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ABSTRACT: We studied gastric Helicobacter
spp. in five red foxes (Vulpes vulpes). Samples
of stomach from the cardia, corpus, pyloric antrum, and duodenum were subjected to histopathologic, immunohistochemical, and transmission electron microscopy (TEM) examination for the presence of Helicobacter and gastritis. All foxes had gastric Helicobacter-like
organisms (GHLOs) on examination by light
microscopy and TEM. Gastric Helicobacterlike organisms were present in all areas of the
stomachs. Chronic mild or moderate gastric inflammation was associated with infection by
GHLOs in one or more regions of the stomach,
but there was no correlation between inflammation and infection. It is not clear whether
the organisms were causing the minimal histologic lesions observed, but the gastric mucosa
of free-living foxes appears to be commonly
colonized with GHLOs. The frequent colonization of free-living foxes with distinct GHLOs
possibly reflects their special characteristic in
feeding and/or social behavior or the potential
commensal nature of the bacteria in free-ranging foxes.
Key Words: Gastritis, Helicobacter, immunohistochemistry, red foxes, transmission electron microscopy, Vulpes vulpes.

Since the identification of gastric spiral
bacteria by Marshall and Warren in 1984,
the genus Helicobacter has expanded to include more than 36 different species
(Neiger, 2001); new Helicobacter species
have been reported every year at increasing speed. Various species of Helicobacter
have been identified in the gastric mucosa
and intestines of humans and a wide range
of animals, including pets and laboratory
animals (Shen et al., 1997; Diker et al.,
2002) and various captive and free-ranging
animals (Jakob et al., 1997; Kinsel et al.,
1998a; Seidel et al., 2001a, b).
Despite the frequent occurrence of gastric bacteria in captive carnivorous animals
(Jakob et al., 1997; Seidel et al., 1997,
2001a, b), there have been limited studies

examining the prevalence of these bacteria
in free-ranging animals (Giusti et al., 1998;
Kinsel et al., 1998b). The purposes of present study were to determine the presence, colonization sites, and morphologic
types of gastric Helicobacter-like organisms (GHLOs) and to assess whether naturally occurring gastric bacteria were associated with gastritis in free-living foxes.
Between December 2000 and December 2002, specimens were collected from
five adult free-ranging foxes (Vulples vulpes; three male and two female) hunted by
farmers in Turkey (408359N, 438049E). All
foxes were subjected to a systematic necropsy examination; samples were collected
for histopathologic and electron microscopic examinations from a range of tissues, including the cardia, corpus, and pyloric antrum of the stomach and the duodenum. Tissues were fixed in 10% neutral
buffered formalin.
Fixed tissues were routinely processed
and embedded in paraffin. Sections (5 mm)
were stained with hematoxylin and eosin
for histopathologic evaluation and with
Warthin-Starry silver stain (Luna, 1968)
for the identification and localization of
the bacteria. Hematoxylin and eosin sections of different regions of the stomach
were assessed for evidence of gastritis and
degree of GHLO colonization. The classification and grading of gastritis was based
on a modification of the updated Sydney
system used to describe histologic lesions
in humans with gastritis (Dixon et al.,
1996). The overall gastritis score was determined by assessment of leukocytic infiltration, the presence of lymphoid aggregates, and the presence of gastric epithelial
changes. Morphologic characteristics of
the bacteria were determined by measur548
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HFLO 5 Helicobacter felis–like organism; HHLO 5 ‘‘H. heilmannii’’–like organism; HPLO 5 Helicobacter pylori–like organism.
Colonization density: mean of three fields at 3400: 2 5 0; 1 5 1–10; 11 5 11–25; 111 5 .25.
c Gastritis score (leucocytic infiltration was scored for a mean of three fields at 3400; lymphoid aggregates were scored for a mean of three fields at 320); 2 5 leukocytes (,5); lymphoid
aggregates (0), normal gastric mucosa; 1 5 leukocytes (5–40), lymphoid aggregates (,2), normal gastric mucosa; 11 5 leukocytes (40–50), lymphoid aggregates (2–5), and /or mild gastric
epithelial changes; and 111 5 leukocytes (.50), lymphoid aggregates (.5), and marked gastric epithelial changes.
d C 5 cardia; Cp 5 corpus; A 5 pyloric antrum.
e A short form of HHLO.
b
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TABLE 1.

ing 50 bacteria (from 10 fields examined
at 31,000 magnification). Bacterial colonization was graded as: 2 5 absent; 1 5
few bacteria; 11 5 numerous bacteria;
and 111 5 numerous bacteria filling gastric glands and in mucus (Table 1).
Sections of all tissues were also processed for immunohistochemical examination by a streptavidin-biotin-peroxidase
method with diaminobenzidine (Sigma, St.
Louis, Missouri, USA) as the chromogen.
A primary rabbit polyclonal antibody
against Helicobacter pylori (Dakot Diagnostica GmbH, Hamburg, Germany) was
used at a 1:300 dilution. Normal rabbit serum was used as a negative control.
Formalin-fixed gastric mucosa from one
case were postfixed in 1% osmium tetroxide, dehydrated, infiltrated, and embedded
in epoxy resin. Semithin sections cut at 1
mm were stained with toluidine blue (containing 1% borax). Thin sections, approximately 100 nm thick, were stained with
uranyl acetate and lead citrate and examined at 80 kV with a Philips 201 transmission electron microscope.
The five foxes were mature and normal
in body condition (average weight 8 kg,
range 7–9 kg). They were moderately infested with fleas. Their stomach contents
consisted mainly of one or two semidigested mice; there were no gastric ulcerations or lesions. No macroscopic lesions
were noted in any other tissues.
A single animal had no gastric inflammation. The other foxes had mild gastritis
in one or all parts of the stomach; the gastritis scores within each animal were generally similar at all sites. A single fox had
larger numbers of inflammatory cells in a
single site (the antrum). Inflammatory
cells consisted of lymphocytes and plasma
cells (Table 1). In three foxes, lymphoid
aggregates occurred in the lamina propria
of the corpus or pyloric antrum. Gastric
epithelial changes (glandular dilatation, reduction in normal undulations of the mucosal surface, and thickening of the propria mucosa) were present in one fox

Semiquantitative analysis of gastric Helicobacter spp. colonization density, organisms detected, and gastritis score in stomachs of free-living red foxes.
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FIGURE 1. Clusters of tightly coiled cork-screw-like Helicobacter sp. in a gastric glandular lumen from a fox.
Semi-thin section, toluidine blue. Bar 5 10 mm.

(which harbored an H. pylori–like organism [HPLO]).
Warthin-Starry and immunostaining revealed gastric bacteria in all foxes; no
GHLOs were visualized in the duodenum.
In four foxes, spiral bacteria were present
at all three sites in the stomach; the intensity of colonization was slightly more in the
pyloric antrum than the other two gastric
regions. In a fifth fox, bacteria were confined to the antrum. In all cases, the organisms occurred as single organisms or in
groups. Bacterial colonization densities
ranged from mild to marked (Table 1). Immunolabeling ranged from diffuse to focal,
with most samples demonstrating positive
organisms in the surface mucus covering
the gastric epithelium; bacteria also occurred in gastric pits and glands. There
was no correlation between the presence
or density of bacteria and gastric inflammation. Gastric epithelial changes were
present only in the single fox harboring
HPLOs.
Three morphologically different types of

bacteria were observed. In two foxes, there
was combined infection by two different
morphologic types of spiral organisms (Table 1). The first type, which was found in
three of five foxes, consisted of loosely
coiled spirals, 6–10 mm in length; the distance between the turns was 1–1.4 mm.
These morphologic features most closely
resembled H. felis. The second bacterial
type was found in three foxes. These bacteria were long and tightly coiled (7–13
turns) organisms with an average length of
8 mm having two to three turns at intervals
of average 2 mm and did not taper at the
ends. On the basis of these morphologic
characteristics they were similar to ‘‘H. heilmannii.’’ In two foxes, ‘‘H. heilmannii’’–
like organisms (HHLOs) were present together with H. felis–like organisms. Sections from one fox had a relatively short
form of spiral bacteria. They were corkscrew-like (4–6 turns) and 4–5 mm in
length (Fig. 1). On the basis of these morphologic characteristics, they most closely
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FIGURE 2. Clusters of curved or gull-winged shaped Helicobacter sp. in a dilated pyloric gland lumen. Immunolabeling. Bar 5 10 mm.

resembled ‘‘H. heilmannii,’’ with different
morphology.
The third morphologically distinct microorganisms about 3–4 mm long and 0.3–
0.4 mm in diameter were seen in the lumen of pyloric glands (Fig. 2). The shape
ranged among rodlike, slightly curved and
spiral appearances. Spiral forms usually
displayed two to three loose spiral turns.
The bacteria occurred singly or in groups
only in the glandular lumina or on the mucosal surfaces. On the basis of these morphologic characteristics, they most closely
resembled H. pylori.
In the semithin section of the specimen
from a fox infected with Helicobacter that
morphologically resembled H. heilmannii,
the distribution of the bacteria and the
patterns of tissue reaction were similar to
those noted by light microscopy. Bacteria
were on the mucosal surfaces or within the
glandular lumina and were often mixed
with mucus strands. They were also found
intracellularly within the gastric parietal
cell canaliculi. There was no evidence of

attachment to gastric epithelial cells. The
organisms were a relatively short form of
helical bacteria, with six to seven coils of
average length of 4–5 mm (Fig. 3a) and a
distance of 0.75–1 mm for every turn. They
were 0.8–1 mm in diameter at the center
and tapered to a diameter of 0.5–0.7 mm
at the ends. The spirals were quite tight,
with a pitch of 70–808 from the longitudinal axis (Fig. 3b). At least one terminal
tuft of five to eight flagella was observed.
Periplasmic or axial fibrils were not observed within any of the bacteria. These
morphologic characteristics were consistent with the presumed resemblance to H.
heilmannii.
Helicobacter-like bacteria commonly
colonize the gastric mucosa of free-living
foxes, which confirms the ubiquitous nature of this organism; it has been shown to
occur in a variety of captive and free-ranging animals (Jakob et al., 1997; Giusti et
al., 1998; Kinsel et al., 1998a, b; Seidel et
al., 2001b). Three morphologically different kinds of spiral-shaped bacteria were
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FIGURE 3. (a) Electron micrograph of a gastric cell infected with gastric Helicobacter-like organisms. Approximately nine tight, helix-shaped bacteria are present within the cell. Bar 5 0.52 mm. (b) Transmission
electron micrograph of a typical helical bacterium. The coils are quite tight with a pitch of 708 from the
longitudinal axis. Bar 5 0.57 mm.

found in the gastric mucosa of infected
foxes. One of them had a distinctive morphology, in that it was long, loosely coiled,
and similar to those bacteria most often
referred to as H. felis; a similar bacterium
was also found in the gastric mucosa of a
wolf (Canis lupus) (Jakob et al., 1997).
The second type of spiral-shaped organism found in three foxes consisted of long
and tightly coiled bacteria similar to those
most often referred to as ‘‘H. heilmannii,’’
which also occur in humans (Svec et al.,
2000). They are well-known inhabitants of
the gastric mucosa of domestic dogs (Happonen et al., 1998; Yamasaki et al., 1998)
and cats (Norris et al., 1999). They also
have been found in the stomach of cheetahs (Acinonyx jubatus) (Eaton et al.,
1993a, b) and lions (Panthera leo) (Jakob
et al., 1997), and they coexist with HPLOs.
‘‘Helicobacter heilmannii’’ may represent
multiple species (Trebesius et al., 2001),
and, in one fox, HHLOs with different

morphology were found. Whether these
less-common morphologies represent a
different form of the same species or different organisms cannot be determined
from the present study, although their infrequent occurrence suggests the former.
A third organism, which was found in
only one fox, was similar, if not identical,
to H. pylori; this is the most common inhabitant of the gastric mucosa of humans,
and an organism very similar to H. pylori
has been isolated from captive cheetahs
(Eaton et al., 1993a, b), lions (Jakob et al.,
1997; Seidel et al., 2001b), and tigers
(Panthera tigris) (Jakob et al., 1997) with
gastritis.
The presence of Helicobacter spp. in fox
stomachs was associated with limited tissue reactions; the lesions consisted mainly
of lymphoplasmacytic and some mucosal
lymphocytic aggregates. Similar mild
chronic gastritis has been observed in natural or experimental Helicobacter infection
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in dogs (Lee et al., 1992) and cats (Norris
et al., 1999), and the scarcity of polymorphonuclear leucocytes is a feature of Helicobacter gastritis in most animal models
(Diker et al., 2002), as well as in children
(Camorlinga-Ponce et al., 2003). The
chronic nature of the inflammation suggests that the foxes had harbored the infection for a long time. The absence of a
correlation between Helicobacter colonization density and severity or extent of
mucosal changes is similar to results of
other studies (Happonen et al., 1998; Yamasaki et al., 1998).
Various hypotheses have suggested for
the high prevalence of Helicobacter spp. in
animals. Overcrowding (Dubois, 1995)
and animal-to-animal contact (Hänninen
et al., 1998) have been proposed as major
risk factors for the transmission of gastric
Helicobacter spp. This may explain the
high incidence of Helicobacter infection in
zoo animals, animal shelters, and research
colonies, but it may be less important in
free-living foxes. The demonstration of
Helicobacter species in saliva and feces by
polymerase chain reaction suggests possible oro-fecal and oro-oral transmission
(Fox et al., 1995) and is consistent with
increased prevalence of H. pylori in humans living under crowded or poor hygienic conditions (Dubois, 1995). In captive animals, intraspecies transmission of
infection may also occur by vomit—the
mucus may act as a vector (Axon, 1996).
The infection of very young individuals is
probably due to fecal-oral route (Yoshimatsu et al., 2000) or direct mouth-tomouth transmission from the mother and
among puppies (Hänninen et al., 1998).
Infection from mother to cubs, by feeding
of regurgitated food, is a possible route of
transmission among foxes.
In conclusion, the stomach of free-living
foxes is commonly colonized with Helicobacter-like organisms including some that
resemble H. felis, ‘‘H. heilmannii’’ and H.
pylori. It was not clear whether the organisms were causing minimal inflammation
or whether the host is well adapted (Eaton

553

et al., 1993c). In such cases, the host-parasite relationship may be simply commensal or symbiotic, such as occurs when a
bacterium provides a probiotic effect and
contributes to competitive exclusion of
more pathogenic bacteria (Dunn et al.,
1997). The frequent colonization of freeliving foxes with distinct GHLOs possibly
reflect special characteristic in feeding
and/or social behavior of wild foxes.
The authors thank A. Skuse, Comparative Pathology Laboratory, University of
Bristol, Veterinary School, Langford, Bristol BS40 5DU, UK, for transmission electron microscope processing.
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