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Abstract
Background: The project "Antibiotic resistance in bacteria of animal origin – II" (ARBAO-II) was
funded by the European Union (FAIR5-QLK2-2002-01146) for the period 2003–2005, with the aim
to establish a continuous monitoring of antimicrobial susceptibility among veterinary laboratories
in European countries based on validated and harmonised methodologies. Available summary data
of the susceptibility testing of the bacterial pathogens from the different laboratories were
collected.

Method: Antimicrobial susceptibility data for several bovine pathogens were obtained over a three
year period (2002–2004). Each year the participating laboratories were requested to fill in excel-
file templates with national summary data on the occurrence of antimicrobial resistance from
different bacterial species.

A proficiency test (EQAS – external quality assurance system) for antimicrobial susceptibility
testing was conducted each year to test the accuracy of antimicrobial susceptibility testing in the
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participating laboratories. The data from this testing demonstrated that for the species included in
the EQAS the results are comparable between countries.

Results: Data from 25,241 isolates were collected from 13 European countries. For Staphylococcus
aureus from bovine mastitis major differences were apparent in the occurrence of resistance
between countries and between the different antimicrobial agents tested. The highest frequency of
resistance was observed for penicillin. For Mannheimia haemolytica resistance to ampicillin,
tetracycline and trimethoprim/sulphonamide were observed in France, the Netherlands and
Portugal. All isolates of Pasteurella multocida isolated in Finland and most of those from Denmark,
England (and Wales), Italy and Sweden were susceptible to the majority of the antimicrobials.
Streptococcus dysgalactiae and Streptococcus uberis isolates from Sweden were fully susceptible. For
the other countries some resistance was observed to tetracycline, gentamicin and erythromycin.
More resistance and variation of the resistance levels between countries were observed for
Escherichia coli compared to the other bacterial species investigated.

Conclusion: In general, isolates from Denmark, England (and Wales), the Netherlands, Norway,
Sweden and Switzerland showed low frequencies of resistance, whereas many isolates from
Belgium, France, Italy, Latvia and Spain were resistant to most antimicrobials tested. In the future,
data on the prevalence of resistance should be used to develop guidelines for appropriate
antimicrobial use in veterinary medicine.

Background
Antimicrobial agents are widely used for the treatment of
bovine mastitis, respiratory tract infections and diarrhoea
in cattle. During acute infections and outbreaks of infec-
tious disease in groups or herds it is important to use an
effective antimicrobial treatment as early as possible. This
empirical treatment is generally based on knowledge of
the resistance pattern of the different bacterial pathogens
to antimicrobial agents used in the particular animal spe-
cies.

Antimicrobial resistance is an increasingly important
problem among several bacterial species causing infection
in animals and humans in recent year. The problem for
some bacterial species is so critical that there is few treat-
ment options left [1,2].

The initial treatment of animals is commonly based on
the experience regarding the expected resistance of the
infectious agent. The fact that occurrence of antimicrobial
resistance varies between countries and regions has the
potential to complicate that matter. Furthermore, knowl-
edge of expected resistance is limited by the small propor-
tion of different bacterial pathogens from infected
animals that actually are investigated for their antimicro-
bial resistance pattern.

To address this the ARBAO-II-project was funded by the
European Union (FAIR5-QLK2-2002-01146) for the
period 2003–2005, The aim of this project was to estab-
lish a continuous monitoring of antimicrobial suscepti-
bility among veterinary laboratories in European
countries based on validated and harmonised methodol-

ogies. Available summary data of the susceptibility testing
of the bacterial pathogens from the different laboratories
were collected and is herewith made publicly available.

In this report the first data on the prevalence of antimicro-
bial resistance among bacterial pathogens isolated from
cattle are reported.

Methods
Participating laboratories
Each year the laboratories participating in the project were
requested to fill in excel-file templates with national sum-
mary data on the occurrence of antimicrobial resistance
from different bacterial species and groups. The partici-
pants were asked to submit national data but if this was
not possible they were advised to submit regional or insti-
tutional data as done by England (and Wales). The data
for some countries might be incomplete e.g. Latvia, Fin-
land and Portugal and data were deducted for others if the
number of isolates were lower than 9. The bacterial spe-
cies and their antimicrobial resistances are given in Table
1 and Tables 2, 3, 4, 5, 6, respectively.

Quality control
Invitation was annually announced through the network
by email or facsimile to all ARBAO members to participate
in self-evaluating proficiency tests (EQAS external quality
assurance system) for antimicrobial susceptibility testing.
The tests were conducted each year to test if the current
methodologies were accurate, adequate and reliable [3,4].
In addition, the EQAS served as a tool to point out the lab-
oratories from where annual data were reliable. The goal
was to have all laboratories to perform antimicrobial sus-
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ceptibility testing with a maximum of 10% total devia-
tions (minor, major, or very major deviations) and a
maximum of 5% critical deviations (major or very major
deviations).

Eight strains of each species (Staphylococcus aureus, Man-
nheimia haemolytica, Pasteurella multocida, Streptococcus dys-
galactiae, Streptococcus uberis and Escherichia coli) were
selected for each EQAS iteration. Strains were obtained
from the isolate collection of the National Food Institute,
Technical University of Denmark (DTU Food). All strains
were included in only one EQAS iteration. The strains
were inoculated to agar stab cultures for shipping to par-
ticipating laboratories. Participating laboratories also
received a lyophilised reference strain as a quality control
strain for susceptibility testing (E. coli ATCC 25922;
Campylobacter jejuni ATCC 33560; Enterococcus faecalis
ATCC 29212, S. aureus ATCC 25923, and S. aureus ATCC
29213) in each EQAS shipment.

Participating laboratories were instructed to follow the
enclosed testing instructions; subculture the test strains,
and propagates the quality control strains prior to per-
forming the susceptibility method that was routinely used

by their laboratory. In addition, laboratories were advised
to maintain the quality control strain for future profi-
ciency tests. After completion of the susceptibility testing
of the test strains and the quality control strain, the partic-
ipating laboratories were instructed to record the obtained
results, using MIC values or zone-diameter in millimetres,
and categorize each of the tested strains as either "resist-
ant" (R), "intermediate" (I) or "susceptible" (S) against
each tested antimicrobial agent using the breakpoints rou-
tinely used in their laboratory. They were then asked to
record the information on the participating laboratory
record sheet.

After submitting results, participating laboratories
received an individual report. The individual reports for
the participating laboratories reported all deviations from
the expected values and suggestions of how to either solve
or investigate the problem. For the quality control strains,
deviations were defined as values that exceeded the qual-
ity control range of the strain. Deviations of the antimicro-
bial susceptibility results were categorised as minor, major
or very major. A minor deviation was defined as an inter-
mediate strain that was classified as susceptible or resist-
ant or vice versa (i.e. I ↔ S or I ↔ R). A major deviation

Table 1: Data of antimicrobial susceptibility submitted from the participating laboratories in the different European countries during a 
three years period.

Bacterial species Year Country and number of bacterial species Total No. of 
isolates

B D Ec FIN Fa I LV NL P N ES S CH

S. aureus 2002 - 101 688 - 23–174 - - 110 - - 147 100 - 1 170–1 321
2003 - 99 378 - 8–233 63 - 107 - 117 192 - 60 1 024–1 249
2004 - - 340 - - - 59 99 - - 112 - 81 691

M. haemolytica 2002 - - 78 - 20–56 - - - 57 - - - - 155–191
2003 - 19 90 - 4–68 9 - 35 - - - - - 157–221
2004 - - 101 - - - - 16 - - - - - 117

P. multocida '2002 - 26 113 - 21–85 - - - - - - - - 160–224
2003 - 48 154 15 10–218 24 - 45 - - - - - 296–504
2004 - - 178 - - - - 16 - - - - - 194

S. dysgalactiae 2002 - - 278 - 27–36 - - 107 - - - 100 - 512–521
2003 - - 193 - 41–51 - - 94 - - - - - 328–338
2004 - - 165 - - - - 90 - - - - - 255

S. uberis 2002 - - 1 195 - 195–291 - - 103 - - - 98 - 1 591–1 687
2003 - - 775 - 471–610 27 - 83 - - - - - 1 356–1 495
2004 - - 885 - - - - 99 - - - - - 984

E. coli (infections) 2002 102b 101 4 193 - 49–1 234 50 - 105 - - 136 - - 4 736–5 921
2003 56b 57 2 659 - 150–1 835 75 - 153 - - 155 169 16 3 490–5 175
2004 237b 79 3 576 - - 28 101 - - 87 29 16 4153

Total 2002 102 228 6 545 0 335–1 876 50 0 425 57 0 283 298 0
2003 56 223 4 249 15 684–3 015 198 0 517 0 117 347 169 76
2004 237 79 5 245 0 0 28 59 421 0 0 199 29 97

a: Multicenter study. The isolates were tested for different panels of antimicrobial agents in the different centers. b: Veal calves. c: Isolates from 
England included also Wales and have been collected by The Veterinary Laboratory Agency. The remaining part of the United Kingdom has 
separate laboratories. B – Belgium; DK – Denmark; E – England, FIN – Finland; F – France; I – Italy; LV – Latvia; NL – The Netherlands; P – Portugal; 
N – Norway; ES – Spain; S – Sweden; CH – Switzerland.
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was defined as a susceptible strain that was classified as
resistant (i.e. S → R). A very major deviation was defined
as a resistant strain that was classified as susceptible (i.e. R
→ S).

The overall performance was between 85%–100% cor-
rectly categorized isolates. In general, the concordance
between the expected results and the participants' results
for Enterobacteriaceae was highest. Data from laboratories
performing unsatisfactory in the EQAS (performance
below 90% correctly categorized results) were not
included in the present report. The summary results for
the bacterial species included in the EQAS are considered
to be comparable between countries, but there is a poten-

tial bias due to differences in sampling and microbiologi-
cal methods used for isolation in the different countries.
The EQAS results for streptococci and staphylococci were
less favourable that for Enterobacterriaceae.

Testing methods
Each participating laboratory reported annually which
methods were used for antimicrobial susceptibility test-
ing. Laboratories from England (and Wales), France, Italy,
Latvia and Portugal used disc diffusion tests, whereas
Denmark, the Netherlands, Norway, Sweden and Switzer-
land used the broth micro dilution method by which the
minimal inhibition concentration (MIC) is determined.
Spain and Finland both used MIC determination as well

Table 2: Occurrence of antimicrobial resistance among Staphylococcus aureus from bovine mastitis in different European countries.

Antimicrobial agent Year Country and prevalence of resistance

DK E F I LV NL N ES S CH

Chloramphenicol 2002 0.0 - - - - - - 0.5 1.0 -
2003 0.0 - 0.0 1.0 - - 0.0 0.0 - -
2004 - - - - 2.1 - - 1.8 - -

Erythromycin 2002 1.0 3.0 11.4 - - 0.9 - 2.0 1.0 -
2003 0.0 4.0 7.0 4.0 - 0.0 1.0 4.2 - 0.0
2004 - 2.0 - - 0.0 0.0 - 1.8 - 3.7

Gentamicin 2002 0.0 - 2.2 - - - - 0.0 0.0 -
2003 0.0 - 1.0 1.0 - - 0.0 - - 30
2004 - - - - 3.1 - - - - 2.5

Oxacillin 2002 0.0 - 8.3 - - 0.0 - 0.5 0.0 -
2003 - - 1.0 0.0 - 0.0 0.0 0.0 - -
2004 - - - - 0.0 0.0 - 3.7 - 0.0

Penicillin 2002 29.7 46.0 4.7 - - 10.0 - 45.0 7.0 -
2003 23.1 36.0 3.0 43.0 - 24.3 5.0 40.1 - -
2004 - 38.0 - - 49.0 12.1 - 33.0 17.3

Streptomycin 2002 4.0 - 7.5 - - 1.8 - - 1.0 -
2003 1.0 - 8.0 8.0 - 1.9 2.0 6.3 - 5.0
2004 - - - - 0.0 2.0 - 6.3 - -

Sulphonamides 2002 4.0 - 59.2 - - - - 0.0 - -
2003 0.0 - 2.0 0.0 - - - - - 0.0
2004 - - - - - - - 0.0 - -

Tetracycline 2002 3.0 8.0 9.2 - - 0.0 - 3.5 0.0 -
2003 2.0 3.0 9.0 13.0 - 2.8 0.0 2.1 - -
2004 - 4.0 - - 2.1 2.0 - 5.4 - 6.2

TMP + Sulphonamides 2002 - - 1.7 - - 0.0 - - 0.0 -
2003 - - 0.0 0.0 - - - - - -
2004 - - - - 0.0 0.0 - - - -

Trimethoprim 2002 1.0 - 11.1 - - - - 4.5 - -
2003 1.0 - 0.0 - - - 0.0 3.1 - 0.0
2004 - - - - 2.9 - - 0.0 - -

Neomycin 2002 0.0 0.4 - - - - - - - -
2003 - 0.0 2.0 - - - 1.0 - - 0.0
2004 - 0.3 - - 5.3 0.0 - - - -

Ceftiofur 2002 0.0 - 4.2 - - - - 0.0 - -
2003 0.0 - 1.0 - - - - 0.0 - -
2004 - - - - 0.0 - - 0.9 - -

DK – Denmark; E – England, F – France; I – Italy; LV – Latvia; NL – The Netherlands; P – Portugal; N – Norway; ES – Spain; S – Sweden; CH – 
Switzerland.
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as disc diffusion, whereas Belgium used tablet diffusion.
The manufactures of discs and microtitre plates for broth
micro dilution differed between countries.

All countries have reported whether they to some extend
or in all aspects followed the standards of the Clinical and
Laboratory Standards Institute (CLSI), M31-A2, M7-A6 or

Table 3: Occurrence of antimicrobial resistance among Mannheimia haemolytica isolated from cattle in different European countries

Antimicrobial agent Year Country and prevalence of resistance

DK E F I P NL

Ampicillin 2002 - 0.0 20.4 - 13.0 -
2003 0.0 10.0 5.0 11.1 - 25.7
2004 - 2.0 - - - 6.3

Amoxicillin + Clavulanic. acid 2002 - 0.0 0.0 - 0.0 -
2003 - 3.0 0.0 0.0 - 0.0
2004 - 0.0 - - - -

Ceftiofur 2002 - - 0.0 - - -
2003 0.0 - 0.0 - - 0.0
2004 - - - - - 0.0

Fluoroquinolones 2002 - 0.0 5.0 - 0.0 -
2003 0.0 0.0 5.0 0.0 - 5.8
2004 - 0.0 - - - 0.0

Florfenicol 2002 - 0.0 0.0 - - -
2003 0.0 1.0 2.0 0.0 - 0.0
2004 - 0.0 - - - 0.0

Tetracycline 2002 - 3.0 40.0 - 38.0 -
2003 0.0 13.0 33.0 11.1 - 51.4
2004 - 1.0 - - - 31.0

TMP + Sulphonamides 2002 - 1.0 16.6 - - -
2003 0.0 4.0 16.0 0.0 - 8.6
2004 - 0.0 - - - 0.0

DK – Denmark; E – England, F – France; I – Italy; NL – The Netherlands; P – Portugal.

Table 4: Occurrence of antimicrobial resistance among Pasteurella multocida isolated from cattle in different European countries

Antimicrobial agent Year Country and prevalence of resistance

DK E FIN F I NL

Ampicillin 2002 0.0 1.0 - 5.3 - -
2003 6.25 0.6 0.0 2.0 0.0 2.2
2004 - 1.0 - - - 0.0

Amoxicillin + Clavulanic acid 2002 - 2.0 - 0.0 - -
2003 - 0.0 - 0.0 0.0 -
2004 - 0.0 - - - -

Ceftiofur 2002 0.0 - - 1.2 - -
2003 0.0 - - 0.0 - 0.0
2004 - - - - - 0.0

Fluoroquinolones 2002 0.0 0.0 - 4.7 - -
2003 0.0 0.0 0.0 0.0 0.0 0.0
2004 - 0.0 - - - 6.3

Florfenicol 2002 0.0 2.0 - 0.0 - -
2003 0.0 0.6 - 0.0 0.0 0.0
2004 - 0.0 - - - 0.0

Tetracycline 2002 12.0 6.0 - 10.7 - -
2003 0.0 4.0 0.0 12.0 24.0 20.0.
2004 - 1.0 - - - 12.5

TMP + Sulphonamides 2002 8.0 3.0 - 7.0 - -
2003 0.0 1.0 0.0 3.0 4.0 2.2
2004 - <1.0 - - - 0.0

DK – Denmark; E – England, FIN – Finland; F – France; I – Italy; NL – The Netherlands.
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M2-A8 [5] to determine zone sizes and MIC values. Eng-
land (and Wales), France, the Netherlands, Norway, Swe-
den and Switzerland reported that they did not
completely use CLSI breakpoints as their means of deter-
mining the antimicrobial susceptibility levels (referring to
the CLSI breakpoints listed in the fifteenth international
supplement M100-S15). The antimicrobials tested against
S. aureus, M. haemolytica, P. multocida, S. dysgalactiae, S.
uberis and E. coli are given in Tables 2, 3, 4, 5, 6.

Results
Susceptibility data were obtained from 25,241 bacterial
isolates isolated in 13 European countries over a three
year period, 2002–2004 (Table 1). Not all countries were
equal participants in that some countries submitted data
on a single bacterial species, e.g. Belgium, Finland, Latvia,
Portugal and Norway, whereas other countries provided
data for multiple bacterial species.

Staphylococcus aureus
Susceptibility data for S. aureus from bovine mastitis were
obtained from ten of the 13 participating countries. In
total between 691–1,321 isolates were tested depending

on the year and number of countries submitting date for
that year (Table 1). In general, a relatively low frequency
of resistance was observed in all countries over the years
(Table 2). However, a higher level, e.g., > 10%, resistance
was noted to penicillin in almost all countries with the
exception of France, Norway and Sweden.

Mannheimia haemolytica
Susceptibility data for M. haemolytica from infections in
cattle were obtained from a total of six countries (Table 3).
The six countries tested between 117–221 isolates. In gen-
eral, the level of resistance was relatively low with the
exception of tetracycline and ampicillin in all countries
over the years (Table 3). Resistance to ceftiofur was not
detected among the 529 isolates tested.

Pasteurella multocida
Susceptibility data for P. multocida from infections in cat-
tle were obtained from a total of six countries. Results
from a total of 194–504 tested isolates were submitted
(Table 1). In general, a relatively low frequency of resist-
ance was observed in all countries over the years (Table 4).

Table 5: Occurrence of antimicrobial resistance among Streptococcus spp. from cases of bovine mastitis in different countries in 
Europe.

Antimicrobial agent Year Bacterial species, country and prevalence of resistance

S. uberis S. dysgalactiae

E F I NL S E F NL S

Chloramphenicol 2002 - - - - 0.0 - - - 0.0
2003 - - 7.0 - - - - - -
2004 - - - - - - - - -

Erythromycin 2002 8.0 22.2 - 21.4 0.0 3.0 14.8 14.0 0.0
2003 8.0 17.0 22.0 19.3 - 5.0 17.0 12.8 -
2004 8.0 - - 0.0 - 2.0 - 6.7 -

Gentamicin 2002 - 52.7 - - - - 11.7 - -
2003 - - 52.0 - - - - - -
2004 - - - - - - - - -

Penicillin 2002 0.3 0.4 - 3.9 0.0 0.7 3.4 0.0 0.0
2003 0.0 1.0 0.0 0.0 - 0.0 0.0 0.0 -
2004 0.0 - - 0.0 - 0.0 - 0.0 -

Tetracycline 2002 15.0 20.9 - 33.0 2.0 46.0 41.6 76.6 6.0
2003 11.0 17.0 44.0 41.0 - 47.0 53.0 76.6 -
2004 15.0 - - 35.4 - 39.0 - 67.8 -

TMP + Sulphonamides 2002 - 0.8 - 8.7 0.0 - 6.6 0.0 0.0
2003 - 0.0 - 1.2 - - 4.0 0.0 -
2004 - - - 0.0 - - - 0.0 -

E – England, F – France; I – Italy; NL – The Netherlands; S – Sweden.
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Streptococcus uberis
Susceptibility data for S. uberis from mastitis in cattle were
obtained from five countries (Table 1). The number of
isolates tested was 984–1,687. In general, a relatively

moderate frequency of resistance was observed in all
countries over the years (Table 5). Major differences were
observed between countries and some variation also over
years.

Table 6: Occurrence of antimicrobial resistance among Escherichia coli isolated from cattle suffering from either diarrhoea or mastitis 
in different European countries.

Antimicrobial agent Year Country and prevalence of resistance
B DK E F I LV ES NL S CH

Origin Diarrhoea Mastitis

Ampicillin 2002 63.7 79.0 44.0 76.1 44.0 - 45.6 13.3 - -
2003 64.0 75.4 49.0 76.0 41.0 67.0 45.5 18.8 7.0 33.5
2004 75.5 72.1 53.0 - 25.0 - 51.0 13.9 29.0 0.0

Amoxicillin + Clavulanic acid 2002 47.0 - 14.0 30.0 14.0 - 10.3 1.0 - -
2003 16.0 3.5 19.0 34.0 6.0 54.0 4.5 1.0 - 0.0
2004 10.1 1.2 19.0 - 7.4 - 9.0 0.0 - 0.0

Apramycin 2002 10.8 0.0 3.0 17.2 - - 3.7 - - -
2003 10.0 3.6 3.0 11.0 - - 5.2 - 0.0 -
2004 8.0 0.0 3.0 - - - 6.0 - - -

Ceftiofur 2002 0.0 0.0 - 1.2 - - 5.9a 0.0 - -
2003 2.0 0.0 - 0,7 - 0.0 2.6a 0.0 0.0 0.0
2004 6.3 0.0 - - 7.1 - 6.0a 0.0 0.0 -

Chloramphenicol 2002 54.9 13.0 - 65.4 30.0 - 29.4 - - -
2003 48.0 14.1 - 58.0 21.0 - 33.8 - 2.0 18.0
2004 52.7 22.8 - - - - 31.0 - 5.0 13.3

Fluoroquinolones 2002 35.3 1.0 0.1 31.2 22.0 - 11.8 0.0 - -
2003 26.0 1.8 0.04 20.0 15.0 0.0 12.3 0.0 1.0 6.0
2004 32.1 7.6 0.0 - 11.5 - 20.0 1.0 10.0 0.0

Florfenicol 2002 31.4 1.0 - 12.6 - - 8.1 - - -
2003 26.0 3.5 - 12.0 - - 9.7 - 0.0 -
2004 21.5 5.1 - - - - 8.0 - 0.0 -

Gentamicin 2002 53.3 1.0 - 21.6 12.0 - 14.0 0.0 - -
2003 16.0 3.6 - 20.0 1.0 29.0 19.5 0.0 0.0 6.0
2004 7.6 7.6 - - 7.1 - 25.0 0.0 0.0 6.7

Nalidixic acid 2002 42.2 19.0 - 35.0 30.0 - 21.3 1.0 - -
2003 38.0 14.1 - 36.0 21.0 56.0 18.8 - 3.0 -
2004 54.0 29.1 - - 21.4 - 31.0 - 14.0 -

Neomycin 2002 46.0 9.0 26.0 42.5 - - 25.0 7.6 - -
2003 26.0 15.8 27.0 44.0 - 86.0 25.0 6.9 1.0 18.0
2004 17.7 45.6 30.0 - - - 26.0 5.0 7.0 -

Streptomycin 2002 - 70.0 - 78.6 24.0 - 52.2 15.2 - -
2003 - 68.4 - 78.0 54.0 69.0 54.8 20.8 11.0 -
2004 - 87.3 - - 25.0 - 55.0 15.8 48.0 -

Sulphonamides 2002 - 74.0 - 80.6 46.0 - 45.6 - - -
2003 - 65.0 - 69.0 47.0 100.0 52.9 - 8.0 -
2004 - 94.9 - - 25.0 - 51.0 - 41.0 -

Tetracycline 2002 58.8 84.0 48.0 79.5 56.0 - 49.3 14.3 - -
2003 64.0 75.5 52.0 76.0 52.0 71.0 56.5 20.8 5.0 24.0
2004 76.4 84.8 57.0 - 28.6 - 59.0 14.9 37.0 20.0

Trimethoprim 2002 - 54.0 - 52.4 - - 33,1 - - -
2003 - 52.6 - 39.0 - 0.0 41.9 - 3.0 -
2004 - 70.9 - - - - 41.0 - 10.0 -

TMP + Sulphonamide 2002 56.9 - 23.0 39.5 26.0 - - 11.4 - -
2003 44.0 - 27.0 35.0 24.0 0.0 - 10.9 - 12.5
2004 54.0 - 28.0 - 8.7 - - 8.9 - -

a: Cefotaxime
B – Belgium; DK – Denmark; E – England; F – France; I – Italy; LV – Latvia; NL – The Netherlands; ES – Spain; S – Sweden; CH – Switzerland.
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Streptococcus dysgalactiae
Susceptibility data for 255–521 S. dysgalactiae isolates
from mastitis in cattle were obtained from the same coun-
tries as for S. uberis (Table 1). In general, there was an
increased frequency of resistance observed in all countries
over the years. Most noticeable was a very high level of
resistance against tetracycline (Table 5). Major differences
were observed between countries and some variation also
over years.

Escherichia coli
Susceptibility data for E. coli from diarrhoea in calves and
mastitis in cattle and surveillance programmes were
obtained from ten countries (Table 6), which submitted
susceptibility data for 3 490–5,921 isolates. A high preva-
lence of resistance was observed in this pathogen com-
pared to the other species investigated (Table 6). Major
variations between countries and antimicrobial agents
were apparent.

Discussion
The data presented in this report originate from samples
submitted to diagnostic laboratories in different coun-
tries. It was generally impossible to retrieve data on the
specific age of the animals and additionally, the specific
microbiological methods used to isolate and identify the
organisms remained unreported. All participating labora-
tories are, however, appointed national reference labora-
tories for antimicrobial resistance.

Information on antimicrobial usage prior to collection of
the samples could have indicated why resistance in some
countries is higher than in others, and also, it could have
indicated a reason for the difference seen between antimi-
crobials. As information on these key determinants is not
available, comparisons and conclusions have to be done
with care. Nevertheless, the study provides interesting
data on the prevalence of antimicrobial resistance in bac-
terial pathogens in different European countries.

Although there was a prior agreement between the partic-
ipating laboratories on a list of antimicrobials of relevance
for each bacterial species, most laboratories provided data
for different panels of antimicrobial agents. The same het-
erogeneity was observed in the breakpoints applied. This
demonstrates an important problem in performing inter-
national monitoring based on data produced by routine
diagnostic laboratories using different panels, methods,
equipment etc. [6,7]. We are aware that publishing data
from multiple laboratories can be very problematic as
there might be variations in methods used, interpretative
criteria, etc. In the ideal world all laboratories would use
the same methods and we could believe that data were
directly comparable. However, since this unfortunately
not is the case and there actually are major differences in

the methods used we decided to ensure the comparability
of the data as means of gaining reliable by conducting an
external quality control system and only include data
from laboratories and pathogens where the cut-off was
met.

Staphylococcus aureus
In a previous survey of isolates from nine European coun-
tries and USA, major variations in the occurrence of resist-
ance between countries were reported [8]. This
emphasises that treatment strategies for bovine mastitis
caused by S. aureus in the European countries have to be
based on local knowledge and available resistance data. In
the present study, it seems that the level of resistance in
France has decreased between the years 2002 and 2003;
for oxacillin (8.3% to 1%), for sulphonamide (59.2% to
2%) and for trimethoprim (11.1% to 0%). It was not pos-
sible to detect the same trend in the year 2004 due to the
absence of submitted data. Similar trends were only
observed in one other country (Switzerland), where a con-
siderable decrease of gentamicin resistance from 30% to
2.5% was observed.

Of major concern is the level of resistance to oxacillin and
3rd generation cephalosporins (i.e. ceftiofur) in S. aureus.
The prevalence of oxacillin resistance in Spain (3.7%) and
France (8.3%) and the resistance towards cephalosporins
in Spain (0.9% in 2004) and France (4.2% in 2002; 1% in
2003) indicate the presence of methicillin resistant S.
aureus (MRSA) in these two countries. Most of the Spanish
isolates were not multi resistant which usually a feature of
MRSA isolated from humans is. Furthermore, the pres-
ence of the mecA-gene could not be confirmed since the
strains were not stored.

For France the percentages of resistance observed by oxa-
cillin resistant S. aureus isolates must be interpreted with
a great deal of precaution. Data on bovine pathogens were
collected through a multi centre study (see Table 1). The
results could not be verified because some of the labora-
tories involved in the network did not store the strains.
From 2003, all the strains collected in France were inves-
tigated specifically for methicillin resistance and a
decrease was observed. MRSA are not commonly seen in
bovine mastitis but this has recently been reported in
Korea [9] and Hungary [10]. MRSA also seems to be
emerging within other livestock species [11,12].

Mannheimia haemolytica
The decrease in resistance levels to antimicrobials in iso-
lates from the Netherlands to ampicillin, fluoroqui-
nolone, tetracycline, trimethoprim – sulphonamide may
partly be explained by sampling bias (sampling of differ-
ent age groups between years). The same tendency was
observed in both England (and Wales) and France to
Page 8 of 10
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some of the antimicrobials. In France the level of resist-
ance to ampicillin and tetracycline decreased from 2002
to 2003 whereas a decrease in England (and Wales) was
observed for ampicillin, amoxicillin – clavulanic acid, tet-
racycline and trimethoprim – sulphonamide in the period
2003 to 2004. Resistance to fluoroquinolones was
detected in France with 5% (2002) and in the Netherlands
(enrofloxacin) with 5.8% (2003). Similar results have pre-
viously been reported from France [13] and the Nether-
lands [14], whereas a similar or more frequent occurrence
of resistance has been observed in USA [15,16].

Pasteurella multocida
Antimicrobial resistance in P. multocida seems to be higher
in the Netherlands compared to the other countries (e.g.
20% to tetracycline in 2002) though the amount of resist-
ance shows a tendency to decrease over the years for amp-
icillin, tetracycline and trimethoprim – sulphonamide
(Table 4). The same trend was observed in England (and
Wales), France and Denmark to tetracycline and trimeth-
oprim – sulphonamide. It should be noted, that in 2002
in France 1.2% of the isolates were resistant to ceftiofur
and 4.7% to fluoroquinolones. Resistance to enrofloxacin
in the Netherlands was 6.3% in 2004.

Streptococcus uberis
Resistance to trimethoprim – sulphonamide and penicil-
lin seems to be low compared to the levels of resistance for
other antimicrobials tested. The percentages of resistance
to trimethoprim + sulphonamide (8.7%) and penicillin
(3.9%) were the highest values observed in the Nether-
lands. A relatively high level of resistance could be
detected in countries, which submitted data for tetracy-
cline and erythromycin as well as gentamicin (Table 5).
Similar data have been reported from USA [17,18] and
France [19]. Thus, bovine mastitis caused by streptococci
can be treated with penicillins, whereas the use of mac-
rolides and tetracyclines probably should be avoided on
the basis of the resistance data generated by this study.

Streptococcus dysgalactiae
Resistance to tetracycline and erythromycin was high
compared to the other antimicrobials tested. In the Neth-
erlands 67.8% of the isolates were resistant to tetracycline
in 2004 and 17% of the isolates from France were resistant
to erythromycin in 2003. The isolates from Sweden were
susceptible to all antimicrobials tested, except for tetracy-
cline, where the level was 6% (Table 5).

Escherichia coli
The percentage of resistant isolates increased in some
countries, whereas it decreased in others. For instance in
France and Italy the resistance levels show a tendency to
decrease for most of antimicrobials investigated between
the years 2002–2004. In Spain and Denmark the levels

seem to increase between the years 2003 and 2004. In
general, a relatively high frequency of resistance was
observed in almost all countries over the years, with the
exception of Sweden and the Netherlands the frequency
was more moderate. Resistance to ceftiofur, representing
the 3rd generation cephalosporins, was observed in France
(2002, 1.2%; 2003, 0.7%), Spain (2002, 5.9%; 2003,
2.6%; 2004, 6%), Italy (2004, 7.1%) and arising in Bel-
gium (2003, 2%; 2004, 6.3%). The frequent occurrence of
resistance to more conventional antimicrobials in most of
these countries makes cephalosporins a group of drugs
that can be used without prior susceptibility testing.
Greater than 10% fluoroquinolone resistance was
observed in Sweden (enrofloxacin), France, Spain, Bel-
gium, Germany and Italy. Higher rates of resistance
towards newer antimicrobials (e.g. fluoroquinolones,
aminoglycosides) may be due to the attitudes and practice
among European countries in prescribing and administer-
ing drugs for therapy of enteric and respiratory tract dis-
eases [20].

The seemingly emerging occurrence of resistance to the
important antimicrobial agents; cephalosporins and fluo-
roquinolones in Belgium, France, Italy and Spain is wor-
rying. These four countries had in general the highest
frequency of resistance to most antimicrobial agents,
potentially making treatment difficult.

Conclusion
A frequent occurrence of resistance to several antimicro-
bial agents was observed and major differences between
countries are apparent. This may reflect differences in the
antimicrobial use between countries and veterinarians.

This study supports the premise that the treatment of
infected animals has to be based on local knowledge and
the observed resistance patterns.

Some limitations in the study design were apparent.
Because of this precautions should be taken when com-
paring the summary data. Furthermore, differences in
antimicrobial resistance testing and to some extend differ-
ences in breakpoint used may also complicate the com-
parison between the countries. The use of an external
quality assurance system did, however, reveal that the
influence of the differences and lack of standardisation
might be minor.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
RSH provided data, discussed the results gained, drafted,
and revised the manuscript. DJM, AS, CT, DM, PB, AF, AU,
AA, MM, CG, KS, CB, AM, DW, and MS provided data, dis-
Page 9 of 10
(page number not for citation purposes)



Acta Veterinaria Scandinavica 2008, 50:28 http://www.actavetscand.com/content/50/1/28
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

cussed the results gained, and participated in revising the
manuscript. FMA provided data, discussed the results
gained, assisting drafting and revision of the manuscript.
All authors read and approved the final manuscript.

Acknowledgements
Mireille Bruneau, Agnès Perrin-Guyomard, Isabelle Kempf, Marylène 
Kobisch, Pascal Sanders and the veterinary laboratories which participate 
to RESAPATH network in France; Teresa Albuquerque and Patricia 
Themudo from Portugal; Dr. Gertraud Regula, Dr. Raymond Miserez and 
his team in Switzerland and Gessica Cordaro, Paola Di Matteo,

Antonio Battisti, the National Reference Laboratory for Antimicrobial 
Resistance and the ITAVARM network for Italy are acknowledged for col-
lecting data for this study.

The RESAPATH network was supported by a grant of the French Ministry 
of Agriculture (Direction Générale de l'Alimentation).

References
1. Aarestrup FM: Association between the consumption of anti-

microbial agents in animal husbandry and the occurrence of
resistant bacteria among food animals.  Int J Antimicrob Agents
1999, 12:279-285.

2. Levy SB: Antibiotic resistance: consequences of inaction.  Clin
Infect Dis 2001, 33:S124-129.

3. Lo Fo Wong D, Hendriksen RS, Mevius DJ, Veldman KT, Aarestrup
FM: External Quality Assurance System for antibiotic resist-
ance in bacteria of animal origin in Europe (ARBAO-II),
2003.  Vet Microbiol 2006, 115:128-139.

4. Hendriksen RS, Lo Fo Wong D, Aarestrup FM, Mevius D, Veldman K:
Trial II: Salmonella and E. coli, Trial II: Streptococci, staphylo-
cocci, enterococci, Trial II: Past/Ap, Trial III: Salmonella and E.
coli, Trial III: Streptococci. staphylococci, enterococci.   [http://
www.dfvf.dk/Default.aspx?ID=10301].

5. Clinical and Laboratory Standards Institute/NCCLS: CLSI/NCCLS Doc-
ument M2-A8 2003. "Performance Standards for Antimicrobial
Disk SusceptibilityTests"; Approved Standard – Eighth Edition.
CLSI/NCCLS document M31-A2. "Performance Standards for
Antimicrobial Disk and Dilution Susceptibility Tests for Bac-
teria Isolates from Animals"; Approved Standard – Second Edi-
tion. CCLSI/NCCLS, Document M7-A6 2003. "Methods for
Dilution Antimicrobial Susceptibility Tests for Bacteria That
Grow Aerobically"; Approved Standard – Seventh Edition. Clinical
and Laboratory Standards Wayne, PA, USA

6. Aarestrup FM, Bager F, Jensen NE, Madsen M, Meyling A, Wegener
HC: Resistance to antimicrobial agents used for animal ther-
apy in pathogenic-, zoonotic- and indicator bacteria isolated
from different food animals in Denmark: a baseline study for
the Danish Integrated Antimicrobial Resistance Monitoring
Programme (DANMAP).  APMIS 1998, 106:745-770.

7. Aarestrup FM: Occurrence, selection and spread of resistance
to antimicrobial agents used for growth promotion for food
animals in Denmark.  APMIS 2000, 101:1-48.

8. Vintov J, Aarestrup FM, Zinn CE, Olsen JE: Association between
phage types and antimicrobial resistance among bovine Sta-
phylococcus aureus from 10 countries.  Vet Microbiol 2003,
95:133-147.

9. Lee JH: Methicillin (Oxacillin)-resistant Staphylococcus aureus
strains isolated from major food animals and their potential
transmission to humans.  Appl Environ Microbiol 2003,
69:6489-6494.

10. Kaszanyitzky EJ, Egyed Z, Janosi S, Keseru J, Gál Z, Szabó I, Veres Z,
Somogyi P: Staphylococci isolated from animals and food with
phenotypically reduced susceptibility to beta-lactamase-
resistant beta-lactam antibiotics.  Acta Vet Hung 2004, 52:7-17.

11. Leonard FC, Markey BK: Meticillin-resistant Staphylococcus
aureus in animals: A review.  Vet J 2008, 175:27-36.

12. Huijsdens XW, Van Dijke BJ, Spalburg E, Van Santen-Verheuvel MG,
Heck ME, Pluister GN, Voss A, Wannet WJ, De Neeling AJ: Com-

munity-acquired MRSA and pig-farming.  Ann Clin Microbiol Anti-
microb 2006, 10:5-26.

13. Martel JL, Chaslus-Dancla E, Coudert M, Poumarat F, Lafont JP: Sur-
vey of antimicrobial resistance in bacterial isolates from dis-
eased cattle in France.  Microb Drug Resist 1995, 1:273-283.

14. Mevius DJ, Hartman EG: In vitro activity of 12 antibiotics used
in veterinary medicine against Mannheimia haemolytica and
Pasteurella multocida isolated from calves in the Nether-
lands.  Tijdschr Diergeneeskd 2000, 125:147-152.

15. Post KW, Cole NA, Raleigh RH: In vitro antimicrobial suscepti-
bility of Pasteurella haemolytica and Pasteurella multocida
recovered from cattle with bovine respiratory disease com-
plex.  J Vet Diagn Invest 1991, 3:124-126.

16. Watts JL, Yancey RJ Jr, Salmon SA, Case CA: A 4-year survey of
antimicrobial susceptibility trends for isolates from cattle
with bovine respiratory disease in North America.  J Clin Micro-
biol 1994, 32:725-731.

17. Erskine RJ, Walker RD, Bolin CA, Bartlett PC, White DG: Trends in
antibacterial susceptibility of mastitis pathogens during a
seven-year period.  J Dairy Sci 2002, 85:1111-1118.

18. Rossitto PV, Ruiz L, Kikuchi Y: Antibiotic susceptibility patterns
for environmental streptococci isolated from bovine masti-
tis in central California dairies.  J Dairy Sci 2002, 85:132-138.

19. Guerin-Faublee V, Tardy F, Bouveron C, Carret G: Antimicrobial
susceptibility of Streptococcus species isolated from clinical
mastitis in dairy cows.  Int J Antimicrob Agents 2002, 19:219-226.

20. Busani L, Graziani C, Franco A, Di Egidio A, Binkin N, Battisti A: Sur-
vey of the knowledge, attitudes and practice of Italian beef
and dairy cattle veterinarians concerning the use of antibiot-
ics.  Vet Rec 2004, 155:733-738.
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10493603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10493603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10493603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11524708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16448789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16448789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16448789
http://www.dfvf.dk/Default.aspx?ID=10301
http://www.dfvf.dk/Default.aspx?ID=10301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9744762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9744762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9744762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11125553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11125553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11125553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12860083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14602604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14602604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14602604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15119783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15119783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15119783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17215151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9158787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9158787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9158787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10730339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10730339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1892929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1892929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1892929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8195385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8195385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8195385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12086045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12086045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12086045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11860105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11860105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11860105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11932145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11932145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15623086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15623086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15623086
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Method
	Results
	Conclusion

	Background
	Methods
	Participating laboratories
	Quality control
	Testing methods

	Results
	Staphylococcus aureus
	Mannheimia haemolytica
	Pasteurella multocida
	Streptococcus uberis
	Streptococcus dysgalactiae
	Escherichia coli

	Discussion
	Staphylococcus aureus
	Mannheimia haemolytica
	Pasteurella multocida
	Streptococcus uberis
	Streptococcus dysgalactiae
	Escherichia coli

	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References

