7%).

All-Islands Animal Disease Surveillance Report (Ireland): Detailed data on AMR obtained in
clinical E. coli is only provided for 268 isolates of unknown origin in the 2018 report, providing results
for sulfonamide–trimethoprim (14.2% non-susceptible), amoxicillin–clavulanic acid (14.6% non-
susceptible) and tetracycline (28.8% non-susceptible isolates) (these data are already included in
Figure 8 and Table 5).

RESAPATH (France): AMR data from cattle clinical isolates are included in the annual reports from
mastitis cases in adult cows and from digestive pathologies in young animals.

For cases from mastitis, AMR results from 504 to 1219 isolates tested with six antimicrobials
annually are available for the period 2014–2018 (Figure 9); additionally, ceftazidime was also used on
39 isolates in 2014, yielding a 5% of non-susceptible isolates. Proportions of non-susceptible isolates
were below 35% for all antimicrobials, with values above 8% recorded only for amoxicillin, amoxicillin
+ clavulanic acid and sulfonamides–trimethoprim, with higher values observed in the last 3 years, while
resistance levels to enrofloxacin, ceftiofur and gentamicin were consistently below 4%. A decreasing
trend can be seen for the resistance levels to critically important antimicrobials (CIA, i.e. enrofloxacin
and ceftiofur) and an increasing trend for other molecules which could reflect a shift in antimicrobial
use practices (EMA, 2020; RESAPATH (ANSES), 2020).

Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

Sulfa/TMP North
America

Mixed/
Unknown

1 3,343 60.7 60.7 60.7 NA

Sulfa/TMP Oceania Mixed/
Unknown

1 169 23.1 23.1 23.1 NA

Tetracyclines Africa Dairy 1 58 70.7 70.7 70.7 NA

Tetracyclines Asia Beef/Veal 1 176 88.6 88.6 88.6 NA

Tetracyclines Asia Dairy 3 543 42.9 17 53.8 16.6

Tetracyclines Asia Mixed/
Unknown

3 824 89.2 19.7 98.1 20.9

Tetracyclines Europe Dairy 2 343 22.4 14.3 58.5 17.1

Tetracyclines Europe Mixed/
Unknown

5 4,867 71.8 28.8 76 12.3

Tetracyclines North
America

Mixed/
Unknown

1 3,336 91.3 91.3 91.3 NA

Tetracyclines Oceania Mixed/
Unknown

1 169 29 29 29 NA
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In the isolates from digestive cases in young animals (1,136–4,222 tested isolates each year during the
2014–2018 period), resistance levels were much higher, with values above 50% for amoxicillin, amoxicillin–
clavulanic acid and tetracycline, and between 35 and 40% for sulfa/TMP (Figure 10). Resistance levels to
enrofloxacin, apramycin and gentamicin ranged between 27% and 6%, with apparent decreasing trends
for enrofloxacin and apramycin. Ceftiofur-resistance decreased from 8% to 3% (Figure 10).

Figure 10: Proportion (%) of non-susceptible clinical Escherichia coli isolates from cattle digestive
cases for nine antimicrobials of interest reported by the RESAPATH monitoring programme

Figure 9: Proportions of non-susceptible clinical Escherichia coli isolates from cattle mastitis for six
antimicrobials of interest from 2014 to 2018 reported by the RESAPATHmonitoring programme
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SWEDRES-Svarm (Sweden): Data on AMR on isolates from two origins are included in the
reports: isolates coming from faeces/gastrointestinal tract of young animals (a few weeks old) and
those retrieved from clinical submissions of milk samples (i.e. probably coming from cows with clinical
mastitis).

Between 74 and 113 isolates from mastitis were tested every year between 2014 and 2018 using
four to five antimicrobials (colistin and cefotaxime were not used in isolates from 2014). Resistance
levels were, in general, lower than those observed in isolates from faeces/gastrointestinal tract
samples and the highest levels of resistance (9–27%) were observed for ampicillin and sulfonamide–
trimethoprim while values ≤ 6% were recorded for all other antimicrobials and years (Figure 11).

For the isolates from young animals, between 29 and 117 isolates from digestive samples were
tested annually for resistance to seven or eight antimicrobials annually over the 2012–2018 period
(ceftiofur was only used in isolates collected in 2012–2014 – 2% resistant isolates – and colistin and
cefotaxime were not tested in isolates from those years). Over 30% of the isolates tested over the
whole period were resistant to ampicillin and tetracyclines, while resistance to neomycin and
sulfonamide–trimethoprim remained mostly between 10% and 30% and resistance levels < 10% were
found for the remaining antimicrobials and periods (except enrofloxacin in 2012–2014) (Figure 12).

Figure 11: Proportion (%) of clinical Escherichia coli isolates retrieved from cattle mastitis cases
resistant to six antimicrobials of interest reported by the SWEDRES-Svarm monitoring
programme
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DANMAP (Denmark): Resistance to 10 antimicrobials was determined in 23 and 17 isolates
retrieved in 2018 and 2019, respectively, from mastitis cases. Between 4% and 6% of the isolates
were resistant to amoxicillin–clavulanic acid, ampicillin, colistin or tetracycline in at least one of the
sampling points (resistant isolates were only found in both years for ampicillin) (Figure 13), while all
were susceptible to apramycin, cefotaxime, ceftiofur, ciprofloxacin, gentamicin and neomycin (data not
shown).

Figure 12: Proportion (%) of clinical Escherichia coli isolates retrieved from cattle digestive samples
resistant to eight antimicrobials of interest reported by the SWEDRES-Svarm monitoring
programme

Figure 13: Proportion (%) of clinical Escherichia coli isolates retrieved from cattle mastitis samples
resistant to four antimicrobials of interest reported by the DANMAP monitoring
programme
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UK-VARSS (United Kingdom): Data on AMR from E. coli isolates retrieved from mastitis cases in
England and Wales (between 79 and 110 cases annually during the 2015–2019 period) and Scotland
(157 isolates in 2018 and 134 in 2019) are included in the last reports published. Isolates originating
from England and Wales were more resistant to ampicillin (20–40% resistance) while resistance levels
for the rest of antimicrobials tested remained below 10% after 2017 (Figure 14).

For isolates from Scotland retrieved in 2018 and 2019, a similar pattern was observed (ampicillin >
sulfonamide–trimethoprim = amoxicillin–clavulanic acid > remaining antimicrobials), although resistance
to ampicillin remained at lower levels (18–24%) (Figure 15).

Figure 14: Proportion (%) of clinical Escherichia coli isolates retrieved from cattle mastitis samples in
England and Wales resistant to six antimicrobials of interest reported by the UK-VARSS
monitoring programme

Figure 15: Proportion (%) of clinical Escherichia coli isolates retrieved from cattle mastitis samples in
Scotland resistant to six antimicrobials of interest reported by the UK-VARSS monitoring
programme
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GERM-VET (Germany): Sampling involved E. coli isolates from gastrointestinal disease in calves/
young cattle for all years (2014–2018), for gastrointestinal disease in adult cattle (years 2015–2018)
and for mastitis in adult cattle (2014, 2016, 2018). Antimicrobials tested and classified into susceptible
and resistant (intermediate resistant and resistant) were ampicillin, amoxicillin/clavulanic acid,
ciprofloxacin (2016–2018), doxycycline (only in 2018), gentamicin, tetracycline and sulfamethoxazole/
trimethoprim. Isolates from the gastrointestinal tract (GIT) of calves/young cattle were 58–284/year,
for GIT disease 34 isolates were analysed in 2015, 108 in 2016, 25 in 2017 and 39 in 2018 in adult
cattle, and for the indication mastitis, 241 isolates were analysed in 2014, 275 in 2016 and 224 in
2018. Results are seen in Figure 16 for gastrointestinal disease in adults and calves and young cattle,
and for adult cattle and mastitis in Figure 17.

Figure 16: Proportion (%) of clinical Escherichia coli isolates from gastrointestinal disease in adult
(top) and calves and young cattle (bottom) non-susceptible to five antimicrobials of
interest reported by the GERM-Vet monitoring programme
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3.1.5. Pasteurella multocida, Mannheimia haemolytica and Histophilus somni

3.1.5.1. Results of the ELR by bacterium

Pasteurella multocida, Mannheimia haemolytica and Histophilus somni are commensals of the
bovine respiratory tract and among the several infectious agents involved in the bovine respiratory
disease (BRD) complex. Calves and young bulls are particularly susceptible to BRD, and the disease is
predisposed by factors affecting immunity like stable air pollutants, failure of passive transfer,
nutritional deficiencies and several stressors related to management (e.g. transport, commingling, feed
and water deprival, dehorning). Beside clinical outbreaks, a substantial number of calves also suffers
from subclinical pneumonia (van Leenen et al., 2020, 2021). In addition, sporadic cases in adult
animals have also been described (Dorso et al., 2021).

In total, 23, 20 and 12 studies with ≥ 10 P. multocida, M. haemolytica and H. somni isolates,
respectively, were included. Each included study had results for one or more of the following relevant
antibiotics: ampicillin/amoxicillin, enrofloxacin/ciprofloxacin/danofloxacin, erythromycin, florfenicol,
gamithromycin, gentamicin, 3GC, penicillin, tetracyclines, tildipirosin, tilmicosin, tulathromycin and
tylosin. Geographically, studies were distributed as follows: for P. multocida, Africa (0), Asia (4), Europe
(11), Oceania (0), North America (8) and South America (0). For M. haemolytica, Africa (0), Asia (1),
Europe (12), Oceania (0), North America (7) and South America (0). For H. somni, Africa (0), Asia (0),
Europe (3), Oceania (1), North America (8) and South America (0).

The distribution of P. multocida, M. haemolytica, and H. somni isolates per site of infection is shown
in Figure 18. Most isolates originated from respiratory infections. Of note, type of sampling was often
defined very generally (e.g. ‘samples from respiratory cases’) and it was not always possible to
differentiate isolates retrieved from lower or upper respiratory tract, or even from live vs. dead (i.e.
necropsied) animals.

Figure 17: Proportion (%) of clinical Escherichia coli isolates from mastitis in cattle resistant to three
antimicrobials of interest reported by the GERM-Vet monitoring programme

Assessment of animal diseases caused by bacteria resistant to antimicrobials: cattle

www.efsa.europa.eu/efsajournal 29



Figure 19 shows for each continent the proportion of resistance reported in individual studies with
at least 10 P. multocida, M. haemolytica and H. somni isolates. Information on proportion of resistance
sorted by country is in Annex D.

Figure 18: Distribution of Pasteurella multocida, Mannheimia haemolytica and Histophilus somni
isolates per site of infection and type of production
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For beta-lactams, the vast majority of studies reported ≤ 2% ceftiofur resistance for the three
species. One exception, an American study by Lamm et al. (2012), reported the highest levels of
ceftiofur resistance for all three species (7.1–11.8%). However, this study on isolates obtained post-
mortem from bronchopneumonia in feedlot cattle, included only 11–17 isolates for each species, hence
results must be interpreted with caution. Another exception was a Canadian study reporting 4.6% of
H. somni isolates from respiratory infections in cattle resistant to ceftiofur. Average proportions of
resistance to aminopenicillins were slightly higher than for ceftiofur (Tables 6–8). The highest levels
of resistance were observed in Germany with 39% and 63.5% of the M. haemolytica and P. multocida
isolates, respectively, being resistant to ampicillin (GERM-Vet, 2020). Interestingly, these proportions
would have been 97.5% and 100% if resistance had been merged with the intermediate category.
Such a high proportion of intermediate isolates suggests that data from other studies should be
compared taking this into account, i.e. by not comparing %R from one study with %RI from another.
Levels of penicillin resistance were generally in the range of that seen for aminopenicillins.
Interestingly, the GERM-Vet programme reported much less resistance to this drug compared to
ampicillin, e.g. only 2% of P. multocida isolates were penicillin-resistant (GERM-Vet, 2020). By far, the
highest proportion of penicillin resistance (65.2%) was reported among 46 H. somni respiratory
isolates from heifers and beef steers in a Canadian study (Timsit et al., 2017).

Low mean proportions of florfenicol resistance were reported for all three species. Two American
studies stood out with fairly high levels of resistance, most notably Coetzee et al. (2019) with 34.7%
of 101 M. haemolytica isolates being florfenicol-resistant. Similarly, Lamm et al. (2012) found 43.3%
resistance in the same species, although based on a collection of only 17 isolates.

Each circle represents one study, and the size of each circle reflects how many isolates were included in the
study. The colour of a circle illustrates resistance in isolates of dairy production origin (blue circle), resistance
merged with intermediate in isolates of dairy production origin (dark blue circle), resistance in isolates from beef/
veal production (red circle), resistance merged with intermediate in isolates from beef/veal production (brown
circle), resistance in isolates of mixed or unknown origin (light grey circle) and resistance merged with
intermediate in isolates of mixed or unknown origin (dark grey circle). The dashed lines indicate, for each
antibiotic, the weighted arithmetic mean of % R or RI with the same colour codes as used for the circles. The
exact percentages these lines represent are listed in Annex E. Numbers written to the left of antibiotic names
reflect the number of studies for a certain drug/continent combination.

Figure 19: Pasteurella multocida, Mannheimia haemolytica and Histophilus somni resistance data for
each included study sorted by continent
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Figure 19 and Tables 6–8 show data for six different macrolides, namely erythromycin,
gamithromycin, tilmicosin, tildipirosin, tulathromycin and tylosin. For H. somni, all three non-American
studies with data for macrolides showed 0% resistance to all agents within this drug class (Goldspink
et al., 2015; El Garch et al., 2016; FINRES-Vet, 2018). Somewhat higher levels of resistance (5–
34.6%) were detected in the seven studies from North America. A similar clear tendency was observed
for M. haemolytica and P. multocida with the highest macrolide resistance levels being reported by
North American studies. For P. multocida, a (for Europe) relatively high proportion of tulathromycin
resistance (14.1%) was observed among 149 isolates in Germany (GERM-Vet, 2020).

For fluoroquinolones (enrofloxacin), resistance was close to the low levels observed for florfenicol
in all three species (always ≤ 20%). It is worth noting that the few studies reporting %RI may not be
comparable with studies reporting %R. This is illustrated by, e.g. Kong et al. (2014) who found none of
Chinese P. multocida isolates resistant to enrofloxacin, but 60.9% of isolates were intermediate to this
drug. Accordingly, the highest proportion of enrofloxacin resistance reported in Europe (9%, RESAPATH
(ANSES) (2020)) may be `false high’ compared with other studies, as it represents merged R and I data.

The overall highest mean resistance levels in all three species were observed for tetracycline. As
for most other drugs, the mean proportions of resistance were higher for isolates of North American
origin when compared to European isolates (Figure 19 and Tables 6–8). Despite this trend, two
European studies reported a high proportion of tetracycline resistance in P. multocida: The British
surveillance programme reported 66.2% tetracycline resistance among 74 P. multocida isolates from
the UK (UK-VARSS, 2019), whereas Van Driessche et al. (2018) found 46% of 100 P. multocida isolates
in Belgium to be tetracycline resistant.

Very few studies tested susceptibility to gentamicin in these bacterial species (which could be due
to the long withdrawal period of this drug for beef cattle, preventing their use in animals close to the
slaughter age); therefore, continent-associated trends are not easy to deduce for this agent. It should
be noted that two studies found a high proportion of isolates (27.8% and 82.6%) in the intermediate
category (Wang et al., 2017; Nefedchenko et al., 2019); hence, %R and %RI data should be
compared with caution as for several other drugs.

Table 6: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or %R + I)
and weighted standard deviation (SD) in Pasteurella multocida for the target antimicrobials
in each continent, sorted by production type. NA means that SD could not be calculated as
only one study was included

Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

3GC Asia Mixed/
Unknown

2 379 0 0 0 0

3GC Europe Mixed/
Unknown

7 1,060 0.1 0 1.9 0.4

3GC North
America

Beef/Veal 3 459 0.4 0 7.1 1.2

3GC North
America

Dairy 1 1,146 0 0 0 NA

3GC North
America

Mixed/
Unknown

3 408 0.8 0 1.3 0.6

Aminopenicillins Asia Mixed/
Unknown

2 379 7.1 5.9 9.2 1.6

Aminopenicillins Europe Mixed/
Unknown

6 768 15.3 1 63.5 23.8

Aminopenicillins North
America

Beef/Veal 1 117 1.8 1.8 1.8 NA

Aminopenicillins North
America

Dairy 1 1,146 1 1 1 NA
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Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

Erythromycin North
America

Mixed/
Unknown

1 238 58 58 58 NA

Florfenicol Asia Mixed/
Unknown

2 379 0.5 0 0.8 0.4

Florfenicol Europe Beef/Veal 1 107 0 0 0 NA
Florfenicol Europe Mixed/

Unknown
8 1,268 1.9 0 12.2 4.2

Florfenicol North
America

Beef/Veal 3 459 9.4 1.7 14.3 4.5

Florfenicol North
America

Dairy 1 1,145 4 4 4 NA

Florfenicol North
America

Mixed/
Unknown

3 408 4.4 0 12.7 5.5

Fluoroquinolones Asia Mixed/
Unknown

3 402 0 0 0 0

Fluoroquinolones Europe Mixed/
Unknown

7 1,090 2.4 0 9 3.6

Fluoroquinolones North
America

Beef/Veal 3 459 6.3 0 8.8 4

Fluoroquinolones North
America

Dairy 1 1,145 1 1 1 NA

Fluoroquinolones North
America

Mixed/
Unknown

2 170 2.4 0 6.7 3.2

Gamithromycin Europe Mixed/
Unknown

1 134 1.5 1.5 1.5 NA

Gamithromycin North
America

Dairy 1 471 13 13 13 NA

Gentamicin Asia Mixed/
Unknown

1 23 0 0 0 NA

Gentamicin Europe Mixed/
Unknown

1 210 3 3 3 NA

Gentamicin North
America

Beef/Veal 1 117 8.5 8.5 8.5 NA

Gentamicin North
America

Dairy 1 1,145 3 3 3 NA

Penicillin Asia Mixed/
Unknown

1 141 30.5 30.5 30.5 NA

Penicillin Europe Mixed/
Unknown

3 414 1.7 0 5 1.8

Penicillin North
America

Beef/Veal 2 445 4.7 1.7 5.8 1.8

Penicillin North
America

Dairy 1 1,146 3 3 3 NA

Penicillin North
America

Mixed/
Unknown

2 348 1.4 0 2.1 1

Tetracyclines Asia Mixed/
Unknown

2 379 21.4 19.9 22.3 1.2

Tetracyclines Europe Mixed/
Unknown

9 1,235 20.8 0 66.2 20.1
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Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

Tetracyclines North
America

Beef/Veal 3 459 46.4 42.7 57.1 5.9

Tetracyclines North
America

Dairy 1 1,145 36 36 36 NA

Tetracyclines North
America

Mixed/
Unknown

4 582 30.3 5.5 80 28

Tildipirosin North
America

Dairy 1 516 19 19 19 NA

Tilmicosin North
America

Beef/Veal 2 131 42 41.9 42.9 0.3

Tilmicosin North
America

Dairy 1 1,144 23 23 23 NA

Tilmicosin North
America

Mixed/
Unknown

3 473 17.4 12 43.3 10

Tulathromycin Europe Mixed/
Unknown

3 469 5.3 0.5 14.1 6

Tulathromycin North
America

Beef/Veal 2 445 12.9 6.8 29.9 10.2

Tulathromycin North
America

Dairy 1 1,145 9 9 9 NA

Tulathromycin North
America

Mixed/
Unknown

3 344 32.6 5.8 80.9 33.7

Tylosin North
America

Beef/Veal 1 117 99.1 99.1 99.1 NA

Tylosin North
America

Dairy 1 1,145 88 88 88 NA

Table 7: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or %R + I)
and weighted standard deviation (SD) in Mannheimia haemolytica for the target
antimicrobials in each continent, sorted by production type. NA means that SD could not be
calculated as only one study was included

Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

3GC Asia Mixed/
Unknown

1 310 0 0 0 NA

3GC Europe Mixed/
Unknown

8 763 0.2 0 1 0.4

3GC North
America

Beef/Veal 3 554 0.7 0 11.8 2

3GC North
America

Dairy 1 753 0.7 0.7 0.7 NA

3GC North
America

Mixed/
Unknown

3 352 0.6 0 1.1 0.5
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Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

Aminopenicillins Asia Mixed/
Unknown

1 310 20.3 20.3 20.3 NA

Aminopenicillins Europe Mixed/
Unknown

5 478 12.3 4.3 39 12.4

Aminopenicillins Mixed
continents

Dairy 1 54 22.2 22.2 22.2 NA

Aminopenicillins North
America

Beef/Veal 1 233 5.1 5.1 5.1 NA

Aminopenicillins North
America

Dairy 1 753 14 14 14 NA

Erythromycin North
America

Mixed/
Unknown

1 187 52.9 52.9 52.9 NA

Florfenicol Asia Mixed/
Unknown

1 310 0.3 0.3 0.3 NA

Florfenicol Europe Beef/Veal 1 44 0 0 0 NA

Florfenicol Europe Mixed/
Unknown

8 888 0.8 0 3.7 1.2

Florfenicol North
America

Beef/Veal 3 554 8 4.3 47.1 7.3

Florfenicol North
America

Dairy 1 753 10 10 10 NA

Florfenicol North
America

Mixed/
Unknown

3 352 10 0 34.7 15.7

Fluoroquinolones Asia Mixed/
Unknown

1 310 18.7 18.7 18.7 NA

Fluoroquinolones Europe Mixed/
Unknown

7 739 1.4 0 5 1.9

Fluoroquinolones Mixed
continents

Dairy 1 54 7.4 7.4 7.4 NA

Fluoroquinolones North
America

Beef/Veal 3 554 12.3 0 20.1 8.6

Fluoroquinolones North
America

Dairy 1 753 11 11 11 NA

Fluoroquinolones North
America

Mixed/
Unknown

2 165 34.5 0 56.4 27.6

Gamithromycin Europe Mixed/
Unknown

1 149 2.7 2.7 2.7 NA

Gamithromycin North
America

Dairy 1 291 13 13 13 NA

Gentamicin Europe Mixed/
Unknown

1 117 14 14 14 NA

Gentamicin Mixed
continents

Dairy 1 54 16.7 16.7 16.7 NA

Gentamicin North
America

Beef/Veal 1 233 3.4 3.4 3.4 NA

Gentamicin North
America

Dairy 1 753 9 9 9 NA

Penicillin Europe Mixed/
Unknown

3 229 21 12.5 24.4 4.5
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Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

Penicillin Mixed
continents

Dairy 1 54 33.3 33.3 33.3 NA

Penicillin North
America

Beef/Veal 2 537 25.3 7.2 39.1 15.8

Penicillin North
America

Dairy 1 753 19 19 19 NA

Penicillin North
America

Mixed/
Unknown

2 251 4.8 1.6 5.9 1.9

Tetracyclines Asia Mixed/
Unknown

1 310 24.8 24.8 24.8 NA

Tetracyclines Europe Mixed/
Unknown

8 829 17.2 4.2 50 11.7

Tetracyclines Mixed
continents

Dairy 1 54 16.7 16.7 16.7 NA

Tetracyclines North
America

Beef/Veal 3 554 52.7 51.3 64.7 2.4

Tetracyclines North
America

Dairy 1 753 30 30 30 NA

Tetracyclines North
America

Mixed/
Unknown

4 615 35.9 9.1 78.1 25.2

Tildipirosin North
America

Dairy 1 320 13 13 13 NA

Tilmicosin Europe Mixed/
Unknown

4 467 5.3 1.2 16.3 5.8

Tilmicosin North
America

Beef/Veal 3 554 43.2 40.5 76.5 6.2

Tilmicosin North
America

Dairy 1 753 16 16 16 NA

Tilmicosin North
America

Mixed/
Unknown

4 615 37.8 24.7 84.4 20.3

Tulathromycin Europe Mixed/
Unknown

4 378 5.3 0 13.3 4.8

Tulathromycin Mixed
continents

Dairy 1 54 1.9 1.9 1.9 NA

Tulathromycin North
America

Beef/Veal 2 537 23.3 12.2 37.8 12.7

Tulathromycin North
America

Dairy 1 753 11 11 11 NA

Tulathromycin North
America

Mixed/
Unknown

3 423 40.4 26.6 76.6 19

Tylosin Mixed
continents

Dairy 1 54 14.8 14.8 14.8 NA

Tylosin North
America

Beef/Veal 1 233 99.1 99.1 99.1 NA

Tylosin North
America

Dairy 1 753 99 99 99 NA
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Table 8: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or %R + I)
and weighted standard deviation (SD) in Histophilus somni for the target antimicrobials in
each continent, sorted by production type. NA means that SD could not be calculated as only
one study was included

Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

3GC Europe Mixed/
Unknown

2 96 0 0 0 0

3GC North
America

Beef/Veal 3 260 0.4 0 9.1 1.8

3GC North
America

Dairy 1 458 2 2 2 NA

3GC North
America

Mixed/
Unknown

3 183 2.2 0 4.6 2.3

3GC Oceania Mixed/
Unknown

1 53 0 0 0 NA

Aminopenicillins North
America

Beef/Veal 1 75 11.9 11.9 11.9 NA

Aminopenicillins North
America

Dairy 1 459 2 2 2 NA

Erythromycin North
America

Mixed/
Unknown

1 87 10.9 10.9 10.9 NA

Florfenicol Europe Beef/Veal 1 31 0 0 0 NA

Florfenicol Europe Mixed/
Unknown

2 96 0 0 0 0

Florfenicol North
America

Beef/Veal 3 261 5.4 0 7.5 3

Florfenicol North
America

Dairy 1 459 3 3 3 NA

Florfenicol North
America

Mixed/
Unknown

3 183 0 0 0 0

Florfenicol Oceania Mixed/
Unknown

1 53 0 0 0 NA

Fluoroquinolones Europe Mixed/
Unknown

2 96 0 0 0 0

Fluoroquinolones North
America

Beef/Veal 3 261 10.7 4 13.8 4.4

Fluoroquinolones North
America

Dairy 1 458 3 3 3 NA

Fluoroquinolones North
America

Mixed/
Unknown

2 96 4.2 0 8 4

Fluoroquinolones Oceania Mixed/
Unknown

1 53 0 0 0 NA

Gamithromycin Europe Mixed/
Unknown

1 66 0 0 0 NA

Gamithromycin North
America

Dairy 1 187 6 6 6 NA

Gentamicin North
America

Beef/Veal 1 75 32 32 32 NA

Gentamicin North
America

Dairy 1 459 22 22 22 NA
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3.1.5.2. Results from the national AMR monitoring reports

Information on AMR in clinical isolates belonging to one or more of the three species (P. multocida,
M. haemolytica and/or H. somni) was included in five National monitoring programmes, typically with
very little information on their origin (other than stating that they were recovered from respiratory
samples).

Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

Penicillin Europe Mixed/
Unknown

1 30 0 0 0 NA

Penicillin North
America

Beef/Veal 2 249 7.6 5.2 13.3 3.7

Penicillin North
America

Dairy 1 464 13 13 13 NA

Penicillin North
America

Mixed/
Unknown

2 133 24.8 3.4 65.2 29.5

Tetracyclines Europe Mixed/
Unknown

2 96 3.1 3 3.3 0.1

Tetracyclines North
America

Beef/Veal 3 260 51.6 9.1 54.7 9

Tetracyclines North
America

Dairy 1 459 27 27 27 NA

Tetracyclines North
America

Mixed/
Unknown

4 305 42.9 14.9 73.9 20.5

Tetracyclines Oceania Mixed/
Unknown

1 53 1.9 1.9 1.9 NA

Tildipirosin North
America

Dairy 1 205 5 5 5 NA

Tilmicosin North
America

Beef/Veal 2 87 16.1 0 18.7 6.5

Tilmicosin North
America

Dairy 1 459 10 10 10 NA

Tilmicosin North
America

Mixed/
Unknown

3 259 22.5 18 28 4.3

Tilmicosin Oceania Mixed/
Unknown

1 53 0 0 0 NA

Tulathromycin Europe Mixed/
Unknown

2 96 0 0 0 0

Tulathromycin North
America

Beef/Veal 2 249 19.7 19 21.3 1.1

Tulathromycin North
America

Dairy 1 458 10 10 10 NA

Tulathromycin North
America

Mixed/
Unknown

3 215 18.2 2.2 27.1 8.7

Tulathromycin Oceania Mixed/
Unknown

1 43 0 0 0 NA

Tylosin North
America

Beef/Veal 1 75 34.6 34.6 34.6 NA

Tylosin North
America

Dairy 1 464 10 10 10 NA
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All-Islands Animal Disease Surveillance Report (Ireland): Detailed data on AMR obtained in
clinical P. multocida and M. haemolytica are included in the 2018 report (181 and 150 isolates,
respectively). Isolates were tested using ampicillin, florfenicol and tetracycline, and higher levels of
non-susceptible isolates in the first two antimicrobials were found in P. multocida (ampicillin: 6.6%;
florfenicol: 12.2%) compared with M. haemolytica (4.7% and 0.7%), while the opposite was true for
tetracycline (4.4% in P. multocida vs. 10% in M. haemolytica) (these data are already included in
Figure 19 and Tables 6 and 7).

RESAPATH (France): Isolates from two species (P. multocida and M. haemolytica) are routinely
monitored, although the number of isolates tested on average each year and the antimicrobials used
slightly vary. For P. multocida, between 31 and 237 isolates were tested to eight antimicrobials of
interest for this opinion (except in 2017 when seven were used). Proportions of non-susceptibility were
higher (mostly ≥ 25%) for doxycycline and tetracycline, while they remained ≤ 11% for the remaining
antimicrobials (< 5% for amoxicillin, ceftiofur and florfenicol) (Figure 20).

For M. haemolytica, between 45 and 178 isolates from respiratory pathologies in young animals
were tested for susceptibility to seven antimicrobials every year during the 2014–2018 period
(additionally, susceptibility data for danofloxacin were available for 2014–2016, with 3–9% of non-
susceptible isolates). The proportion of non-susceptible isolates was higher for tetracycline and
doxycycline (from 15% to 50%, depending on the year), followed by gentamicin, amoxicillin and
enrofloxacin (values between 4% and 18%), while the proportion of non-susceptible isolates to
florfenicol and ceftiofur were ≤ 2%) (Figure 21).

Figure 20: Proportion (%) of non-susceptible clinical Pasteurella multocida isolates from cattle with
respiratory pathology for eight antimicrobials of interest reported by the RESAPATH
monitoring programme

Assessment of animal diseases caused by bacteria resistant to antimicrobials: cattle

www.efsa.europa.eu/efsajournal 40



FINRES (Finland): AMR data from the three pathogens are routinely included in the reports
published every year. For P. multocida, between 135 and 267 isolates were tested annually using six to
eight antimicrobials of interest for this opinion in 2015–2019 (ampicillin was only used in 2015 and
danofloxacin in 2015–2017). Resistance levels were < 2% for all antimicrobials except oxytetracycline
(with values of 2–8%), and all isolates were susceptible to ceftiofur (Figure 22).

Figure 21: Proportion (%) of non-susceptible clinical Mannheimia haemolytica isolates from cattle
with respiratory pathology for seven antimicrobials of interest reported by the RESAPATH
monitoring programme

Figure 22: Proportion (%) of clinical Pasteurella multocida isolates retrieved from cattle respiratory
samples resistant to eight antimicrobials of interest reported by the FINRES monitoring
programme
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For M. haemolytica, data on AMR were available for between 35 and 79 isolates tested annually
using six to eight antimicrobials of interest for this opinion in 2015–2019 (ampicillin was only used in
2015 and danofloxacin in 2015–2017). All isolates were susceptible to ampicillin, ceftiofur,
danofloxacin, enrofloxacin, florfenicol and tulathromycin (data not shown), while the proportion of
resistant isolates to penicillin and oxytetracycline ranged between 1% and 17% (with higher values in
most years for penicillin) (Figure 23).

Finally, for H. somni between 28 and 47 isolates were tested annually using five (in 2015) or six
(2016–2019) antimicrobials (oxytetracycline was missing in 2015). All isolates tested in 2015–2019
were susceptible to ceftiofur, enrofloxacin, florfenicol, penicillin and tulathromycin, while between 0
and 10.7% of the isolates in 2016–2019 were resistant to oxytetracycline (Figure 24).

Figure 23: Proportion (%) of clinical Mannheimia haemolytica isolates retrieved from cattle
respiratory samples resistant to oxytetracycline and penicillin reported by the FINRES
monitoring programme

Figure 24: Proportion (%) of clinical Histophilus somni isolates retrieved from cattle respiratory
samples resistant to oxytetracycline reported by the FINRES monitoring programme
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SWEDRES-Svarm (Sweden): Data on between 79 and 104 P. multocida isolates retrieved from
respiratory samples (nasal swabs from calves with respiratory disease or lung samples collected during
post-mortem investigation) are provided in the annual reports for 2016–2018 (before, not all isolates
were identified to the species level). Isolates were tested using five antimicrobials of interest, and
resistance levels ranging between 2% and 13% were only found for penicillin and ampicillin
(Figure 25), while all isolates were susceptible to enrofloxacin, florfenicol and tetracycline.

UK-VARSS (United Kingdom): AMR data from P. multocida and M. haemolytica are included in the
annual reports. For P. multocida, between 42 and 76 isolates were tested annually during the 2015–
2019 period for resistance to five antimicrobials of interest for this opinion (a single isolate was also
tested using tylosin in 2018). Resistance levels were much higher for tetracycline (~40–68%) than for
the remaining antimicrobials (these were below 3%, except in 2017 when 15% of all isolates tested
were resistant) (Figure 26).

Figure 25: Proportion (%) of clinical Pasteurella multocida isolates retrieved from cattle respiratory
samples resistant to two antimicrobials of interest reported by the SWEDRES-Svarm
monitoring programme (the same values were reported for ampicillin and penicillin)
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For M. haemolytica, between 28 and 70 isolates were tested each year during 2015–2019 using five
antimicrobials of interest for this opinion. Again resistance levels were < 5% for all antimicrobials
tested except for tetracycline, for which the proportion of resistant isolates increased from 0% to 50%
over the 5-year period (Figure 27).

GERM-VET (Germany): Sampling involved Mannheimia haemolytica and Pasteurella multocida in
the years 2014, 2016, 2017 and 2018. Both bacterial species were isolated from respiratory disease.
For M. haemolytica, isolates were divided into calves/young cattle and adult animals in 2014, and 106
and reported together in 2017 and 2018. Antimicrobials tested and classified into susceptible and

Figure 26: Proportion (%) of clinical Pasteurella multocida isolates retrieved from cattle respiratory
samples resistant to five antimicrobials of interest reported by the UK-VARSS monitoring
programme

Figure 27: Proportion (%) of clinical Mannheimia haemolytica isolates retrieved from cattle
respiratory samples resistant to five antimicrobials of interest reported by the UK-VARSS
monitoring programme
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resistant (intermediate resistant and resistant) were ampicillin (in the years 2017, 2018), ceftiofur
(2016, 2017, 2018), enrofloxacin, florfenicol, penicillin, tetracycline, tilmicosin and tulathromycin.
Results can be seen in Figure 28 for M. haemolytica and in Figure 29 for P. multocida.

Figure 28: Proportion (%) of clinical Mannheimia haemolytica isolates from respiratory disease in
cattle resistant to eight antimicrobials of interest reported by the GERM-Vet monitoring
programme

Figure 29: Proportion (%) of clinical Pasteurella multocida isolates from respiratory disease in cattle
resistant to seven antimicrobials of interest reported by the GERM-Vet monitoring
programme
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3.1.6. Streptococcus uberis and Streptococcus dysgalactiae

3.1.6.1. Results of the ELR by bacterium

Streptococcus uberis and S. dysgalactiae can be isolated from various sites in cattle, e.g. tonsils,
mouth and the genital tract. From these sites, they may go to the environment, thereby facilitating
transmission between cows. Streptococcus dysgalactiae may also persist in the mammary gland,
thereby facilitating transmission during milking.

In total, 18 and 13 studies with ≥ 10 S. uberis and S. dysgalactiae isolates, respectively, were
included. These studies had results for one or more of the following relevant antibiotics: cefoperazone,
ceftiofur, enrofloxacin/ciprofloxacin, erythromycin, penicillin, penicillin–novobiocin, pirlimycin, spiramycin,
sulfonamide–trimethoprim, tylosin. Geographically, these studies were distributed as follows: for S.
uberis, Africa (0), Asia (1), Europe (13), Oceania (2), North America (2) and South America (0); for S.
dysgalactiae, Africa (0), Asia (2), Europe (7), Oceania (2), North America (2) and South America (0).

All S. uberis and S. dysgalactiae isolates originated from mastitis (udder or milk samples) in dairy
cattle.

Figure 30 shows for each continent the proportion of resistance reported in individual studies with
at least 10 S. uberis and S. dysgalactiae isolates. Proportions of resistance sorted by country are in
Annex D.
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Overall, resistance levels were fairly similar for the two streptococcal species. For the 3GCs
cefoperazone and ceftiofur, < 7% resistance was observed in all studies, except in the Swiss
national report which found 13% ceftiofur resistance among 56 S. uberis isolates (ANRESIS ARCH-Vet,
2020). This value represents %RI and the fraction of intermediate isolates is unknown. Therefore,
comparability to other studies reporting %R is unknown. For penicillin, the same picture was evident
with overall low mean levels of resistance and the Swiss national report prominent with 44% in
S. uberis. Again, this value includes the intermediate category and should be interpreted with caution.
This is particularly evident from the VetPath study by Thomas et al. (2012) reporting no penicillin
resistance among isolates from mixed European countries, but with 29.8% of isolates being
intermediate. An earlier Swiss study found only 7.8% of 1,228 S. uberis isolates resistant to penicillin
(R€uegsegger et al., 2014). As this value is also %RI, it appears as if there has been a national
temporal increase in resistance over the 6–9 years between isolates were obtained in these two

Each circle represents one study, and the size of each circle reflects how many isolates were included in the
study. The colour of a circle illustrates resistance in isolates of dairy production origin (light blue circle) and
resistance merged with intermediate in isolates of dairy production origin (dark blue circle). The dashed lines
indicate, for each antibiotic, the weighted arithmetic mean of %R or %R + I with the same colour codes as used
for the circles. The exact percentages these lines represent are listed in Annex E. Numbers written to the left of
antibiotic names reflect the number of studies for a certain drug/continent combination.

Figure 30: Streptococcus uberis and S. dysgalactiae resistance data for each included study sorted
by continent
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studies. It is, however, not clear if exactly the same breakpoints were used by the two studies,
especially as there are no cattle-specific penicillin breakpoints for streptococci and the breakpoints
used must necessarily have been adapted from some other – unknown – animal species or humans.
The very different number of isolates in the two studies and the different methods used (broth
microdilution vs. agar dilution) are among other factors that may influence results and thereby
comparability of these studies. Only one Canadian study had investigated susceptibility to penicillin–
novobiocin, reporting 0.3% of 317 S. dysgalactiae and 0.3% of 1,171 S. uberis isolates resistant to
that drug (Awosile et al., 2018).

For the macrolides erythromycin, spiramycin and tylosin, most studies reported less than 25%
resistance. The most noteworthy exception was a Chinese study reporting erythromycin resistance in
47.7% of 88 S. dysgalactiae isolates. In Europe, the Swiss study by R€uegsegger et al. (2014) stood
out with high proportions of S. uberis and S. dysgalactiae isolates (36.2% and 39.9%, respectively)
being spiramycin resistant. As for other antimicrobials, this study reported %RI, meaning data may not
be comparable with those of other studies, especially as a Portuguese study found a massive 30.8% of
S. uberis isolates to be spiramycin intermediate (Simoes et al., 2020). However, it is more than twice
the proportion (%RI) observed in for example France (RESAPATH (ANSES), 2020). The lincosamide
pirlimycin was tested in very few studies. For this drug, the mean proportion of resistance observed
in S. uberis from Europe was 17.6% (Table 9). Resistance to sulfonamide–trimethoprim was either
absent or very uncommon (< 5%) in most studies, although studies from New Zealand (McDougall
et al., 2014), France (RESAPATH (ANSES), 2020) and Thailand (Horpiencharoen et al., 2019) reported
12–22% resistance. Similar to other drugs, the French %RI data may have overestimated resistance
levels compared with most other studies. Exactly the same issue exists for fluoroquinolones with
RESAPATH (ANSES) (2020), reporting 37% and 47% of 1,068 S. uberis and 172 S. dysgalactiae
isolates resistant to enrofloxacin. This is much higher than all other studies reporting < 10% of isolates
resistant to this drug class, and the example illustrates again the problems of low data comparability.
Apart from the difference between %R and %R + I, the French ECOFFs and methods differ in some
aspects from the CLSI (and other) standards used by most studies.

Table 9: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or %R + I)
and weighted standard deviation (SD) in Streptococcus uberis for the target antimicrobials in
each continent. NA means that SD could not be calculated as only one study was included

Antibiotic Continent
No. of
papers

No. of
isolates(a)

Weighted
arithmetic

mean
proportion of
resistance (%)

Minimum
resistance

% observed

Maximum
resistance
% observed

Standard
deviation

3GC
(Cefoperazone)

Europe 3 1,317 5.7 0 6 1

3GC (Ceftiofur) Europe 1 56 13 13 13 NA
3GC (Ceftiofur) North

America
2 1,267 3.4 3.2 6.2 0.8

Erythromycin Asia 1 12 0 0 0 NA
Erythromycin Europe 7 1,974 15.6 5.7 25 3.3

Erythromycin Oceania 1 703 8.9 8.9 8.9 NA
Fluoroquinolones Europe 4 1,449 27.4 0 37 16.1

Penicillin Europe 8 1,847 6.7 0 44 7.4
Penicillin Oceania 2 817 8.2 1 9.2 2.7

Penicillin-
novobiocin

North
America

1 1,171 0.3 0.3 0.3 NA

Pirlimycin Europe 3 286 17.6 11.8 26 6.4

Pirlimycin North
America

1 1,171 17.9 17.9 17.9 NA

Spiramycin Europe 4 2,716 26 7.7 36.2 9.4

Sulfa/TMP Europe 5 1,803 15.2 0 22 9.4
Sulfa/TMP North

America
1 1,171 4.9 4.9 4.9 NA
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3.1.6.2. Results from the national AMR monitoring reports

Information on AMR in clinical isolates belonging to one or both streptococci and originating from
mastitis cases/milk samples were included in five national monitoring programmes.

All-Islands Animal Disease Surveillance Report (Ireland): Detailed data on AMR obtained in
clinical S. uberis are included in the 2018 report, which provides the proportion of isolates non-
susceptible to sulfonamide–trimethoprim out of 291 isolates tested (6.2% resistant) (these data are
already included in Figure 30 and Table 9).

ANRESIS ARCH-Vet (Switzerland): Data on AMR to four antimicrobials of interest in this opinion
determined in 56 mastitis S. uberis isolates were provided in 2019 (data already included in Table 9 and
Figure 30), with values ranging between 13% and 44% (Figure 31), with levels of resistance to penicillin
being higher than what was described in other studies, found in the ELR, what could be due at least in
part by the joint reporting of resistant and intermediate categories in this report as mentioned before.

Table 10: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or%R + I)
and weighted standard deviation (SD) in Streptococcus dysgalactiae for the target
antimicrobials in each continent. NA means that SD could not be calculated as only one study
was included

Antibiotic Continent
No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion of
resistance (%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Standard
deviation

3GC
(Cefoperazone)

Europe 1 213 4.2 4.2 4.2 NA

3GC (Ceftiofur) North
America

2 414 0 0 0 0

Erythromycin Asia 1 88 47.7 47.7 47.7 NA

Erythromycin Europe 4 422 11.5 4.9 22 6.2
Erythromycin Oceania 1 349 16.3 16.3 16.3 NA

Fluoroquinolones Asia 1 14 7.1 7.1 7.1 NA
Fluoroquinolones Europe 4 410 22.4 3.7 47 21

Penicillin Asia 1 14 7.1 7.1 7.1 NA
Penicillin Europe 5 321 4.6 0 7 3.3

Penicillin Oceania 2 1,106 2.3 0 2.4 0.6
Penicillin–
novobiocin

North
America

1 317 0.3 0.3 0.3 NA

Pirlimycin North
America

1 317 7.9 7.9 7.9 NA

Spiramycin Europe 3 579 19 4.3 39.9 16

Sulfa/TMP Asia 1 14 14.3 14.3 14.3 NA
Sulfa/TMP Europe 4 393 7.4 0 15 7

Sulfa/TMP North
America

1 317 0.3 0.3 0.3 NA

Sulfa/TMP Oceania 1 64 17.2 17.2 17.2 NA

Tylosin Europe 2 158 13.7 11.1 14 0.9

Antibiotic Continent
No. of
papers

No. of
isolates(a)

Weighted
arithmetic

mean
proportion of
resistance (%)

Minimum
resistance

% observed

Maximum
resistance
% observed

Standard
deviation

Sulfa/TMP Oceania 1 102 12.7 12.7 12.7 NA

Tylosin Europe 2 831 19.5 2.9 21 5

(a): All isolates were of dairy origin.
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RESAPATH (France): Antimicrobial susceptibility results determined in clinical isolates from mastitis
for both streptococci are included in the annual reports. For S. uberis, depending on the year
(between 2014 and 2018) and the antimicrobial (considering those of interest in this opinion), from
707 to 1,523 AST results are provided. Proportions of non-susceptibility were consistently higher for
enrofloxacin (≥ 35%) compared with the rest of the antimicrobials, which remained below 35%
(Figure 32). Furthermore, non-susceptibility to oxacillin, used as a marker of non-susceptibility to
penicillin G, remained between 12 and 20% during the 2014–2018 period (data not shown).

Figure 31: Proportion (%) of clinical Streptococcus uberis isolates retrieved from cattle mastitis
samples resistant to four antimicrobials of interest reported by the ANRESIS ARCH-Vet
monitoring programme
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For S. dysgalactiae, depending on the year (between 2014 and 2018) and the antimicrobial
(considering those of interest in this opinion), from 112 to 223 AST results are provided. Proportions of
non-susceptibility were high (≥ 44%) only for enrofloxacin, while values ranged between 4% and 25%
for the remaining antimicrobials and years (Figure 33). Furthermore, non-susceptibility to oxacillin,
used as a marker of non-susceptibility to penicillin G, remained ≤ 3% during the 2014–2018 period
(data not shown).

Figure 32: Proportion (%) of non-susceptible clinical Streptococcus uberis isolates retrieved from
cattle mastitis samples for five antimicrobials of interest reported by the RESAPATH
monitoring programme
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DANMAP (Denmark): AMR data on mastitis isolates belonging to both streptococci are also
available for the years 2018 and 2019. For S. uberis, 19 and 20 isolates were tested in 2018 and 2019,
respectively, using four antimicrobials of interest in this opinion (ciprofloxacin, erythromycin, penicillin
and sulfonamide–trimethoprim). One and three isolates found in 2018 and 2019, respectively, were
resistant to erythromycin, while all isolates were susceptible to all the remaining antimicrobials. For
S. dysgalactiae, 17 and 16 isolates were tested in 2018 and 2019, respectively, using four antimicrobials
of interest in this opinion (ciprofloxacin, erythromycin, penicillin and sulfonamide–trimethoprim), and all
isolates were susceptible except for one erythromycin-resistant isolate retrieved in 2019.

UK-VARSS (United Kingdom): Between 70 and 123 (S. uberis) and 18 and 41 (S. dysgalactiae)
isolates from England and Wales were tested every year during the 2015–2019 period to determine
the resistance to two antimicrobials of interest for this opinion (penicillin and tylosin). In both species,
higher resistance levels were observed for tylosin than for penicillin, to which ≥ 99% of the isolates
remained susceptible (Figures 34 and 35).

Figure 33: Proportion (%) of non-susceptible clinical Streptococcus dysgalactiae isolates retrieved
from mastitis samples for five antimicrobials of interest reported by the RESAPATH
monitoring programme
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GERM-VET (Germany): Sampling involved Streptococcus uberis and S. dysgalactiae from mastitis
cases in 2014 and 2016. Antimicrobials tested and classified into susceptible and resistant
(intermediate resistant and resistant) were ceftiofur (only in 2016 for S. uberis, with 4.2% of non-
susceptible isolates, and both years for S. dysgalactiae, with isolates being susceptible), erythromycin,
penicillin and pirlimycin. Figure 36 shows the results for S. uberis and Figure 37 for S. dysgalactiae for
the last three antimicrobials.

Figure 34: Proportion (%) of clinical Streptococcus uberis isolates retrieved from cattle mastitis
samples resistant to two antimicrobials of interest reported by the UK-VARSS monitoring
programme

Figure 35: Proportion (%) of clinical Streptococcus dysgalactiae isolates retrieved from cattle mastitis
samples resistant to two antimicrobials of interest reported by the UK-VARSS monitoring
programme
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3.1.7. Trueperella pyogenes

3.1.7.1. Results of the ELR by bacterium

Trueperella pyogenes (previously named Arcanobacterium pyogenes) resides in mucous membranes
and is an opportunistic pathogen of many domestic animal species including cattle. It may cause a

Figure 36: Proportion of clinical Streptococcus uberis isolates from cattle mastitis samples non-
susceptible to four antimicrobials of interest reported by the GERM-Vet monitoring
programme

Figure 37: Proportion of clinical Streptococcus dysgalactiae isolates from cattle mastitis samples non-
susceptible to four antimicrobials of interest reported by the GERM-Vet monitoring
programme
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variety of purulent infections such as osteomyelitis, abscesses and lymphadenitis, and it is an
aetiological agent of the summer mastitis complex involving also several other pathogens.

In total, eight studies with ≥ 10 T. pyogenes isolates and results for one or more of the relevant
antibiotics (ampicillin/amoxicillin, 3GC, enrofloxacin/ciprofloxacin, erythromycin, penicillin, sulfonamide–
trimethoprim, tetracyclines) were included. These were distributed as follows: Africa (0), Asia (5),
Europe (2), Oceania (0), North America (1) and South America (0).

The distribution of T. pyogenes isolates per site of infection is shown in Figure 38. Most isolates
originated from infections of the reproductive organs.

Figure 39 shows for each continent the proportion of resistance reported in individual studies with
at least 10 Trueperella pyogenes isolates. Information on proportion of resistance sorted by country is
in Annex D.

As there are no CBPs for T. pyogenes infections, interpretation of susceptibility data can be done in
different ways. This was indeed the case for the studies included here, as they have used very
different interpretive criteria, including S. aureus- and S. pneumoniae breakpoints adapted from
human CLSI guidelines. The shortcoming of such diverse interpretation is of course that rational
comparison of data between studies is nearly impossible.

Among the antibiotics tested, T. pyogenes was most frequently susceptible to beta-lactams
(Figure 39, Table 11). However, especially some of the Asian studies reported a high proportion of
beta-lactam resistance. For example, Zhang et al. (2014) found 71.9% and 53.1% of 32 Chinese
isolates resistant to ceftiofur and ampicillin, respectively. Rezanejad et al. (2019) detected even higher

Figure 38: Distribution of Trueperella pyogenes isolates per site of infection

Each circle represents one study, and the size of each circle reflects how many isolates were included in the
study. The colour of a circle illustrates resistance in isolates of dairy production origin (light blue circle), beef/veal
production origin (red circle), mixed/unknown production origin (light grey circle), and resistance merged with
intermediate in isolates of dairy production origin (dark blue circle). The dashed lines indicate, for each
antibiotic, the weighted arithmetic mean of % R or %R + I with the same colour codes as used for the circles.
The exact percentages these lines represent are listed in Annex E. Numbers written to the left of antibiotic
names reflect the number of studies for a certain drug/continent combination.

Figure 39: Trueperella pyogenes resistance data for each included study sorted by continent
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proportions with more than 90% ampicillin resistance among a collection of 73 Iranian isolates. The
limited data from Europe had been derived from Poland (Malinowski et al., 2011) and Polen/Belarus
(Zastempowska and Lassa, 2012). Despite the obvious spatial relatedness of these studies, large
differences in antimicrobial susceptibility were observed between them (Figure 39).

Resistance data for fluoroquinolones and erythromycin varied considerably between studies,
whereas more consistently high resistance levels were observed for tetracyclines and – especially –
sulfonamide–trimethoprim.

Table 11: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or%R + I)
and weighted standard deviation (SD) in Trueperella pyogenes for the target
antimicrobials in each continent. NA means that SD could not be calculated as only one
study was included

Antibiotic Continent
Production
type

No. of
papers

N of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Weighted
standard
deviation

3GC Asia Mixed/
Unknown

2 97 23.7 0 71.9 34

3GC Europe Dairy 1 55 0 0 0 NA
3GC Europe Mixed/

Unknown
1 161 4.2 4.2 4.2 NA

3GC North
America

Beef/Veal 1 94 1.1 1.1 1.1 NA

Aminopenicillins Asia Dairy 2 123 59.3 6 95.9 44.3

Aminopenicillins Asia Mixed/
Unknown

2 97 17.5 0 53.1 25.1

Aminopenicillins Europe Dairy 1 55 0 0 0 NA

Aminopenicillins Europe Mixed/
Unknown

1 161 35.7 35.7 35.7 NA

Aminopenicillins North
America

Beef/Veal 1 94 1.1 1.1 1.1 NA

Erythromycin Asia Dairy 2 123 44.7 44 45.2 0.6

Erythromycin Asia Mixed/
Unknown

1 65 36.9 36.9 36.9 NA

Erythromycin Europe Dairy 1 55 9.9 9.9 9.9 NA
Fluoroquinolones Asia Dairy 2 123 48 20 67.1 23.2

Fluoroquinolones Asia Mixed/
Unknown

1 65 17 17 17 NA

Fluoroquinolones North
America

Beef/Veal 1 94 0 0 0 NA

Penicillin Asia Dairy 2 123 61.8 8 98.6 44.7
Penicillin Asia Mixed/

Unknown
2 97 24.7 4.6 65.6 28.8

Penicillin Europe Dairy 1 55 0 0 0 NA

Penicillin Europe Mixed/
Unknown

1 161 31.3 31.3 31.3 NA

Penicillin North
America

Beef/Veal 1 94 1.1 1.1 1.1 NA

Sulfa/TMP Asia Dairy 2 123 82.9 78.1 90 5.9

Sulfa/TMP Asia Mixed/
Unknown

1 65 72.3 72.3 72.3 NA

Tetracyclines Asia Dairy 3 155 60.6 50.7 70 9.4
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3.1.7.2. Results from the national AMR monitoring reports

Information on AMR in clinical T. pyogenes isolates was only included in the UK-VARSS (United
Kingdom) national monitoring programme, which provided resistance data to three antimicrobials of
interest for this opinion determined on between three and eight isolates from England and Wales
tested each year between 2015 and 2017. A higher proportion of resistant isolates were found for
tetracyclines than for the other antimicrobials, although given the very small sample sizes data should
be interpreted carefully (Figure 40).

3.1.8. Mycoplasma bovis

3.1.8.1. Results of the ELR by bacterium

Mycoplasma bovis is one of several infectious agents involved in the BRD complex. Calves are
particularly susceptible, and the disease is predisposed by stress factors such as change of feed,

Antibiotic Continent
Production
type

No. of
papers

N of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Weighted
standard
deviation

Tetracyclines Asia Mixed/
Unknown

1 65 10.8 10.8 10.8 NA

Tetracyclines Europe Dairy 1 55 85.4 85.4 85.4 NA

Tetracyclines Europe Mixed/
Unknown

1 161 63.7 63.7 63.7 NA

Tetracyclines North
America

Beef/Veal 1 94 94.7 94.7 94.7 NA

Figure 40: Proportion (%) of three to eight clinical Trueperella pyogenes isolates from cattle tested
each year resistant to three antimicrobials of interest reported by the UK-VARSS
monitoring programme
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transportation and changes of temperature and humidity in the near environment. Mycoplasma bovis is
also able to cause other types of infections, such as mastitis, arthritis or otitis (Maunsell et al., 2011).

In total, eight studies with ≥ 10 M. bovis isolates and results for one or more of the relevant
antibiotics (enrofloxacin/ciprofloxacin, erythromycin, florfenicol, tetracyclines, tilmicosin, tulathromycin
and tylosin) were included. These were distributed as follows: Africa (0), Asia (1), Europe (5), Oceania
(0), North America (2) and South America (0).

The distribution of M. bovis isolates per site of infection is shown in Figure 41. Most isolates
originated from mixed infections.

Figure 42 shows for each continent the proportion of resistance reported in individual studies with at
least 10 M. bovis isolates. Information on the proportion of resistance sorted by country is in Annex D.

Each circle represents one study, and the size of each circle reflects how many isolates were
included in the study. The colour of a circle illustrates resistance in isolates of beef/veal production
origin (light red circle), mixed/unknown production origin (light grey circle), resistance merged with
intermediate in isolates of beef/veal production origin (dark red circle) resistance merged with
intermediate in isolates of beef/veal production origin (dark grey circle). The dashed lines indicate, for
each antibiotic, the weighted arithmetic mean of % R or %R + I with the same colour codes as used
for the circles. The exact percentages these lines represent are listed in Annex E. Numbers written to
the left of antibiotic names reflect the number of studies for a certain drug/continent combination.

As for T. pyogenes, there were no CBPs for M. bovis. Authors of the included studies have instead
interpreted data in various ways, mostly using epidemiological cut-off values derived from their data
sets, or using CBPs of other cattle respiratory pathogens (typically Pasteurellaceae).

Figure 42 and Table 12 illustrate relatively low mean levels of resistance to florfenicol and
fluoroquinolones across continents, whereas resistance to both macrolides and tetracyclines is much
more pronounced. Two French studies are prominent, as they report resistance to tetracycline and
macrolides in all tested isolates (Khalil et al. (2017), n = 43; Gautier-Bouchardon et al. (2014), n = 26).
Gautier-Bouchardon et al. (2014) also found florfenicol resistance in 94% of isolates, whereas all isolates
were intermediate to enrofloxacin. Based on a comparison with older M. bovis isolates, it was clear that
resistance levels of M. bovis had markedly increased in the years before sampling (Khalil et al., 2017).

Figure 41: Distribution of Mycoplasma bovis isolates per site of infection

Figure 42: Mycoplasma bovis resistance data for each included study sorted by continent
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3.1.9. Klebsiella pneumoniae

3.1.9.1. Results of the ELR by bacterium

As for E. coli, Klebsiella pneumoniae is a commensal and an opportunistic pathogen residing in the
intestinal microbiota of animals and humans. In cattle, it is mostly known for causing environmental
mastitis in dairy cows.

In total, five studies with ≥ 10 K. pneumoniae isolates and results for one or more of the relevant
antibiotics (amoxicillin–clavulanic acid, 3GCs, colistin, enrofloxacin/ciprofloxacin, neomycin,
sulfonamide–trimethoprim) were included. Among these, one and four included isolates from Africa
and Europe, respectively.

All K. pneumoniae isolates originated from mastitis (udder/milk samples) in dairy cattle.
Figure 43 shows for each continent the proportion of resistance reported in individual studies with

at least 10 K. pneumoniae isolates. Information on proportion of resistance sorted by country is in
Annex D.

Table 12: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or%R + I)
and weighted standard deviation (SD) in M. bovis for the target antimicrobials in each
continent. NA means that SD could not be calculated as only one study was included

Antibiotic Continent
Production
type

No. of
papers

No. of
isolates

Weighted
arithmetic

mean
proportion

of
resistance

(%)

Minimum
resistance

% observed

Maximum
resistance

% observed

Weighted
standard
deviation

Erythromycin Asia Beef/Veal 1 32 40.6 40.6 40.6 NA

Florfenicol Asia Beef/Veal 1 32 3.1 3.1 3.1 NA

Florfenicol Europe Beef/Veal 1 84 0 0 0 NA

Florfenicol Europe Mixed/
Unknown

2 187 25.3 2.9 94 39.3

Florfenicol North
America

Beef/Veal 2 323 20.4 8.2 25.7 8

Fluoroquinolones Asia Beef/Veal 1 32 0 0 0 NA

Fluoroquinolones Europe Mixed/
Unknown

3 379 3.5 0 6.6 2.9

Fluoroquinolones North
America

Beef/Veal 2 323 18 8 41.2 15.2

Tetracyclines Asia Beef/Veal 1 32 0 0 0 NA

Tetracyclines Europe Mixed/
Unknown

4 331 43.1 0 100 41.7

Tetracyclines North
America

Beef/Veal 2 323 69.7 45.4 80.1 15.9

Tilmicosin Asia Beef/Veal 1 32 40.6 40.6 40.6 NA

Tilmicosin Europe Mixed/
Unknown

3 190 97.5 95 100 2.5

Tilmicosin North
America

Beef/Veal 2 323 98.4 98.2 99 0.4

Tulathromycin Europe Mixed/
Unknown

2 141 50.8 27 100 34.3

Tulathromycin North
America

Beef/Veal 2 323 89.4 83.5 92 3.9

Tylosin Asia Beef/Veal 1 64 40.6 40.6 40.6 NA

Tylosin Europe Mixed/
Unknown

3 236 73.4 56.2 100 21

Tylosin North
America

Beef/Veal 2 323 96.2 92.8 97.7 2.2
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Resistance levels were generally low (< 10%) for all tested antibiotics. The few exceptions were
22.1% and 16.1% resistance to amoxicillin–clavulanic acid and sulfonamide–trimethoprim among 77
isolates from Tunisia (Saidani et al., 2018), and 16% of non-susceptibility for amoxicillin–clavulanic acid
among 88 isolates from France (RESAPATH (ANSES), 2020). The latter proportion may even be an
overestimation compared with other studies, as it represents also the intermediate category.

3.1.9.2. Results from the national AMR monitoring reports

Resistance data on K. pneumoniae isolates originating from mastitis cases/clinical milk samples are
included in three national monitoring programmes.

RESAPATH (France): depending on the year (between 2014 and 2018) and the antimicrobial
(considering those of interest in this opinion), from 44 to 90 AST results are provided. Proportions of
non-susceptibility ranged between 11% and 17% for amoxicillin–clavulanic acid and staying ≤ 8% for
the remaining antimicrobials (≤ 2% for enrofloxacin and ceftiofur) (Figure 44).

Each circle represents one study, and the size of each circle reflects how many isolates were included in the
study. The colour of a circle illustrates resistance in isolates of dairy production origin (light blue circle) and
resistance merged with intermediate in isolates of dairy production origin (dark blue circle). The dashed lines
indicate, for each antibiotic, the weighted arithmetic mean of % R or %R + I with the same colour codes as used
for the circles. The exact percentages these lines represent are listed in Annex E. Numbers written to the left of
antibiotic names reflect the number of studies for a certain drug/continent combination.

Figure 43: Klebsiella pneumoniae resistance data for each included study sorted by continent

Table 13: Weighted arithmetic mean, minimum and maximum proportion of resistance (%R or%R + I)
and weighted standard deviation (SD) in Klebsiella pneumoniae for the target antimicrobials
in each continent. NAmeans that SD could not be calculated as only one study was included

Antibiotic Continent
No. of
papers

N of
isolates

Weighted
arithmetic

mean
proportion of
resistance

(%)

Minimum
resistance
% observed

Maximum
resistance

% observed

Weighted
standard
deviation

3GC Africa 1 77 7.8 7.8 7.8 NA

3GC Europe 3 141 0.5 0 1 0.5
Amox/Clav Africa 1 77 22.1 22.1 22.1 NA

Amox/Clav Europe 3 203 6.9 0 16 7.9
Colistin Africa 1 77 1.3 1.3 1.3 NA

Colistin Europe 2 70 0 0 0 0
Fluoroquinolones Africa 1 77 6.5 6.5 6.5 NA

Fluoroquinolones Europe 4 237 2.6 0 8 3
Neomycin Europe 3 123 0 0 0 0

Sulfa/TMP Africa 1 77 11.7 11.7 11.7 NA

Sulfa/TMP Europe 3 234 3.8 0 8 3.3
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SWEDRES-Svarm (Sweden): Data on AMR on isolates from clinical submissions of milk are
provided for the period 2014–2019. Between 34 and 52 isolates were tested over that period with four
or five antimicrobials (cefotaxime and colistin not included in the panel used in 2014). Resistance levels
were below 10% for all antimicrobials and years except sulfonamide–trimethoprim in 2014 and
enrofloxacin in 2016 (which still remained ≤ 17%) (Figure 45).

Figure 44: Proportion (%) of non-susceptible clinical Klebsiella pneumoniae isolates from cattle
mastitis cases for five antimicrobials of interest reported by the RESAPATH monitoring
programme

Figure 45: Proportion (%) of clinical Klebsiella pneumoniae isolates from cattle mastitis cases resistant
to five antimicrobials of interest reported by the SWEDRES-Svarm monitoring programme
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UK-VARSS (United Kingdom): AMR results determined for five antimicrobials of interest for this
opinion in between 3 and 13 K. pneumoniae isolates from mastitis cases in England and Wales are
provided in the reports. At least two-thirds of all isolates tested remain susceptible every year to all
antimicrobials, although values change, largely depending on the year and the antimicrobial
(Figure 46). However, results must be interpreted carefully given the small sample size.

GERM-VET (Germany): In total, 58 (2014 and 2015), 90 (2016) and 97 (2018) Klebsiella isolates
from mastitis cases identified only at the genus level (Klebsiella spp.) were tested using two
antimicrobials of interest for this opinion (amoxicillin–clavulanic acid and sulfonamide–trimethoprim),
with resistance levels ranging between 0% and 9% (Figure 47).

Figure 46: Proportion (%) of clinical cattle Klebsiella pneumoniae isolates from mastitis cases
resistant to five antimicrobials of interest reported by the UK-VARSS monitoring
programme

Figure 47: Proportion of clinical isolates of Klebsiella spp. for mastitis samples resistant to six
antimicrobials of interest reported by the GERM-Vet monitoring programme
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3.1.10. Moraxella bovis

3.1.10.1. Results of the ELR by bacterium

Moraxella bovis is the cause of infectious keratoconjunctivitis in cattle, also known as ‘pink eye’. The
bacterium can be transmitted via flies, aerosols and close contact, and clinical signs range from mild
conjunctivitis to more serious disease including blindness.

Only one study from the USA was included (Loy and Brodersen, 2014). Due to the lack of M. bovis-
specific breakpoints, the authors claimed that interpretive criteria established for BRD or other Gram-
negative veterinary isolates as available were used’. Very low levels of resistance (≤ 6%) were detected
for all tested antibiotics, namely florfenicol, oxytetracycline, penicillin, tilmicosin and tulathromycin.

3.2. ToR 2: identifying the most relevant bacteria in the EU

Following the methodology presented in the scientific opinion on the ad hoc method for the
assessment of animal diseases caused by bacteria resistant to antimicrobials within the AHL framework
(EFSA AHAW Panel, 2021), the evidence available was assessed individually by all working group
members who provided individual judgements on the perceived relevance to cattle health of the
antimicrobial-resistant bacteria included in the list.

After discussion of the individual judgements for each bacterium, it was agreed with ≥ 66%
certainty that the most relevant resistant bacteria in cattle for the EU were E. coli and S. aureus
(Figure 48). The importance of antimicrobials to their treatment was highlighted by the very large
number of references (Table 2) and AST results retrieved in the ELR, as well as by their frequent
inclusion (especially for E. coli) in national AMR monitoring systems of European countries (Table 3).
Escherichia coli causes serious health concerns both in young calves as a gastrointestinal pathogen
and in dairy cows as a causative agent of mastitis. Antimicrobial therapy is often needed to treat
gastrointestinal colibacillosis. For mastitis caused by E. coli, treatment of mild or moderate cases with
antimicrobials is not recommended (NZVA, 2018), while treatment of acute cases with antimicrobials
may be considered (NCAS, 2017; NZVA, 2018). Retrieved data suggest higher levels of resistance in
isolates from gastrointestinal cases compared to mastitis cases for clinically important antimicrobials
(Figures 9–12 and 16–17). For gastrointestinal and other non-mastitis infections, results of the ELR
showed high levels of resistance to antimicrobial classes often used as first-line options such as
tetracyclines, aminopenicillins, potentiated sulfonamides, aminoglycosides, as well as resistance
proportions that cannot be neglected for fluoroquinolones, although lower (Figure 8). This resulted in
a high certainty on its inclusion among the most relevant cattle AMR pathogens, mainly due to its
importance as a pathogen requiring antimicrobial treatment and often showing high resistance levels in
non-mastitis cases.

For S. aureus, its importance as a very frequently isolated pathogen in clinical and subclinical
mastitis, along with the high resistance levels to certain antimicrobial classes (e.g. beta-lactams) and
the results suggesting resistance to other antimicrobial classes (macrolides, fluoroquinolones) is
common in clinical isolates from certain regions of the world (particularly Asia) (Figure 4) led to its
inclusion among the most relevant antimicrobial resistant pathogens in cattle. Nevertheless, in this
case, there was a larger uncertainty (reflected in a wider interval) derived from data suggesting strains
are still typically susceptible to certain therapeutic options (e.g. penicillin–novobiocin).

Among the bacterial pathogens considered in this opinion associated with respiratory problems in
young animals, Mycoplasma bovis was ranked the highest although it was not included among the
most relevant AMR pathogens in cattle. Its importance is derived from its frequent occurrence in calves
with respiratory diseases and its association with cases that are particularly challenging from a
treatment standpoint. The relatively low number of studies retrieved through the ELR suggest in fact
that M. bovis is often resistant to first-line antimicrobials used for respiratory problems in young cattle,
especially macrolides (e.g. tulathromycin or tilmicosin). Due to intrinsic b-lactam resistance in
Mycoplasma spp., effective alternatives to macrolides are limited to florfenicol, for which lower levels of
AMR have been reported (Bokma et al., 2020), but concerns exist regarding side effects in young
calves, and to fluoroquinolones which are CIAs and therefore not suitable for group medication, which
is often used for control of M. bovis outbreaks. Even though there are vaccines available in the US and
autovaccines are authorised in several EU Member States, there is no clear evidence about their
efficacy. Thus, antimicrobial treatment is essential for the control of BRD outbreaks associated with M.
bovis. However, due to the limited number of studies found (what could be due to the practical
challenges for working with this bacterial species in a laboratory) and the lack of standardised
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methodologies and approved breakpoints to assess clinical resistance, there was a high uncertainty
about the relevance of M. bovis, which resulted in its exclusion from the group of most relevant AMR
pathogens in cattle.

Mannheimia haemolytica, Pasteurella multocida and Histophilus somni, the other pathogens most
commonly associated with BRD, were also considered drivers of a very large proportion of the
antimicrobial use in cattle, particularly in countries with a big feedlot production. While the ELR
revealed medium to high levels of resistance to several antimicrobial classes commonly used to treat
respiratory infections, particularly M. haemolytica, there were still several options (e.g. florfenicol)
against which most isolates studied in the scientific literature were susceptible. Moreover, the review
shows that resistance to macrolides such as tulathromycin and tilmicosin, which are often used for
empiric treatment of bovine respiratory disease, is relatively low, especially in Europe. Similarly, data
from the national monitoring reports also suggested that most clinical isolates were susceptible to
several of the antimicrobials tested, although higher levels of AMR are usually reported in veal and
feedlot production, where selective pressure due to antimicrobial use is higher. Treatment of BRD can
be challenging and, in fact, treatment failure in a proportion of animals is not uncommon, but lack of
response to the therapy may not always be due to AMR and, in fact, most animals typically respond
within a few days when treatment is initiated early (Booker, 2020). Based on these data, none of these
pathogens were included among the most relevant, although the uncertainty associated with the
relevance of M. haemolytica was larger (and the judgement for H. somni indicated a lower relevance).

Among the remaining pathogens, S. uberis, a common cause of mastitis in dairy cattle, ranked
highest although it was not included among the most relevant AMR pathogens in cattle due to the
data found suggesting susceptibility to several first-line antimicrobials (e.g. penicillin). However, reports
suggesting the presence of intermediate levels of resistance to penicillins in this bacterial species
(Haenni et al., 2010; Thomas et al., 2012) and results from certain monitoring programmes (ANRESIS
ARCH-Vet, 2020; GERM-Vet, 2020) reporting higher resistance levels when the intermediate category is
included compared with other studies, call for caution, and therefore, it could be particularly useful to
monitor resistance trends to this antimicrobial class in the future. For S. dysgalactiae, another frequent
cause of mastitis in cattle, resistance levels found were, in general, similar or lower, and therefore, its
potential relevance was also judged as lower.

For the remaining pathogens considered (T. pyogenes, K. pneumoniae, Moraxella bovis and
Fusobacterium necrophorum), the collective assessment concluded that, in spite of their potential
importance as cattle pathogens, it was not likely (upper limit of the certainty ranges < 50%) that they
were among the most relevant AMR pathogens in cattle. This was due to the limited evidence available
(few or no studies were retrieved for all the bacteria in this group), suggesting that AMR was not a
major concern for their treatment, and the results suggested that isolates were typically susceptible to
the available therapeutic options.
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4. Conclusions

In this opinion, EFSA presents the results of the assessment conducted to answer ToR 1 (global
state of play of antimicrobial-resistant animal bacteria) and the first part of ToR 2 (identifying the most
relevant resistant bacteria in the EU) according to the ad hoc methodology (EFSA AHAW Panel, 2021).
The second part of ToR 2 and ToR 3, namely the animal health impact of the selected species on cattle
in the EU, and their eligibility for being listed and categorised as part of the AHL, will be assessed in
the next step of this EFSA project.

The scientific assessment of the global state of play of the resistant bacterial pathogens of cattle
included in this opinion and of their EU relevance was hampered by several important sources of
uncertainty derived from the available data and the methodology followed in this assessment, as
mentioned in Section 2.4 of EFSA AHAW Panel (2021) and in the preceding sections of this opinion:

• Due to the scope of the ELR, only studies published in the last 10 years and in English were
considered eligible (except for the GERM-VET report, originally in German), therefore adding a
possible selection bias.

• Information on the rationale and study design for the references retrieved in the ELR was
limited and very heterogeneous, making the detailed assessment of the representativeness of
the isolates included in each study very difficult. For example, ~25% of the references (33/
135) included isolates collected through the regular testing of veterinary diagnostic laboratories
for which typically very limited information on representativeness is available. Moreover, they
often originated from animals subjected to previous antimicrobial treatments, which may lead
to higher levels of resistance in tested isolates, and several of the bacterial species included
here can also be found in healthy animals (e.g. E. coli, P. multocida). Therefore, even if they
originated from diseased animals, they may not be the causative agents in a proportion of
cases that cannot be quantified. Finally, studies in which it was not clear if isolates were from
diseased animals (i.e. if they were ‘clinical’ isolates) were excluded, but in some cases these

Figure 48: Level of certainty for the inclusion of the selected antimicrobial resistant pathogens of
cattle among the most relevant in the EU
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could originate from subclinical (but not defined as such) infections (e.g. if isolates in milk
were due to subclinical mastitis) and therefore could have been considered pathogenic, but
due to the lack of precise information, it was not possible to make an informed decision.
Similarly, sample type was often defined in a loose way (e.g. samples from respiratory disease)
and thus typically it was not possible to differentiate isolates from different locations (e.g.
lower vs. upper respiratory tract).

• Even though only studies exceeding a minimum quality threshold were included (e.g. use of
international or national standards), the methodology used was also diverse (e.g. use of disk
diffusion or microdilution methods, CBP or ECOFFs, consideration or not of the intermediate
category, etc.). Therefore, descriptive statistics provided here (average proportion of resistant
isolates for bacterium, country and antimicrobial) should be considered carefully as they may
not be representative of the true underlying situation, particularly in cases in which the sample
size was small.

• AMR data referring to one or more of the bacterial pathogens of interest were retrieved from
six national AMR monitoring reports. However, comparison of data reported in the different
countries is difficult due to differences in: (a) the bacterial species considered, (b) the
geographical and temporal coverage of each report, (c) the choice of antimicrobials included in
the panel for AST, (d) the methods for antimicrobial susceptibility determination (disk diffusion
vs. broth microdilution, CBPs vs. ECOFFs) and (e) the limited sample sizes achieved and the
potential biases associated with the process by which the panels of isolates were built.

EFSA has summarised the global state of play on AMR in cattle for the following bacteria: S.
aureus, E. coli, P. multocida, M. haemolytica, S. uberis, S. dysgalactiae, H. somni, T. pyogenes,
Mycoplasma bovis, K. pneumoniae, Moraxella bovis and F. necrophorum. Among those bacteria, based
on the evidence available and expert opinion, EFSA identified E. coli and S. aureus as the most
relevant antimicrobial-resistant cattle pathogens in the EU with ≥ 66% certainty. Mycoplasma bovis
was not selected in this group even though it is a frequent reason for group medication, and has
limited therapeutic options due to its intrinsic resistance to b-lactams and acquired resistance to
alternative antimicrobials. Still, the assessment of AMR in this pathogen is hampered by the lack of
approved interpretative criteria and standard procedures for susceptibility testing of Mycoplasma,
leading to a large uncertainty in its assessment. Moderate resistance levels in M. haemolytica and to a
lesser extent P. multocida to specific antimicrobials were found and these are frequent pathogens
associated with BRD, driving a significant amount of antimicrobial use in cattle production. Still, results
consistently suggested clinical strains are often susceptible to other therapeutic options leading to their
exclusion from the most relevant antimicrobial resistant pathogens. Streptococcus uberis was typically
described as susceptible to penicillins and thus was also excluded, although evidence suggesting the
circulation of intermediate levels of resistance was also found.

Regarding the reports from national monitoring systems from European countries included in the
assessment, small sample sizes make it difficult to draw clear conclusions in terms of AMR levels in
cattle populations, although stable AMR trends were found for most pathogen–drug combinations and
levels of resistance were in general low for most pathogen–antimicrobial combinations. Nevertheless,
the significance of these observations should not be overinterpreted due to the above-mentioned
limitations.

As mentioned before, several major data gaps were identified, derived mainly from the lack of
information from many countries in the world (and to a lesser extent from some regions in Europe),
the insufficient information on the origins of the bacterial isolates tested (which could result in
unknown selection biases) and the variety of antimicrobials, methodologies and breakpoints used to
generate the data considered in this assessment.

The impact of the uncertainties deriving from these data gaps on the scientific assessment was
incorporated into the results through expert opinion.

5. Recommendations

Data on AMR in bacterial pathogens are necessary to enhance animal health, promote the rational
use of antimicrobials and identify specific therapeutic challenges attributable to AMR.

Therefore, there is a need for reliable data on pathogenic bacteria from cattle from different
regions of the world obtained through the use of standardised methodologies that allow to make
comparisons between locations and over time. This need is particularly critical for certain pathogens
posing therapeutic challenges in which approved laboratory AST methods and/or interpretative criteria
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are missing such as Mycoplasma bovis. Furthermore, AST data should be accompanied by sufficient
metadata to allow meaningful interpretations (such as previous antimicrobial treatments and details on
clinical presentation).

National monitoring systems for AMR in diseased cattle are only available in certain countries and
there are limitations that hamper the comparability of data reported by different countries (Mader
et al., 2021). Assuming that sampling and methodological biases are relatively constant over time for a
given monitoring programme, longitudinal data from national monitoring programmes can be helpful to
detect the potential emergence of new antimicrobial resistant phenotypes of clinical importance or
changes in resistance proportions in pathogens of cattle, and therefore help to guide antimicrobial
stewardship. This may be particularly relevant for certain cases in which evidence and/or standardised
methods are missing and that are associated with high antimicrobial usage on farm (e.g. M. bovis, M.
haemolytica, P. multocida), and in cases in which decreased susceptibility has been reported (e.g. to
ensure S. uberis isolates remain susceptible to penicillins).

In the future, standardisation and harmonisation of the methodology used by national monitoring
programmes, including selection criteria for collecting bacterial isolates and performance of AST, or
development of supra-national monitoring systems, would allow more meaningful comparisons
between countries (Mader et al., 2021). In addition, access to raw AST data generated by such
programmes could enable analysis of data from different countries using the same laboratory methods
and interpretive criteria (CBPs or ECOFFs), and facilitating identification of geographical differences in
the distribution of specific antimicrobial resistance phenotypes of clinical relevance.
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AST antimicrobial susceptibility testing
CLSI Clinical and Laboratory Standards Institute
ECOFF epidemiological cut-off
ELR extensive literature review
ESBL extended-spectrum beta-lactamase
EUCAST European Committee on Antimicrobial Susceptibility Testing
I intermediate
MR methicillin resistance
MRSA methicillin-resistant Staphylococcus aureus
R resistant
S susceptible
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Annex A – Search strings applied

A.1. Pubmed

Common search string “Antimicrobials”

((“antibiotic”[Title/Abstract] OR “antibiotics”[Title/Abstract] OR “antimicrobial”[Title/Abstract] OR
“antimicrobials”[Title/Abstract] OR “Anti-Bacterial Agents”[MeSH Terms:noexp]) AND (“resistan*”[Title/
Abstract] OR “susceptib*”[Title/Abstract])) OR (“Microbial Sensitivity Tests”[MeSH Terms] OR “drug
resistance, microbial”[MeSH Terms])

Host-based strings:

“Cattle”[Title/Abstract] OR “cow”[Title/Abstract] OR “cows”[Title/Abstract] OR “bull”[Title/Abstract]
OR “bulls”[Title/Abstract] OR “calf”[Title/Abstract] OR “calves”[Title/Abstract] OR “bovine”[Title/
Abstract] OR “Cattle”[MeSH Terms]

“Bacterial species”

“Haemophilus somnus”[MeSH Terms] OR “Moraxella bovis”[MeSH Terms] OR “Mycoplasma
bovis”[MeSH Terms] OR “Escherichia coli”[MeSH Terms] OR “Klebsiella pneumoniae”[MeSH Terms] OR
“Mannheimia haemolytica”[MeSH Terms] OR “Staphylococcus aureus”[MeSH Terms] OR “Streptococcus
uberis”[Supplementary Concept] OR “Corynebacterium pyogenes”[MeSH Terms] OR “Fusobacterium
necrophorum”[MeSH Terms] OR “Pasteurella multocida”[MeSH Terms] OR “Streptococcus
dysgalactiae”[Supplementary Concept] OR “Haemophilus somnus”[Title/Abstract] OR “Histophilus
somni”[Title/Abstract] OR “Moraxella bovis”[Title/Abstract] OR “Mycoplasma bovis”[Title/Abstract] OR
“Escherichia coli”[Title/Abstract] OR “Klebsiella pneumoniae”[Title/Abstract] OR “Mannheimia
haemolytica”[Title/Abstract] OR “Staphylococcus aureus”[Title/Abstract] OR “Streptococcus uberis”[Title/
Abstract] OR “Corynebacterium pyogenes”[Title/Abstract] OR “Fusobacterium necrophorum”[Title/
Abstract] OR “Pasteurella multocida”[Title/Abstract] OR “Streptococcus dysgalactiae”[Title/Abstract]

A.2. Embase

Common search string “Antimicrobials”

1) antibiotic resistance/ or exp antibiotic sensitivity/ or exp drug resistance/
2) susceptib*.mp. [mp=title, abstract, heading word, drug trade name, original title, device

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word,
candidate term word]

3) resistan*.mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading word,
candidate term word]

4) 2 or 3
5) antibiotic.mp. [mp=title, abstract, heading word, drug trade name, original title, device

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word,
candidate term word]

6) antibiotics.mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading word,
candidate term word]

7) antimicrobial.mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading word,
candidate term word]

8) antimicrobials.mp. [mp=title, abstract, heading word, drug trade name, original title, device
manufacturer, drug manufacturer, device trade name, keyword, floating subheading word,
candidate term word]

9) 5 or 6 or 7 or 8
10) antibiotic agent/
11) 10 or 9
12) 11 and 4
13) 12 or 1
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Host-based string:

1) bovine/
2) “calf (bovine)”/
3) (Cattle or cow or cows or bull or bulls or calf or calves or bovine).mp. [mp=title, abstract,

heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading word, candidate term word]

4) 1 or 2 or 3

“Bacterial species”

1) Histophilus somni/
2) moraxella bovis/
3) mycoplasma bovis/
4) Escherichia coli/
5) Klebsiella pneumoniae/
6) Mannheimia haemolytica/
7) Staphylococcus aureus/
8) Streptococcus uberis/
9) Trueperella pyogenes/
10) Fusobacterium necrophorum/
11) Pasteurella multocida/
12) Streptococcus dysgalactiae/
13) (“Trueperella pyogenes” or “Haemophilus somnus” or “Histophilus somni” or “Moraxella

bovis” or “Mycoplasma bovis” or “Escherichia coli” or “Klebsiella pneumoniae” or
“Mannheimia haemolytica” or “Staphylococcus aureus” or “Streptococcus uberis” or
“Corynebacterium pyogenes” or “Fusobacterium necrophorum” or “Pasteurella multocida” or
“Streptococcus dysgalactiae”).mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word, candidate term word]

14) 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13

Assessment of animal diseases caused by bacteria resistant to antimicrobials: cattle

www.efsa.europa.eu/efsajournal 72



Annex B – Excel file with information on all studies for full-text screening

Information on all the full-text studies that were assessed, including the reason for exclusion for
those that were excluded at the full-text screening and the data extracted from the included studies,
can be consulted at https://doi.org/10.5281/zenodo.5561163
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Annex C – Clinically relevant antibiotics for which data were extracted

Bacterial species Relevant resistance tested

Escherichia coli • Ampicillin or amoxicillin
• Amox + clav
• Apramycin (not mastitis)
• 3rd gen cephalosporins (Cefpodoxime, cefotaxime, ceftazidime or ceftriaxone,

or ceftiofur)
• Cefoperazone (only mastitis)
• Colistin
• Enrofloxacin or Ciprofloxacin
• Gentamicin (not mastitis)
• Neomycin
• Paromomycin (not mastitis)
• Sulfa-TMP
• Tetracyclines (oxy/doxy/chlor/tet) (not mastitis)

Klebsiella pneumoniae • Amox+clav
• 3rd gen cephalosporins (Cefpodoxime, cefotaxime, ceftazidime or ceftriaxone,

or ceftiofur)
• Colistin
• Enrofloxacin or Ciprofloxacin
• Neomycin
• Sulfa-TMP

Staphylococcus aureus • Cefoxitin
• Cefoperazone
• Ceftiofur
• Enrofloxacin or Ciprofloxacin
• Erythromycin
• mecA gene
• Neomycin
• Oxacillin
• Penicillin
• Penicillin-novobiocin
• Pirlimycin
• Sulfa-TMP

Streptococcus uberis • Cefoperazone
• Ceftiofur
• Enrofloxacin or Ciprofloxacin
• Erythromycin
• Penicillin,
• Penicillin-novobiocin
• Pirlimycin
• Spiramycin
• Sulfa-TMP
• Tylosin

Streptococcus dysgalactiae • Cefoperazone
• Ceftiofur
• Enrofloxacin or Ciprofloxacin
• Erythromycin
• Penicillin
• Penicillin-novobiocin
• Pirlimycin
• Spiramycin
• Sulfa-TMP
• Tylosin
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Bacterial species Relevant resistance tested

Pasteurella multocida • Ampicillin, amoxicillin
• Enrofloxacin, ciprofloxacin or danofloxacin
• Erythromycin
• Florfenicol
• Gamithromycin
• Gentamicin
• 3rd gen cephalosporins (Cefpodoxime, cefotaxime, ceftazidime or ceftriaxone,

or ceftiofur)
• Penicillin
• Tetracyclines (oxy/doxy/chlor/tet)
• Tildipirosin
• Tilmicosin
• Tulathromycin
• Tylosin

Mannheimia haemolytica • Ampicillin, amoxicillin
• Enrofloxacin, ciprofloxacin or danofloxacin
• Erythromycin
• Florfenicol
• Gamithromycin
• Gentamicin
• 3rd gen cephalosporins (Cefpodoxime, cefotaxime, ceftazidime or ceftriaxone,

or ceftiofur)
• Penicillin
• Tetracyclines (oxy/doxy/chlor/tet)
• Tildipirosin
• Tilmicosin
• Tulathromycin
• Tylosin

Histophilus somni • Ampicillin, amoxicillin
• Enrofloxacin, ciprofloxacin or danofloxacin
• Erythromycin
• Florfenicol
• Gamithromycin
• Gentamicin
• 3rd gen cephalosporins (Cefpodoxime, cefotaxime, ceftazidime or ceftriaxone,

or ceftiofur)
• Penicillin
• Tetracyclines (oxy/doxy/chlor/tet)
• Tildipirosin
• Tilmicosin
• Tulathromycin
• Tylosin

Mycoplasma bovis • Enrofloxacin or Ciprofloxacin
• Erythromycin
• Florfenicol
• Tetracyclines (oxy/doxy/chlor/tet)
• Tilmicosin
• Tulathromycin
• Tylosin

Moraxella bovis • 3rd gen cephalosporins (Cefpodoxime, cefotaxime, ceftazidime or ceftriaxone,
or ceftiofur)

• Florfenicol
• Penicillin
• Tetracyclines (oxy/doxy/chlor/tet)
• Tulathromycin
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Bacterial species Relevant resistance tested

Fusobacterium
necrophorum

• 3rd gen cephalosporins (Cefpodoxime, cefotaxime, ceftazidime or ceftriaxone,
or ceftiofur)

• Enrofloxacin or Ciprofloxacin
• Florfenicol
• Penicillin
• Tetracyclines (oxy/doxy/chlor/tet)
• Tulathromycin

Trueperella pyogenes • Ampicillin, amoxicillin
• 3rd gen cephalosporins (Cefpodoxime, cefotaxime, ceftazidime or ceftriaxone,

or ceftiofur)
• Enrofloxacin or Ciprofloxacin
• Erythromycin
• Penicillin
• Sulfa-TMP
• Tetracyclines (oxy/doxy/chlor/tet)
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Annex D – Resistance proportion data sorted by country

The figures below show for S. aureus, E. coli, P. multocida, M. haemolytica, S. uberis, S.
dysgalactiae, H. somni, T. pyogenes, M. bovis and K. pneumoniae resistance proportion data sorted by
country. Each circle represents one study and the size of each circle reflects how many isolates were
included in the study. The colour of a circle illustrates whether the proportion represents resistance
only (blue circle) or resistance merged with intermediate (red circle). The dashed lines indicate, for
each antibiotic, the weighted arithmetic mean of % resistance, not taking into account the difference
between %R and %R + I. Numbers written to the left of antibiotic names reflect the number of studies
for a certain drug/country combination.
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Annex E – Exact percentages of weighted arithmetic means of %R and
%R + I, respectively, displayed as dashed lines in figures

Antibiotic
How resistance
is reported (%R
or %R + I)

Weighted
arithmetic

mean
proportion of
resistance

(%)

Maximum
resistance

% observed

Minimum
resistance

% observed

Standard
deviation

(SD)

Bacterial
species/
genus

3GC (Other) R_Dairy 10.9 91.4 0 17.4 E. coli

3GC (Other) R_Mixed/Unknown 36.5 41.7 0.6 13.3 E. coli
3GC (Other) R + I_Dairy 2.3 16 0 3.2 E. coli

3GC (Other) R + I_Mixed/
Unknown

3.1 8 3 0.5 E. coli

Aminopenicillins R_Dairy 34.9 77.4 5.5 23.4 E. coli

Aminopenicillins R_Mixed/Unknown 76.8 83 23 13.2 E. coli
Aminopenicillins R + I_Dairy 32.4 58.7 18.7 7.6 E. coli

Aminopenicillins R + I_Mixed/
Unknown

81.5 83 69.5 4.3 E. coli

Amox/Clav R_Dairy 4.4 18.6 0 5.6 E. coli

Amox/Clav R_Mixed/Unknown 5 8.2 3.4 1.8 E. coli
Amox/Clav R + I_Dairy 27.4 81 23 15.4 E. coli

Amox/Clav R + I_Mixed/
Unknown

50.3 56 14.6 12.9 E. coli

Colistin R_Dairy 0.4 0.8 0 0.3 E. coli

Colistin R + I_Dairy 0.9 3.2 0 1.5 E. coli
Fluoroquinolones R_Dairy 16.7 81.4 0 18.9 E. coli

Fluoroquinolones R_Mixed/Unknown 11.5 60.3 0 20.2 E. coli
Fluoroquinolones R + I_Dairy 2.6 38.1 0 7.5 E. coli

Fluoroquinolones R + I_Mixed/
Unknown

9.5 14.3 0 2.1 E. coli

Gentamicin R_Dairy 30.7 35.4 0 12 E. coli

Gentamicin R_Mixed/Unknown 34.5 79.7 1.2 19.4 E. coli
Gentamicin R + I_Mixed/

Unknown
17.2 19 2.5 5.2 E. coli

Neomycin R_Dairy 7.7 11.8 0 4.7 E. coli
Neomycin R_Mixed/Unknown 76.4 81.9 14.9 17.2 E. coli

Neomycin R + I_Dairy 23 37.5 5 13.2 E. coli
Sulfa/TMP R_Dairy 20.5 50.9 0 17.6 E. coli

Sulfa/TMP R_Mixed/Unknown 58.5 69.9 18 9.6 E. coli
Sulfa/TMP R + I_Dairy 10.5 13 6.3 3.3 E. coli

Sulfa/TMP R + I_Mixed/
Unknown

38 40 14.2 6.2 E. coli

Tetracyclines R_Dairy 35.6 70.7 14.3 20.7 E. coli

Tetracyclines R_Mixed/Unknown 86.9 98.1 19.7 17.3 E. coli
Tetracyclines R + I_Mixed/

Unknown
72.7 76 28.8 10.9 E. coli

Erythromycin R_Dairy 18.8 47.7 4.9 18.4 S. dysgalactiae
Erythromycin R + I_Dairy 16.2 16.3 16 0.1 S. dysgalactiae

Fluoroquinolones R_Dairy 4.8 9.1 3.7 1.9 S. dysgalactiae
Penicillin R_Dairy 0.5 7.1 0 1.9 S. dysgalactiae

Penicillin R + I_Dairy 3.2 7 2.4 1.7 S. dysgalactiae
Spiramycin R + I_Dairy 24.9 39.9 9 15.5 S. dysgalactiae
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Antibiotic
How resistance
is reported (%R
or %R + I)

Weighted
arithmetic

mean
proportion of
resistance

(%)

Maximum
resistance

% observed

Minimum
resistance

% observed

Standard
deviation

(SD)

Bacterial
species/
genus

Sulfa/TMP R_Dairy 5.2 17.2 0 7 S. dysgalactiae
Sulfa/TMP R + I_Dairy 5.6 15 0.3 7.1 S. dysgalactiae

3GC R_Beef/Veal 1.2 9.1 0 3.1 H. somni
3GC R_Mixed/Unknown 0 0 0 0 H. somni

Florfenicol R_Beef/Veal 1.1 1.3 0 0.5 H. somni
Florfenicol R_Mixed/Unknown 0 0 0 0 H. somni

Florfenicol R + I_Beef/Veal 6.4 7.5 0 2.7 H. somni
Fluoroquinolones R_Beef/Veal 4.6 8.3 4 1.5 H. somni

Fluoroquinolones R_Mixed/Unknown 1.6 8 0 3.2 H. somni
Penicillin R_Mixed/Unknown 39.5 65.2 0 32.1 H. somni

Tetracyclines R_Beef/Veal 48.9 54.7 9.1 15.3 H. somni
Tetracyclines R_Mixed/Unknown 33.2 73.9 1.9 27 H. somni

Tilmicosin R_Beef/Veal 16.1 18.7 0 6.5 H. somni
Tilmicosin R_Mixed/Unknown 16 28 0 9.7 H. somni

Tulathromycin R_Mixed/Unknown 11 27.1 0 11.2 H. somni
3GC R_Dairy 6.3 7.8 0 3.1 K. pneumoniae

3GC R + I_Dairy 0.6 1 0 0.5 K. pneumoniae
Amox/Clav R_Dairy 8.9 22.1 0 10.9 K. pneumoniae

Colistin R_Dairy 1.1 1.3 0 0.5 K. pneumoniae
Fluoroquinolones R_Dairy 3.7 6.5 0 2.4 K. pneumoniae

Fluoroquinolones R + I_Dairy 3.4 8 0 4 K. pneumoniae
Neomycin R + I_Dairy 0 0 0 0 K. pneumoniae

Sulfa/TMP R_Dairy 4.9 11.7 0 5 K. pneumoniae
3GC R_Beef/Veal 1.6 11.8 0.9 2.7 M. haemolytica

3GC R_Mixed/Unknown 0 0 0 0 M. haemolytica
3GC R + I_Mixed/

Unknown
1.1 1.1 1 0 M. haemolytica

Aminopenicillins R_Dairy 14.5 22.2 14 2.1 M. haemolytica
Aminopenicillins R_Mixed/Unknown 20.5 39 4.3 10.2 M. haemolytica

Aminopenicillins R + I_Mixed/
Unknown

7.3 10 4.7 2.7 M. haemolytica

Florfenicol R_Beef/Veal 7.2 47.1 4.3 10.8 M. haemolytica

Florfenicol R_Mixed/Unknown 3.7 34.7 0 10.1 M. haemolytica
Florfenicol R + I_Beef/Veal 7.5 8.6 0 2.9 M. haemolytica

Florfenicol R + I_Mixed/
Unknown

0.8 2 0 0.8 M. haemolytica

Fluoroquinolones R_Beef/Veal 2.8 3 0 0.8 M. haemolytica

Fluoroquinolones R_Dairy 10.8 11 7.4 0.9 M. haemolytica
Fluoroquinolones R_Mixed/Unknown 11.1 56.4 0 16.8 M. haemolytica

Gentamicin R_Dairy 9.5 16.7 9 1.9 M. haemolytica
Penicillin R_Dairy 20 33.3 19 3.6 M. haemolytica

Penicillin R_Mixed/Unknown 16.8 24.4 1.6 9 M. haemolytica
Tetracyclines R_Beef/Veal 54.4 64.7 53.6 2.8 M. haemolytica

Tetracyclines R_Dairy 29.1 30 16.7 3.3 M. haemolytica
Tetracyclines R_Mixed/Unknown 30.7 78.1 4.2 23.2 M. haemolytica
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Antibiotic
How resistance
is reported (%R
or %R + I)

Weighted
arithmetic

mean
proportion of
resistance

(%)

Maximum
resistance

% observed

Minimum
resistance

% observed

Standard
deviation

(SD)

Bacterial
species/
genus

Tetracyclines R + I_Mixed/
Unknown

18.4 25 9.1 7.6 M. haemolytica

Tilmicosin R_Beef/Veal 46.4 76.5 44.2 8.1 M. haemolytica

Tilmicosin R_Mixed/Unknown 23.6 84.4 1.2 24.8 M. haemolytica
Tulathromycin R_Dairy 10.4 11 1.9 2.3 M. haemolytica

Tulathromycin R_Mixed/Unknown 23.9 76.6 0 22.6 M. haemolytica
Tylosin R_Dairy 93.4 99 14.8 21.1 M. haemolytica

3GC R_Beef/Veal 1.6 7.1 0.9 1.9 P. multocida
3GC R_Mixed/Unknown 0.1 1.9 0 0.4 P. multocida

3GC R + I_Mixed/
Unknown

0.4 1.3 0 0.6 P. multocida

Aminopenicillins R_Mixed/Unknown 27 63.5 1.4 27.4 P. multocida

Aminopenicillins R + I_Mixed/
Unknown

4.4 6.6 1 2.4 P. multocida

Florfenicol R_Beef/Veal 3 14.3 1.7 3.9 P. multocida

Florfenicol R_Mixed/Unknown 1.8 12.7 0 3.9 P. multocida
Florfenicol R + I_Beef/Veal 9 11.9 0 5.1 P. multocida

Florfenicol R + I_Mixed/
Unknown

2.5 12.2 0 4.7 P. multocida

Fluoroquinolones R_Beef/Veal 0 0 0 0 P. multocida

Fluoroquinolones R_Mixed/Unknown 0.8 6.7 0 1.7 P. multocida
Fluoroquinolones R + I_Mixed/

Unknown
3.9 9 0 4.5 P. multocida

Penicillin R_Mixed/Unknown 7.8 30.5 0 12.8 P. multocida
Penicillin R + I_Mixed/

Unknown
2.8 5 2.1 1.3 P. multocida

Tetracyclines R_Beef/Veal 55.8 57.1 55.6 0.5 P. multocida
Tetracyclines R_Mixed/Unknown 28.9 80 3.2 24.3 P. multocida

Tetracyclines R + I_Mixed/
Unknown

16.4 37 0 13.7 P. multocida

Tilmicosin R_Beef/Veal 42 42.9 41.9 0.3 P. multocida

Tilmicosin R_Mixed/Unknown 20 43.3 12 13.7 P. multocida
Tulathromycin R_Mixed/Unknown 16.8 80.9 0.5 26.1 P. multocida

Florfenicol R_Beef/Veal 18.9 25.7 3.1 9.1 Mycoplasma
bovis

Fluoroquinolones R_Beef/Veal 16.4 41.2 0 15.4 Mycoplasma
bovis

Fluoroquinolones R_Mixed/Unknown 1.6 4 0 2 Mycoplasma
bovis

Tetracyclines R_Beef/Veal 63.4 80.1 0 25.1 Mycoplasma
bovis

Tetracyclines R_Mixed/Unknown 75 100 50 25.1 Mycoplasma
bovis

Tilmicosin R_Beef/Veal 93.2 99 40.6 16.6 Mycoplasma
bovis

Tilmicosin R_Mixed/Unknown 97.5 100 95 2.5 Mycoplasma
bovis
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Antibiotic
How resistance
is reported (%R
or %R + I)

Weighted
arithmetic

mean
proportion of
resistance

(%)

Maximum
resistance

% observed

Minimum
resistance

% observed

Standard
deviation

(SD)

Bacterial
species/
genus

Tulathromycin R_Beef/Veal 89.4 92 83.5 3.9 Mycoplasma
bovis

Tulathromycin R_Mixed/Unknown 50.8 100 27 34.3 Mycoplasma
bovis

Tylosin R_Beef/Veal 87 97.7 40.6 20.8 Mycoplasma
bovis

Tylosin R + I_Mixed/
Unknown

67 98 56.2 18.3 Mycoplasma
bovis

3GC
(Cefoperazone)

R_Dairy 4.8 5 4 0.4 S. aureus

3GC
(Cefoperazone)

R + I_Dairy 15.2 36.1 0 10.4 S. aureus

3GC (Ceftiofur) R_Dairy 3.3 41.5 0 10.2 S. aureus

3GC (Ceftiofur) R + I_Dairy 1.1 16 0 3.8 S. aureus
Erythromycin R_Dairy 18 79.9 0 23.7 S. aureus

Erythromycin R_Mixed/Unknown 3.8 22.1 0 8.1 S. aureus
Erythromycin R + I_Dairy 23.1 62 0 16.1 S. aureus

Fluoroquinolones R_Dairy 12.8 53.4 0 16.9 S. aureus
Fluoroquinolones R_Mixed/Unknown 0 0 0 0 S. aureus

Fluoroquinolones R + I_Dairy 14 36.9 0 14.7 S. aureus
Methicillin R_Dairy 10.8 60.7 0 14.5 S. aureus

Methicillin R_Mixed/Unknown 4.4 13.7 0 6.4 S. aureus
Neomycin R_Dairy 2.9 6.3 0 2.1 S. aureus

Neomycin R + I_Dairy 17.5 18.1 8.9 2.2 S. aureus
Penicillin R_Dairy 52.5 97.1 6.4 29.4 S. aureus

Penicillin R_Mixed/Unknown 17.5 26 12.4 6.6 S. aureus
Penicillin R + I_Dairy 38.4 83.3 4 19.1 S. aureus

Penicillin-
novobiocin

R_Dairy 0.8 1.7 0 0.9 S. aureus

Pirlimycin R_Dairy 17.2 41 0 18.5 S. aureus

Pirlimycin R + I_Dairy 1.8 1.9 0 0.4 S. aureus
Sulfa/TMP R_Dairy 23.4 91.8 0 32.9 S. aureus

Sulfa/TMP R_Mixed/Unknown 0 0 0 0 S. aureus
Sulfa/TMP R + I_Dairy 0.7 4 0 0.8 S. aureus

3GC R_Mixed/Unknown 11.5 71.9 0 22.8 T. pyogenes
Aminopenicillins R_Mixed/Unknown 28.9 53.1 0 17.7 T. pyogenes

Aminopenicillins R + I_Dairy 2.9 6 0 3 T. pyogenes
Erythromycin R + I_Dairy 26.1 44 9.9 17.1 T. pyogenes

Penicillin R_Mixed/Unknown 28.8 65.6 4.6 17.9 T. pyogenes
Penicillin R + I_Dairy 3.8 8 0 4 T. pyogenes

Sulfa/TMP R_Dairy 82.9 90 78.1 5.9 T. pyogenes
Tetracyclines R_Dairy 56.2 68.7 50.7 8.3 T. pyogenes

Tetracyclines R_Mixed/Unknown 48.5 63.7 10.8 24 T. pyogenes
Tetracyclines R + I_Dairy 78.1 85.4 70 7.7 T. pyogenes

3GC
(Cefoperazone)

R + I_Dairy 5.8 6 2.6 0.8 S. uberis

3GC (Ceftiofur) R + I_Dairy 3.6 13 3.2 2 S. uberis
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Antibiotic
How resistance
is reported (%R
or %R + I)

Weighted
arithmetic

mean
proportion of
resistance

(%)

Maximum
resistance

% observed

Minimum
resistance

% observed

Standard
deviation

(SD)

Bacterial
species/
genus

Erythromycin R_Dairy 15.2 18.8 5.7 4.4 S. uberis
Erythromycin R + I_Dairy 13.3 25 0 4 S. uberis

Fluoroquinolones R_Dairy 0.5 0.7 0 0.3 S. uberis
Penicillin R_Dairy 0.3 1.4 0 0.5 S. uberis

Penicillin R + I_Dairy 9.1 44 3.9 5.9 S. uberis
Pirlimycin R + I_Dairy 18.6 26 17.9 2 S. uberis

Spiramycin R_Dairy 15.3 15.7 7.7 1.7 S. uberis
Spiramycin R + I_Dairy 27.2 36.2 18 9.1 S. uberis

Sulfa/TMP R_Dairy 2.9 12.7 0 5.3 S. uberis

Sulfa/TMP R + I_Dairy 12.6 22 4.9 8.4 S. uberis
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