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nonhuman primate. Due to potential zoonotic risks, we characterized antibiotic resistance markers and Helicobacter viru-
lence factors.
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Enterohepatic Helicobacter species (EHS) are Gram-negative,
microaerophilic, spiral-shaped bacteria that colonize the mu-

cosa of the gastrointestinal tract and/or liver of mammals, in-
cluding humans, and birds (1, 2). Seven EHS species (H. ca-
nadensis [3], H. canis [4], H. cinaedi [5], H. fennelliae [5],
H. winghamensis [6], H. pullorum [7], and H. bilis [8–10]) have
been isolated from both healthy humans and patients with
wide-ranging symptoms, such as diarrhea, fever, proctocolitis,
enteritis, meningitis, bacteremia, septic arthritis, cholecystitis,
elevated liver enzymes, and hepatomegaly (2, 3, 5, 7, 11–26).
Unlike H. pylori, EHS can infect animal reservoirs, such as
dogs, cats, geese, wild and laboratory rodents, rhesus ma-
caques, hamsters, gerbils, guinea fowl, and chickens, highlight-
ing the risk of zoonotic infections (7, 26–43).

In this report, we announce the whole-genome sequencing of
seven EHS, including H. bilis ATCC 43879, H. canis NCTC 12740,
H. canadensis NCTC 13241, H. cinaedi CCUG 18818, H. macacae
CCUG 55313T, H. pullorum MIT 98-5489, and H. winghamensis
ATCC BAA-430. While H. macacae was isolated from both
healthy and diseased rhesus macaques (42, 43), the six remaining
strains were human isolates. Isolates were sequenced using 454 or
Illumina sequencing technology. 454 sequencing reads were as-
sembled using Newbler assembler v. 2.1 and annotated as previ-
ously described (44). Illumina reads were assembled using
ALLPATHS version R39721 (45) and annotated as performed
previously (46).

Due to the potential of zoonotic disease, antibiotic resistance
and the presence of virulence factors were evaluated. H. canadensis
and H. pullorum isolates are clarithromycin resistant, which may
be mediated by a mutation in the 23S rRNA gene (A2143G) in
H. pullorum, but a mutation conferring clarithromycin resistance
to H. canadensis remains undetermined. H. canadensis, H. pullo-
rum, H. bilis, and H. winghamensis isolates are rifampin resistant,
and four missense mutations in RpoB (M517L, V557A, A561V,
and T593A) were shared by H. canadensis, H. pullorum, and

H. winghamensis. However, these mutations were not found in the
H. bilis rpoB. H. canadensis, H. pullorum, H. bilis, and H. cinaedi
are tetracycline resistant, and triple-base-pair 16S rRNA gene mu-
tations in AGA926-928, which confer tetracycline resistance (47),
were found in H. pullorum (TGA), H. bilis (AGC), and H. cinaedi
(GTA), but not in H. canadensis. H. bilis, H. canadensis, and
H. pullorum are ciprofloxacin resistant, and individual missense
mutations (V89I, A87I, and A87I, respectively) were detected in
gyrA.

The seven EHS isolates contained ferroxidases with homology
to the H. pylori napA gene that encodes the neutrophil-activating
protein (48), as well as the HtrA protease, which cleaves
E-cadherin (49). H. canis, H. cinaedi, and H. pullorum possess
cytolethal distending toxin (cdt) genes A, B, and C, while H. bilis
and H. winghamensis possess cdtB and cdtC. Gene clusters with the
icmF, hcp, and vrgG genes, encoding type VI secretion systems,
were found in H. bilis, H. cinaedi, and H. pullorum, and may play
a role in disease (50). The gamma-glutamyl transpeptidase (ggt)
gene, an H. pylori virulence factor (51), was also found in H. bilis
and H. canis. More detailed characterizations of these EHS isolates
are forthcoming.

Nucleotide sequence accession numbers. Genome sequences
have been submitted to GenBank under the accession numbers
listed in Table 1.
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