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Abstract
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Ten adult domestic shorthaired stray cats (Felis catus) were investigated for the presence and
localization of different species of gastric Helicobacter-like organisms (GHLOs) using Warthin-
Starry silver staining, immunohistochemistry and transmission electron microscopy (TEM); the
severity and distribution of lesions in different regions of the stomach were assessed in HE-stained
sections. GHLOs were present in all areas of the stomach in all of 10 cats. Three morphologically
different types of spiral-shaped bacteria were demonstrated; in silver-stained sections, H. pylori
like organisms (HPLO) were easily differentiated from other GHLOs.  Eight of the cats had H.
heilmannii-like organisms (HHLOs) and one cat had HPLO. Mixed H. heilmannii and H. felis
infection was seen in only one cat. GHLO infection was associated with a mild to severe gastritis
in 8 of 10 cats. GHLOs colonized the cardia, corpus and antrum in similar density. The most
striking histopathological changes consisted of accumulation of lymphocytes and neutrophilic
granulocytes, fibrosis of the lamina propria mucosae, lymphoid follicles and lymphocytic
infiltrates. There was no obvious relation between the degree of colonization by GHLOs and the
extent of histopathological changes. GHLOs were present on the mucosal surface, in the lumen of
gastric glands, and in the cytoplasm of parietal cells.

These findings indicate that immunohistochemistry and silver staining are useful for detecting
GHLO infections, particularly with different Helicobacter species present. Stray cats are
frequently colonized by HHLOs without any significant correlation between the degree of infection
and gastritis score; in contrast HPLOs and HFLOs infections are not very common.
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The presence of spiral bacteria in carnivorous pets has been known since the descriptions by
Rappin (1881) and Bizzozero (1893), which were subsequently confirmed by Salomon
(1898), all cited by Fox and Lee (1997). At present, more than 36 kinds of organisms with
typical characteristics of Helicobacter spp. have been isolated from humans and different
animals (Neiger 2001). H. felis was the first species isolated and identified from cat stomach
(Lee et al. 1988) and subsequently H. heilmannii (formerly “Gastrosprillum hominis”)
(Heilmann and Borchard 1991), which is ultrastructurally indistinguishable from H.
bizzozeronii (Hänninen et al. 1996). These two species are collectively referred to as gastric
Helicobacter-like organisms (GHLOs) (Hänninen et al. 1996). H. heilmannii-like organisms
(HHLOs) and H. felis are the Helicobacter species most commonly identified in the gastric
mucosa of cats (Scanziani et al. 2001). These organisms can be differentiated based on
bacterial morphology and location within the gastric mucosa (Utriainen et al. 1997).

Helicobacter pylori has been extensively studied since the discovery in humans it can be
responsible for gastritis, peptic ulcers, gastric carcinoma and MALT-lymphoma (Chen et
al. 2002). Some investigations have failed to isolate H. pylori from stray or pet cats (El-
Zataar i et al. 1997; Neiger et al. 1998). However, some other researchers revealed the
presence of H. pylori in cat stomach (Scanziani et al. 2001; Sobhani et al. 2002) or saliva,
gastric fluid and faeces (Fox et al. 1996) and it can promote gastritis when introduced into
specific-pathogen-free cats (Fox et al. 1995a).
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The detection of cat GHLO’s in the human stomach has prompted several investigators to
propose that feline Helicobacters may be transmitted to humans (Handt et al. 1994; Fox
et al. 1996). Finally the detection of H. pylori in cats suggested a zoonotic risk with
transmission occurring from cats to humans (Neiger and Simpson 2000). However, some
investigations have failed to detect H. pylori in stray cats in Houston, Texas and they pointed
the possibility of the anthroponositic potential of the disease (El-Zaatar i et al. 1997).

Unlike H. pylori, “H. heilmannii” can naturally infect a broad range of animals, including
cats, dogs, and primates, leading to mild and moderate gastritis (Eaton et al. 1996).
Although high prevalence of H. heilmannii in pets is reported (Hermanns et al. 1995), in
humans its absolute prevalence is very low, about 300 times lower than that of H. pylori
(Morgner  et al. 1995). It has been suggested to be an example of zoonosis (Stol te et al.
1994).

Despite the frequent occurrence of gastric bacteria in cats (Happonen et al. 1996b) there
have been few studies examining the prevalence of these bacteria in different populations of
animals, evaluating any gastric lesions associated with disease course and their presence
(Neiger et al. 1998). The purpose of this study was to assess the prevalence and
morphologic types of gastric bacteria and to determine if naturally occurring gastric bacteria
were associated with gastritis in stray cats.

Materials and Methods
Animals

Ten adult domestic shorthaired stray cats (Felis catus) (4 male and 6 female) scheduled to be killed by the Kars
City Municipality, Animal Control Center were studied. They were in good condition with no obvious signs of
alimentary tract and other disease. All ten cats were euthanised with an intracardiac injection of pentobarbital
sodium and necropsied systematically.

Gross  pathology and his tology
Gross lesions were recorded and samples were collected for histopathological and electron microscopical

examinations. Gastric tissues taken from cardia, corpus and pyloric antrum were fixed in 10% neutral buffered
formalin and embedded in paraffin wax. Sections (5 µm) were stained with hematoxylin-eosin (HE) for
histopathological evaluation and with Warthin-Starry silver stain for identification and localization of the bacteria.

Quant i ta t ive assessment  of  his topathological  f indings
HE-stained sections of each stomach region were scored in a blinded fashion for lesion severity and distribution.

For the histopathological assessment the presence of lymphocyte aggregates, the number of leukocytes, and the
degree of GHLO colonization were recorded.

Grading of leucocytic infiltration was as follows for inflammatory cells (mean of three fields at 400), „-“ (< 5;
normal), „+“ (5 to 25; mild), „++“ (26-50; moderate), or „+++“ (> 50 severe). Lymphoid follicles were evaluated
as atrophic, quiescent, or active, and densities per region were given intensity scores on a 3- (+) scale for the cardia,
corpus and pyloric antrum. „-“ no lymphoid follicles per low-power field, „+“ fewer than two follicles per low-
power field, „++“ greater than two follicles per low-power field, „+++“ greater than five follicles per low power
field. The low power field had a total magnification of 20 ×. The type and location of inflammatory cells per low-
power field were noted, as were spiral organisms. Products of intensity and distribution scores were calculated for
determination of the lesion score.

Bacterial density was scored on a 3-(+) scale for the cardia, corpus and pyloric antrum as follows (mean of three
fields at 400): „-“ no bacteria, „+“ (1 to 10; rare bacteria), „++“ (11-25; bacteria in most or all fields), „+++“ (> 25;
bacteria densely packed in glands in most or all fields).

Gastritis was defined as follows: (-) „no gastritis,“ no lymphoid aggregates, < 5 leukocytes per high power field,
and normal mucosal epithelium; (+) „mild gastritis,“ fewer than two lymphoid aggregates per low-power field
and/or 5 to 25 leukocytes per high-power field and normal mucosal epithelium; (++) „moderate gastritis,“ more
than two lymphoid aggregates per low-power field, and 26 to 50 or more leukocytes per high-power field, and/or
mild gastric epithelial changes; (+++) „severe gastritis“, greater than five lymphoid aggregates and/or > 50
leukocytes per high-power field and marked epithelial changes. Gastritis and density of bacterial colonization were
scored separately for the cardia, corpus and pyloric antrum.

Immunohistochemistry
Sections from all tissue samples were also processed for immunohistochemical examination by a streptavidin-

biotin-peroxidase method, with diaminobenzidine (Sigma, St. Louis, MO) as the chromogen. A primary rabbit
polyclonal antibody against H. pylori (Dako® Diagnostica GmbH, Hamburg) was used at a 1/150 dilution.
Nonimmune rabbit serum was used as a negative control.
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Transmission electron microscopy (TEM)
Gastric mucosa samples from two cases fixed in formalin were postfixed in 1% osmium tetroxide, dehydrated,

infiltrated, and embedded in Epoxy resin. Thick sections cut at 1 µm 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.

Results

Histological  examinat ion
Seven cats had mild to moderate inflammation in one or more regions of the stomach

(Table 1). Inflammatory cells consisted of lymphocytes and occasional eosinophils and
plasma cells. Another cat (No. 10) had severe gastritis characterised by infiltration of
neutrophils and some lymphocytes and severe epithelial changes including cytoplasmic
basophilia, fibrosis of the mucosa, and dilatation of the glands. Lymphoid follicle formation
occurred in only 4 cats and was most prominent in the antrum. The two remaining cats were
free of lesions in the stomach. No gastric erosions or ulcerations were observed in any of the
cases.

Prevalence and dis t r ibut ion of  bacter ia
Warthin-Starry and immunostaining revealed gastric bacteria in all of the cats. In all the

cases, the organisms were found to be single or in groups. Labelling ranged from diffuse to
focal with most samples demonstrating positive organisms in the surface mucus covering
the gastric epithelium. Microorganisms were located in the surface mucus, gastric pits,
gastric glands in cardia, corpus, and pyloric region of the stomach (Table 1). These
organisms were distributed over the entire mucosa. The gastric colonization appeared to be
heaviest in the gastric pits and in the lumen of the gastric glands. Six of the infected cats were
more heavily colonized than were the others.

Microscopic examination revealed three morphologic types of spiral bacteria. The first
type was found in nine out of 10 cats. They were long and tightly coiled spiral organisms.
These bacteria most resembled H. heilmannii (Plate IV, Fig. 1). On TEM examination, they
were seen as tightly coiled seven to nine spirals with a gap of 0.8-1.0 µm between each
parallel strand, with an average length of 8 µm in the sections (Plate IV, Fig. 2). Their
diameter was between 0.5 and 1 µm. Periplasmic fibrils were not observed. Based on these
morphological characteristics, the microorganisms were identified as H. heilmannii.
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Table 1. Semiquantitative analysis of gastric Helicobacter spp. positive casesa

a) Scoring was performed as described in Materials and Methods;
b) H. felis-like organism; c) H. pylori-like organism, d) H. heilmannii-like organism;
e) C: Cardia; Cp: Corpus; A: Antrum

Cat Organism Colonization Leucocytic Average No. of lymphoid Gastritis
No. detected density infiltration follicles/section score

HFLOb HPLOc HHLOd Ce Cp A C Cp A C Cp A C Cp A
1 - - + + + + + - - + - - + - -
2 - - + +++ ++ ++ - - - - - - - - -
3 - - + +++ +++ +++ - - + - - - - - +
4 - - + +++ +++ ++ - ++ - - + - - ++ -
5 - - + ++ +++ +++ - - - - - - - - -
6 + + - +++ +++ +++ - - ++ - - ++ - - ++
7 - - + +++ +++ +++ + + + - - - + + +
8 - - + ++ ++ ++ + + + - - - + + +
9 - - + ++ ++ ++ ++ ++ ++ + - - ++ ++ ++

10 - - + +++ +++ +++ +++ +++ +++ - - - +++ +++ +++



The second type of bacteria was found in only one cat. They were present in the mucous
layer, generally in close proximity to the gastric mucosal epithelial cells, in the lumina of
the gastric pits and in the gastric glandular lumens (Plate V, Fig. 3). TEM revealed, within
glandular lumina, short, slightly curved form of bacteria, approximately 2.5 to 4 µm in
length and 0.5 to 0.7 µm in width (Plate V, Fig. 4). Some of bacteria were in intimate contact
with epithelial cells. In morphology and location, these organisms were very similar to 
H. pylori of man. Bacteria were not observed intracellularly. These organisms were seen in
all gastric regions examined.

The third type was found in only one case together with H. pylori-like bacteria. Organisms
were seen as 5-9 µm long, loosely coiled spirals with 6-8 turns. These bacteria most
resembled H. felis.

Eight cats had gastritis scores of „+“, „++“ or „+++“ and corresponding bacterial scores
of „+“, „++“ or „+++“; 2 cats had no gastritis in spite of large numbers of bacteria. The
gastritis scores did not greatly differ among the cardia, corpus and pyloric antrum. Finally,
there was no correlation between the presence or density of bacteria and the presence of
mucosal lymphoid follicles and gastritis score.

Discussion

The widespread infection in the stomach of cats in the present study is similar to that
reported in humans (Genta  et al. 1993) and cats (Fox et al. 1996). The high prevalence of
GHLO in cats is also reported in other published studies ranged from 41% to 100%
(Happonen et al. 1996b; Papasoul iot is et al. 1997).

Information regarding the frequency of different Helicobacter spp. in the cat stomach is
scarce. H. felis, H. heilmannii, H. pylori were cultured from cat stomach (Neiger at al.
1998; Simpson et al. 2001). Among these species, H. felis-like bacteria were found in only
one cat mixed with HHLO. In the present study, H. pylori-like bacteria were found in one
cat. The rare detection of H. pylori in cats, particularly in specific-pathogen free laboratory
cats (Handt et al. 1994) with absence of H. felis or H. heilmannii was attributed to the lack
of normal gastric flora and they became colonized by contact with a human caretaker (Eaton
et al. 1996). Several studies have pointed that having cats is not associated with an increased
potential risk of acquiring H. pylori infection (Ansorg et al. 1995; Webb et al. 1996).
However, in cats with naturally acquired gastric H. pylori colonization similar to those
infected people were also known (Scanziani et al 2001; Simpson et al. 2001).

In the present study, the intensity of the gastric bacterial colonization of stray cats was not
different from other studies where pet cats were studied (Scanziani et al. 2001; Sobhani
et al. 2002). While some studies (Otto et al. 1994) found a correlation between age and the
presence of GHLO, others (Esteves et al. 2000; Neiger et al. 1998) did not find more
spiral organisms in older cats. Otto et al. (1994) reported an increase of lymphoid follicles
in older cats with high numbers of GHLO in the gastric mucosa versus younger cats with
lower indices of GHLO colonization in pound-source cats. In the present study, HHLOs
were detected in the majority of the cases, which is responsible for causing chronic gastritis
in cats (Feinstein and Olsson 1992). Zoonotic potential of gastric spiral organisms other
than H. pylori has been reported (Stol te  et al. 1994; Dietr ich et al. 1998). On the other
hand concomitant infections by H. heilmannii and H. pylori were very rare and attributed as
a result of competitive exclusion of H. heilmannii from infection with H. pylori (Stol te et
al. 1994).

In the present study, both impregnation and immunohistochemistry indicated that the
cardia, corpus, and pyloric antrum are almost equally colonized. However, some studies
(Happonen et al. 1996a, 1996b) showed that cardia and corpus an area rich in parietal cells,
of the stomach were more heavily and often colonized than the antrum in cats infected with
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H. felis and H. heilmannii. Different patterns of colonization were reported in BALB/c mice
infected with H. felis where localization observed in cardia and antrum because of the
various gastric pHs of the different stomach regions (Danon et al. 1995). This suggests that
host-specific factors are involved, and one possible mechanism that has been described is
the ability of some Helicobacters to inhibit the secretory function of parietal cells directly
(Vargas et al. 1991).

In the present study, mild chronic gastric lesions were found in HPLO and HHLOs-
infected cats. The lesions consisted mainly of lymphocytic infiltrates and some mucosal
lymphocytic aggregates at least in one region of the stomach in 4 of 10 cats. The mild chronic
gastritis noted in H. pylori-infected cat was similar to that observed in cats colonized by
HHLOs. HHLO infection was associated with mild or moderate chronic active gastritis
characterized by lymphocytic infiltrates in the superficial mucosa as well as neutrophils in
two cats. However, marked chronic active gastritis associated with glandular atrophy and
fibrosis with neutrophilic infiltration was detected in only one cat. In most cases, the
inflammatory infiltrate was not accompanied by epithelial changes. There was no relation
between Helicobacter colonization density and the severity of mucosal inflammation or the
number of lymphoid follicles observed as in other studies (Happonen et al. 1998). Most
cats had many bacteria and only signs of mild gastritis. Similar pattern of gastritis previously
described in natural or experimental Helicobacter infection in cats (Otto et al. 1994; Fox
et al. 1996). However, in contrast to cats, human gastric mucosa is often infiltrated by
neutrophils and exhibits glandular microabscesses (Genta et al. 1993). Hermanns et al.
(1995) reported histopathological changes in cats with signs of vomiting and diarrhoea
including glandular degeneration with accumulation of lymphocytes and neutrophils,
fibrosis and oedema of the lamina propria and presence of lymphoid follicles, which is
correlated with the degree of GHLO colonisation. On the other hand some researchers
reported inflammatory changes including oedema and lymphoplasmacytic infiltration of the
lamina propria in both cats with GHLOs and without bacterial association (Geyer et al.
1993; Neiger et al. 1998). Whereas Papasoul iot is et al. (1997) reported no
histopathological abnormalities in any of the cats either with or without clinical signs.

The presence of lymphoid aggregates has long time been considered a non-specific
histological finding in the gastric mucosal architecture of cats (Adam et al. 1970). However,
it was shown absence of lymphoid aggregates in the cats free of gastric organisms (Handt
et al. 1995). In contrast, cats harbouring H. pylori, GHLOs and H. felis developed large
numbers of lymphoid follicles (Handt et al. 1995). In the present study, H. pylori-infected
cat had more numerous lymphoid aggregates than that of H. heilmannii-infected cats.
Multiple lymphoid follicles have also been described in H. pylori infected humans (Zerbib
and Vialet te 1994), and cats (Scanziani et al. 2001). However, H. heilmannii is common
in pet cats, and it is generally associated with minimal inflammation (Norr is et al. 1999) as
in present study. H. pylori and GHLOs are known to be involved in ulcerogenesis in humans
and ferrets (Fox et al. 1991). Gastric ulcers were not seen in the cats we examined and in
other studies (Handt et al. 1994; Otto et al. 1994). These findings show that different
Helicobacter species cause differences in the severity of gastritis in infected cats as it shown
by others (Nieger and Simpson 2000; Scaznziani et al. 2001).

The route of transmission for members of the genus Helicobacter is much of debate.
Isolation of H. pylori from human and cat dental plaques, saliva, and feces (Kelly et al. 1994;
Fox et al. 1996) prompted some authors (Fox et al. 1996) to propose oral-oral and faecal-oral
route of transmission. Oral-oral transmission of H. heilmannii was suggested as a result of
exposure to companion animals (Lavelle et al. 1994). Considering long in vitro survival of
gastric Helicobacters in the stomach contents of cats (Fox et al. 1995b) and eliminating these
bacteria alive in their saliva by vomiting, grooming and licking, consequently contact with
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them could be source of human infection. Frequent occurrence of GHLO in the cats increases
possibility of risk of transmission to human patients despite low prevalence of H. heilmannii
in human patients (Svec et al. 2000). Furthermore, the detection of H. pylori in the stray cats
could indicate that cats could be a potential reservoir for the bacterium (Handt et al. 1994). In
the present study, the low occurrence of H. pylori in stray cats contrasts with the other studies
and reports where no HPLO were detected in stray cats (El-Zaatari et al. 1997; Neiger
2001). The presence of H. pylori in stray cats raises the question of possible source infection.
The presence and resistance for 40 hours in water suggest that there may be environmental
reservoir of H. pylori (Klein et al. 1991). Transmission of H. pylori has generally been
considered to be oral-oral as well as faecal-oral route (Fox et al. 1996) presuming the reservoir
of the organism is pet cats, humans or large animals for slaughter (Dimola and Caruso
1999). For that reason, the actual frequency of H. pylori infection in pet cats has should been
determined in order to reveal the differences between stray and pet cats.

In conclusion, stray cats are frequently colonized by GHLOs without any significant
correlation between the degree of infection and gastritis score.

Helikobakteru podobné organismy v Ïaludku toulav˘ch koãek

Deset toulav˘ch krátkosrst˘ch koãek domácích (Felis catus) bylo vy‰etfiováno s vyuÏitím
Warthin-Starryova barvení stfiíbrem, imunohistochemie a transmisivní elektronové mikro-
skopie (TEM) na pfiítomnost a lokalizaci rÛzn˘ch druhÛ heliokobakteru podobn˘ch orga-
nismÛ v Ïaludku (GHLO). VáÏnost a distribuce/roz‰ífiení lézí v rÛzn˘ch ãástech Ïaludku byly
hodnoceny na fiezech barven˘ch HE (hematoxylin eosin). GHLO se vyskytovaly ve v‰ech
ãástech Ïaludku u v‰ech deseti koãek. Byly pozorovány 3 morfologicky odli‰né typy spirá-
lovit˘ch bakterií. Organismy podobné H. pylori (HPLO) byly ve stfiíbrem barven˘ch fiezech
od ostatních GHLO snadno rozli‰itelné. U osmi koãek byly zji‰tûny H. heilmannii podobné
organismy (HHLO) a u jedné HPLO. Smí‰ená infekce H. heilmannii a H. felis byla zji‰tûna
pouze u jediné koãky. U osmi z deseti koãek byla infekce GHLO spojena s lehkou aÏ tûÏ-
kou gastritidou. GHLO kolonizovaly stejnû kardii, fundus i antrum pylori. Nejnápadnûj‰í-
mi patohistologick˘mi zmûnami byla akumulace lymfocytÛ a neutrofilních granulocytÛ, fib-
róza lamina propria mucosae, lymfoidní folikuly a infiltrace lymfocyty. Nebyl nalezen zfiej-
m˘ vztah mezi stupnûm kolonizace GHLO a rozsahem histopatologick˘ch zmûn. GHLO se
nacházely na povrchu sliznice, v luminu Ïaludeãních Ïlázek a v cytoplazmû parietálních
bunûk.

Tyto nálezy ukazují, Ïe immunohistochemie a barvení stfiíbrem jsou vhodné pro detekci
GHLO infekcí a to zejména v pfiípadech, kdy je pfiítomno více rÛzn˘ch druhÛ Helicobac-
ter. Îaludek toulav˘ch koãek je ãasto kolonizován HHLO bez signifikantní korelace mezi
stupnûm infekce a váÏností gastritidy. Naproti tomu HPLO a HFLO infekce nejsou velmi
ãasté.
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Plate IV
Erginsoy S. D. and Sozmen M.: Gastric Helicobacter  ... pp. 91-98

Fig. 1.  Tight, helix-shaped H. heilmannii-like bacteria in the gastric glandular lumen.  ABC,  Bar
= 10 µm.

Fig. 2.  Tight, helix-shaped bacteria without periplasmic fibrils resembling “H. heilmannii” in the
lumen of a pyloric gland. TEM,  Bar = 0,44 µm.



Plate V

Fig. 3.  Clusters of HPLOs in superficial gastric glandular lumen of a cat.  ABC;  Bar = 10 µm.

Fig. 4.  TEM shows numerous HPLOs in the glandular lumen of an infected cat stomach.  
Bar = 2.22 µm.


