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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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Table 1: Number of (multi)resistant Y. enterocolitica strains and resistance profiles

 
Slaughterhouse 1  
(medium-size farms)

Slaughterhouse 2  
(large farms)

Slaughterhouse 3  
(medium-size farms)

Tested strains 15 26 8

Resistant strains 14 26 8

Multiresistant strains 2 15 0

Dominant resistance patterns AMP-KF (n=10) AMP-KF-NA-C-STR (n=11) AMP-KF

Multiresistance patterns
AMP-KF-TET, AMP-KF-TET-C, 
AMP-KF-NA

AMP-KF-TET-NA-C-STR, 
AMP-KF-NA-C-STR, TET-NA-
CAZ-TST, KF-NA-C-STR, 
NA-C-STR

-
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Introduction
In the last decade, the growth of the pig-farming 
industry has led to an increase in antibiotic use, 
including several used in human medicine, e.g. 
(fluoro)quinolones. Data from several studies suggest 
that there is a link between the agricultural use 
of antibiotics and the prevalence of antibiotic-
resistant bacteria in the pig farm environment, 
including (fluoro)quinolone resistance. This poses 
a threat to human and animal health. Our goal was 
to phenotypically and genotypically characterise 
174 E. coli showing non-susceptibility to quinolones 
isolated from environmental samples from pig farms. 

Material and Methods
Antimicrobial susceptibility testing (AST) was 
performed using the disk diffusion method. PCR 
and sequence analysis were performed to identify 
chromosomal mutations in the quinolone resistance-
determining regions (QRDR) of gyrA and the isolates 
were screened for the presence of the plasmid-mediated 
quinolone resistance (PMQR) genes aac-69-Ib-cr, qepA, 
qnrA, qnrB, qnrC, qnrD and qnrS.
Strain relatedness was assessed by phylogenetic 
classification and multilocus sequence typing (MLST). 

Results
Antimicrobial susceptibility testing by the disc 
diffusion method showed that 81 % (n=141) of 
the strains were resistant and 19 % (n=33) were 
intermediately resistant to nalidixic acid. 
Furthermore, 36.2 % (n=63) of the isolates were also 
resistant to ciprofloxacin.
Additional antimicrobial resistance was most 
frequently observed for streptomycin (72.4 % /
n=126), tetracycline (60.9 % /n=106), sulfamethoxazole/
trimethoprim (50 % /n=87), ampicillin (46.6 % /n=81), 
kanamycin (19.5 % /n=34), chloramphenicol (15.5 % /
n=27), and gentamicin (14.4 % /n=25), respectively 
(Table 1). Resistance to all other tested antibiotics 
was detected for at least one isolate, except to 
nitrofurantoin. 

Of the 174 isolates analysed in this study, 68.4 % 
(n=119) were resistant to three or more classes 
of antibiotics and therefore categorised as MDR. 
The most frequent MDR combinations detected were 
SXT-TE-STR (n=15), AM-SXT-TE-S (n=10) and AM-SXT-STR-K 
(n=8) (Table 1). E. coli strains resistant to four 
and five antibiotics were the most prevalent (21.3 % 
and 19.0 %, respectively).
Of 141 isolates with a nalidixic acid resistant 
phenotype, 98.6 % (n=139) possessed at least one 
nucleotide mutation in the QRDR of gyrA. Thereof, 
49.6 % (n=70) showed single amino acid substitution 
at codon Ser83, namely Ser83 to Leu (n=67), or Asp87 
to Tyr (n=2), or Asp87 to Gly (n=1). Further, 48.9 % 
(n=69) possessed double substitutions at Ser83 to 
Leu and Asp87 to Asn (n=68) or Tyr (n=1). Two 
isolates (isolates no. 65 and 106, respectively) 
tested negative for mutations in the QRDR of gyrA 
(Table 1).
A total of 38 strains possessed one or more PMQR 
genes, representing 21.8 % of the 174 analysed 
strains (Table 1). Among the 19.5 % (n=34) of the 
isolates with one PMQR gene, twenty (11.5 %) possessed 
qnrB, thirteen (7.5 %) qnrS and one isolate (0.6 %) 
possessed aac(6’)-Ib, respectively (Table 1). Four 
isolates (2.3 %) possessed a combination of qnrB and 
qnrS genes. No isolates tested positive for qnrA, 
qnrC, qnrD or qepA. The occurrence of PMQR positive 
isolates was remarkably higher in strains exhibiting 
intermediate resistance to nalidixic acid (90.9 % 
/n=30), than in nalidixic acid resistant strains 
(5.7 % /n=8). Moreover, all qnrB/qnrS combinations 
were detected in intermediately resistant isolates 
(Table 1). Isolates possessing PMQR were found in 
11 (22.9 %) of the dust samples 16 (28.6 %) of the 
wipe samples. and 11 (15.7 %) of the slurry samples. 
Of the 23 farms with reported use of fluoroquinolones, 
12 (52.2 %) yielded environmental E. coli containing 
PMQR genes. Thereof, the majority (7 farms/58.3 %) 
were farrowing and rearing farms, three (25 %) were 
fattening farms and two (16.7 %) were mating and 
gestation farms (Table 1).
By contrast, of the 32 farms without a history of 
fluoroquinolone use during the study period, nine 
(28.1 %) tested positive for E. coli harbouring PMQR 
genes. Thereof, five (55.6 %) were fattening farms, 
four (44.4 %) were mating and gestation farms, and 
none (0 %) were farrowing and rearing farms.
The majority of the isolates were assigned to 
phylogenetic groups A (48.3 %/n=84) and group B1 
(33.3 % /n=58). The remaining strains were classified 
into group C (9.8 % /n=17), E (6.9 %/n=12), F (1.1 %/
n=2) and D (0.6 %/n=1), respectively. None of the 
isolates belonged to phylogenetic group B2.
Overall, a total of 50 STs were found. The most 
common sequence types were ST10 (n=20), ST297 


