Kurt Houf 
email: kurt.houf@ugent.be
  
Sarah De Smet 
  
Julie Baré 
  
Sylvie Daminet 
  
  
Dogs as carriers of the emerging pathogen Arcobacter
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Dogs and cats living in a household have previously been identified as a risk factor for human infection with Campylobacter and Helicobacter. In this study, carried out between July 2006 to September 2007, feces and oral swabs from 267 dogs and 61 cats were examined for the presence of the emerging pathogen Arcobacter. Isolates, obtained by an Arcobacter selective isolation procedure, were identified with an Arcobacter species-specific multiplex PCR and characterized by modified enterobacterial repetitive intergenic concensus PCR. No arcobacters were isolated from cats. Five dogs excreted arcobacters in the feces and two other dogs carried arcobacters in the mouth. In the follow-up, one dog excreted the same Arcobacter butzleri strain for at least 1 week. Six dogs carried each an unique Arcobacter cryaerophilus strain although three of them lived in the same family. Therefore, beside the consumption of food and water, contact with dogs is another potential source of Arcobacter infection.
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Introduction

Arcobacters are Gram-negative, slender curved bacteria closely related to campylobacters. At present, six species have been characterized of which Arcobacter butzleri, Arcobacter cryaerophilus, Arcobacter skirrowii and Arcobacter cibarius are human or animal related (Houf et al., 2005). Predominantly A. butzleri has been associated with enteritis and occasionally septicemia in humans [START_REF] Engberg | Prevalence of Campylobacter, Arcobacter, Helicobacter, and Sutterella spp. in human fecal samples as estimated by a reevaluation of isolation methods for campylobacters[END_REF][START_REF] Lau | Identification by 16S ribosomal RNA gene sequencing of Arcobacter butzleri bacteraemia in a patient with acute gangrenous appendicitis[END_REF][START_REF] Lerner | Severe diarrhea associated with Arcobacter butzleri[END_REF][START_REF] On | Isolation of Arcobacter butzleri from a neonate with bacteremia[END_REF][START_REF] Prouzet-Mauleon | Arcobacter butzleri: underestimated enteropathogen[END_REF]. However A. cryaerophilus and A. skirrowii have also been isolated from stools or blood of patients [START_REF] Hsueh | Bacteremia caused by Arcobacter cryaerophilus 1B[END_REF]Wybo et al., 2004). Clinical symptoms are similar to a Campylobacter jejuni infection though a higher association with persistent and watery diarrhea has been reported (Vandenberg et al., 2004).

Arcobacters seem not to belong to the normal intestinal flora of humans, but the knowledge on the pathogenicity is still very limited (Houf and Stephan, 2007).

Arcobacters are commonly present on foods of animal origin with the highest prevalence for poultry, followed by pork and beef [START_REF] Rivas | Isolation and characterisation of Arcobacter butzleri from meat[END_REF]. Contamination of pork and beef probably occurs during slaughter by fecal contamination in contrast to poultry. For the latter, no unequivocal evidence is presently available that arcobacters are present in the intestinal tract [START_REF] Gude | Ecology of Arcobacter species in chicken rearing and processing[END_REF]Houf et al., 2002b;[START_REF] Van Driessche | Discrepancy between the occurrence of Arcobacter in chickens and broiler carcass contamination[END_REF]. Besides food and drinking water, close contact with pets may be another source of infection, especially for children. Some studies showed that 6% of human enteric campylobacteriosis is transmitted from pets [START_REF] Tenkate | Risk factors for Campylobacter infection in infants and young children: a matched case-control study[END_REF]. Also for human infections with non-Helicobacter pylori organisms such as H. bizzozeroni and H. felis, dogs and cats have been assigned as important sources of infection [START_REF] Dieterich | Presence of multiple "Helicobacter heilmannii" strains in an individual suffering from ulcers and in his two cats[END_REF][START_REF] Jalava | Isolation and identification of Helicobacter spp. from canine and feline gastric mucosa[END_REF].

The aim of this study was to determine the occurrence, characteristics and persistence of arcobacters in the intestines and the oral cavity of dogs and cats in order to identify a potential transmission to humans. 

Materials and methods

Sample Origin

From July 2006 to September 2007, stool and buccal swab samples were collected from 267 dogs and 61 cats in Belgium. All pets lived in households (n=267) located in urbanized regions without contact with farm animals. None of the animals displayed clinical symptoms at the time of sampling. The age of the animals ranged from 4 months to 13 years for the dogs and from 5 months to 11 years for the cats with a total of 68 and 5 different breeds of dogs and cats, respectively (Table 1). When more than one pet was present in the household, all animals were sampled. The fecal samples were collected by the owner at the time that the buccal swabs (159C, Copan, Diagnostics Inc., Brescia, Italy) were taken by veterinary students. At that time the sex, breed, age and kind of feed were recorded. The swabs were brought immediately after sampling into a sterile tube with 10 ml Arcobacter selective isolation broth, containing 24 g l -1 Arcobacter broth (CM 965-Oxoid, Basingstoke, UK), 100 mg l -1 5-fluorouracil (Sigma, St. Louis, MO, USA), 100 mg l -1 cycloheximide (Sigma), 10 mg l -1 amphotericin B (Sigma), 16 mg l -1 cefoperazone (Sigma), 32 mg l -1 novobiocin (Sigma), and 64 mg l -1 trimethoprim (Sigma), supplemented with 50 ml/l lyzed defibrinated horse blood (E&O Laboratories Ltd., Bonnybridge, Scotland) (Houf et al., 2001a;Houf and Stephan, 2007). Both samples of each animal were transported to the laboratory and examined within 48 hours.

Animals from which arcobacters were isolated from one or both samples were resampled with one week in between. (Houf et al., 2001a), previously validated for the isolation of arcobacters from food, human and animal feces was applied (Houf and Stephan, 2007;Van Driessche et al., 2003). In the laboratory, the fecal samples were first mixed by stirring, and a maximum of 1 g feces per sample was homogenized with 1:10 ml Arcobacter selective isolation broth in a sterile tube. To assess the number of arcobacters in the stool samples, twice 100 µl of each homogenate was brought onto two Arcobacter selective agar plates containing 24 g l -1 Arcobacter broth, 12 g l -1 Agar Technical No.3 (L13-Oxoid), 100 mg l -1 5-fluorouracil, 100 mg l -1 cycloheximide, 10 mg l -1 amphotericin B, 16 mg l -1 cefoperazone, 32 mg l -1 novobiocin and 64 mg l -1 trimethoprim) (Houf et al., 2001a;Houf and Stephan, 2007). The swabs, the agar plates and the tubes with the stool homogenates were incubated for 48 h at 28°C under microaerobic conditions by evacuating 80% of the normal atmosphere and introducing a gas mixture of 8% CO 2 , 8% H 2 and 84% N 2 into a jar. This incubation atmosphere was used for all further Arcobacter isolations and cultures. After incubation, twice 50 µl of the enriched broths were streaked onto two Arcobacter selective agar plates and incubated as described above. Every 24 h for 3 days, all selective agar plates were checked with Henry transillumination to facilitate the picking of the suspected colonies. All colonies obtained by direct isolation were counted, and a maximum of 10 and 2 colonies were picked from the plates of the direct isolation and after enrichment, respectively, and subcultured onto blood agar plates (Mueller Hinton agar [CM0337, Oxoid] supplemented with 50 ml/l lyzed defibrinated horse blood).

Sample processing

Template DNA was extracted from a 0,5 ml cell suspension of each isolate. Before extraction, all of the cell suspensions were centrifuged for 5 min at 13,000 rpm (Eppendorf model 5417-R centrifuge) to pellet the cells and the supernatants were discarded. The bacterial pellets were resuspended in 100 µl Tris-EDTA buffer and genomic DNA was extracted by the guanidiniumthiocyanate method described by Pitcher et al. (Pitcher et al. For identification at species level, an Arcobacter species-specific multiplex-PCR assay was performed in a reaction mixture of 50 µl final volume, using the primers SKIR, ARCO, BUTZ, CRY1 and CRY2 (Houf et al., 2000).

The isolates were further characterized below species level by a modified enterobacterial repetitive intergenic consensus (ERIC)-PCR (Houf et al., 2002a). Therefore one µl of DNA was added to 49 µl PCR volume. The ERIC motifs 1R 5'-ATGTAAGCTCCTGGGGATTCAC-3' and 2 5'-AAGTAAGTGACTGGGGTGAGCG-3' were used at concentrations of 25 pmol each. The PCR products were size separated by electrophoresis in 2% agarose gels. The banding pattern used to determine the genotypes comprised DNA fragments between 100 and 2072 bp. Computer based normalization and interpolation of the DNA profiles and numerical analysis using the Pearson product moment correlation coefficient, with 1% position tolerance, were performed using the GelCompar 4.2 software package (Applied Maths, Belgium). Dendrograms were constructed using the unweighted pair group linkage analysis method (UPGMA). For convenience, the correlation level was expressed as a percentage similarity. As shown in previous studies, DNA patterns that differed in one or more DNA-fragments represented different genotypes (Houf et al., 2002a;Van Driessche et al., 2004).

Results

No arcobacters were isolated from the fecal samples and buccal swab samples from cats. In contrast, five dogs (1,9%) excreted arcobacters in the feces and two other dogs (0,7%)

A c c e p t e d M a n u s c r i p t 7 carried arcobacters in the buccal cavity (Table 2). None of the animals excreted and carried arcobacters in the mouth simultaneously. The feces of the dogs excreting arcobacters displayed no abnormalities in consistency, color or odor. Arcobacters were only detected using selective enrichment, consequently, the excretion level was ≤ than 100 cfu per gram. As reported in the study of the examination of human stool (Houf and Stephan, 2007), also in the present study, it was noted that on some Arcobacter selective agar plates, yellow translucent colonies, resembling Arcobacter colony morphology appeared already after 24 h incubation.

Biochemical examination of this accompanying flora identified them as belonging to the Pseudomonas genus. However, these bacteria displayed no bluish colouring when examined by Henry transillumination and did not hamper the picking of suspected colonies. Except for the three Belgian Tervuren shepherds, who lived in one family, the dogs were unrelated and samples were collected at different points in time.

Identification at species level showed that all dogs except one carried or excreted A. cryaerophilus (Table 2). One dog, a female Labrador of one year old, excreted A. butzleri.

From those dogs from which arcobacters were isolated, a second fecal sample and buccal swab sample were collected one week after the first sampling. Only the dog that shed A. butzleri delivered a second positive stool sample (Table 2). A third sample collected two weeks after the initial sampling was negative.

Characterization of the isolates obtained from both Arcobacter agar plates per sample, a total of six different A. cryaerophilus genotypes, one per animal, was recovered. In contrast, all A. butzleri isolates from the two stool samples of the Labrador were the same strain (Fig. 1).

Based on the information recorded in a questionnaire about the feed, way of housing, sex, age and breed, no indication about the infection source nor predisposing factors could be determined. The owners of the Arcobacter carrying dogs claimed all not to have symptoms of 

Discussion

In this study, no arcobacters were isolated from cats. However, this does not necessarily imply that cats are not potential vectors for arcobacters. Beside the lower number of cats compared to dogs included in this study, other reasons may be that most cats were fed on pelleted or heat sterilized canned feed, while some of the dogs obtained, beside their feed, leftovers from the family meals. Also the sampling procedure may have interacted. First, collecting buccal swab samples from cats is much harder, and secondly, most of the cat feces were collected from the cat's box, where the litter has a rapidly drying out effect. Most cats had a relatively active nightlife outdoors by which contact with mice and rats is most likely, but no data are presently available about the occurrence of arcobacters in rodents. In the future, in view of the hygiene habits of cats, the determination of the contamination status of the anal area and fur by swab sampling may reflect more the potential risk of the transmission of arcobacters to humans than stool or mouth swab samples.

Arcobacters were isolated from 2,6% of the dogs of which mostly A. cryaerophilus.

No other data are presently available to place this finding in a larger perspective, though this prevalence is much lower than previously reported for other animals such as pigs, ruminants and horses (Van Driessche et al., 2003). The prevalence is also lower than the Campylobacter carriage rates of between 5 and 29% reported for healthy dogs [START_REF] Tenkate | Risk factors for Campylobacter infection in infants and young children: a matched case-control study[END_REF].

Apparently, arcobacters do not belong to the normal intestinal flora of carnivores either, and the isolation of A. cryaerophilus strains points merely on a temporal transition without colonization of the intestinal tract. However, it remains remarkable that only one A.
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Moreover, the finding that unique A. cryaerophilus strains were recovered from dogs kept in the same household and fed with the same feed needs further attention.

In contrast, A. butzleri was isolated twice from the stool of one dog. During this period, no clinical symptoms were observed, nor was their a history of diarrhea.

Characterization revealed the persistence of a single A. butzleri strain for at least one week which indicates a colonization of the intestinal tract or a continuous infection by a contaminated matrix. Apparently a clearance of the microorganism occurred so it would be interesting to examine the immune response of such animals. However, for now, this test is not available.

A. cryaerophilus has also been isolated from stool of healthy humans, at a prevalence comparable to dogs (1,4% versus 1,5%) and also one strain per person was isolated (Houf and Stephan, 2007). Though several cases of enteritis or septicemia in humans associated with A.

cryaerophilus have been reported, the pathogenicity of this species is still under discussion.

Hitherto, the role of A. butzleri in enteric infections is not definitively proven, but its involvement is likely [START_REF] Prouzet-Mauleon | Arcobacter butzleri: underestimated enteropathogen[END_REF]. This species has not been isolated from normal human stool [START_REF] Engberg | Prevalence of Campylobacter, Arcobacter, Helicobacter, and Sutterella spp. in human fecal samples as estimated by a reevaluation of isolation methods for campylobacters[END_REF]Houf and Stephan, 2007) and several in vitro tests have shown its cytopathogenic potential (Ho et al., 2007;Houf and Stephan, 2007;[START_REF] Johnson | Lack of a cytolethal distending toxin among Arcobacter isolates from various-sources[END_REF]. However, no routinely based testing of diarrheal stool for Arcobacter species is performed at the moment and isolation is predominantly performed by slightly of not modified Campylobacter, Yersinia or Leptospira isolation techniques of which the lack in their ability to isolate all Arcobacter species and strains has been demonstrated (Houf et al., 2001b;[START_REF] Prouzet-Mauleon | Arcobacter butzleri: underestimated enteropathogen[END_REF]Vandenberg et al., 2004). Therefore, the real prevalence of A. butzleri infection has yet to be determined. Van Driessche, E., Houf, K., Vangroenweghe, F., Nollet, N., De Zutter, L., Vandamme, P., Van Hoof, J., 2004. Occurrence and strain diversity of Arcobacter species isolated from healthy Belgian pigs. Res. Microbiol. 155, 662-666. Vandenberg, O., Dediste, A., Houf, K., Ibekwem, S., Souayah, H., Cadranel, S., Douat, N., Zissis, G., Butzler, J.P., Vandamme, P., 2004. Arcobacter species in humans. Emerg.

Infect. Dis. 10, 1863-1867. Wybo, I., Breynaert, J., Lauwers, S., Lindenburg, F., Houf, K., 2004. Isolation of Arcobacter skirrowii from a patient with chronic diarrhea. J. Clin. Microbiol. 42, 1851-1852. 

The

  Arcobacter selective isolation technique developed by Houf et al.

  ,

  Five µl of each DNA preparation was size separated by electrophoresis to evaluate the integrity of the DNA extracted. The concentration of each DNA template was determined spectrophotometrically at A260 and adjusted to 25 ng µl -1 . The DNA templates were stored at -20°C.

  pain at the time of the initial and second sampling, and they refused to deliver a stool sample for further examination.

  transmission of arcobacters from dogs to humans was not demonstrated in this study, there might be a risk of Arcobacter infection if residing in a household which has dogs as pets, with direct contact with the animals' feces or by licking as potential transmission routes.
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Fig. 1 .

 1 Fig. 1. Cluster analysis of the arcobacters isolated from dogs characterized by modified enterobacterial repetitive intergenic concensus (ERIC) PCR

  

Table 1 . Data of animals included in the study

 1 

	N°of animals	N° of males N° of females N° of breeds	age group	N° of households
	dogs	267	131	136	68	4 months -13 years	216
	cats	61	32	29	5	5 months -11 years	51
	N°: number						
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