
ORIGINAL ARTICLE

Antimicrobial Resistance and Multilocus Sequence Types of
Finnish Campylobacter jejuni Isolates from Multiple Sources
S. Olkkola1, S. Nyk€asenoja2, S. Raulo2, A.-K. Llarena1, S. Kovanen1, R. Kivist€o1, A.-L. Myllyniemi2 and
M.-L. H€anninen1

1 Department of Food Hygiene and Environmental Health, Faculty of Veterinary Medicine, University of Helsinki, Helsinki, Finland
2 The Finnish Food Safety Authority Evira, Helsinki, Finland

Impacts

• This study is the first from the Nordic countries combining antimicrobial

resistance data with MLST types to find potential overlapping of resistant

MLST types among sources and also provides an extensive assessment on

the prevalence of antimicrobial resistance in Campylobacter jejuni from six

domestic sources/hosts. These results can be used to evaluate the public

health risks of acquisition of resistant C. jejuni when exposed to various

sources/hosts.

• Results show that the proportion of resistant isolates was low for most

sources. More than 80% of the bovine and broiler isolates were susceptible

to the antimicrobials studied most probably due to the restrained use of

antibiotics.

• A rare clonal complex ST-1034 CC previously associated with wild birds

showed a high proportion of tetracycline-resistant isolates, most originating

from the zoo and broilers with closely associated MLST types from these

sources. This could suggest a common ancestor for these isolates, possibly

originating from wild birds.
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Summary

Antimicrobial susceptibility was determined for 805 domestic Campylobacter

jejuni isolates obtained from broilers (n = 459), bovines (n = 120), human

patients (n = 95), natural waters (n = 80), wild birds (n = 35) and zoo animals/

enclosures (n = 16) with known multilocus sequence types (MLST) for 450 iso-

lates. The minimum inhibitory concentration (MIC) values for erythromycin,

tetracycline, streptomycin, gentamicin and the quinolones ciprofloxacin and nali-

dixic acid were determined with the VetMIC method. MICs were compared with

MLST types to find possible associations between sequence type and resistance.

The proportions of resistant isolates were 5% (broilers), 6.3% (natural waters),

11.4% (wild birds), 11.6% (human patients), 16.7% (bovines) and 31.3% (zoo).

The most common resistance among the human and bovine isolates was quino-

lone resistance alone while resistance to streptomycin alone was most often

detected among the broiler isolates and tetracycline resistance was most com-

monly observed in the wild bird, water and zoo isolates. No or negligible resis-

tance to erythromycin or gentamicin was detected. In all data, 12/26 of the

tetracycline-resistant isolates were also resistant to streptomycin (P < 0.001) and

the clonal complex (CC) ST-1034 CC showed a high proportion of 75% (9/12) of

tetracycline-resistant isolates, most originating from the zoo and broilers with

closely associated MLST types from these sources. No association between quino-

lone resistance and MLST type was seen. The low percentage of resistant isolates

among the domestic Campylobacter infections is most probably due to the

long-term controlled use of antimicrobials. However, the higher percentage of
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tetracycline resistance observed among the zoo isolates could present a risk for

zoo visitors of acquisition of resistant C. jejuni. The resistance pattern of tetracy-

cline and streptomycin most often found in ST-1034 CC could indicate a com-

mon resistance acquisition mechanism commonly present in this CC. Overall,

MLST typing was found to be a useful method in recognition of potential genetic

lineages associated with resistance.

Introduction

Campylobacter jejuni and Campylobacter coli are the most

common causes of bacterial gastrointestinal disease in

humans in the industrialized world. Campylobacteriosis is

also the most commonly reported zoonosis in the Euro-

pean Union (EU) with more than 90% of infections caused

by C. jejuni (EFSA, 2014a), and in Finland, a total of 4064

Campylobacter infections were notified in 2013 (National

Institute of Health and Welfare (THL), 2014). Usually,

campylobacteriosis is a self-limiting disease, but antimicro-

bial treatment, preferably with macrolides or fluoroquonol-

ones, is indicated in severe or prolonged cases or in

immunocompromised patients (Blaser and Engberg, 2008).

The increasing resistance to antibiotics, particularly the

high level of ciprofloxacin-resistant Campylobacter isolates

in broilers, is a concern also in the EU (EFSA, 2014b). The

use of antimicrobials in food-producing animals has been

associated with the development of resistance in both C. je-

juni and C. coli (McDermott et al., 2002; Luangtongkum

et al., 2009; Juntunen et al., 2011).

Resistance to quinolones in Campylobacter is mediated

by a single point mutation in the quinolone resistance

determining region (QRDR) of the gene gyrA and also

by the increased activity of the CmeABC efflux pump

(Wang et al., 1993; Luo et al., 2003; Ge et al., 2005).

Tetracycline resistance in C. jejuni and C. coli is medi-

ated by the ribosomal protection protein TetO encoded

by the tet(O) gene, located in either transferable plasmids

or chromosomally, and the CmeABC efflux pump (Lin

et al., 2002; Dasti et al., 2007). Also, aminoglycoside

resistance can be mediated by plasmid-encoded modifica-

tion enzymes, and a multidrug resistance plasmid har-

bouring resistance genes to tetracycline and

aminoglycosides has been described in C. jejuni and

C. coli (Nirdnoy et al., 2005; Chen et al., 2013).

There are only few published studies linking antimi-

crobial resistance and multilocus sequence typing

(MLST) to explore potential connection and spreading of

isolates between sources. Reports from Switzerland, Bel-

gium and Korea show that quinolone and tetracycline

resistance in C. jejuni and C. coli from various hosts are

detected more often in certain less common genotypes

than among the predominant types (Habib et al., 2009;

Wirz et al., 2010; Kittl et al., 2013; Shin et al., 2013).

However, another study from Switzerland found no

association between particular sequence types (STs) of

C. jejuni or C. coli derived from multiple sources and

quinolone or macrolide resistance (Korczak et al., 2009).

A study on C. jejuni and C. coli from retail poultry in

the United Kingdom revealed that resistant isolates were

distributed among rather distant genetic lineages, which

indicated a widespread acquisition of resistance determi-

nants. However, resistance to tetracycline and quinolones

was not randomly distributed among different C. jejuni

lineages which, according to the authors, indicated local

spreading out of the resistant strains and could reflect

the use of antimicrobials in poultry production (Wim-

alarathna et al., 2013).

The aim of this study was to determine the minimum

inhibitory concentrations (MICs) of several antimicrobial

agents for C. jejuni isolates from different sources and to

find potential overlapping of resistant MLST types among

those sources. Furthermore, we investigated whether resis-

tance to selected antimicrobial classes would be more com-

mon in certain MLST types and whether resistance to

different antimicrobial classes would be associated with

each other.

Materials and Methods

Bacterial isolates

A total of 805 C. jejuni isolates included in the study are

presented in Table 1. Of these, 226 domestic C. jejuni iso-

lates originated from our collection (de Haan et al., 2013;

Kovanen et al., 2014). The 27 water isolates from 2012 were

obtained from rivers, lakes and the sea in southern Finland

(unpublished data). In addition, MIC values of 579 broiler

and bovine isolates obtained through the Finnish Veteri-

nary Antimicrobial Resistance Monitoring Programme

(FINRES-Vet) were included (Table 1) (Finnish Food

Safety Authority Evira, 2011; Zoonoses centre, 2014). All

isolates were stored at �70°C in skim milk and glycerol or

Nutrient Broth No.2 (Oxoid, Basingstoke, Hampshire,

England) and glycerol.

MIC determination

The MIC values for erythromycin (ERY), tetracycline

(TET), streptomycin (STR), gentamycin (GEN) and the

quinolones ciprofloxacin (CIP), and nalidixic acid (NAL)

were determined with the broth microdilution method
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(VetMIC Camp; National Veterinary Institute, Uppsala,

Sweden). Briefly, bacterial isolates were cultivated twice

on nutrient agar with 5% blood and grown overnight

after which cation-adjusted Mueller–Hinton Broth (Dif-

co, Becton-Dickinson and Company, Sparks, NV, USA)

with 5% lysed horse blood (Labema, Kerava, Finland)

was inoculated with bacteria to reach a final inoculum of

106 CFU/ml. The VetMIC panels were inoculated with

this suspension and the panels were placed in a micro-

aerobic atmosphere at 37°C for 48 h and read under a

magnifying lens with a lamp. Campylobacter jejuni strain

ATCC 33560 was used as a control. The isolates were

classified as wild type (WT, also referred to as suscepti-

ble) or non-wild type (NWT, also referred to as resis-

tant) according to the epidemiological cut-off values

(ECOFFs, MIC > 4 mg/l for ERY and STR,

MIC > 0.5 mg/l for CIP, MIC > 1 mg/l for TET,

MIC > 2 mg/l for GEN and MIC > 16 mg/l for NAL) as

determined by the European Committee on Antimicro-

bial Susceptibility Testing (EUCAST, www.eucast.org).

MLST and detection of the tet(O) gene

All isolates from our collection and 224 of the broiler iso-

lates were previously multilocus sequence typed using

either PCR-based MLST or whole genome sequencing

using the Illumina sequencing technology as described

before (de Haan et al., 2013; Kovanen et al., 2014; Llarena

et al., 2015). The bovine isolates were not typed.

Total genomic DNA of 10 C. jejuni isolates with TET

MICs in the range of ≤0.5 mg/l to 8 mg/l originating from

humans (n = 1, TET MIC=4 mg/l), zoo (n = 4, TET

MIC=8 mg/l), wild birds (n = 1, TET MIC ≤0.5 mg/l) and

broilers (n = 4, TET MIC 1–8 mg/l) was extracted using

the Wizard Genomic DNA purification kit (Promega, Mad-

ison, WI, USA) according to the manufacturer’s instruc-

tions. The presence of the tet(O) gene was screened for by

PCR amplification of a 505-bp DNA fragment and the plas-

mid DNA of C. jejuni strain 81–176 used as a positive con-

trol (Fairchild et al., 2005). The PCR products were

visualized on 1.5% agarose gel.

Data analysis

The software SPSS for Windows ver. 21 (IBM Corp., Ar-

monk, NY, USA) was used for data processing and statisti-

cal analyses. Fisher’s exact test was used to test for

statistically significant associations between resistance to

different antimicrobial drugs and between resistance and

MLST type. Statistical significance was set at P < 0.05.

The software CLONALFRAME ver. 1.1 was used to generate

a genealogy tree of all detected STs (n = 106) based on the

sequences of the seven housekeeping genes with settings of

100 000 iterations, 50 000 burn-in iterations and every

100th three sampled (Didelot and Falush, 2007). Three

independent runs were conducted, and a consensus tree

was constructed and exported as a Newick file to MEGA6

(Tamura et al., 2013) for display and labelled in CorelDraw

X6.

Results

The MIC distributions of the isolates (n = 805) and the

resistance patterns and MLST types observed are shown in

Tables 2 and 3, respectively. The distribution of the isolates

into clonal complexes (CCs) within source is shown in

Fig. 1 and the ClonalFrame genealogy of all the STs and

resistance profiles detected in each ST and source are

shown in Fig. 2.

Human patients

Overall, 11.6% of the human patient isolates had MICs

above ECOFF for one or more antimicrobials studied, and

the most common resistance trait observed was resistance

to quinolones only (8.4%). The MLST types of the isolates

have been described before and also shown in Fig 1 (Kova-

nen et al., 2014). The eight isolates resistant to quinolones

belonged to five STs: ST-45 and ST-230 (ST-45 CC, n = 4),

ST-677 (ST-677 CC, n = 2), ST-19 (ST-21 CC) and ST-

1080 (unassigned) (Table 3). No statistically significant

associations between resistance to quinolones and ST or

CC were observed (P > 0.05).

Table 1. The isolation years and sites of the Campylobacter jejuni isolates included in this study

Source solation years Origin n

Broilers 2007–2012 FINRES-Vet 459

Bovines 2009, 2012 FINRES-Vet 120

Human patients 2012 Central Finland

(Kuopio, Mikkeli and Jyv€askyl€a)

95

Wild birds 2005, 2007, 2010 Helsinki area 35

Natural waters 2000–2001, 2005–2007, 2009, 2012 River and lake and

sea water from Southern Finland

80

Zoo 2008 Helsinki zoo animals/premises 16
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Broilers

The lowest proportion of resistant isolates among all

sources was detected in broilers (5%) and resistance to STR

alone was the most frequently observed (2%). The 224

typed broiler isolates were attributed to 39 STs of which

197 isolates had 24 STs assigned to 10 CCs, and 27 isolates

had 15 unassigned STs. The three typed TET-STR-resistant

isolates had ST-4001 (ST-1034 CC), and the five typed

STR-resistant isolates had several STs and CCs (Table 3).

Two of the six quinolone-resistant broiler isolates were

typed, and they both had ST-1721 (unassigned) (Table 3).

Bovines

Of the bovine isolates, 16.7% had MICs above ECOFF to

one or more antimicrobials studied. Quinolone resistance

alone was the most common resistance observed (8.3%)

followed by resistance to STR alone (6.7%). No MLST data

for the bovine isolates were available.

Natural waters

Tetracycline resistance was detected in 6.3% of the water

isolates, and this covered all the resistant isolates including

Table 2. MIC values of 805 C. jejuni isolates included in this study. Vertical bars indicate epidemiological cut-off (ECOFF) values and the white area

the range of concentrations tested. The numbers in the lowest concentration slots indicate isolates with MICs ≤ the lowest concentration tested,

while numbers on the grey area indicate isolates with MICs above the highest concentration tested
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one multidrug-resistant isolate (Table 3). The 80 isolates

were attributed to 39 STs: 55 isolates belonged to 18 STs

that were assigned to 11 CCs and 25 isolates belonged to 21

unassigned STs. The five TET-resistant isolates belonged to

three STs assigned to three CCs: ST-50 (ST-21 CC, n = 2),

ST-45 (ST-45 CC) and ST-1268 (ST-1275 CC), and the

multiresistant isolate had ST-45 (ST-45 CC) (Table 3).

Wild birds

Of the wild bird isolates, 11.4% had elevated MICs and all

of these were resistant to TET. The 35 isolates were attrib-

uted into 21 STs with 22 isolates having 12 STs assigned to

eight CCs, while 13 isolates had nine unassigned STs. The

four TET-resistant isolates had ST-1268 (ST-1275 CC,

n = 2), ST-5185 and ST-2611 (ST-1034 CC).

Zoo

The highest proportion of resistant isolates (31.3%) came

from the zoo and the most common resistance pattern

detected among the zoo isolates was TET-STR (18.8%). The

16 isolates were attributed to nine STs with nine isolates

belonging to four STs assigned to four CCs and seven isolates

belonging to five unassigned STs. All isolates (n = 4) with

resistance pattern TET-STR or TET-CIP-NAL-STR had ST-

977 (ST-1034 CC), and an isolate resistant to TET and qui-

nolones had ST-4579 (ST-21 CC) (Table 3). These five resis-

tant isolates originated from different animal species or sites

(great grey owl, peacock, red-necked wallaby, flamingo and

swimming water of red-necked tortoise). There was a

statistically significant association between resistance to TET

and ST and CC (P = 0.01 and 0.001, respectively) with

higher number of isolates than expected in ST-977 and ST-

1034 CC. There was also a statistically significant association

between resistance to STR and ST and CC (P = 0.015 and

0.002, respectively).

All data

In the whole data, 26 isolates had NWT MICs for TET, and

14 (53.8%) of these were also resistant to other antimicro-

bial(s) with 12 resistant to STR (P < 0.001). Isolates resis-

tant to both TET and STR were most frequently found

from broilers (n = 5) and zoo (n = 4), but even when these

sources were accounted for, an association was seen

between resistance to TET and STR (P = 0.009).

Overall, ST-1034 CC and ST-1275 CC had more and

ST-45 CC had less TET-resistant isolates than expected

(P < 0.001): ST-1034 CC had a high proportion of 75% (9/

12) of isolates resistant to TET, and all three isolates

(derived from natural waters and wild birds) with STs

attributed to ST-1275 CC were resistant to TET. The TET-

resistant isolates from the zoo and broilers having ST-977

and ST-4001, respectively, have only one different allele

among the seven MLST loci and cluster close to each other

in the ClonalFrame tree. Furthermore, the wild bird-

derived isolate having ST-5185 and showing resistance to

TET alone appears to be closely associated with these STs

as well (Fig. 2). Isolates resistant to quinolones were most

commonly susceptible to the other antimicrobials studied

with 5/28 (17.9%) isolates resistant to other antimicrobials

Source (n res/n all) Resistance profile (n) CC (n)

Human patients (11/95) TET (1) ST-6591 (1)

CIP-NAL (8) 45 (4), 677 (2), 21 (1), ST-1080 (1)

STR (1) 677 (1)

TET-STR (1) ST-2068

Broilers (23/459) TET(3) ND

CIP-NAL (5) ST-1721 (2), ND (3)

STR (9) 45 (3), 677 (1), 952 (1), ND (4)

TET-STR (5) 1034 (3), ND (2)

CIP-NAL-STR-GEN (1) ND

Bovines (20 /120) CIP-NAL (10) ND

STR (8) ND

TET-STR (1) ND

TET-CIP-NAL (1) ND

Water (5/80) TET (4) 21 (2), 1275 (1), 45 (1)

TET-CIP-NAL-STR (1) 45 (1)

Wild Birds (4/35) TET (4) 1275 (2), 1034 (2)

Zoo (5/16) TET-STR (3) 1034 (3)

TET-CIP-NAL (1) 21 (1)

TET-CIP-NAL- STR (1) 1034 (1)

ND, not determined, CIP-NAL, ciprofloxacin-nalidixic acid; TET, tetracycline; STR, streptomycin;

GEN, gentamicin.

Table 3. Resistance profiles and clonal

complexes (CC) among the Campylobacter

jejuni isolates
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as well, and four of these resistant to TET (P = 0.01). No

association between MLST and quinolone resistance was

seen (P > 0.05).

Detection of the tet(O) gene

Ten isolates with TET MICs of 0.25–8 mg/l were screened

for the presence of the tet(O) gene by PCR. These also

included the abovementioned six typed TET-STR-resistant

zoo and chicken isolates. All studied isolates with TET

MICs of 1–8 mg/l (n = 9) harboured the gene.

Discussion

The results presented here further extend the data

obtained by the FINRES-Vet monitoring programme on

broilers and bovines by the inclusion of MICs of addi-

tional isolates from various other sources and associating

MIC data with MLST types. In our previous publications,

we have extensively analysed population dynamics and

molecular epidemiology of Finnish C. jejuni isolates

obtained from human patients and on the other hand

broilers, bovines and many other reservoirs which could

be potential sources of human infection. These studies

have shown that human patients, broilers and bovines

often have the same predominant STs suggesting that

these animals are important reservoirs of human domes-

tically acquired infections (Karenlampi et al., 2007;

Hakkinen et al., 2009; de Haan et al., 2010, 2013).

Previously, we have also found that human C. jejuni iso-

lates of domestically acquired infections have a low level of

resistance to ciprofloxacin and doxycycline compared to

those acquired during travel abroad (Rautelin et al., 2003;

Schonberg-Norio et al., 2006; Feodoroff et al., 2010). In

this study, we found that quinolone resistance was the most

common resistance trait detected among the domestically

acquired isolates from humans with 8.4% of the isolates

having elevated MICs for ciprofloxacin and nalidixic acid,

while resistance to other antimicrobial groups was negligi-

ble. The ciprofloxacin MIC90 value of 0.5 mg/l of the

human isolates is similar to our previous publications, and

therefore, there is no indication of increasing fluoroquino-

lone resistance rates in domestic C. jejuni from human

patients (Rautelin et al., 2003; Schonberg-Norio et al.,

2006).

The low proportion of resistant isolates found in broilers

likely reflects the minimal use of fluoroquinolones and tet-

racyclines in poultry production in Finland. In some coun-

tries, these antimicrobials are widely used to treat poultry,

especially for respiratory infections, leading to high level of

resistance among C. jejuni and C. coli. For example, in

Spain, 96.9% of broiler C. jejuni isolates were resistant to

Fig. 1. Distribution of 450 Campylobacter

jejuni isolates into clonal complexes.
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ciprofloxacin and 90.6% to tetracyclines in 2012 (EFSA,

2014). Our results also indicate a history of low level

usage of quinolones as resistance has been shown to per-

sist for years after banning the use of these agents in

poultry in the USA (Price et al., 2007) probably due to

low fitness cost of quinolone resistance in C. jejuni (Luo

et al., 2005). Multilocus sequence typing of the isolates

indicated that the predominant CCs that colonize Finnish

broilers, ST-45 CC, ST-677 CC, ST-21 CC and ST-283

CC covering more than 80% of all MLST types recovered

during 2007 to 2012 were susceptible to quinolones and

tetracycline. The only typed quinolone-resistant isolates

had ST-1721 which is a rare ST with unknown reservoir

and resistance to tetracycline was most often seen in a

rare wild bird associated CC. This finding is in accor-

dance with previously published studies from other coun-

tries, which showed that many of the quinolone and

tetracycline-resistant isolates recovered from broilers or

chicken meat were found to have uncommon STs and

isolates attributed to ST-45 CC have been most often sus-

ceptible (Habib et al., 2009; Wirz et al., 2010).

Quinolone resistance was the most commonly detected

resistance trait among the bovine isolates. There are cur-

rently four injectable fluoroquinolone containing drugs

registered for cattle on sale in Finland. Whether the

quinolone resistance could be due to increased use of

Fig. 2. ClonalFrame genealogy including all detected Campylobacter jejuni sequence types (STs) and resistance patterns observed in different

sources.
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fluoroquinolones cannot be estimated as there are no

data on the use of antimicrobials per animal species yet.

The second most common resistance trait among bovine

isolates was streptomycin resistance. The streptomycin

resistance observed in both bovine and broiler isolates

could indicate persistent resistance as streptomycin is not

widely used for food-producing animals in Finland, and

there is currently only one streptomycin containing drug

accepted for veterinary use.

The highest percentage of resistance was found among

the zoo isolates. This finding could be due to chance as

there were only 16 isolates studied from this source with

four resistant isolates having ST-977. It is also possible that

there is more exposure to antimicrobials among the zoo

animals or that the resistant isolates having the same ST

have originated from a common source such as free-roam-

ing birds in the zoo premises. The last hypothesis is sup-

ported by the fact that one of the animals carrying

tetracycline- and streptomycin-resistant C. jejuni strain

having ST-977 was a free-roaming peacock. The higher

proportion of tetracycline resistance found among the zoo

isolates could present a risk for visitors and workers of the

zoo of acquisition of resistant C. jejuni.

Co-resistance to tetracycline and streptomycin was most

often observed in certain broiler (ST-4001) and zoo isolates

(ST-977) assigned to ST-1034 CC, a rare CC which has pre-

viously been associated with barnacle geese (Llarena et al.,

2014). ST-977 and ST-4001 differ from each other only by

one allele (two SNPs) among the seven housekeeping genes

resulting in closely related STs. Furthermore, a tetracycline-

resistant isolate from a wild bird that had ST-5185 (ST-

1034 CC) was located in the same branch in the Clonal-

Frame genealogy. Even though the sequences of the seven

MLST loci give only limited data on the genetic differences

between strains, it can be hypothesized that these isolates

could have originated from a common source such as

migrating wild birds. Overall, ST-1034 CC had the largest

number of isolates resistant to both tetracycline and strep-

tomycin, and there was an association between these resis-

tances. A similar association between resistance to

tetracycline and streptomycin was also found in the EU

surveillance data from 2012 (EFSA, 2014b) and could indi-

cate a common resistance acquisition mechanism, for

example a transferrable plasmid conferring both of these

resistance traits. Resistance to aminoglycosides and tetracy-

cline is often encoded in plasmids and a multidrug resis-

tance conferring plasmid has been described in C. jejuni

and C. coli (Nirdnoy et al., 2005; Chen et al., 2013). Fur-

thermore, the tet(O) gene was detected in all the screened

isolates with elevated MICs for TET which was contrary to

the results from our previous study on C. coli from two

Finnish swine farms where the tet(O) gene was not found

in any of the included 300 C. coli isolates and tetracycline

resistance did not develop in C. coli even after chlortetracy-

cline treatment of the pigs (Juntunen et al., 2013). These

results indicate differences between Finnish C. jejuni and

pig-derived C. coli populations in their potential of becom-

ing resistant to tetracycline.

We did not detect any associations between quinolone

resistance and MLST types in all data or inside the groups

(where relevant) and MICs above ECOFF for quinolones

were observed also in isolates assigned to common CCs

such as the ST-45 CC. In fact, isolates having ST-45 had

several resistance patterns, and outside the broiler host

quinolone resistance was observed in many common CCs

especially among the human isolates. These findings differ

from the reports from Switzerland and Korea where associ-

ations between certain uncommon MLST types and quino-

lone resistance were seen in C. jejuni isolated from humans

whereas the isolates belonging to ST-45 CC were most

often pan susceptible (Kittl et al., 2013; Shin et al., 2013).

However, another study from Switzerland that also

included human C. jejuni isolates found no association

between MLST type and quinolone resistance (Korczak

et al., 2009).

In conclusion, the proportion of resistant isolates was

low for almost all sources. More than 80% of the bovine

and broiler isolates had MICs below the ECOFFs for all the

antimicrobials studied which most likely reflects the pru-

dent use of antibiotics in food animal production. The

uneven distribution of tetracycline and streptomycin-resis-

tant isolates between CCs indicates more common presence

of resistance determinants in certain genotypes. MLST typ-

ing was found to be a useful method in studying potential

genetic lineages associated with resistance.
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