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Infection with candidatus “Helicobacter heilmannii” is associated with gastritis and mucosa-associated
lymphoid tissue lymphoma in people. Infection with “H. heilmannii” type 1 predominates (80%) and is thought
to be acquired from dogs, cats, or pigs. We further examined the zoonotic potential of dogs and cats by
amplifying gastric DNA from cats (n � 45) and dogs (n � 10) with primers against “H. heilmannii” ureB and
16S rRNA genes and sequencing the products. Fluorescence in situ hybridization (FISH) with eubacterial and
“H. heilmannii”-specific probes was employed to directly visualize “H. heilmannii” types and their intragastric
distribution. ureB sequences of “H. heilmannii” amplicons clustered with human and feline isolates of “H.
heilmannii” and were distinct from the “H. heilmannii”-like organisms (HHLO) H. felis, H. salomonis, and H.
bizzozeronii. 16S ribosomal DNA sequences in 20 “H. heilmannii”-infected cats and dogs were distinct from “H.
heilmannii” type 1 and “H. suis” and clustered with “H. heilmannii” types 2 and 4. FISH confirmed the presence
of “H. heilmannii” types 2 and 4 in dogs but failed to definitively characterize the “H. heilmannii” types present
in cats. In infected dogs, “H. heilmannii” inhabited the gastric mucus and glands, and in dogs coinfected with
other HHLO it shared the same gastric niche. The results indicate that dogs and cats are predominantly
colonized by “H. heilmannii” bacteria that are distinct from type 1 and from “H. suis.” As “H. heilmannii” type
1 predominates in people, the zoonotic risk posed by dogs and cats is likely small.

Helicobacter heilmannii is the name proposed for a 4- to
10-�m-long, spiral-shaped, motile bacterium with three to
eight coils, a wavelength of about 1 �m, up to 14 uni- or bipolar
flagella, and no periplasmic filaments (1, 24) that is found in
the stomachs of 0.2 to 4% of patients with gastritis (1, 2, 7, 27).
The bacterium was first described as “Gastrospirillium hominis”
but was reclassified following 16S ribosomal DNA (rDNA)
sequencing (3, 22, 23) as “H. heilmannii.” “H. heilmannii,” like
H. pylori, has been associated with gastritis, adenocarcinoma,
and gastric mucosa-associated lymphoid tissue lymphoma (13).

Definitive culture of “H. heilmannii” has not been achieved
to date (2) and diagnosis is usually made on the basis of its
distinct spiral morphology, compared with H. pylori, on silver-
stained tissue sections. However, as a variety of large gastric
spiral organisms such as H. felis, H. salomonis, and H. bizzo-
zeronii are indistinguishable from “H. heilmannii” on routine
light microscopy, and as H. pylori grown in a broth culture can
adopt a morphology identical to that of “H. heilmannii” (5),
genetic techniques such as PCR, sequence analysis of cloned
and uncloned PCR products and fluorescence in situ hybrid-
ization (FISH) with specific probes are required for more de-
finitive identification (28). Using these approaches, Helicobac-

ter heilmannii was initially subdivided into types 1 and 2 on the
basis of 16S rDNA sequences obtained from gastric tissues of
an infected person (7, 22) and further subdivided into four
types on the basis of 16S rDNA sequences and FISH (28). The
majority of humans (78.5%) are infected with “H. heilmannii”
type 1, with types 2, 3, and 4 infecting 8, 1, and 10% of
individuals, respectively (28). “H. heilmannii”-like organisms
cultured from infected people are very similar to H. bizzozero-
nii, H. salomonis, or H. felis but can be distinguished from “H.
heilmannii” by sequence analysis and FISH. Thus, candidatus
“H. heilmannii” is currently considered a group of nonculti-
vable gastric spiral organisms that lack periplasmic fibrils and
are genetically distinct from H. felis, H. bizzozeronii, and H.
salomonis (21).

While gastric infection with “H. heilmannii”-like organisms
(HHLO) in people is rare, it is common in domestic animals,
and contact with cats, dogs, and pigs (12, 25, 27, 30) has been
correlated with increased risk of “H. heilmannii” infection in
people; Stolte et al. found 70% of “H. heilmannii”-infected
patients had contact with one or more animals compared with
37% in the healthy population (12, 25). The zoonotic potential
of dogs and cats is further supported by the identification of an
uncultivable bacterium with high homology to “H. heilmannii”
(21) (using species-specific PCR) in 57 to 100% of HHLO-
infected cats (14, 15, 18) and 20 to 25% of infected dogs (16,
17). “H. heilmannii” strains with identical urease B gene (ureB)
restriction fragment length polymorphism analysis results have
also been described for a patient suffering from acute gastric
erosions and for one of his cats (4). The cultivable HHLO—H.
bizzozeronii, H. salomonis, and H. felis (7, 21)—are also com-
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monly identified in the stomachs of dogs and cats. These ob-
servations strongly suggest that cats and dogs infected with
HHLO are a zoonotic risk. However, as humans are predom-
inantly colonized by “H. heilmannii” type 1, and the subtypes of
“H. heilmannii” present in dogs and cats have not been deter-
mined, a more informed estimate of zoonotic potential is not
available.

The principal aim of this study was to further define the
subtypes of candidatus “H. heilmannii” present in the stomachs
of dogs and cats. Subsidiary aims were to examine genetic
variation in candidatus “H. heilmannii” present in dogs and
cats from different countries and to determine the pattern of
gastric colonization in dogs and cats.

MATERIALS AND METHODS

Animals. This study evaluated 55 archived DNA samples prepared from gas-
tric biopsies of Helicobacter-infected cats from the United States (group 1, 17
cats: 15 clinically healthy young adults presented for spay or neuter [C1 to C15]
and 2 adults with chronic vomiting [C16 and C17] [26]) and Germany (group 2,
28 cats: 12 clinically healthy [C18 to C29] and 16 with chronic gastrointestinal
signs [C30 to C45]) and dogs from Denmark (10 dogs; 9 dogs (D1 to D9) with
gastrointestinal disease and 1 healthy dog [D10]). DNA was prepared from
gastric biopsies frozen at �80°C using the Qiamp tissue kit (QIAGEN Inc.,
Valencia, Calif.). DNA was stored frozen at �80°C.

Infection was previously confirmed by a positive urease test, modified Steiner
stain and Helicobacter genus-specific PCR. Inclusion in this study was determined
by demonstration of infection with “H. heilmannii” using species-specific PCR
primers directed against “H. heilmannii” (14). All samples had been previously
demonstrated to be H. pylori negative by species-specific PCR (26). The presence
of H. felis (14) and H. bizzozeronii had also been determined by species-specific
PCR, and many animals were coinfected with a variety of these “H. heilmannii”-
like organisms (see Table 2). The H. bizzozeronii ureB primers were designed by
the authors based on the sequence of H. bizzozeronii urease determined in our
laboratories (31). PCR amplification of H. bizzozeronii ureB was performed using
primers F, 5�-GAAGTCGAACATGACTGCAC-3�, and R, 5�-GGTCGCATTA
GTCCCATCAG-3�, under the following conditions: 94°C for 1 min, 57°C for 1
min, and 72°C for 1 min (35 cycles) with a final extension at 72°C for 15 min.

None of the animals had been treated with antibiotics, steroids, or antacids
within 3 to 4 weeks prior to examination.

PCR amplification and sequencing. All DNA samples from dogs and cats were
subject to amplification with primers directed against “H. heilmannii” ureB. DNA
samples that were PCR positive for “H. heilmannii” but negative for H. felis, H.
pylori, and H. bizzozeronii were amplified with 16S rRNA gene primers against
Helicobacter species.

ureB. DNA extracts were thawed on ice and 2 �l was added to a 50-�l reaction
volume containing 25 pmol of each primer (Table 1) and 25 �l of TaqPCR

Master Mix (QIAGEN Inc.). Amplification (94°C for 3 min, 57°C for 2 min, and
72°C for 3 min; 35 cycles of 94°C for 30 s, 57°C for 30 s, 72°C for 1 min; and 72°C
for 5 min) was performed as described by Neiger et al. (14), except 35 cycles were
used. A hot-start method was employed, using the Personal Cycler thermocycler
(Biometra Inc, Tampa, Fla.). Negative controls in which the DNA extract was
replaced by sterile distilled water were included with each reaction and carried
through as negative controls for the agarose gel DNA extraction process.

16S rRNA gene. A heminested PCR system was used (28) with primers HelF
and HelR1 (25 pmol) and 25 �l of Taq Master Mix (QIAGEN Inc.) in a total
volume of 50 �l (94°C for 10 min, followed by 30 cycles of 30 s at 94°C, 30 s at
58°C, and 30 s at 72°C) for the first stage. A 5-�l aliquot of the PCR product was
transferred to a new tube containing the second-stage primers, HelF and HelR2
(25 pmol), and the other reagents, and cycle conditions were the same as those
in the first round. Negative controls in which the DNA extract was replaced by
sterile distilled water were included with each reaction and carried through as
negative controls for the agarose gel DNA extraction process.

The PCR products were visualized by agarose gel electrophoresis and purified
from the gel using a Perfectprep Gel Cleanup kit (Eppendorf Scientific Inc.,
Westbury, N.Y.). The yield of DNA from the gel extraction was determined using
a Biophotometer spectrophotometer (Eppendorf Scientific Inc.).

Both forward and reverse strands were sequenced completely using an ABI
3700 automated DNA sequencer and ABI PRISM BigDye Terminator Sequenc-
ing kits with AmpliTaq DNA polymerase (Applied Biosystems, Foster City,
Calif.). The sequencing was performed by DNA Services (Biotechnology Re-
source Center, Cornell University, Ithaca, N.Y.). Primers for sequencing were
the same as those for PCR amplification (Table 1).

Sequence analysis. Forward and reverse DNA sequences were used to gener-
ate a contiguous sequence in SeqMan (DNASTAR Inc., Madison, Wis.), which
was then used to create alignments using MegAlign (DNASTAR Inc.). Other
Helicobacter species from the GenBank database were also included in the
alignments. The aligned sequences were entered into MEGA (9) and a phylo-
genetic tree was constructed using the neighbor-joining method (20) and the
Jukes-Cantor model (8)

FISH. The FISH protocol employed and reagents used were based on the
CreaFAST “H. heilmannii” kit (Creatogen AG, Augsburg, Germany) and Trebe-
sius et al. (28). Paraffin embedded gastric biopsy specimens were sectioned at 4.0
�m and mounted on ProbeOn Plus slides (Fisher Scientific, Pittsburgh, Pa.). The
sections were deparaffinized by passage through xylene (three times, 20 min
each) and then 100% alcohol (20 min), 95% ethanol (20 min), and finally 70%
ethanol (20 min). The slides were allowed to air dry. The DNA probes within the
kit (Table 1) were reconstituted with DNA buffer and then diluted to a working
concentration of 5 ng �l�1 with hybridization buffer (Creatogen AG) according
to the protocol. The other probes (Table 1) were reconstituted with ultrapure
sterile water to a concentration of 5 ng �l�1. The sections were allowed to
prehybridize with 20 �l of hybridization buffer under a coverslip for 60 min at
46°C in a humid chamber. For hybridization, the coverslip was removed and 20
�l of DNA probe mix was added and the slides were then replaced in the
hybridization chamber at 46°C for 4 h. Washing of the slides was performed in
wash buffer (Creatogen AG) at 48°C for 5 min. Hybridized samples were washed

TABLE 1. Sequences of specific primers and probes for PCR and FISH

Primer or probe
name Gene Nucleotide sequencea Specificity(ies) Position

Heil 1F ureB 5�-GGG-CGA-TAA-AGT-GCG-CTT-G-3� “H. heilmannii,” PCR 980–997b

Heil 2R ureB 5�-CTG-GTC-AAT-GAG-AGC-AGG-3� “H. heilmannii,” PCR 1542–1559b

Hel Fc 16S rRNA 5�-CGT-GGA-GGA-TGA-AGG-TTT-TA-3� Helicobacter genus, PCR 402–421
Hel R1c 16S rRNA 5�-TAC-ACC-AAG-AAT-TCC-ACC-TA-3� Helicobacter genus, PCR 667–686
Hel R2c 16S rRNA 5�-AAT-TCC-ACC-TAC-CTC-TCC-C-3� Helicobacter genus, PCR 659–677
Heihei 1�2c,d 16S rRNA 5�-CCC-ACA-CTC-CAG-AAG-RAT-AG-3� “H. heilmannii” type 1, H. suis 642–661
Heifel 1�2c,d 16S rRNA 5�-CCC-ACA-CTC-TAG-GGT-KGC-AG-3� “H. heilmannii” types 2 and 4 642–661
Hhe-3c 16S rRNA 5�-CCC-ACA-CTC-TAG-AAA-GAT-AG-3� “H. heilmannii” type 3 642–661
Heinov2 1�2c,d 16S rRNA 5�-CAC-ATC-TGA-CTT-GCC-ACT-CCG-3� “H. heilmannii” type 4 586–606
Heibiz Sonde 7c,d 16S rRNA 5�-CCC-ACA-CTC-CAG-AGT-TGT-AG-3� H. felis, H. bizzozeronii, H. salomonis 642–661
Heibiz Sonde 7Cc 16S rRNA 5�-CCC-ACA-CTC-CAG-AGT-TGT-AG-3� H. felis, H. bizzozeronii, H. salomonis 642–661
Eub-338c 16S rRNA 5�-GCT-GCC-TCC-CGT-3� Bacteria 338–349

a R corresponds to A or G; K corresponds to G or T.
b Primer sequence and numbering are based upon ureB gene sequence of “H. heilmannii” (EMBL accession number L25079) from Neiger et al. (14).
c Sequence from Trebesius et al. (28).
d Probe within CreaFAST “H. heilmannii” kit (Creatogen AG).
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in PBS, allowed to air dry and mounted with a ProLong Antifade kit (Molecular
Probes Inc., Eugene, Oreg.).

The sections were examined with an Axioskop 2 plus epifluorescence micro-
scope and images were captured with AxioCam and AxioVision (Carl Zeiss Inc.,
Thornwood, N.Y.).

Nucleotide sequence accession numbers. Representative samples of the ureB
(C3, C4, C5, C6, and C7) and 16S rDNA (D1, D2, C1, C2, and C3) sequences
reported here have been deposited with GenBank under accession no.
AY139170, AY139171, AY139172, AY139173, and AY139174 (ureB) and acces-
sion no. AY139175, AY139176, AY139177, AY139178, and AY139179 (16S
rDNA).

RESULTS

PCR-based amplification and sequencing from gastric bi-
opsy specimens. (i) ureB. A 580-bp PCR product was obtained
using “H. heilmannii” ureB primers from 45 cats and 10 dogs
(Fig. 1). The majority of cats (76% of those from the United
States and 57% of those from Germany) were infected solely
with “H. heilmannii,” as determined by species-specific PCR
(Table 2). In animals infected with “H. heilmannii” and one
other HHLO, coinfection with H. bizzozeronii was more com-

mon in German cats (25%) than in American cats (6%), while
American cats had a higher prevalence of H. felis coinfection
(18%) than German cats (7%). In contrast to cats, the majority
of dogs (60%) were coinfected with H. bizzozeronii, with only
40% solely infected with “H. heilmannii”; no H. felis was found
in the samples from dogs.

Sequenced ureB amplicons were aligned, both with them-
selves and with other published Helicobacter sequence data
from GenBank, and a phylogenetic tree was constructed (Fig.
2). The tree (Fig. 2) shows the cat isolates to be similar to
previously sequenced “H. heilmannii” isolates but clearly dis-
tinct from other Helicobacter species. No consistent differences
were apparent between sequences obtained from cats from
different countries.

Sequencing of dog ureB PCR products repeatedly produced
short runs of contiguous sequences that precluded meaningful
alignment with the cat sequences and inclusion of the se-
quences in the phylogenetic tree; however, BLAST searches
with the sequences from dogs D5, D6, and D7 showed strong
homologies with three published “H. heilmannii” ureB se-
quences (GenBank accession no. AF508012, AF507996, and
L25079: D5, 99% identity, score of 331 and 2e�88; D6, 97%
identity, score of 283 and e�74; and D7, 99% identity, score of
379 and e�103).

(ii) 16S rDNA. 16S rRNA gene amplification was performed
on 20 DNA samples (16 cats and 4 dogs) determined by spe-
cies-specific PCR to be positive for “H. heilmannii,” but neg-
ative for H. bizzozeronii, H. felis, and H. pylori, to produce a
275-bp product (Fig. 1). Following sequencing, the aligned
data were used to construct a phylogenetic tree also containing
other published Helicobacter 16S rDNA sequences (Fig. 3).
Sequences from cats and dogs were clearly separated from “G.
hominis” isolate 1 (L10079) and “H. suis” (AF127028). Two
main clusters of isolates were observed, with 13 of 20 se-
quences (65%) (12 cats and 1 dog) around “H. heilmannii”
type 4 (HHLO-4 AY014861) and 7 of 20 sequences (35%) (4
cats and 3 dogs) around “H. heilmannii” type 2 (AF506786)
and “H. heilmannii”-like organisms (HHLO-5).

FISH. As a prelude to FISH the 16S sequences obtained
from DNA samples determined by species-specific PCR to be
positive for “H. heilmannii” but negative for H. bizzozeronii, H.
felis, and H. pylori were evaluated for the presence of the
binding sites for the “H. heilmannii” type-specific probes de-
scribed by Trebesius et al. (28) (Table 1). The presence of the
probe sequence was in agreement with the “H. heilmannii”
subtype indicated by analysis of the aligned 225-bp sequences
(Fig. 3) in 15 of 16 cats and four of four dogs.

Sixteen of 20 sequences contained the 16S rRNA bp 642 to
661 probe sequence (CCCACACTCTAGGGTGGCAG) com-
mon to “H. heilmannii” types 2 and 4, and 12 of 16 contained
the 16S rRNA bp 586 to 606 probe sequence (CACATCTGA
CTTGCCACTCCG) described as specific for type 4 (C8, C9,
C17, C23, C24, C28, C30, C31, C41, C42, C44, and D9).

Sequences from three samples (D1, D3, and C38) that clus-
tered with HHLO-5 and “H. heilmannii” type 2 had DNA
sequences in the 16S rRNA 642 to 661 region that had ambig-
uous FISH probe binding sites. Sample C38 contained a se-
quence from bp 642 to 661, CCCACACTCTAGGGTTGTAG,
that appeared to be a combination of probe types 2 or 4 and 5
and samples D1 and D3 had sequences where the 5� end was

FIG. 1. Detection of Helicobacter DNA in gastric biopsy specimens
by PCR. Lanes: M, 100-bp DNA ladder; 1 to 6, “H. heilmannii”-specific
ureB primers (lane 1, water control; lane 2, H. pylori control; lane 3, H.
bizzozeronii control; lane 4, C8; lane 5, C20; lane 6, D5); lanes 7 to 9,
Helicobacter genus 16S rRNA primers (lane 7, water control; lane 8,
C8; lane 9, D5).

TABLE 2. Infection status of “H. heilmannii”-infected cats
and dogs

Animal group No. (%) with
pattern

Identification of species by specific
PCRa

“H. heilmannii” H. bizzozeronii H. felis

Cats 1 (C1–C17) 13 (76) � � �
(n � 17) 3 (18) � � �

1 (6) � � �
Cats 2 (C18–C45) 16 (57) � � �

(n � 28) 7 (25) � � �
3 (11) � � �
2 (7) � � �

Dogs (D1–D10) 6 (60) � � �
(n � 10) 4 (40) � � �

a Helicobacter spp. were determined by use of species-specific PCR primers
(see Materials and Methods). All samples were negative for H. pylori.
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consistent with the type 2/4 probe and the 3� end was consistent
with Hhe-5 probe (this probe recognizes H. felis, H. bizzozero-
nii, and H. salomonis) (D1, CCCACACTTTAGGGTTGTAG;
D3, CCCACACTTCAGAGTTGTAG). It is possible that

these three samples are chimeric, potentially reflecting the
presence of undetermined coinfecting Helicobacter spp.

After determining the presence of the “H. heilmannii” probe
binding sites in DNA samples from dogs and cats, a probe that

FIG. 2. Phylogenetic consensus tree showing the genetic relationship of “H. heilmannii” ureB sequences amplified from feline (C) gastric
mucosa (C1 to C17, United States; C18 to C45, Germany) to other Helicobacter spp. The numbers in boldface type at the nodes are the bootstrap
percentages (1,000 replications; 50% cutoff). Vertical distance has no meaning. GenBank accession numbers are given after each isolate name.
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hybridizes with a conserved 16S rRNA region of eubacteria
was used (Eub-338) to confirm the presence and viability of
rRNA in tissue sections from seven dogs and 17 American cats.
Tissue blocks were not available for dogs D3, D9, and D10 and
the German cats (C18 to 45) (Table 1). A positive result,
indicated by spiral red organisms (Fig. 4E) was obtained in 23
of 25 sections. Sections from cats C14 and C17 failed to hy-
bridize with the eubacterial probe. Hybridization with specific
“H. heilmannii” probes was subsequently performed on the 23
eubacterial positive sections.

In 14 of 15 cats probes against “H. heilmannii” types 1 to 4
failed to bind, despite positive eubacterial FISH, precluding
definitive characterization of the “H. heilmannii” subtypes
present. In a single cat (C16) that was coinfected with H. felis
and “H. heilmannii,” hybridization was observed with probes
against “H. heilmannii” type 2 and HHLO (Table 3).

In sections from two dogs with a mono-infection of “H.
heilmannii” binding of the “H. heilmannii” probes but not the
HHLO probe was observed (Table 3). In sections from five
dogs coinfected with “H. heilmannii” and H. bizzozeronii hy-
bridization was observed with probes against “H. heilmannii”
in four sections and against HHLO (which detects H. bizzoz-
eronii, H. felis, and H. salomonis) in four sections (Table 3).
Sections from one dog coinfected with “H. heilmannii” and H.
bizzozeronii were positive for “H. heilmannii” types 1 and 2.

The results of FISH and species-specific PCR were in agree-
ment in five of the eight animals evaluated.

In dogs coinfected with “H. heilmannii” and H. bizzozeronii
FISH clearly demonstrated that different HHLO cohabit the
same region of gastric mucosa in the canine stomach (Fig. 4D).
Morphologically two distinct spiral forms were observed using
Steiner’s silver stain and confirmed with FISH (Fig. 4E and F).
Short, loosely spiraled rods (Fig. 4E1 and F1) were observed in
sections from D2, D5, and D7; these were approximately half
the length of another distinct, tightly spiraled, elongated form
of Helicobacter (Fig. 4E, inset 2, and F, inset 2) within the same
sections. Using a eubacterial FISH probe, the two forms were
observed to be located in mixed populations within the gastric
mucus. The shorter spirals (Fig. 4E, inset 1) hybridized with an
HHLO probe (Table 1 [Heibiz Sonde 7]) and not with any “H.
heilmannii”-specific probes. The longer spirals (Fig. 4E, inset
2) hybridized with an “H. heilmannii”-specific probe (Table 1
[Heifel 1 � 2]) and with an HHLO probe detecting H. felis, H.
bizzozeronii, and H. salomonis. Additionally, using “H. heilman-
nii”-specific probes, two morphological forms (a long and a
short spiral) were visible in the same specimens (Fig. 4A and
B).

DISCUSSION

Infection with candidatus “Helicobacter heilmannii” in hu-
mans is associated with gastritis and mucosa-associated lym-
phoid tissue lymphoma and is thought to be acquired by zoo-
notic transmission from dogs, cats or pigs, which are commonly
infected with HHLO (12, 25, 27, 30). While “H. heilmannii”
type 1 is the predominant organism in people and pigs (19, 28),
the types colonizing dogs and cats have not been defined. The
present study demonstrates that “H. heilmannii” ureB se-
quences generated from gastric biopsies of 45 cats and 10 dogs
are similar to “H. heilmannii” sequences deposited in Gen-
Bank and clearly distinct from the “Helicobacter heilmannii”-
like organisms H. felis, H. salomonis, and H. bizzozeronii. These
results confirm the specificity of ureB-based PCR for the iden-
tification of “H. heilmannii” (14) and should be useful for
discriminating “H. heilmannii” from other large spiral organ-
isms in tissues from infected people.

As ureB sequencing does not enable discrimination between
“H. heilmannii” subtypes we employed 16S rDNA amplifica-
tion and sequence analysis of PCR products without cloning,
which has been previously used to characterize “H. heilmannii”
infections in people (28). To avoid producing a composite
sequence of multiple Helicobacter spp. we sequenced only
DNA samples determined by species-specific PCR to be pos-
itive for “H. heilmannii” but negative for H. bizzozeronii, H.
felis, and H. pylori. DNA sequence traces were also carefully
scrutinized for underlying peaks that would indicate the pres-
ence of a different species. The agreement between the “H.
heilmannii” subtype designated for aligned 225-bp 16S DNA
sequences and 16S rRNA bp 642 to 661 FISH probe binding
sequences in 19 of 20 DNA samples further supports the pres-
ence of a single strain. However, in 3 of 20 samples (D1, D3,
and C38), which clustered with HHLO-5 and “H. heilmannii”
type 2, we observed DNA sequences in the 16S rRNA 642 to
661 region that had ambiguous FISH probe binding sites. It is
possible that these three sequences indicate novel “H. heilman-

FIG. 3. Phylogenetic consensus tree showing the genetic relation-
ship of Helicobacter sp. 16S rRNA gene sequences amplified from cats
(C) and dogs (D) with “H. heilmannii” infection (C1 to C17, United
States; C18 to C45, Germany; D1 to D10, Denmark) to archival “H.
heilmannii,” “G. hominis,” and “H. suis” and 16S rRNA gene se-
quences. The numbers in boldface type at the nodes are the bootstrap
percentages (1,000 replications; 50% cutoff). Vertical distance has no
meaning. GenBank accession numbers are given after each isolate
name.
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nii” subtypes, or perhaps they are chimeras resulting from the
presence of undetermined coinfecting Helicobacter spp. De-
spite the possible limitations of direct sequencing of PCR
products our results indicate that infected dogs and cats harbor
“H. heilmannii” bacteria that are clearly distinct from “G.
hominis” isolate 1 and “H. suis” (bootstrap value of 98%). A
total of 65% (13 of 20) of sequences clustered with “H. heil-
mannii” type 4 and 35% of sequences (7 of 20) clustered with
“H. heilmannii” type 2 and HHLO-5. Isolates clustering with
“H. heilmannii” type 4 were more prevalent in cats than dogs;
three out of four dog 16S sequences obtained from mono-
infected dogs clustered with type 2. Our results suggest that

other species such as pigs, which are known to harbor “H.
heilmannii” type 1, pose a greater zoonotic threat than dogs
and cats. This is consistent with the increased relative risk of
infection reported by Stolte et al. (25) for humans exposed to
pigs.

It was interesting that dogs and cats differed in their patterns
of cocolonization by different Helicobacter species. The major-
ity of cats were colonized by “H. heilmannii,” whereas dogs
were more likely to be coinfected with H. bizzozeronii and “H.
heilmannii.” Cats from different countries also showed differ-
ent patterns of cocolonization: American cats were more fre-
quently cocolonized with H. felis (18%) than H. bizzozeronii

FIG. 4. Formalin-fixed paraffin-embedded gastric sections from animals with “H. heilmannii” detected by FISH using the oligonucleotide
probes summarized in Table 1. Probes were labeled with fluorescein isothiocyanate (green) or Cy-3 (red). (A) “H. heilmannii” type 2 from dog
(D1); (B) “H. heilmannii” type 4 from dog (D5); (C) HHLO from cat (C15); (D) cocolonization with “H. heilmannii” type 2 (green) and other
HHLO (red); (E) spiral bacteria detected with eubacterial probe Eub-338 (red) and HHLO probe (green) (inset 1, short loosely helical rods
resembling H. salomonis; inset 2, elongated thin, tightly spiraled bacteria resembling “H. heilmannii” or H. bizzozeronii; (F) same as panel E but
stained with Steiner stain.
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(6%), whereas German cats were predominantly cocolonized
with H. bizzozeronii (25%) rather than H. felis (7%). These
results are in broad agreement with a previous PCR-based
study of Swiss cats where “H. heilmannii” was the predominant
species (78% of Swiss cats). However, Swiss cats were more
commonly cocolonized with unclassified Helicobacter spp., and
H. bizzozeronii or H. felis was not detected (14). The reasons
for these differences and the source of different Helicobacter
spp. in cats have not been defined. The findings for dogs are
also in broad agreement with previous PCR-based studies that
showed 25% of dogs colonized by “H. heilmannii” and frequent
cocolonization with “H. heilmannii” and H. bizzozeronii (16,
17).

We employed FISH with eubacterial and “H. heilmannii”-
specific probes that have been previously evaluated in human
infections (28) to provide simultaneous evaluation of infecting
Helicobacter species by genotype and morphology in a subset of
infected cats and dogs. The present study was not constructed
to provide a direct comparison of species-specific PCR, 16S
rDNA sequence analysis and FISH. Our results complement
and extend previous electron microscopic and PCR-based
studies of infected dogs and cats (10, 18, 24, 29) that indicated
that the stomachs of cats and dogs are colonized by a diverse
population of morphologically and genetically distinct spiral
organisms.

In infected dogs, FISH enabled the site of colonization to be
examined. “H. heilmannii” types 2 and 4 inhabited the gastric
mucus and gastric glands and in animals coinfected with other
HHLO shared the same gastric niche. On occasion organisms
appeared to be within parietal cells but were generally in the
mucus and were not obviously adherent to cells. There was no
clear evidence to support tropism of species to different parts
of the stomach, suggesting that dogs and cats are colonized by
a free mixing population of different Helicobacter spp. Such
intermingling would potentially enable the transfer of DNA
from one species to the other.

Two distinct forms of three Helicobacter spp. were recog-
nized in dog samples—a short, loosely spiraled form which
hybridized only with a HHLO probe reported to be specific for
H. felis, H. bizzozeronii, and H. salomonis and two longer,
tightly spiraled forms, one of which hybridized only with an “H.
heilmannii” probe (Heifel 1�2) and the other only with a
HHLO probe. The shorter forms of Helicobacter appeared to
be similar to the Lockard and Boler type 2 organisms, now

known to be H. felis; however, since PCR had revealed all dog
specimens to be free from H. felis, we concluded that these
organisms were most likely the morphologically similar H. salo-
monis (6, 10, 24). The two longer spiral forms appeared to be
identical to the Lockard and Boler type 3 organisms (10) ob-
served by electron microscopy in the canine stomach and now
known to be “H. heilmannii.” However, since one longer form
was observed only with an HHLO probe, this is likely to be H.
bizzozeronii (6, 24) and the identical form with “H. heilmannii”-
specific probes is likely to be “H. heilmannii” (6, 10, 24). Dif-
ferent morphologies observed with a specific “H. heilmannii”
probe were likely due to the presence of different forms of the
same species within an animal, as observed for “H. heilmannii”
in cats (18).

FISH failed to definitively characterize “H. heilmannii” sub-
types in 14 of 15 cats. The reasons for the failure of the “H.
heilmannii” probes to hybridize to cat tissues, despite success-
ful hybridization with the eubacterial probe, the presence of
the probe binding sites in 16S sequences from these cats, and
appropriate hybridization controls is not clear. It may reflect
tissue processing, as these samples were obtained from clinical
cases and may have been formalin fixed for more than the
recommended 24 h. Perhaps the smaller size of the eubacterial
probe (12 versus 20 bp) compared to the “H. heilmannii”
probes enabled it to hybridize to the archival feline tissue
samples.

In conclusion, our results indicate that dogs and cats are
colonized by “H. heilmannii” organisms that are distinct from
“G. hominis” and “H. suis” and more similar in genotype to “H.
heilmannii” types 2 and 4. As “H. heilmannii” type 1 is the
predominant species in infected people (80%), the zoonotic
risk posed by dogs and cats is likely small.
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