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AMR IN THE PORK CHAIN
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Monitoring of antimicrobial susceptibility 
of E. coli and Salmonella from pigs in the 
Netherlands, 2016-2018
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GD Animal Health (AH) monitors antimicrobial 
susceptibility (AMS) of pathogens from different 
animal species. Previously, AMS testing was performed 
by agar diffusion using tablets; in 2012 GD AH 
switched to broth-microdilution and minimal inhibitory 
concentrations (MICs) are being determined since.
The objective of the present study was to analyse 
the in vitro AMS of E. coli (ECO) and Salmonella 
isolates originating from clinical submissions and 
post-mortem examinations from pigs, between January 
2016 and December 2018. 

MICs of in total 18 antimicrobials were assessed , 
MIC

50
 and MIC

90
 values were determined (results shown 

for ECO) and MICs were interpreted as susceptible, 
intermediate and resistant using CLSI veterinary 
breakpoints (when available).
ECO isolates (n=905) showed relatively high levels 
of resistance to the (according to the Dutch Pig 
Formulary) 1st choice antimicrobials tetracycline 
and trimethoprim/sulfamethoxazole (≥54 %) and 
the 2nd choice antimicrobials spectinomycin and 
ampicillin (indicator of amoxicillin) (≥42 %). ECO 
were well susceptible to the 2nd choice antimicrobials 
apramycin, gentamicin, amoxicillin-clavulanic acid, 
flumequine, colistin (≤2 % resistance) and neomycin 
(≤9 % resistance). Also for the 3rd choice antimicrobial 
enrofloxacin resistance was very low (≤1 %) (see 
Table 1 and Table 2 for more details).
Dilution series applied for each individual 
antibiotic are marked green and red; green refers 
to the ‘susceptible’ and red to the ‘resistant’ 
range (where applicable, ‘resistant’ includes both 

 Enteropathogenic E. coli (n=270)

Antibiotic MIC-values (µg/mL)

 0.25 0.5 1 2 4 8 16 32 64 128 256 512

Amoxicillin/Clavulanic acida 0.0 0.4 9.6 26.7 25.6 36.3 1.5 0.0 0.0    

Ampicillin 0.0 0.0 11.5 23.3 8.5 0.7 0.0 0.0 55.9    

Apramycin      95.9 3.0 1.1 0.0    

Cefepime   98.9 0.4 0.0 0.4 0.0 0.4 0.0    

Colistin  86.3 10.0 1.1 0.7 1.1 0.4 0.4     

Cefotaxime   99.3 0.0 0.0 0.7       

Enrofloxacin 96.3 3.3 0.4 0.0 0.0        

Florfenicol    4.1 48.1 35.2 12.6      

Flumequine    93.7 4.8 1.5 0.0 0.0     

Gentamicin    98.5 0.7 0.4 0.4      

Neomycin     93.3 0.0 0.4 6.3     

Sulfamethoxazole         14.1 1.9 0.7 83.3

Spectinomycin      0.4 1.9 35.6 20.0 8.5 33.7  

Streptomycin    27.4 9.3 4.1 6.3 8.1 13.3 31.5   

Tetracycline 0.0 1.5 36.3 7.8 0.0 0.4 0.7 53.3     

Tiamulin 0.0 0.0 0.0 0.0 0.0 0.4 0.4 3.0 96.3    

Tilmicosin 0.0 0.0 0.0 0.0 0.0 0.0 0.4 12.6 87.0    

Trimethoprim 0.0 38.5 1.1 0.4 0.0 0.0 0.0 60.0     

Trimethoprim-Sulfamethoxazoleb 39.3 0.0 0.7 0.4 0.0 59.6       

Tylosin 0.0 0.0 0.0 0.0 0.0 100.0       

Table 1: MIC distribution ( %) for enteropathogenic ECO isolates (n=270) originating from pigs submitted for post-mortem 

examination at GD AH and faecal samples submitted to the laboratory of GD AH, 2018 

a significantly reduced number of sick piglets and 
reduction of medications needed to treat these 
animals. Due to the specific formulation of the PFA 
for PWD prevention no additional benefits could 
be detected with regard to respiratory and other 
disorders between control group and PFA treated 
animals.
In summary, it can be concluded, that specific PFAs 
are suitable to support post-weaning piglets against 
E. coli associated PWD. Application of these products 
can therefore reduce the negative economic impact 
of post-weaning health issues.
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’intermediate susceptible’ and ‘resistant’). To the 
right of the dilution ranges shown in green and 
red, percentages of isolates with a MIC value higher 
than the highest concentration of the dilution range 
are mentioned in red. The percentage of isolates 
mentioned at the lowest concentration of a dilution 
range, refers to isolates with a MIC value equal to 
or lower than the lowest concentration evaluated in 
the specific dilution range. In bold the antibiotics 
mentioned in the Dutch treatment Formulary for Pigs 
for enteropathogenic ECO infections are shown.
a Only the concentration of amoxicillin, tested 
in a 2:1 ratio (amoxicillin : clavulanic acid), is 
mentioned;
b Only the concentration of trimethoprim, tested in 
a 1 :19 ratio (trimethoprim : sulfamethoxazole) is 
mentioned.
Similar results were found for Salmonella Typhimurium 
(STY; n=47) and other group B Salmonella isolates (SGB; 
n=101): increased levels of resistance to trimethoprim/
sulfamethoxazole (≥28 % of STY, ≥13 % of SGB isolates), 

high levels of resistance to tetracycline (≥46 % of STY, 
≥63 % of SGB isolates) and high levels of resistance 
to the 2nd choice antimicrobial amoxicillin (ampicillin 
is tested) (≥54 % of STY, ≥73 % of SGB isolates). For 
the 2nd choice antimicrobials apramycin, flumequine, 
neomycin, amoxicillin-clavulanic acid the percentage 
of resistant isolates was low (0-3 %). No STY or SGB 
isolates tested resistant to enrofloxacin.
Among ECO, STY and SGB from pigs, high levels of 
resistance to the 1st choice antimicrobials are 
found, whereas emergence of resistance to 2nd and 3rd 
choice antimicrobials appears to be (very) limited. 
Hence, also resistance against antimicrobials of high 
interest for human health (colistin) is (very) low.
Interpretation of MICs for ECO and Salmonella is 
strongly hampered by the lack of CLSI-defined clinical 
veterinary breakpoints. More veterinary breakpoints 
are needed to overcome this problem and to conduct 
a clinically reliable monitoring of AMS.

Table 2: MIC50 and MIC90, and percentage susceptible, intermediate and resistant for enteropathogenic ECO isolates from 

post-mortem examination at GD AH and faecal samples submitted to the laboratory of GD AH, 2018, 2017 en 2016

 E. coli (n=270), 2018 E. coli (n=339), 2017 E. coli (n=296), 2016

Antibiotic MIC50 MIC90 R MIC50 MIC90 R MIC50 MIC90 R

  (μg/mL)  (μg/mL) ( %)  (μg/mL)  (μg/mL) ( %) (μg/mL)  (μg/mL) ( %)

Amoxicillin/Clavulanic 
acida 4 8 0 4 8 0.3 4 8 0.0

Ampicillin >32 >32 55.9 >32 >32 60.2 >32 >32 58.8

Apramycin ≤8 ≤8 1.1 ≤8 ≤8 0.0 ≤8 ≤8 0.0

Cefepime ≤1 ≤1 0.4 ≤1 ≤1 0.9 ≤1 ≤1 0.3

Colistin ≤0.5 1 1.9 ≤0.5 ≤0.5 1.5 ≤0.5 ≤0.5 2.4

Cefotaxime ≤1 ≤1 0.7 ≤1 ≤1 0.9 ≤1 ≤1 0.7

Enrofloxacin ≤0.25 ≤0.25 0 ≤0.25 ≤0.25 0.3 ≤0.25 ≤0.25 0.0

Florfenicol 4 >8 47.8 4 8 48.4 4 8 38.5

Flumequine ≤2 ≤2 0 ≤2 ≤2 1.5 ≤2 ≤2 0.3

Gentamicin ≤2 ≤2 0.4 ≤2 ≤2 0.0 ≤2 ≤2 0.0

Neomycin ≤4 ≤4 6.3 ≤4 ≤4 8.6 ≤4 ≤4 6.8

Sulfamethoxazole >256 >256 83.3 >256 >256 76.1 >256 >256 74.0

Spectinomycin 64 >128 42.2 64 >128 49.9 64 >128 42.9

Streptomycin 32 >64 53 32 >64 56.6 64 >64 57.6

Tetracycline >16 >16 54.1 >16 >16 66.1 >16 >16 69.9

Tiamulin >32 >32 99.3 >32 >32 99.7 >32 >32 98.3

Tilmicosin >32 >32 99.6 >32 >32 99.1 >32 >32 98.6

Trimethoprim >16 >16 60 >16 >16 65.2 >16 >16 64.2

Trimethoprim-
Sulfamethoxazoleb >4 >4 59.6 >4 >4 64.6 >4 >4 63.9

Tylosin >4 >4 Rint >4 >4 Rint >4 >4 Rint
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Introduction
Human yersiniosis presents one of the main 
foodborne zoonoses in European Union (1). The main 
carriers of pathogenic Yersinia enterocolitica 
are pigs, and meat can be contaminated during 
slaughter processing. Very limited research of 
Y. enterocolitica in the context of food chain 
are available in Croatia. First published study 
(2) showed low prevalence (0.08 %) of pathogen in 
pork meat, processed meat and surface swabs of 
meat processing units. However, authors isolated 
pathogenic Y. enterocolitica strain resistant to 
main clinical antibiotics relevant at the time of 
study (1990ties). Recent studies in Croatia (3, 4) 
evaluated the prevalence of Y. enterocolitica in food 
chain, including pig tonsils and mandibular lymph 
nodes, pork meat and meat preparations, thermally 
processed and fermented meat products, raw milk 
and unpasteurized milk cheeses. Y. enterocolitica 
O:3 strains were only recovered from 26 tonsils 
(33.33 %), 8 mandibular lymph nodes (10.25 %) and 
retailed pork meat (6.25 %). 
Since antimicrobial resistance (AMR) in food chain 
is one of a leading One Health issues, the aim of 
presented study was to evaluate it in Yersinia 
enterocolitica O:3 strains collected from tonsils 
and mandibular lymph nodes of slaughtered pigs in 
Croatian abattoirs.

Materials and Methods
Pig tonsils (n=78) and mandibular lymph nodes 
(n=78) were sampled on slaughter-line and subjected 
to microbiological testing for presence of Y. 
enterocolitica, as reported elsewhere (2). Three 
different types of abattoirs were selected, and 
pigs were originated from individual households, 
medium-size family farms and large farms. 
Presumptive colonies (n=49) were selected from CIN 
and CHROMagarTM Y.enterocolitica and subjected to 
MALDI-TOF MS identification (Bruker Daltonik, Bremen, 
Germany) and serotyping (Statens Serum Institute, 
Denmark). Antimicrobial susceptibility was tested 
by disk diffusion method toward levofloxacin, 
ciprofloxacin, ampicillin, cephalothin, cefotaxime, 
tetracycline, nalidixic acid, ceftazidime, 
trimethoprim/sulfamethoxazole, chloramphenicol 
and streptomycin. Antimicrobial susceptibility/

resistance of strains was assessed following EUCAST/
CLSI guidelines.

Results
All selected colonies were identified by MALDI-TOF 
MS as Yersinia enterocolitica and belonged to O:3 
serotype. The majority of strains was resistant 
toward ampicillin (91.6 %) and cephalothin (85.4 %), 
followed by chloramphenicol (31.2 %), nalidixic acid 
(31.2 %), streptomycin (27.0 %), tetracycline (8.3 %) and 
trimethoprim/sulfamethoxazole (2.0 %). Only one strain 
was susceptible to all antimicrobial agents tested. Y. 
enterocolitica strains from medium-scale farms were 
mostly resistant to ampicillin and cephalothin, while 
strains collected from large farms were additionally 
resistant to chloramphenicol, nalidixic acid and 
streptomycin. Multiresistance (resistance to three or 
more agents) was found in 17 strains (35.4 %). Higher 
prevalence of multiresistant Y. enterocolitica was 
evident in pigs originated from large farms (Table 1).

Discussion and Conclusion
Y. enterocolitica strains are usually resistant 
to penicillin, ampicillin, and first-generation 
cephalosporins. First-line drugs used against the 
bacterium include aminoglycosides and trimethoprim-
sulfamethoxazole and other effective drugs include 
third-generation cephalosporins, tetracyclines and 
fluoroquinolones (5). The presence of resistant Y. 
enterocolitica in pigs at slaughter has been studied 
in recent years in many European countries (6, 7), but 
not in Croatia. Similar to our results, Fois et al. (6) 
reported the most common resistance to ampicillin and 
cephalothin in slaughtered pigs in Sardinia, Italy. 
In Latvia (8), additional resistance of all tested 
Y. enterocolitica was found toward erythromicin 
and sulphamethoxazole. Bonardi et al. (7) in North 
Italy also reported high level of resistance against 
sulphonamides in slaughtered pigs. In contrast, the 
resistance level toward sulphonamides in our study 
was low, as reported by other authors in Switzerland 
or Germany (9, 10). Opposite to other studies (11, 
12), our isolates showed relative high resistance 
(about 30 %) toward chloramphenicol, nalidixic acid or 
streptomycin. In conclusion, AMR in Y. enterocolitica 
of slaughtered pigs in Croatia is comparable to 
data from other European countries. The majority 
of strains were susceptible to clinically relevant 
antimicrobial agents.
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