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A novel helicobacter with the proposed name Helicobacter aurati (type strain MIT 97-5075c) has been isolated
from the inflamed stomachs and ceca of adult Syrian hamsters. The new species is fusiform with multiple
bipolar sheathed flagella and periplasmic fibers; it contains urease and gamma-glutamyl transpeptidase. By
16S rRNA sequencing and repetitive element PCR-based DNA fingerprinting, it was found that H. aurati
represents a distinct taxon and clusters with Helicobacter muridarum, Helicobacter hepaticus, and Helicobacter
sp. MIT 94-022. H. aurati was recovered from hamsters housed in various research and vendor facilities.
Further studies are necessary to define its association with disease and other microbiota in hamsters, as well
as its impact on research projects involving hamsters. H. aurati (GenBank accession number AF297868) can
be used in animal experiments to define the factors that are important for gastric helicobacter pathogenesis.

A number of named Helicobacter species were first found in
rodents, including H. muridarum (16), H. hepaticus (4), H. bilis
(8), and H. rodentium (21) in mice; H. trogontum (17) in rats;
and H. cholecystus (10) and H. mesocricetorum (22) in ham-
sters. The murine helicobacters in particular are being widely
used in experiments to explore the basic biology of the genus
Helicobacter, with a major objective of understanding the
pathogenesis of H. pylori in the human gastric environment.
For the most part, the murine helicobacters colonize extragas-
tric sites, preferentially the large intestine and the liver. An
exception is H. muridarum, usually a nonpathogenic inhabitant
of the ileal and cecal mucosa, which will colonize the stomachs
of mice and apparently induce inflammation (19). Attention is
also being given to certain Helicobacter species in mice because
these bacteria can confound experimental studies when their
presence goes undetected, irrespective of the presence or ab-
sence of overt clinical disease (7, 13). Currently, most com-
mercial facilities screen their mouse colonies on a routine basis
to establish that they are free of H. hepaticus, since that bac-
terium was found to cause chronic hepatitis, hepatic cancer,
and inflammatory bowel disease in susceptible mouse strains
(1, 4, 6, 9, 15, 28).

Natural helicobacter infections in Syrian hamsters (Me-
socricetus auratus) have been less well studied than those in
mice, although the same potential exists for these microorgan-
isms to interfere with research results or, alternatively, for
using hamster helicobacters in animal model development. H.
cholecystus has been cultured from the gallbladders of ham-
sters with histologically confirmed cholangiofibrosis and cen-
trilobular pancreatitis; however, the bacteria were not visual-

ized in affected tissues (10). Zoonotic risk has been attributed
to hamsters after H. cinaedi, first recovered from homosexual
men with colitis and proctitis (24), was described as a normal
component of the intestinal microflora of hamsters (11). The
microorganisms were cultured from hamster feces, but the
ecological niche of H. cinaedi in hamsters is unknown. H.
mesocricetorum has also been cultured from the feces of Syrian
hamsters without gastrointestinal pathology (22). Other
campylobacter-like bacteria have been identified from the ilea
of healthy hamsters (23) and have been cultured from the
intestines of hamsters with proliferative enteritis (12); the lat-
ter organism did not cause lesions typical of proliferative en-
teritis when inoculated into experimental hamsters.

Adult Syrian hamsters were submitted to our laboratory for
diagnostic evaluation following a number of acute and sub-
acute deaths in a research colony. A novel Helicobacter sp. was
cultured from the inflamed stomachs and ceca of these ham-
sters, and the same microorganism was found in Syrian ham-
sters from several other facilities that were sampled. This pa-
per describes the phenotypic characteristics and 16S rRNA
analysis of the novel Helicobacter sp. with the proposed name
Helicobacter aurati. In addition, repetitive sequence-based
PCR was performed on the genomic DNA of the novel heli-
cobacter isolates, as well as on related rodent helicobacters, in
order to compare their DNA fingerprint patterns. Two other
previously undescribed argyrophilic morphotypes were also
isolated from the hamster gastrointestinal samples, but these
bacteria are not addressed at length in the present report.

MATERIALS AND METHODS

Animals. Thirty-five hamsters, between 7 and 12 months of age, were exam-
ined during the course of the study. Hamsters from two research colonies, the
original group (Research Source 1 or RS1) and a second colony (RS2) experi-
encing similar mortalities, consisted of 12 animals (5 males, 7 females) and 6
animals (4 males, 2 females), respectively. The research hamsters were bred
in-house but had historically come from a single commercial source (CS1), an
exception being one RS2 male purchased directly from CS1. For comparative
purposes, commercially reared hamsters were received from CS1 (1 male, 5
females), CS2 (3 males, 2 females), and CS3 (3 males, 3 females). After eutha-
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nasia with carbon dioxide, gastrointestinal samples were collected aseptically for
microaerobic culture and PCR and were kept frozen at 270°C until processing.
Complete necropsies were performed.

Culture techniques. Stomach and cecal specimens were cultured from the first
research group of hamsters (RS1), whereas in the other four groups, tissue
samples of the antrum of the stomach, the body, the liver, and the cecum were
cultured separately. Tissues rinsed with sterile phosphate-buffered saline were
homogenized in sterile brucella broth (Difco Laboratories, Detroit, Mich.) with
5% fetal calf serum (Summit Biotechnology, Fort Collins, Colo.). Two selective
media were used: 5% sheep blood agar with cefoperazone, vancomycin, and
amphotericin B (CVA; Remel, Lenexa, Kans.) and 5% sheep blood agar with
trimethoprim, vancomycin, and polymyxin (TVP; Remel). The remaining ho-
mogenate was put through a 0.45-mm-pore-size filter and was spread on nonse-
lective tryptic soy (TSA) blood agar (Remel). Media were incubated at 37°C in
vented jars under microaerobic conditions (10% H2; 10% CO2; 80% N2). The
plates were maintained for up to 21 days.

PCR analysis of bacteria and tissues. DNA was extracted from bacteria and
tissues using the High Pure PCR template preparation kit (Roche Molecular
Biochemicals, Indianapolis, Ind.). Helicobacter spp.-specific primer pairs C97 and
C05 were used to generate 16S rRNA amplicons of 1,200 bases (3). Bacterial
cultures were also analyzed using Campylobacter spp.-specific primer pairs, C98
(bp 681 to 698; reverse; 59-GAT TTT ACC CCT ACA CCA-39) and C99 (bp 402
to 419; forward; 59-GCG TGG AGG ATG ACA CCT-39), which amplified 297
bp fragments.

A PCR sample contained 10 ml of the DNA preparation added to a 90-ml
reaction mixture of 13 Taq polymerase buffer, 0.5 mM concentrations of each of
the two primers, 200 mM concentrations of each deoxynucleotide, and 200 mg of
bovine serum albumin per ml. The samples were heated (94°C, 4 min), centri-
fuged briefly, and cooled to 58°C, and 0.5 ml of Taq polymerase (Roche Molec-
ular Biochemicals) and 1 ml of Perfect Match PCR enhancer (Stratagene, La
Jolla, Calif.) were added. Amplification conditions were as follows: denaturation
(94°C, 1 min), annealing (58°C, 3 min), and elongation (72°C, 3 min). Thirty-five
cycles were completed before a final elongation step (72°C, 8 min). A 15-ml
aliquot of the PCR product was electrophoresed through a 1% agarose gel
separation matrix prior to ethidium bromide staining.

Phenotypic characterization. In addition to motility studies by phase micros-
copy and visualization by Gram staining, five isolates of the novel helicobacter
underwent biochemical and morphological analyses, as described previously (17).
The representative isolates were obtained from all four hamster sources where
microaerobic culture was successful: MIT 97-5075cT and MIT 97-5310c from
RS1, MIT 98-6169a from RS2, MIT 99-5036c from CS1, and MIT 98-6041a from
CS2; the designation “a” indicates antral source, and “c” indicates cecal source.
Nitrate reduction to nitrite was tested by inoculating the bacteria in a tube of
nitrate broth (Remel) microaerobically for 5 days, followed by the addition of
test reagents and a subsequent color change. The RapID NH system (Remel)
was used according to the manufacturer’s instructions to measure gamma-glu-
tamyl transpeptidase and alkaline phosphatase activities; indoxyl acetate hydro-
lysis was determined using indoxyl acetate-impregnated disks (Remel).

Electron microscopy. Isolate MIT 99-5036c was grown for 48 h on TSA blood
agar plates. Centrifuged cells were suspended in 10 mM Tris-HCl buffer at an
approximate concentration of 108 cells per ml. After negative staining with 1%
(wt/vol) phosphotungstic acid for 20 to 30 s, the cells were examined with a JEOL
model JEM-1200EX transmission electron microscope operating at 100 kV.

Histopathology. Tissues from the gastrointestinal tract were placed in 10%
neutral buffered formalin. After routine paraffin embedding, 5-mm sections were
cut and stained with hematoxylin and eosin. Gastric and cecal sections were also
stained with a Warthin-Starry silver stain for the identification of argyrophilic
microorganisms.

TABLE 1. Summary of gastrointestinal microaerobic culture and
PCR analysis from five hamster groupsa

Hamster
group

Antral tissue
(by PCR)

Cultures

Antrum Body Cecum

RS1 5/12b 2/12b NDb 11/12
RS2 5/6 3/6 3/6 6/6
CS1 5/6 2/6 1/6 6/6
CS2 4/5 3/5 1/5 5/5
CS3 3/6 0/6 0/6 0/6c

a The denominator is the number of hamsters in the group; the numerator is
the number of hamsters in the group with Helicobacter DNA by PCR or positive
culture. A positive culture means that from one to three of the novel microaero-
bic phenotypes were cultured from a given tissue specimen.

b In RS1, the stomach was sampled without division into antrum and body.
ND, not determined.

c By 1,200-bp Helicobacter spp.-specific PCR, 6 of 6 cecal tissue samples were
positive.
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Amplification of 16S rRNA cistrons by PCR and purification of PCR products.
Extracted genomic DNA from three isolates (MIT 97-5075cT, MIT 97-5310c, and
MIT 98-6041a) was prepared for sequencing. The 16S rRNA cistrons were
amplified with bacterial universal primers F24 (bp 9 to 27; forward; 59-AGT TTG
ATY MTG GCT CAG-39) and F25 (bp 1525 to 1541; reverse; 59-AAG GAG
GTG WTC CAR CC-39) as described earlier (2).

16S rRNA sequencing and data analysis. Following PCR, purified DNA was
sequenced using an ABI Prism cycle sequencing kit (BigDye Terminator cycle
sequencing ready reaction kit with AmpliTaq DNA polymerase, FS; PE Applied
Biosystems, Foster City, Calif.). The sequencing primers and methods were as
listed previously (2).

Sequence data were entered into the program RNA, a program set for data
entry, editing, sequence alignment, secondary structure comparison, similarity
matrix generation, and dendrogram construction for 16S rRNA in Microsoft
QuickBasic for use with PC computers, and were aligned as before (18). Our
Campylobacter and Helicobacter database contains over 250 sequences obtained
in our laboratory or from GenBank. Dendrograms were constructed by the
neighbor-joining method (20).

Fluorophore-enhanced rep-PCR-based DNA fingerprinting of H. aurati iso-
lates. The interspersed repetitive sequence REP was used as a target for repet-
itive element PCR (rep-PCR)-based chromosomal profiling (25, 26) on three
isolates from different sources (MIT 97-5075cT, MIT 98-6041a, and MIT 98-
6169a), as well as on the related species H. hepaticus and H. muridarum. The
18-mer degenerate primer pairs REP1R-Dt (59-IIINCGNCGNCATCNGGC)
and REP2-Dt (59-NCGNCTTATCNGGGCCTAC) were each covalently linked
with a fluorophore at the 59 end (6-FAM) and were included in amplification
reactions (Sigma Genosys, St. Louis, Mo.). Each reaction mixture (25-ml volume)
contained 100 pmol of each primer, 200 ng of bacterial genomic DNA, 12.5 nM
concentrations of each deoxynucleotide, and AmpliTaq DNA polymerase (2 U)
(PE Applied Biosystems) in a reaction buffer with 10% (vol/vol) dimethyl sul-
foxide (14). PCRs were performed in a DNA Thermocycler 480 (PE Applied
Biosystems) with the following cycling conditions: initial denaturation (94°C, 7
min) followed by 30 cycles of denaturation (94°C, 30 s), annealing (40°C, 1 min)
and extension (65°C, 8 min). A final extension (65°C, 16 min) completed the
cycling protocol. PCR amplicons were visualized following electrophoresis in a
2.5% agarose gel and ethidium bromide staining.

Amplicons were purified with size exclusion columns (Quantum Prep PCR
Kleen Spin columns; Bio-Rad, Hercules, Calif.). After purification, fluorescent
amplicons (1 ml) were mixed with deionized formamide (12 ml) and TAMRA-
labeled 2500-size standards (PE Applied Biosystems). Samples were heated

(94°C, 5 min) and chilled on ice prior to loading. Each sample was fractionated
by capillary electrophoresis (GS POP4 matrix; PE Applied Biosystems) in the
ABI Prism 310 genetic analyzer (PE Applied Biosystems), and electrophoreto-
grams (peak profiles) were analyzed with the GeneScan software system (PE
Applied Biosystems).

Nucleotide sequence accession number. The GenBank accession numbers for
the strains used as references in this study were listed previously (3). The 16S
rRNA sequence of Helicobacter aurati MIT 97-5075cT was deposited in GenBank
under accession number AF297868.

RESULTS

Culture results. In the RS1 group of hamsters, microaerobic
bacteria compatible with helicobacter-like organisms were iso-
lated from 2 of 12 stomach samples and 11 of 12 cecal samples
(Table 1). Three of six antral and body samples were positive
for microaerobic bacteria in the RS2 group, as were all six of
the cecal samples. Positive microaerobic bacteria from antra
and body samples, as well as from ceca, were also recovered
from the commercial hamsters, except for CS3 hamsters,
where no microaerobic organisms were isolated. Microaerobic
bacteria were not cultured from any of the liver samples.

More than one morphology were frequently observed in the
bacteria cultured from a single tissue specimen. By light mi-
croscopy, three different morphological phenotypes, all gram
negative and motile, were recovered in all. The most common
phenotype was straight and fusiform, with a beaded appear-
ance, while another phenotype was equally long but much
more slender and curved. PCR of these two bacterial pheno-
types demonstrated amplification with the 1,200-bp all-helico-
bacter primers. The third phenotype was short and curved;
Campylobacter spp.-specific primers amplified isolates of this
phenotype. Except for PCR analysis of tissues, Helicobacter sp.

FIG. 1. Transmission electron micrographs of novel hamster microaerobic bacteria. (A) Fusiform Helicobacter sp., proposed name H. aurati, with periplasmic fibers.
Bar, 500 nm. (B) Multiple sheathed flagella of H. aurati. Bar, 200 nm.
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isolates with the fusiform phenotype represent the principal
subjects in this study.

PCR tissue analysis. PCR using the 1,200-bp Helicobacter
spp.-specific primers was undertaken using antral tissue spec-
imens from the hamsters. These data, given in Table 1, dem-
onstrate that Helicobacter DNA was present in the antra of
several hamsters with negative cultures, including the hamsters
from CS3, a commercial source that had no positive cultures.
Cecal tissue samples from this source were also processed for
PCR, and all six samples were positive for Helicobacter spp.-
specific DNA.

Culture and phenotypic characteristics. Cultures on plated
media were visible after incubation for 3 to 14 days in mi-
croaerobic conditions. Initial bacterial growth was most com-
monly seen on the TVP and/or CVA plates, as a thin, spread-
ing film. Once pure cultures of the fusiform phenotype were
isolated, subsequent passages yielded growth on blood agar
plates by 48 h at 37°C; brucella broth with 5% fetal calf serum
also supported growth at 37°C within 48 to 72 h.

Table 2 lists the phenotypic features of five isolates (from
four separate hamster sources) of the fusiform hamster Heli-
cobacter sp., along with those of other rodent helicobacter
species. Urease and gamma-glutamyl transpeptidase activities
were present in the fusiform helicobacter isolates. The fusi-
form isolates were positive for catalase and oxidase activities,
indoxyl acetate hydrolysis, and growth at 42°C. The fusiform
phenotype was susceptible to nalidixic acid and resistant to
cephalothin.

Ultrastructure. Transmission electron micrographs of the
fusiform Helicobacter sp. are shown in Fig. 1. Individual cells

FIG. 2. Phylogenetic tree constructed from 16S rRNA sequence similarity values. Scale bar represents 5% difference in nucleotide sequences, determined by
measuring the lengths of the horizontal lines connecting two species.

FIG. 3. Electrophoretograms demonstrating rep-PCR-based chromosomal
DNA profiles of rodent helicobacters H. hepaticus (A) and H. muridarum (B),
compared to those of H. aurati isolates MIT 97-5075cT (C), MIT 98-6041a (D),
and MIT 98-6169a (E). Horizontal axis units are base pairs; vertical axes display
peak height in fluorescent units (PE Applied Biosystems).
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contained periplasmic fibers and measured approximately 0.6
by 4 to 8 mm. Several sheathed flagella (7 to 10) were present
at both ends of each cell.

Sequencing and phylogenetic analysis of novel Helicobacter
sp. The essentially complete 16S rRNA sequences (bases 28 to
1524, Escherichia coli numbering) were determined for each of
three fusiform isolates. A neighbor-joining phylogenetic tree
for the sequence of MIT 97-5075cT and reference Helicobacter
species is shown in Fig. 2. Fusiform isolates MIT 97-5075cT,
MIT 97-5310c, and MIT 98-6041a have identical sequences
and represent a novel Helicobacter species (proposed name
Helicobacter aurati). The sequence of H. aurati differs by 3.5 to
5% from its close relatives H. muridarum, H. hepaticus, and
Helicobacter sp. strain MIT 94-022, a species that infects mice.

Consistent with these results, rep-PCR-based chromosomal
DNA fingerprints for three H. aurati isolates were highly sim-
ilar to each other and were distinct from DNA profiles ob-
tained from the related rodent helicobacters H. hepaticus and
H. muridarum (Fig. 3).

Histopathology. Hamster antra stained with silver stain re-
veal argyrophilic organisms compatible with the novel fusiform
helicobacter isolated by microaerobic culture (Fig. 4). An ex-

ample of the chronic, antral gastritis observed in several ham-
sters is also depicted.

DISCUSSION

Given the rapidity with which new Helicobacter species have
been described in recent years and the large number of Heli-
cobacter spp. found in mice, including formally unnamed ones
(5), it is not surprising that we have documented a novel
species in a different rodent, the Syrian hamster. We propose
the name Helicobacter aurati (MIT 97-5075cT) for our fusi-
form, urease-positive helicobacter isolate. By 16S rRNA se-
quence analysis, it clusters with H. muridarum, H. hepaticus,
and Helicobacter sp. MIT 94-022. rep-PCR-based DNA finger-
printing reinforces that the three H. aurati isolates are clearly
distinguished from the related species H. hepaticus and H.
muridarum. These isolates, cultured from hamsters obtained
from three sources, share similar rep-PCR-based chromosomal
profiles, and some subspecies genetic variation is demon-
strated.

Unlike H. hepaticus, H. aurati has periplasmic fibers and
multiple flagella, and it does not grow in 1% glycine or reduce

FIG. 4. Photomicrographs from gastric antra of hamsters. (A) Deep gastric mucosa colonized with numerous argyrophilic bacteria within lumina of gastric glands
(Warthin-Starry stain). Bar, 10 mm. (B) Higher power showing the beaded appearance of the fusiform Helicobacter sp. H. aurati (Warthin-Starry stain). Bar, 6 mm. (C)
Characteristic chronic gastritis in the antrum of hamsters colonized with the microaerobic bacteria. Note diffuse infiltration of lamina propria with mononuclear
leukocytes and glandular hyperplasia (arrow) (hematoxylin and eosin stain). Bar, 80 mm.
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nitrate. In contrast to H. muridarum, H. aurati is negative for
alkaline phosphatase hydrolysis; also, it does not have the
pronounced spiral-shape characteristic of H. muridarum (16).
Of these three species, only H. aurati grows at 42°C and is
sensitive to nalidixic acid. Various features, such as fusiform
shape and periplasmic fibers, allow morphologic discrimina-
tion between H. aurati and the three other helicobacters that
have thus far been identified in hamsters, H. cholecystus, H.
cinaedi, and H. mesocricetorum. The presence of urease in H.
aurati also distinguishes it from these three other Helicobacter
species found in hamsters.

The isolation of a novel Helicobacter species from the ham-
ster stomach is of interest, as no microaerobic bacteria have
been reported previously from inflamed gastric tissue of ham-
sters. Because these bacteria were recovered from cecal sam-
ples more often than from antral samples, the lower gastroin-
testinal tract is more likely the primary site of infection, with
subsequent spread to the stomach in selected animals. The
coprophagic habits of hamsters probably play a role in gastric
colonization by H. aurati. Stomach colonization by helico-
bacters is often linked to the urease enzyme, and another
urease-positive helicobacter found in rodents, H. muridarum,
has likewise been observed to inhabit both lower intestinal and
gastric sites in mice (19). The presence of H. aurati in the
stomach coincided with inflammatory cell infiltrates in the gas-
tric mucosa in many of the infected hamsters we studied; com-
parable lesion development in the stomach has been reported
in mice infected with H. muridarum (18a, 19).

Failure to culture the new microorganism from the gastro-
intestinal tracts of CS3 hamsters probably reflects a low mi-
croaerobic population density for unknown reasons. The pres-
ence of Helicobacter spp.-specific DNA amplified from antral
and cecal tissues of these hamsters supports this hypothesis.
Another unusual feature of these CS3 hamsters was the iden-
tification of yeastlike cells in most stomachs, both by culture
and on histological examination. Whether the presence of
these organisms selectively inhibits stomach colonization by
microaerobes will require further investigation.

Additional studies also are required to define whether and
how H. aurati contributes to disease in Syrian hamsters and its
interaction with other microaerobic species in the hamster
stomach. Regardless of when these questions are addressed,
the occurrence of H. aurati in research and commercial ham-
ster colonies may impact particular studies using hamsters. The
suspected high prevalence of this helicobacter is exemplified by
its recent isolation in our laboratory from the stomachs of
hamsters that came from a third research colony (unpublished
data). In the future, this new species can be used in compar-
ative gastric helicobacter experiments designed to elucidate
the factors important for gastric colonization and associated
inflammation by H. pylori in humans.

Description of Helicobacter aurati sp. nov. Helicobacter aurati
(au.ra9ti. L. gen. masc. n. of the golden one, named after the
Syrian golden hamster, Mesocricetus auratus). Cells are fusi-
form with periplasmic fibers and measure 0.6 by 4 to 8 mm.
Bipolar, multiple sheathed flagella (7 to 10) account for the
motility of the bacterium. Older cultures contain large coccoid
forms. Growth on agar plates appears as a thin, spreading film;
distinct colonies are absent. Microaerobic growth occurs at 37
and 42°C but not at 25°C. Brucella agar plates containing 1%
glycine, 1.5% NaCl, 2.0% NaCl, and 3.0% NaCl do not support
growth. No growth is seen under anaerobic conditions. Cells
are positive for urease, catalase, oxidase, and gamma-glutamyl
transpeptidase activities. Tests for indoxyl acetate hydrolysis
were positive, but tests were negative for nitrate reduction and
alkaline phosphatase hydrolysis. The bacteria are sensitive to

nalidixic acid while resistant to cephalothin. Cells have been
isolated from the stomachs and ceca of adult Syrian hamsters.
The type strain, MIT 97-5075c, has been deposited with the
American Type Culture Collection as ATCC BAA-1.
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