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Helicobacter equorum is highly prevalent in foals
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Faecal samples of 66 three-day-to six-month-old foals were screened for Helicobacter equorum DNA by means of a PCR amplifying a 1074 bp fragment of the 23S rRNA gene with primers specific for this enterohepatic Helicobacter species. H. equorum DNA was demonstrated in faeces from 28.6% of the less-than-one-month-old foals, while 67.8% of foals from one to six months of age tested positive. In a previous study, H. equorum was demonstrated in faeces of 0.8 -7.9% of adult horses. These results indicate that the prevalence of H. equorum in horses differs with the age of the investigated horse population.

The organism seems highly prevalent in foals between one and six months of age but the possible association with intestinal disease in this age group needs further investigation.

The genus Helicobacter is a group of Gram-negative, micro-aerophilic, curved to spiral shaped bacteria that colonise the gastro-intestinal tract of a diversity of vertebrate hosts.

Based on the main sites of colonisation, this genus can roughly be divided into gastric and enterohepatic Helicobacter species (EHS). Although some EHS may cause severe disease in animals [START_REF] Whary | Natural and experimental Helicobacter infections[END_REF], the prevalence and clinical relevance of most species remain to be established.

Recently, a novel EHS, H. equorum, has been described in adult horses (Moyaert et al., 2007b). The average prevalence in this population seemed fairly low (Moyaert et al., 2007c). However, for other members of the ε-branch of Proteobacteria, including Campylobacter species, a higher prevalence has been demonstrated in young animals compared to older ones [START_REF] Sandberg | Risk factors for Campylobacter infection in Norwegian cats and dogs[END_REF][START_REF] Engvall | Isolation and identification of thermophilic Campylobacter species in faecal samples from Swedish dogs[END_REF]. The prevalence of H. equorum in foals is not known and was therefore estimated in the present study.
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MATERIALS AND METHODS

Experimental design

Between June 2006 and November 2007, rectally collected or freshly passed faecal samples from 66 foals from 37 different owners in Flanders, Belgium, were evaluated.

Twenty-eight animals were individually owned. The other foals originated from nine different farms where two to ten animals were sampled. Foals were group-housed on two farms. Group A consisted of 7 less-than-one-month-old foals while in Group B, 59 foals were included that were one to six months of age. One foal of group A and four foals of group B exhibited signs of diarrhoea at the moment of sampling, but none of the animals was treated with an antimicrobial agent in the 14 days preceding the sampling. All other foals were apparently healthy at the moment of sampling.

Per animal, one sample was collected and all samples were stored in a sterile, plastic container at 4°C for maximally 24 hours until further analysis.

DNA was extracted from these samples using the QIAamp® DNA Stool Mini Kit (Qiagen, Venlo, The Netherlands) according to the manufacturer's protocol for isolation of DNA from stool for pathogen detection. For demonstration of H. equorum DNA, a PCR amplifying a 1074 bp fragment of the 23S rRNA gene with primers specific for this microorganism was used (Moyaert et al., 2007c).

Statistical analysis

To verify whether the observed differences in prevalence of H. equorum between the different foal populations were statistically significant, logistic regression was performed. To correct for possible correlation of the infection status of foals in the same herd, herd was 

RESULTS

H. equorum DNA was detected in 67.8% of the one-to six-month-old foals (40/59), while this was only 28.6% in less-than-one-month-old animals (2/7). The prevalence of H. equorum was significantly (P = 0.01) higher in foals from one to six months of age (Group B) than in the less-than-one-month-old foals (Group A). The odds of being positive for H. equorum was 4 times higher (95% CI between 1. 38-11.59) for foals between the age of one to six months in comparison to foals of less than one month age.

In diarrhoeic foals, H. equorum DNA was detected in four of the five foals from one to six months of age but not in the less-than-one-month-old foal. No significant difference (P= 0.87) was found in the prevalence of H. equorum in foals with or without diarrhoea.

DISCUSSION

In a previous study, it was shown that faecal material from 0.8% of adult privately owned horses, 3.1% of adult riding-school horses and 7.9% of adult hospitalised horses harboured H. equorum DNA (Moyaert et al., 2007c). In the present study, however, H. equorum DNA was detected in 28.6% of the less-than-one-month-old animals and in 67.8% of the one-to six-month-old foals. This difference in prevalence between different age groups may be related to the presence of protective maternal immunity in very young foals (< one month) and active immunity in adult horses. This has also been suggested for other bacteria, including Rhodococcus equi. It is generally accepted that the latter micro-organism can A c c e p t e d M a n u s c r i p t 6 actually replicate in the intestine of foals and cause disease, while intestinal carriage of this micro-organism in adult horses is only passive due to acquisition of the organism from contaminated soil [START_REF] Prescott | Rhodococcus equi: an animal and human pathogen[END_REF]. Adult horses are thought to be resistant to R. equi infection due to the development of a mature immune system [START_REF] Takai | Quantitative aspects of fecal Rhodococcus (Corynebacterium) equi in foals[END_REF]. A similar mechanism could be suspected for H. equorum infections in horses. Additionally, in the age category between one and six months, foals tend to become more independent from their dam, start to inspect their environment and to take up feed and water. Drinking water has indeed been suspected as a possible mode of transmission of EHS [START_REF] Azevedo | Survival of gastric and enterohepatic Helicobacter spp. in water: implications for transmission[END_REF].

Several EHS have been associated with disease ranging from subclinical inflammation to cancer in the intestinal tract and liver [START_REF] Whary | Natural and experimental Helicobacter infections[END_REF] while other species are considered to be harmless parts of the intestinal microbiota [START_REF] Gebhart | Campylobacter cinaedi is normal intestinal flora of hamsters[END_REF][START_REF] Zenner | Pathology, diagnosis and epidemiology of the rodent Helicobacter infection[END_REF]. In a previous study, adult horses that were experimentally infected with H. equorum did not develop disease signs (Moyaert et al., 2007a). Although four out of five foals with diarrhoea in the age category of one to six months shed H. equorum in their faeces, the pathogenic significance of H. equorum for foals remains unclear, since also most healthy foals in this age category shed the bacterium. No significant difference in prevalence of H. equorum in foals with or without diarrhoea was observed, but the number of diarrhoeic animals is too small to draw conclusions. Possibly, only H. equorum strains with specific virulence factors may cause disease in foals. Genes encoding virulence factors in other EHS such as cytolethal distending toxin, have not been detected in H. equorum (Moyaert et al., 2007b). Experimental infections in one-to six-month-old foals might be helpful to obtain better insights in the pathogenic significance of this micro-organism. However, keeping in mind the wide-spread occurrence of H. equorum in this age-group, it will be difficult to find suitable experimental animals that are free from the agent and passive or active immunity against it.

  random effect in the model (MLWin 2.02). A significance level of α = 0.05 was used.
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