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Campylobacter jejuni isolates from a national Swedish Campylobacter monitoring in broilers were characterized by multilocus sequencing typing (MLST) in order to study the genetic diversity of this bacterial population. Isolates were initially characterized by pulsed-field gel electrophoresis (PFGE). One hundred were chosen for MLST genotyping. PFGE identified 69 distinct types compared to 44 different sequence types (STs) identified with MLST. Eighteen STs had not been described previously, while the remaining 26 STs were assigned to previously known clonal complexes. The majority of isolates were of genotypes noted in broilers and in humans in earlier studies. However, three clonal complexes, ST-206 complex, ST-677 complex and ST-1034 complex, previously associated with wild bird and environmental samples, were among the genotypes found. This study shows that most of the Swedish broiler isolates were of genotypes noted as common in broilers. However, it also highlights the potential influence of environmental sources on the broiler C. jejuni genotypes.

A c c e p t e d M a n u s c r i p t

Introduction

Campylobacter jejuni inhabits the gastrointestinal tract of many domestic animals and is a frequent cause of gastroenteritis in humans. Infections are most often caused by consumption of undercooked or cross-contaminated foods, most notably poultry products [START_REF] Moore | Campylobacter[END_REF]. In Sweden, there are about 7000 reported cases of human campylobacteriosis per year, of which 30-40% are of domestic origin (http://www.smittskyddsinstitutet.se).

Epidemiological studies on C. jejuni in broilers show that the bacterium can persist in chicken houses between flock rotations or be introduced by contaminated equipment (Newell and Fearnley 2003). Other less documented sources for introduction of C. jejuni bacteria to broiler houses are drinking water or transmission from other animals (wild or domestic) and insects [START_REF] Ogden | Use of multilocus sequence typing to investigate the association between the presence of Campylobacter spp. in broiler drinking water and Campylobacter colonization in broilers[END_REF]). The bacterium can also survive in biofilms [START_REF] Reeser | Characterization of Campylobacter jejuni biofilms under defined growth conditions[END_REF]) and even colonize protozoa, which potentially could enhance environmental survival [START_REF] Snelling | Survival of Campylobacter jejuni in waterborne protozoa[END_REF].

The structure and intensity of food animal production and poultry rearing conditions differ between countries and regions, which in turn affects the prevalence and temporal distribution of C. jejuni colonization in poultry and infection in humans (Nylén et al. 2002). The broiler production system in Sweden is dominated by large producers, mainly located in the southern part of the country. A national Campylobacter monitoring program has been in place since 1991 in broilers in which 99% of the producers participate (Hansson et al. 2007a).

A c c e p t e d M a n u s c r i p t 4 Genotyping has shown that C. jejuni is genetically diverse and analyses of sample collections usually show a large strain variety regardless of the genotyping method used [START_REF] Klena | Methods for epidemiological analysis of Campylobacter jejuni[END_REF]. Today, multilocus sequence typing (MLST) is a common technique for epidemiological and population genetic studies of C. jejuni. As a part of the MLST scheme, genotyping data are stored in an internet-based database facilitating interlaboratory comparisons [START_REF] Dingle | Multilocus sequence typing system for Campylobacter jejuni[END_REF]).

In the present study, we used the MLST method to investigate which C. jejuni genotypes are circulating in Swedish broilers in order to better understand the bacterial diversity within the population. A stratified approach was used, in which a large amount of broiler material was first investigated by pulsed-field gel electrophoresis (PFGE) from which a subset of C. jejuni isolates was selected for analysis by MLST.

Materials and methods

Bacterial strains

The routines for processing and analysing samples for the Swedish broiler monitoring program have been established for more than ten years (Hansson et al. 2007a) Campylobacter species identification was initially based on standard phenotypic tests [START_REF] Nachamkin | Campylobacter and Arcobacter[END_REF], and samples with ambiguous results were subjected to a PCR-based method for identification of C. jejuni, C. coli, C. lari and C. upsaliensis [START_REF] Fermér | Specific PCR identification and differentiation of the thermophilic campylobacters, Campylobacter jejuni, C. coli, C. lari and C. upsaliensis[END_REF]. The C. jejuni isolates were genotyped by PFGE using SmaI as restriction enzyme and the standardized Campynet protocol (http://campynet.vetinst.dk/PFGE.html).

Restriction fragment profiles were analysed by using Bionumerics version 5.10 (Applied Maths, Kortrijk, Belgium). Band position tolerance and optimization were both set to 1%, and strains with banding patterns indicated as 100% similar were considered as belonging to the same PFGE type. 

MLST analyses

The 100 isolates were cultured on blood agar (Columbia agar II containing 8% [vol/vol] whole horse blood) at 42°C for 48h in a microaerobic gas environment, with the CampyGen gas-generating system (CN0025A; Oxoid, Ltd., Basingstoke, United Kingdom) and the BBL GasPak system (BD, Franklin Lakes, NJ). Suspensions of bacterial cells were prepared in 200µl of phosphate-buffered saline (Sigma, St Louis), from which genomic DNA was extracted using a Bio Robot M48 (Qiagen, Hilden, PCR amplification and nucleotide sequencing followed the published C. jejuni MLST protocol [START_REF] Dingle | Multilocus sequence typing system for Campylobacter jejuni[END_REF]. In brief, PCRs were carried out in 25µl-reactions, each mixture including: ~ 10ng of Campylobacter DNA, 1µM of forward and reverse primers, 1 X PCR buffer (Applied Biosystems, New Jersey, USA) 1.5mM MgCl 2 , 0.2mM deoxynucleoside triphosphates, and 1.25U of Amplitaq polymerase (Applied Biosystems). The amplification products were purified with the following protocol: 30µl 20% PEG (Sigma, Steinheim, Germany) containing 2.5M NaCl were added to 25µl PCR product and incubated at room temperature for 30min, followed by a centrifugation step at 2800 x g for 1h at 4ºC. The supernatant was discarded by inverting the PCR-plate on a paper towel and spun for 1min at 500 x g. The pellet was then washed with 100µl ice cold 70% EtOH followed by centrifugation at 2800 x g for 10min and removal of supernatant. This washing step was repeated and the dried PCR-product was resuspended in 10µl ddH 2 O. Purified PCR products were sent to Macrogen Inc. (South Korea) for sequencing using internally separated nested primer pairs.

Assignment of allele numbers, sequence types and clonal complexes

The sequences were compared to existing alleles in the MLST C. jejuni and C. coli database to determine allele numbers and sequence types (STs) (http://campylobacter.mlst.net/). Clonal relationships between genotypes were investigated by running a BURST analysis on all STs in the database and grouping 

Results

Diversity of C. jejuni MLST genotypes

Complete MLST data were obtained for 99 of the 100 investigated isolates. The remaining isolate failed to work with all MLST primers and was excluded from further analyses. A total of 44 different STs were identified among the samples (Table 1), of which 34 occurred only once in the dataset. Eighteen STs were genotypes previously not recorded in the database, while the remaining 26 STs (comprising 81 isolates) had been isolated in other geographical locations. New allele sequences were found for the aspA (n=2), the glnA (n=1), the glyA (n=1) and the pgm (n=1) loci.

Eighty-six of the isolates grouped into 17 previously characterized CCs, while the remaining 13 isolates had STs that were unassigned after the BURST analysis (Table 1).

Three complexes, the ST-21 complex, the ST-45 complex and the ST-48 complex, predominated and accounted for 60% of all the isolates. The most common of these was the ST-21 complex, with 28 isolates divided into 6 STs, followed by the ST-45 complex represented by 21 isolates of 3 STs, and the ST-48 complex with 10 isolates of 3 STs (Table 1). The ST-1034 complex was represented with 4 different STs of which ST-3493

A c c e p t e d M a n u s c r i p t 8 was new. There were 6 clonal complexes that were present only with 1 isolate in the dataset (ST-61 complex, ST-353 complex, ST-403 complex, ST-658 complex, ST-677 complex and ST-828 complex); several of these contained new STs. Furthermore, the 2 isolates that belonged to the ST-952 complex were new STs with only 3 alleles having similarity. Thirteen STs had no founder ST identified with the BURST analysis (last database query, April 2008) and therefore were marked as unassigned (Table 1).

Association between genotype and source

All clonal complexes obtained were queried for previously recorded sources of isolation on the MLST isolate database. That information was used to construct a matrix of the number of recorded isolates in each of the following groups of samples: from humans, chickens, cattle, pigs, sheep, wild birds, turkeys, other animals and the environment (Table 2). All the clonal complexes found in this study have been recorded previously in human samples, and all except the ST-403 and the ST-952 complexes have been isolated from broilers (Table 2). The ST-21 complex, ST-45 complex and ST-48 complex, which were the most prevalent among the Swedish broiler samples, were well-represented among human, chicken and cattle samples in the database, and were also found in other farm animals and in samples from wild birds and the environment. One isolate in this study was of the ST-403 complex which is mainly associated with pigs and uncommon in chickens (Table 2).

Comparison of genotype diversity by PFGE and MLST

A c c e p t e d M a n u s c r i p t 9 A UPMGA dendrogram was constructed from the 100 Campylobacter PFGE macro restriction profiles to identify unique PFGE types (data not shown). Using this approach, the PFGE method identified 69 types compared to the 44 STs identified with MLST. Two smaller dendrograms were constructed for the PFGE types which had been assigned by MLST to the ST-21 complex and the ST-45 complex for a more detailed inspection (Figures 1 and2). The 28 isolates of the ST-21 complex gave rise to 18 PFGE types and 6 STs, while the 21 isolates of the ST-45 complex gave rise to 11 PFGE types and 3 STs.

The ST-21 and the ST-50 genotypes gave rise to 8 PFGE types each (Figure 1) and the ST-45 genotype gave 9 PFGE types (Figure 2). Five PFGE types were represented with unique STs (PFGE types 1, 33, 49, 61 and 63; Figures 1 and2), and 2 PFGE types gave rise to more than one ST (PFGE types 51 and 55; Figure 1).

Discussion

The aim of our study was to elucidate which C. jejuni genotypes circulate in commercially-reared Swedish broilers, and use data from the MLST isolate database to get insights into possible sources for these genotypes, i.e. if they are restricted to poultry or if they have other recognized reservoirs. Broiler isolates were initially screened with PFGE and 100 isolates were chosen to reflect the span of C. jejuni PFGE genotypes in Swedish broilers. Using this stratified approach, 44 different STs were found among the 99 fully characterized isolates. Most of the variation was already documented in the MLST isolate database, but about 20% of the obtained STs were new. This level of A c c e p t e d M a n u s c r i p t 10 genetic variation is similar to that observed in other studies of unselected or selected poultry materials, particularly since poultry isolates have shown higher diversity than, for instance, human isolates [START_REF] Manning | Multilocus sequence typing for comparison of veterinary and human isolates of Campylobacter jejuni[END_REF]. Three larger complexes, the ST-21 complex, the ST-45 complex and the ST-48 complex, predominated in the sample. These are also some of the most common genotype assemblages among human isolates, and are common in poultry and other farm animals in large parts of the world [START_REF] Dingle | Multilocus sequence typing system for Campylobacter jejuni[END_REF][START_REF] Colles | Genetic diversity of Campylobacter jejuni isolates from farm animals and the farm environment[END_REF]; Table 2).

Interestingly, all identified clonal complexes have been involved in human disease, and all except two have previously been found in poultry (Table 2). However, although detected among poultry, some of the clonal complexes have been more commonly isolated from other food animal sources. For instance, the ST-42 and ST-61 complexes are predominantly found in cattle and sheep [START_REF] Colles | Genetic diversity of Campylobacter jejuni isolates from farm animals and the farm environment[END_REF]; Table 2), while the ST-403 and ST-828 complexes are more frequently found in swine [START_REF] Manning | Multilocus sequence typing for comparison of veterinary and human isolates of Campylobacter jejuni[END_REF] Table 2). In fact, the ST-828 complex has been associated with C. coli rather than C. jejuni [START_REF] Kärenlampi | Longitudinal study of Finnish Campylobacter jejuni and C. coli isolates from humans, using multilocus sequencing typing, including comparison with epidemiological data and isolates from poultry and cattle[END_REF], and when the isolate was retested by PCR [START_REF] Vandamme | Campylobacter hyoilei Alderton et al. 1995 and Campylobacter coli Véron and Chatelain 1973 are subjective synonyms[END_REF], it turned out to be a C. coli misidentified as C. jejuni. One benefit of our stratified selection process was that it likely selected for the inclusion of C. jejuni genotypes that are rare among poultry. C. jejuni has a broad host range and studies have shown that genotypes among non-food animals can be genetically different from genotypes common in poultry [START_REF] Broman | Diversities and similarities in PFGE profiles of Campylobacter jejuni from migrating birds and humans[END_REF][START_REF] Mccarthy | Host-associated genetic import in Campylobacter jejuni[END_REF]). Four clonal complexes, the ST-677 complex, the ST-692 complex, the ST-952 complex and the ST-1034 complex, containing 12% of the isolates, provided examples of genotype assemblages previously associated with wild birds and environmental samples (Table 2).

A c c e p t e d M a n u s c r i p t 11 Among these, the ST-1034 complex and the ST-692 complex seem to be frequent in mallards, geese and gulls, a group of birds that share aquatic environments [START_REF] Waldenström | Prevalence of Campylobacter jejuni, Campylobacter lari, and Campylobacter coli in different ecological guilds and taxa of migrating birds[END_REF]. In addition, large clonal complexes, such as the ST-21 clonal complex, are likely overrepresented in this study, because the larger a complex is the more likely it is to exhibit a large banding pattern variation by PFGE.

The distribution of MLST genotypes seems to differ among countries, although the number of published studies enabling such comparisons is limited. There was a strong congruence between our results and poultry C. jejuni data from England (a subset of data from McCarthy et al. 2007, kindly provided by N. McCarthy), where the ST-21, ST-42, ST-45 and ST-48 complexes comprised more than half of the isolates. Much larger differences were observed when comparing our data with a C. jejuni dataset from Senegal chickens [START_REF] Kinana | Genetic diversity and quinolone resistance in Campylobacter jejuni isolates from poultry in Senegal[END_REF]. For example, the ST-353 complex was one of the most common in Senegal, while in our material it was only represented by a single isolate.

Additionally, the Senegal data had CCs that were not found in Sweden and England. There are differences between the studies in terms of sampling and culture methods, as well as in the way samples were selected, so strict epidemiological conclusions can not be drawn from these comparisons. However, the similarity in genotype assemblages between Swedish and English poultry C. jejuni isolates is interesting, and suggests the existence of similar ecological conditions in the poultry industry of the two countries.

Further studies, using standardized collecting methods and unbiased samples, are needed to establish whether these similarities reflect the true situation. At present, however, it can be noted that some genotypes have been isolated in poultry in many different regions of the world. For instance, ST-21 and ST-45 have been isolated from Europe, America, A c c e p t e d M a n u s c r i p t from penguins on a remote sub-Antarctic island [START_REF] Griekspoor | Campylobacter jejuni in Penguins, Antarctica[END_REF].

The occurrence of genotypes predominately associated with wild birds and other environmental reservoirs in commercially raised Swedish broilers may indicate that there are difficulties in establishing closed production systems, and that isolates from the environment were transferred into the chicken houses (Hansson et al. 2007b). It remains to be established whether all C. jejuni, including those associated with non-food animal hosts, are pathogenic to humans, but at least they can be important for the bacterial population structure [START_REF] Colles | Dynamics of Campylobacter colonization of a natural host, Sturnus vulgaris (European starling)[END_REF].

While both PFGE and MLST gave rise to many genotypes, the former method was more discriminatory. In general, the distribution of MLST genotypes on the PFGE UPMGA tree showed a resemblance in which the clonal complexes most often clustered together. However, at a finer level there were many examples where the two methods gave different topologies (Figures 1 and2). The general pattern was that PFGE was more discriminatory, but there were two cases where a single PFGE type gave rise to 2 STs (Figure 1). The interpretation of restriction profiles relies on many parameters, such as correct normalization of gels, and the resulting UPMGA tree is sensitive to the number and order of included profiles. MLST is based on sequence data, and provides minimal experimental variation which makes it suitable for interlaboratory comparisons.

To conclude, we found significant genotypic diversity among C. jejuni from Swedish broiler chickens with both PFGE and MLST. The majority of isolates were of genotypes previously found in poultry and/or in humans with gastroenteritis, with three globally 

  . Caecal samples were taken from each slaughter batch at the abattoirs and sent to the National Veterinary Institute (SVA) in Uppsala, Sweden. All isolates of Campylobacter were stored in -80 °C together with relevant data on isolate origin. During each of the three years 2002-2004, every second Campylobacter isolate from a positive slaughter flock in winter (February), spring (May-June), summer A c c e p t e d M a n u s c r i p t 5 (August-September) and autumn (November) was included for characterization.

  One hundred PFGE-characterized C. jejuni isolates from the monitoring program in 2002-2004, representing 69 different PFGE types, were chosen for MLST genotyping and further investigation. These 100 C. jejuni isolates represented 56 different farms and were distributed throughout each season.

  a MagAttract DNA mini M48 kit according to the manufacturer's instructions.

  A c c e p t e d M a n u s c r i p t 7 isolates in clonal complexes (CC) on the basis of four or more shared identical alleles to a central allelic profile. For each of the CCs present among the Swedish broiler C. jejuni isolates, a database query was made to identify the sources in which they have been isolated previously.

  being most common in our sample. Our genotype distribution was rather similar to another dataset in England[START_REF] Mccarthy | Host-associated genetic import in Campylobacter jejuni[END_REF]), but contained a substantial amount of wild bird and environmentally-associated genotypes.
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