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A natural infection with Helicobacter pylori (H. py-
lori) in domestic cats (Felis cattus) less than 2 years
of age has been well described in a closed colony of
animals. Six cats from this colony that were serially
evaluated by culture, polymerase chain reaction, and
light and electron microscopy for a period of 3 years
demonstrated persistent gastric colonization with a
single cag2 vac1 strain of H. pylori. In these cats, as
well as five other 5- to 6-year-old cats that were exam-
ined, a long-term infection resulted in chronic diffuse
lymphofollicular atrophic gastritis with areas of mu-
cosal dysplasia in the antrum and predominantly
midsuperficial gastritis in the body and cardia. Topo-
graphically, the distribution of lesions was similar in
both young and older cats and closely resembled that
found in humans, with the most severe changes oc-
curring in the gastric antrum. Few granulocytes and
no significant elevation in mast cells were seen in
older H. pylori-infected cats compared with unin-
fected controls; however, marked increases in in-
terepithelial globule leukocytes and numerous active
mucosal lymphoid follicles were present in infected
animals. Indices of gastritis were significantly greater
in older infected cats when compared with uninfected
controls and younger cats (P < 0.05). The antral cell
proliferation index of infected older cats was signifi-
cantly (P 5 0.021) greater than that of uninfected
controls. Apoptotic indices of the gastric antrum and
body of infected cats were significantly (P 5 0.01)
increased versus controls. Chronic infection with H.
pylori in cats shares many features of long-term H.
pylori infection in humans, including the develop-
ment of preneoplastic processes. This similarity pro-

vides useful, comparative insights into host-pathogen
interactions. (Am J Pathol 2000, 156:709–721)

Helicobacter pylori (H. pylori) is recognized as the primary
cause of chronic gastritis, gastric and duodenal ulcers,
and gastric cancer in humans.1 Despite the emergence
of H. pylori as a significant human pathogen, the patho-
genesis of associated gastric disease is not fully eluci-
dated; animal models are being used to study host-
pathogen interaction and to help understand the complex
and multifaceted disease process elicited by the bacte-
rium.2

Experimental models of H. pylori infection have been
described in several species including gnotobiotic pig-
lets, germ-free dogs, rats, gerbils, and mice.2 The gas-
tritis produced by H. pylori in most of these models
demonstrates features of the lymphocytic inflammation
observed in children, rather than chronic active gastritis
with neutrophil infiltration seen in adult humans with a
long-term infection.3 The Mongolian gerbil is a promising
model for experimental H. pylori infection. After being
infected with H. pylori, gerbils initially develop a polymor-
phonuclear gastritis that can progress to gastric ulcers,
preneoplastic lesions, and in some studies gastric ade-
nocarcinoma.4 The H. pylori-mouse model is increasingly
being used for vaccine studies, as well as studies in
pathogenesis.5 These models have been helpful in study-
ing selected mechanisms that are involved in the patho-
genesis of gastric disease and possible therapeutic in-
terventions. However, the coevolutionary interrelationship
between host immunity, pathogen virulence factors, and
the resultant disease expression has been difficult to
assess, because none of the models are naturally occur-
ring diseases in animals.

A natural H. pylori infection has been found only in the
domestic cat and selected macaque species.6 Nonhu-
man primates also have been used as an experimental
model of H. pylori infection.7,8 In nonhuman primates,
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coinfection with Helicobacter heilmannii can be a con-
founding factor in the interpretation of gastric pathology
and disease mechanisms elicited by H. pylori.9 Whereas
gastric colonization with several Helicobacter species,
including H. felis and H. heilmannii,2,10 in domestic cats is
common, a colony of cats naturally infected with H. pylori,
but devoid of large gastric spiral organisms has been
identified.11 Although pet cats have not been found to
harbor H. pylori despite the high prevalence of large
gastric spirals,12,13 H. pylori readily colonizes the cat
stomach and can subsequently be detected in feline
saliva and feces.11,14 The goals of this study were to
assess whether naturally infected cats remain persis-
tently colonized with H. pylori, to characterize H. pylori-
associated gastric pathology in cats on a longitudinal
basis, and to compare findings with those encountered in
chronic H. pylori infections in humans.

Materials and Methods

Animals

Six domestic shorthaired cats (three neutered males,
three females) 6 to 7 months of age (Table 1, group A)
and five female cats 5 to 6 years of age (Table 1, group
B) were obtained from a commercial source and were
known to be infected with H. pylori and free of retroviral,
ie, feline leukemia virus (FELV) or feline immunodefi-
ciency virus (FIV), infection. The younger cats were se-
quentially monitored by gastric endoscopy and biopsy
analysis for a 3-year period. Four additional female cats,
aged 6 to 7 years (Table 1, group C), were obtained from
a different vendor and were previously determined to be
free of gastric Helicobacter organisms.14 Cats were
housed in animal facilities accredited by the Association
for the Assessment and Accreditation of Laboratory An-
imal Care. The six younger cats were pair housed in
stainless steel cages. Short-term individual housing in
stainless steel cages was provided for the older animals.
Each cage was equipped with objects and cage furniture
adequate to enrich the animal’s environment. To minimize
any potential microbial cross-contamination, H. pylori-free
cats were housed in a separate building. The tempera-
ture (68–74°F) and humidity (40–60%) were controlled;
lights were maintained at 12 hours of light/12 hours of
dark, and there were 10 to 15 air changes per hour in the
animal rooms. All cats were examined daily and given
food (Iams Cat Diet, Iams Co., Dayton, OH) and water ad
libitum.

Specimen Collection

Gastric juice was retrieved by aspiration from the stom-
ach via orogastric intubation using either 3.5 or 5.0
French polypropylene tubes (Sovereign catheters, Sher-
wood Medical, St. Louis, MO) introduced under ketamine
(Ketaset, Fort Dodge Animal Health, Fort Dodge, IA) se-
dation. Mucosal gastric biopsies were obtained from the
antrum, body, and cardia of all cats during endoscopy
(group A) or at necropsy (groups B and C). Biopsy for-
ceps and a 4.9-mm Pentax pediatric bronchoscope were
used to retrieve 2-mm pinch biopsies from the stomach
using ketamine/halothane (Halocarbon Laboratories,
River Edge, NJ) anesthesia. Vomitus was collected from
animals that vomited on recovery from anesthesia.

Older cats (groups B and C) were euthanized with an
intravenous injection of euthanasia solution (Henry
Schein, Melville, NY) containing sodium pentobarbital.
Animals euthanized for complete postmortem evaluation
had samples from all portions of the stomach frozen at
270°C for polymerase chain reaction (PCR) analysis.

Culture of H. pylori

All samples were suspended in 1.0 ml of Brucella broth
(Difco Laboratories, Detroit, MI) with 15% glycerol and
processed within an hour of collection. Gastric biopsy
samples were homogenized before plating on selective
media, consisting of blood agar base #2 (Difco), supple-
mented with 5% horse blood and antibiotics: 50 mg/ml
amphotericin B, 100 mg/ml vancomycin, 3.3 mg/ml poly-
mixin B, 200 mg/ml bacitracin, and 10.7 mg/ml nalidixic
acid (Sigma Chemical Co., St. Louis, MO).5 Culture
plates were placed in vented jars, which were evacuated
in 507 to 570 mm Hg and refilled to atmospheric pressure
with an N2, H2, and CO2 mixture (80:10:10). The jars were
then incubated for 3 weeks at 37°C and checked weekly
for growth. Bacteria were identified as H. pylori by Gram
stain; morphology under phase microscopy; oxidase,
catalase, and urease reactions; resistance to nalidixic
acid; and susceptibility to cephalothin.

DNA Extraction and PCR

DNA was extracted from both gastric tissue samples and
gastric isolates by using the High Pure PCR Template
Preparation Kit (Boehringer Mannheim, Indianapolis, IN).
DNA preparation (10 ml) was added to a 100-ml reaction
mixture containing 13 Taq polymerase (2.25 mmol/L
MgCl2), 200 mmol/L of each deoxynucleotide, 0.5 mmol/L
of each primer, and 200 mg/ml of bovine serum albumin.
Helicobacter genus-specific and Helicobacter species-
specific primers were used, including primers for H. py-
lori, H. heilmannii, H. felis, and H. bilis. PCR reactions were
performed as follows: denaturation at 94°C for 1 minute,
annealing at 58°C for 2 minutes, and extension at 72°C
for 2 minutes. Thirty-five cycles were used for amplifica-
tion in a MiniCycler PTC-150 (MJ Research, Inc., Water-
town, MA).

Table 1. Number (N) and Composition of the Groups of
Cats Examined

Group Composition N

A H. pylori1 serially sampled cats
from ages 8 months to 3 years

6 (3M,3F)

B H. pylori1 cats 5–6 years of age 5 (F)
C H. pylori2 cats 6–7 years of age 4 (F)
D H. pylori1 cats 1 year of age 6 (M)

M, Male; F, Female.
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To assess the homogeneity of bacterial isolates from
different cats, restriction fragment length polymorphism
(RFLP) analysis was performed. For RFLP analysis, the
primer sequences chosen for amplification were specific
for the H. pylori flaA gene. These two oligonucleotides,
59ATG GCT TTT CAG GTC AAT AC39 and 59GCT TAA
GAT ATT TTG TTG AAC G39, produced a product of 1.5
kb. Amplified DNA (20 ml) was digested with 10 U of
enzyme in the appropriate buffer recommended by the
enzyme manufacturer at 37°C for 3 hours. Restriction
enzyme patterns for HhaI and HaeIII were compared after
the digested PCR products were run on 3% agarose
gels.14

Histopathology

Complete postmortem evaluations of nine 5- to 7-year-old
animals (groups B and C) were performed. Fresh tissue
samples of stomach, intestine, and selected visceral or-
gans were immersion-fixed in 10% buffered formalin, par-
affin-embedded, sectioned at 6 mm, and stained with 1)
hematoxylin and eosin for morphological evaluation, 2)
Warthin-Starry silver method for in situ detection of bac-
teria, 3) toluidine blue stain for detection of mast cells, or
4) Alcian blue/periodic acid-Schiff (PAS) reaction, pH
2.5,15 or the high-iron diamine technique for mucin staining
and histochemical evaluation of metaplasia. Duodenal col-
onization of H. pylori in areas of the mucosa with the gastric
phenotype was assessed by staining with PAS, followed by
prolonged (10 minute) staining with hematoxylin.16 The sur-
face area of the duodenal mucosal epithelium with a gastric
mucin phenotype was determined morphometrically in the
proximal 11 mm of the duodenum, beginning at the pyloric-
duodenal junction, by importing images of PAS-stained
sections into the Optimas 6.1 image software (Media Cy-
bernetics, Silver Spring, MD) and recording the linear sur-
face area of PAS-positive epithelium in the mucosa, in both
control and infected animals.

Gastric biopsy samples taken from younger cats
(group A) at 22, 38, and 43 months of age were stained
with hematoxylin and eosin for morphological evaluation
and the Warthin-Starry silver method for in situ detection
of bacteria. Additionally, archival formalin-fixed stomach
tissue, taken at necropsy from the greater curvature of six
male, 1-year-old cats (Table 1, group D) naturally in-
fected with H. pylori11, was stained with hematoxylin and
eosin, as well as with the Warthin-Starry silver method.

Electron Microscopy

A section of antrum from the H. pylori-infected older cats
was fixed at necropsy in 2% glutaraldehyde and 0.1
mol/L sodium cacodylate buffer, pH 7.4. Tissues were
postfixed in 1% osmium tetroxide, en bloc-stained with
2% aqueous uranyl acetate, dehydrated in graded alco-
hols and propylene oxide, and then embedded in LX112
resin (Ted Pella, Inc., Redding, CA). Thin sections were
cut on an Ultracut E ultramicotome (Leica Microsystems,
Inc., Deerfield, IL), mounted on formvar- and carbon-

coated grids, and examined in a JEOL 100CX electron
microscope (JEOL USA, Inc., Peabody, MA).

Topographic Scoring of Gastritis

Stomachs were systematically, microscopically evalu-
ated at sites along the greater and lesser curvatures and
at the cardia and proximal duodenum. Stomach lesions
were scored semiquantitatively, based on the nature and
topography of the inflammatory changes, and they were
compared with findings in humans with H. pylori infec-
tion17 (Figure 1). The severity of gastritis was scored
semiquantitatively using the method published by Genta
et al.17,18 Briefly, 8-mm sections of gastric mucosa from
5- to 7-year-old cats (groups B and C) were assessed for
the extent and type of inflammatory cell infiltrates (neu-
trophils, eosinophils, mononuclear leukocytes). The den-
sity of H. pylori colonization was also determined within
each of these sections. Additionally, mucosal mast cells,
globule leukocytes, and lymphoid follicles were quanti-
fied within these 8-mm sections. Semiquantitative inflam-
matory scores, H. pylori density, and the number of lym-
phoid follicles were similarly determined for 8-mm gastric
tissue sections of archival specimens taken from the
greater curvature of 1-year-old H. pylori-infected cats11

(group D) to assess the progression of H. pylori-induced
lesions. These indices were compared with those ob-
tained from the equivalent gastric sites on the greater
curvature of infected 5- to 6-year-old cats (group B) at
necropsy.

Figure 1. A2D: Schematic representations of source of biopsy materials (A).
Topographic distribution of gastritis indices (B), mononuclear cell scores
(C), and average number of lymphoid follicles (D) in the stomach of 5- to
6-year-old (group B) H. pylori-infected cats (see boxes). Indices for humans
are outside the boxes. *Adapted from Reference 17.
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Inflammatory scores obtained from 2-mm gastric biop-
sies taken from serially sampled younger H. pylori-in-
fected cats (group A) were analyzed by gender and
gastric location.

Immunohistochemistry of B and T Cells

Stomach samples from the antra and bodies of older H.
pylori-infected cats (group B) were additionally charac-
terized phenotypically with the anti-CD45RA antibody for
identification of feline B cells, and the anti-CD3 antibody
to identify T lymphocytes. Tissue sections were rehy-
drated for the CD3 antibody; tissues were blocked with
Peroxoblock (Zymed Laboratories, Inc., San Francisco,
CA) for 20 minutes and rinsed with phosphate-buffered
saline (PBS), incubated in 200 U pronase/50 ml PBS for
10 minutes, and rinsed extensively with water followed by
PBS. For CD45RA detection, staining was done as pre-
viously described.19 A primary antibody (anti-CD3 or an-
ti-CD79a; Dako Corp., Carpinteria, CA) was applied at a
1:100 dilution. Sections were washed with PBS, and a
secondary antibody (biotinylated goat anti-rabbit IgG or
rabbit anti-mouse IgG; Zymed) was applied at a 1:100
dilution for 30 minutes. Sections were again rinsed thor-
oughly with PBS, and streptavidin peroxidase was ap-
plied for 30 minutes. Sections were then rinsed in PBS,
and staining was visualized with diaminobenzidine (DAB)
or aminoethyl carbazole chromogens.

Apoptosis Staining and Scoring

The terminal deoxy-nucleotidyl-transferase-mediated dUTP-
biotin nick end-labeling method (ApopTag, Oncor, Gaith-
ersburg, MD) was used to stain cells in formalin-fixed
feline gastric tissue and rat mammary gland control
slides, based on the manufacturer’s directions. Staining
was visualized with DAB chromogen, and apoptosis was
assessed in conjunction with cell morphology. Apoptosis
of the epithelium was quantified by counting the number
of positive cells within a gastric pit. Positive-staining in-
terepithelial lymphocytes were not counted. A mean num-
ber of 10 well-oriented gastric pits was examined for
each specimen obtained from the five older H. pylori-
infected cats (group B) and the four age-matched con-
trols (group C). Specimens included sections taken from
the lesser curvature of the body and from the greater
curvature of the antrum. The labeling index was ex-
pressed as the number of positive-staining cells within 10
gastric pits and was calculated for both stomach antrum
and body.

Bromodeoxyuridine Immunohistochemistry

Four 5- to 6-year-old, H. pylori-infected female cats from
group B and four age-matched uninfected controls
(group C) were evaluated using bromodeoxyuridine
(BrdU) immunocytochemistry. Each cat was adminis-
tered a single 100-mg/kg injection of BrdU solution via
intravenous catheter, using a 22-mm filter. Stock solution
(50 mg/ml) was prepared immediately before injection by

dissolving BrdU (Sigma) in sterile water for injection (Ab-
bott Laboratories, North Chicago, IL). The animals were
euthanized and necropsied 4.5 hours after receiving the
BrdU injection. Stomach tissue samples were then fixed
in Carnoy’s solution and paraffin embedded.

After deparaffinization, the endogenous peroxidase
activity was blocked by incubating tissues at room tem-
perature with Peroxoblot (Zymed) for 1 minute and then
rinsing them in PBS three times. The control samples
were similarly handled. The slides were then incubated in
1 mol/L HCl at 60°C for 8 minutes to denature the tissue
DNA. The slides were subsequently incubated with a
monoclonal antibody to BrdU (Dako), diluted 1:40 in Tris-
buffered saline (TBS), followed by incubation with biotin-
ylated anti-mouse IgG (Dako;1:200 in TBS) and peroxi-
dase-conjugated streptavidin (1:400 in TBS). The labeled
cells were visualized with DAB chromogen and lightly
counterstained with hematoxylin. The slides were washed
with TBS between each incubation step.

Four entire tissue sections were examined for each cat.
Specimens included sections taken from the lesser cur-
vature of the body and from the greater curvature of the
antrum. Only gastric pits longitudinally sectioned within
the upper third of gastric mucosa and visible in their
entire length were analyzed. A mean number of 10 well-
oriented gastric pits was examined for each specimen.
The labeling index was measured by counting the num-
ber of BrdU-positive-staining cells20 and expressed as
the result of the number of positive-staining cells within 10
gastric pits. The labeling index was calculated for both
the stomach antrum and body.

Statistical Analyses

Nonparametric tests were used to analyze the data.
Mann-Whitney U tests were used when inflammatory in-
dices from each gastric region were compared between
groups of infected and uninfected cats, as well as be-
tween infected cats of different ages. Comparisons within
the groups between the indices from each gastric region
were done by using Wilcoxon sign rank tests. Inflamma-
tory indices were generated for individual older cats
(groups B and C) by calculating the average score for
specimens obtained from each of five sites from the
antrum and six sites from the body. Only one site was
evaluated from the cardia (Figure 1, schematic diagram).
The total numbers of mast cells, globule leukocytes, and
lymphoid follicles counted were averaged for each gas-
tric location. When comparing tissue samples from 5- to
6-year-old infected cats (group B) with archival speci-
mens of 1-year-old infected cats (group D), the average
gastritis index, lymphoid follicle number, and H. pylori
score from corresponding sites within each gastric loca-
tion were used (two sites from the antrum and four from
the body along the greater curvature). Again, only one
site was evaluated and compared from the cardia of
1-year-old (group D) and 5- to 6-year-old (group B) in-
fected cats. The page test for ordered alternatives21 was
used to assess whether H. pylori-induced inflammation
increased over time in serially sampled cats (group A).
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Spearman-rank correlations were calculated if appropri-
ate. The median, average, and standard error of the
mean (SEM) are reported for each index. Significance
was set at a level of P , 0.05. The Stata software pack-
age (Stata, Inc., College Station, TX) was used to perform
the statistical analyses.

Results

Culture and PCR

Cultures of stomach biopsies from serially sampled
younger cats (group A) examined at 8, 11, 22, 27, and 38
months of age demonstrated that all six cats had persis-
tent gastric colonization with H. pylori. PCR analyses of
two bacterial isolates from the stomachs of these cats
were positive, using H. pylori species-specific primers.
PCR analyses of stomach tissue biopsies from these six
cats taken at 43 months of age were 6/6 (100%) positive,
using H. pylori species-specific primers, and all were
negative using H. felis species-specific primers. Gastric
juice was positive by culture for H. pylori in 2/6 (34%) of
samples analyzed at 27 months of age and 6/6 (100%) of
samples at 28 months of age. Two of three (67%) serially
sampled cats had positive H. pylori cultures from vomitus
samples. The five older cats (group B) obtained from the
same source were all positive for H. pylori by culture of
gastric mucosa. Two of four (50%) had positive H. pylori
cultures from gastric fluid.

The PCR analyses of the stomach tissue of these five
older cats (group B) showed evidence of H. pylori infec-
tion. The PCR analyses of bacterial isolates from four of
these cats were also positive, using all Helicobacter and
H. pylori 16S ribosomal DNA-specific primers. All five cats
were negative by PCR analyses of stomach tissue, using
primers specific for H. heilmannii, H. felis, and H. bilis. Four
aged-matched cats (group C) from an alternate commer-
cial source were confirmed negative by stomach tissue
culture and PCR analyses with H. pylori-, H. heilmanni-,
and H. felis-specific primers.

HhaI and HaeIII restriction enzyme patterns for the H.
pylori flaA gene extracted from bacterial isolates from two
serially sampled young cats from group A and four of the
older cats from group B were the same (Figure 2).

Pathology

At necropsy, the five older H. pylori-infected cats (group
B) all had moderate to severe, multifocal or coalescent,
irregular nodular thickening of the antral gastric mucosa.
The nodular thickening was most pronounced in the
distal antrum, although, in some areas of the proximal
antrum, thickened areas were slightly raised and as-
sociated with partial loss of gastric folds. No gross le-
sions were present in the four age-matched control cats
(group C).

The topography of inflammatory changes in older H.
pylori-infected cats (group B) is shown in Figure 1 and
compared with findings in humans with H. pylori-induced
disease.17 Gastric lesions consisted of inflammation with

lymphoproliferation, atrophy, and glandular dysplasia
and had similar topographical distributions with compa-
rable magnitudes of severity in all of the chronically in-
fected (group B) 5- to 6-year-old animals (Figure 3). The
antrum was most severely affected, with the highest lev-
els of inflammation occurring along the lesser curvature;
inflammation was diffuse throughout the full thickness of
the mucosa and was composed of infiltrates of lympho-
cytes and plasma cells with fewer mononuclear leuko-
cytes resembling macrophages and scattered neutro-
phils, eosinophils, and mast cells. Variably sized
lymphoid aggregates and organized follicles, many with
germinal centers, were also present in the deep to mid-
antral mucosa. In addition, larger follicles, particularly
near the pyloric-duodenal junction, extended from the
muscularis mucosae to the superficial mucosa, replacing
gastric pits and creating a dome-shaped lumenal surface
lined by partially flattened epithelium. Occasionally, lym-
phoid follicles were present in the submucosa. Additional
significant findings included increased numbers of interepi-
thelial lymphocytes and globule leukocytes throughout the
inflamed areas of the antrum but, most notably, above and
adjacent to mucosal lymphoid aggregates and follicles
(Figure 4). Changes in the antral-mucosal epithelium in-
cluded areas of mucin depletion; variable degrees of glan-
dular atrophy with uniform or partial attenuation of epithe-
lium; hyperplasia and dysplasia, often associated with

Figure 2. RFLP profile of fla gene DNA extracted from cat and human H.
pylori isolates. DNA was digested with HhaI (A) and HaeIII (B). Lanes: 1,
100-bp DNA ladder; 2, human H. pylori, Sidney strain; 3, human H. pylori,
strain 264; 4, cat 10, age 5 years; 5, cat 7, age 5 years; 6, cat 8, age 6 years;
7, cat 9, age 6 years; 8, cat 1, age 38 months; 9, cat 2, age 38 months; 10, cat
1, age 22 months.
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lymphoepithelial lesions; and complete mucosal atrophy
consisting of loss of glandular density and collapse of con-
nective tissue in the lamina propria (Figure 3).

In the gastric body, multifocal, superficial lymphocytic
gastritis was present, often in conjunction with solitary
lymphoid aggregates or follicles in the deep mucosa and

adjacent infiltrates of predominantly mononuclear inflam-
matory cells in the lamina propria. Occasionally, foci of
fundic mucosal-gland atrophy were evident in inflamed
areas. The cardia similarly had superficial lymphocytic
gastritis with few neutrophils and eosinophils, scattered
mast cells, and occasional poorly organized lymphoid

Figure 4. Photomicrographs from H. pylori-infected 5- to 6-year-old cats (group B). A: Chronic diffuse atrophic gastritis with extensive lymphocytic infiltrates
associated with increased globule leukocytes in the overlying mucosal epithelium (arrowheads; H&E; original magnification, 389). B: Higher magnification
showing globule leukocytes with large eosinophilic cytoplasmic granules; also evident are numerous interepithelial lymphocytes (H&E; original magnification,
3183). C: Globule leukocyte within the gastric mucosa of an older H. pylori-infected cat. Globule leukocytes were characterized ultrastructurally by their large
globular inclusions (GI) that consisted of a homogeneous electron dense interior (inset) with many electron lucent spots. Most of the circumference of each
globular inclusion was surrounded by plasma membrane (inset, arrowheads). A pseudopod (P) in the globule leukocyte extends between surface mucous cells
(SMC). The nucleus (N) of the globule leukocyte was small and located on the luminal side of the cell. L, lumen of a gastric gland. Low-magnification electron
micrograph; original magnification, 35560; scale bar, 5 mm. C (inset): Original magnification, 327,800; scale bar, 1 mm.

Figure 3. Photomicrographs from 5- to 6-year-old cats (group B) naturally infected with H. pylori and uninfected age-matched controls (group C). A: Gastric
antrum of a 5-year-old Helicobacter-free control cat showing normal mucosa (H&E; original magnification, 344). B: Characteristic lesions of lymphofollicular
gastritis in the gastric antrum of H. pylori-infected cat (H&E; original magnification, 338). C: Gastric antrum of H. pylori-infected cat showing diffuse lymphocytic
infiltrates into the lamina propria and within the mucosal epithelium and severe atrophy with loss of glandular density and collapse of connective tissue.
Interepithelial globule leukocytes are also present (arrowhead); (H&E; original magnification, 385). D: Higher magnification of H. pylori-infected cat with
progressive glandular destruction associated with infiltrates of lymphocytes (H&E; original magnification, 3165). E: Area of glandular dysplasia with lympho-
epithelial infiltration in severely inflamed gastric antrum (H&E; original magnification, 3160). F: Colonization of gastric antrum (left), body (middle), and cardia
(right) by homogeneous populations of helical bacteria typical of H. pylori (arrowheads) (scale bars 5 3 mm, Warthing-Starry; original magnification, 3480).
G: Immunohistochemistry for BrdU uptake showing marked mucosal epithelial proliferation in the antrum of H. pylori-infected cat (left) compared with
noninfected control (right) (DAB with hematoxylin counterstain; original magnification, 364). H: typical active lymphoid follicle in the antrum of H.
pylori-infected cat, showing lymphoproliferation with BrdU uptake (DAB with hematoxylin counterstain; original magnification, 3142). I: Immunostaining with
anti-CD45RA for B lymphocytes in antral mucosal lymphoid follicle (DAB with hematoxylin counterstain; original magnification, 3145). J: Identification of T cell
infiltrates with anti-CD3 staining. T cells are present throughout the lamina propria, within the mucosal epithelium, and at the periphery and center of a lymphoid
follicle (ƒ); the asterisk (*) denotes the gastric lumen above the mucosa (3-amino-9-ethylcarbazole with hematoxylin counterstain; original magnification, 3150).
J (inset): CD3-positive T cells in the gastric lamina propria and lack of CD3 staining of globule leukocyte (arrowhead) ; original magnification, 3213.
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aggregates in the mid- to deep mucosa. Interepithelial
globule leukocytes were increased in both the body and
cardia of infected cats.

The Warthin-Starry-stained sections demonstrated he-
lical bacteria characteristic of H. pylori in the antrum,
body, and cardia of the five older infected cats (Figure 3,
group B). Bacteria were present in pits and lumina of
glands throughout the full thickness of mucosa in the
antrum and cardia, whereas colonization in the body was
typically limited to the superficial mid-mucosa. The pres-
ence of helical bacteria in the mucosa was invariably
associated with local inflammation. H. pylori was not seen
in the cytoplasm of cells or in the lamina propria, and no
other morphotypes of bacteria were seen in any sections
of the stomach. In the duodenum of chronically infected
cats, rare helical bacteria resembling H. pylori were seen
apposed to the villous mucosal epithelium in Warthin-
Starry-stained sections.

Staining of the stomach with Alcian blue, pH 2.5, and
PAS or high-iron diamine did not demonstrate intestinal
metaplasia in the stomach in infected (group B) or control
animals (group C). However, PAS staining revealed the
presence of gastric-type mucin expression in some areas
of the lining epithelium and in glands of the proximal
duodenum for both infected (group B) and control cats
(group C). PAS-positive areas were most prominent in the
proximal duodenum but were present in some animals up
to 22 mm from the gastroduodenal junction. Morphomet-
ric analysis of the surface area of the PAS-positive duo-
denal epithelium did not demonstrate a significant differ-
ence between older control (group C) and infected
(group B) cats.

Immunophenotypic analysis of stomachs from older
infected cats (group B) demonstrated that diffuse lym-
phocytic infiltrates in the lamina propia and within the
mucosal epithelium were predominantly CD31 T cells,
whereas lymphoid nodules and follicles were chiefly
composed of CD451 B cells with scattered T lympho-
cytes present in germinal centers. Follicular germinal
centers also contained cells morphologically resembling
dendritic cells and tingible body macrophages. Globule
leukocytes in the stomach were CD3-negative. Immuno-
histochemical detection of BrdU labeling demonstrated
markedly active lymphoid proliferation within most folli-
cles (Figure 3).

Endoscopic gastric biopsies taken from serially exam-
ined H. pylori-infected cats (group A) at 22, 38, and 43

months of age demonstrated chronic lymphocytic gastri-
tis in the antrum, body, and cardia, similar to, although
less severe than, gastritis in the 5- to 6-year-old infected
cats (group B). Two of the animals from group A sampled
at 43 months of age additionally had mucosal atrophy in
the antrum. Warthin-Starry-positive helical bacteria char-
acteristic of H. pylori were present in biopsy samples in all
six (100%) group A animals at 22 months of age, 5 of 6
(83%) at 38 months of age, and 4 of 6 (67%) at 43 months
of age. No other morphotypes of bacteria were seen in
the stomach at any time in any animals.

Archival tissue specimens from 1-year-old H. pylori-
infected cats11 (group D) had lymphoplasmacytic follic-
ular gastritis involving the antrum, body, and cardia. Le-
sions were similar to those seen in other age animals
(groups A and B) but lacked significant atrophy and
dysplasia. Warthin-Starry-stained sections demonstrated
H. pylori organisms in all group D animals, and the pres-
ence of bacteria coincided with areas of inflammation.

Indices of Inflammation

The median, mean, and SEM are listed in Table 2 for
indices of inflammation in 5- to 7-year-old cats (groups B
and C) determined for the gastric antrum, body, and
cardia. The gastritis index and the number of globule
leukocytes were significantly greater in the antrum and
body of older H. pylori-infected cats (group B) when com-
pared with the corresponding sites of age-matched
(group C) controls (P 5 0.01). Mast cell numbers and
distribution did not differ significantly between older in-
fected (group B) and uninfected (group C) cats (data not
shown). Both groups had a larger number of mast cells
within the stomach body when compared with the antrum
and cardia, but the number was only significantly greater
in the body, 171.75 (mean 6 SE, 169.41 6 16.61), when
compared with that of the antrum, 71.8 (mean 6 SE,
80.47 6 15.27; P 5 0.043) in the H. pylori-infected cats
(group B).

Generally, the distribution of inflammatory indices cor-
responded with H. pylori colonization in the gastric mu-
cosa. There was no significant correlation between the
gastritis index and the H. pylori score in the antrum or
body of infected older cats (group B). The gastritis index
and number of lymphoid follicles of infected older cats
(group B) were significantly greater in the antrum than in

Table 2. Gastritis Index, H. pylori Score, and Number of Lymphoid Follicles and Globular Leukocytes in the Antrum, Body, and
Cardia of H. pylori-infected (Group B) and Noninfected (Group C) Older Cats

Site

H. pylori Gastritis index Lymphoid follicles Globule leukocytes

Infected
(group B)

Noninfected
(group C)

Infected
(group B)

Noninfected
(group C)

Infected
(group B)

Noninfected
(group C)

Infected
(group B)

Noninfected
(group C)

Antrum 2.0 (2.04 6 0.38);
P 5 0.011

0 1.67 (1.64 6 0.07);
P 5 0.014

0.26 (0.24 6 0.06) 5.80 (5.60 6 1.01);
P 5 0.015

0 18.67 (20.67 6 3.24);
P 5 0.014

3.63 (4.25 6 1.37)

Body 1.67 (1.54 6 0.17);
P 5 0.01

0 0.84 (0.80 6 0.08);
P 5 0.012

0 (0.03 6 (0.03) 1.67 (1.70 6 0.23);
P 5 0.01

0 12.83 (14.18 6 2.32);
P 5 0.014

2.67 (2.46 6 0.74)

Cardia 1.0 (1.40 6 0.51);
P 5 0.05

0 0.67 (0.67 6 0.18);
NS

1.0 (0.78 6 0.40) 0 (0.80 6 0.58); NS 0 3.0 (5.20 6 2.27);
NS

2.0 (4.34 6 2.33)

Data in parentheses are means 6 SEs. P values indicate significant differences between the median values of the two groups. NS, not significant.
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the body (P 5 0.043). The antral gastritis index was also
significantly greater than that of the cardia (P 5 0.043),
but the number of antral lymphoid follicles, although
higher, was not significantly greater than that of the car-
dia, approaching significance only at P 5 0.079. The
number of globule leukocytes was significantly elevated
in the antrum when compared with the body and cardia of
older (group B) infected cats (P 5 0.043). The number of
globule leukocytes was significantly greater in the body
than in the cardia of these group B cats (P 5 0.043). In
uninfected older cats (group C), the numbers of globule
leukocytes found in the antrum, body, and cardia were
not significantly different.

The gastritis indices calculated for biopsies of the an-
trum and body in serially examined younger cats (group
A) at 22, 38, and 43 months of age were not significantly
different. Biopsies of cardia of younger cats at 22 months
of age were not obtained for histological analysis. The
gastritis indices of male and female 3-year-old H. pylori-
infected cats (group A) were not significantly different.
Among the 3-year-old group A animals, the antral gastri-
tis index of 0.67 (mean 6 SE, 0.67 6 0.07) was signifi-
cantly greater than that of the body, 0.34 (mean 6 SE,
0.37 6 0.06; P 5 0.003) and the cardia, 0.34 (mean 6 SE,
0.42 6 0.11; P 5 0.013).

The gastritis index of the antrum in 5- to 6-year-old H.
pylori-infected cats (group B) was significantly greater
than that of 1-year-old (group D) infected cats (P 5
0.006, Table 3). However, no significant differences were
found between the two age groups in the antral H. pylori
score and the number of lymphoid follicles. The gastritis
index of the body was significantly greater in older (group
B) cats (P 5 0.01). The number of lymphoid follicles in the
body of older cats (group B) was also greater than that of
1-year-old cats (group D), but this difference only ap-
proached significance at P 5 0.065. Among the six
1-year-old group D infected animals, the antral gastritis
index and number of lymphoid follicles were significantly
greater than those of the body (P 5 0.027), although the
H. pylori score was not significantly different between
antrum and body, similar to the older cats (group B).

BrdU Immunohistochemistry

None of the cats demonstrated any untoward reactions to
the intravenous injection of the BrdU solution. The antral
labeling index of infected older cats (group B) was
greater than that of the uninfected controls (group C),

49.85 (mean 6 SE, 53.25 6 9.19) versus 20.10 (mean 6
SE, 19.10 6 1.59). This difference was statistically signif-
icant at P 5 0.021 (Figure 5). There was no significant
difference between the labeling indices of the body of the
older, infected (group B) and control (group C) cats.

Terminal Deoxynucleotidyl-Transferase-
Mediated dUTP-Biotin Nick End-Labeling
Histochemistry

The apoptotic index calculated for the antrum of infected
older cats (group B) was significantly greater (P 5 0.012)
than that of uninfected controls (group C), 10 (mean 6
SE, 10.40 6 0.25) versus 5.0 (mean 6 SE, 5.0 6 0.41).
The apoptotic index was also significantly elevated in the
body (P 5 0.013) of the infected older cats (group B), 6.0
(mean 6 SE, 6.20 6 0.58), when compared with that of
the group C controls, 3.0 (mean 6 SE, 2.67 6 0.29;
Figure 5).

Discussion

We have established that natural H. pylori infection in cats
can persist and cause progressive gastritis, as also oc-
curs in humans. The strain of H. pylori that persistently
colonized all cats from this colony in our study was cag2

vac1 (J Jones, personal communication). cag2 status is
consistent with the published findings in other cats from
the same source.14 Our findings using PCR with Helico-
bacter species-specific primers and the restriction en-
zyme digestion of the H. pylori fla gene, as well as the
previous findings with RFLP analyses of H. pylori ureA and
ureB genes in isolates from this closed colony,22 confirm
the lack of coinfection with other Helicobacter species
and the genetic and biochemical homogeneity of H. pylori
in these cats. In humans and rhesus monkeys, H. pylori is
highly heterogeneous.23 The homogeneity of H. pylori
infection in this group of cats is advantageous in the
study of the H. pylori pathogenesis and altered gastric-
cell-proliferation kinetics by reducing confounding ge-
netic variables.

In humans, H. pylori-associated gastritis can persist for
years, and inflammation can progress to the develop-
ment of ulcers and gastric cancer.1 In H. pylori-infected
cats, gastritis begins as early as 8 months; lesions con-
sistently worsen with age and include the development of

Table 3. Gastritis Index, H. pylori Score, and Number of Lymphoid Follicles Obtained from Greater Curvature Gastric Sites in H.
pylori-infected 1-Year-Old (Group D) and 5- to 6-Year-Old (Group B) Cats

Site

H. pylori Gastritis index Lymphoid follicles

1 year old
(group D)

5–6 year old
(group C)

1 year old
(group D)

5–6 year old
(group C)

1 year old
(group D)

5–6 year old
(group C)

Antrum 1.50 (1.50 6 0.18); NS 2.25 (2.25 6 0.47) 0.92 (0.95 6 0.08); P 5 0.006 1.51 (1.60 6 0.11) 7.0 (6.67 6 1.01); NS 5.0 (5.50 6 1.12)
Body 1.0 (1.11 6 0.24); NS 1.60 (1.62 6 0.19) 0.34 (0.32 6 0.07); P 5 0.01 0.84 (0.87 6 0.13) 0.17 (0.72 6 0.56); NS 2.25 (2.22 6 0.31)
Cardia 1.50 (1.50 6 0.50); NS 1.0 (1.20 6 0.37) 0.84 (0.84 6 0.50); NS 0.67 (0.67 6 0.18) 0.50 (0.50 6 0.50); NS 0 (0.80 6 0.58)

Data in parentheses are means 6 SEs. P values indicate significant differences between the median values of the two age groups. NS, not
significant.
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preneoplastic changes, despite a lack of alterations in
other potential contributing factors, such as environmen-
tal stress and diet. Topographically, the distribution of
lesions was similar in both young and older cats and

closely resembled that found in humans, with the most
severe changes occurring in the gastric antrum and the
milder, although significant, lesions developing in the
cardia and corpus. Despite similarities in the degree of
colonization by H. pylori in different areas of the stomach,
the intensity of antral inflammation exceeded that in other
regions. This is also true of H. pylori in humans.17 A
significant difference in the topography of gastritis in cats
and humans was seen in the cardia; in humans, the
severity of inflammation in the cardia approximates that
seen in the antrum,17 whereas, in cats, lesions in the
antrum were markedly more severe than those in the
cardia. Although the reasons for this difference are un-
clear, further research defining possible host factors lim-
iting inflammation in the cardia of infected cats may be
useful in understanding human disease. An additional
significant difference noted was the lack of ulcers in H.
pylori-infected cats. Whether the absence of ulcerative
disease in cats is related to infection with a cag2 strain of
H. pylori or results from unique features of the feline host
immune response remains to be determined. Interest-
ingly, no clear association has been found between the
infection of pet cats with other helicobacter species, such
as H. felis and H. heilmannii, and the development of either
gastric or duodenal ulcers.24

The nature of the inflammation in cats, although wors-
ening over time, remained predominantly mononuclear
throughout the study. In adult humans, H. pylori often
elicits a considerable neutrophilic reaction, in addition to
lymphocytic inflammation,3 although the cag gene status
of the infecting H. pylori strain(s) can affect the extent of
neutrophil involvement.25 In contrast, children develop
lesions similar to those that we found in cats, with chiefly
mononuclear leukocytic infiltrates and few granulocytes.3

In cats, occasional neutrophils and eosinophils were
present in most areas of gastritis. The cag2 status of the
H. pylori strain infecting cats may have contributed to the
low level of granulocytic inflammation, although studies of
experimental infection with cag1 strains in cats also re-
ported lack of a significant neutrophil and eosinophil
component.14,26 The decreased granulocytic response
may also have been related to a lack of involvement of
other resident inflammatory cells, such as mucosal mast
cells, or differences in cytokine profiles as lesions devel-
oped. In humans, mast cells have been implicated as
potential immunomodulatory components of gastritis and
may recruit neutrophils and eosinophils through produc-
tion of interleukin-8 or interleukin-5, respectively. In one
study, mast cells were shown to be increased in humans
with H. pylori-associated gastritis.27 An increase in mast
cells has been recognized in several strains of mice
associated with gastritis produced by experimental H.
felis infection.28 We found no significant changes in gas-
tric mucosal mast cells in older H. pylori-infected cats
when compared with the controls. Mast cell involvement
in children has not been assessed.

An important comparative finding was the marked in-
crease in globule leukocytes in older H. pylori-infected
cats versus control animals. Globule leukocytes are mi-
gratory mononuclear cells that are found in the gastroin-
testinal tract of several species, including cats.29 In

Figure 5. A: Proliferation index of the antrum of H. pylori-infected (group B)
and uninfected (group C) older cats. B and C: Apoptotic indices of the
antrum (B) and body (C) of H. pylori-infected (group B) and uninfected
(group C) older cats.
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goats, these cells are present within the epithelial mu-
cosa of the small and large intestine and have been
shown to be a gd T-cell subset.30 In cats, they are pur-
ported to be of large granular lymphocyte lineage, based
on the demonstration of perforin-like substances within
cytoplasmic granules, and they have a distribution very
much like that of murine and ovine intestinal gd T cells.31

Perforin-like immunoreactivity suggests that feline glob-
ule leukocytes produce antimicrobial substances and
support their role in the mucosal host defense. Globule
leukocytes are increased in the stomachs of cats with
nematode infestations and have also been reported in
cheetahs with chronic gastritis caused by H. acin-
onyx.32,33 In humans, globule leukocytes are an inflam-
matory component in chronic airway infections, including
tracheitis and rhinitis, but have not been found in the
gastrointestinal mucosa.34,35 In our study, feline gastric
globule leukocytes were CD3 negative, which, together
with the previous demonstration of perforin-like immuno-
reactivity,31 suggests that they may be lymphocytes of a
natural killer (NK) cell lineage. NK cells have been shown
to be increased in human patients with H. pylori-associ-
ated gastritis, although detailed studies of their role in the
disease are lacking.36 Similarly, the role of mucosal gd T
cells in humans after an infection with H. pylori is poorly
understood.37–39 The cat model of H. pylori gastritis offers
a valuable and unique system for evaluating features of
innate mucosal immunosurveillance in the gastric com-
partment by allowing assessment of both gd T cells and
globule leukocytes in host immunity.

Mucosal atrophy seen with chronic H. pylori infection is
an important expression of disease that is usually linked
with compensatory hyperplasia and dysplasia and is
considered a precursor in the development of gastric
adenocarcinoma.40 Alterations in the balance of pro-
grammed cell death (apoptosis) and epithelial prolifera-
tion are central to the predisposition of cancer after gas-
tritis.41 In vivo studies with biopsy specimens from H.
pylori-infected humans have demonstrated an increased
rate of apoptosis in these patients.42 Moreover, the erad-
ication of H. pylori with antibiotic therapy results in a
decreased rate of apoptosis.42,43 The attachment of H.
pylori to surface epithelial cells, and the activity of bacte-
rial enzymes, including lipase, protease, and urease, as
well as vacuolating cytotoxin produced by the bacteria,
may result in cell injury and induction of apoptosis.44

Inflammatory mediators produced during chronic infec-
tion, such as a reactive oxygen and nitrogen species, can
also lead to increased apoptosis by damaging DNA.45

The rate of cellular proliferation has likewise been shown
to be higher in gastric epithelial cells of human patients
with H. pylori gastritis.42 Like humans, cats with chronic H.
pylori infection develop significant mucosal atrophy as
well as dysplasia in the antrum. These findings, along
with the increases in both cellular proliferation and apo-
ptosis in areas of severe chronic gastritis in older H.
pylori-infected cats, are consistent with findings in hu-
mans and provide a suitable model for the serial investi-
gation of progressive disease and the development of
cancer.

Metaplasia is a well-recognized change in both the
duodenum and stomach of people with chronic H. pylori
infection.40 In the duodenum, gastric metaplasia has
been linked to gastric acid hypersecretion in patients with
duodenal ulcers,46 many of whom are infected with H.
pylori. In cats, gastric metaplasia in the duodenum has
been reported in association with a Helicobacter-like or-
ganism infection.47 In our study, an expression of a gas-
tric mucin phenotype was seen in the proximal duode-
num of both H. pylori-infected and uninfected cats and
was not associated with ulcerative lesions. Therefore, the
interpretation that duodenal gastric metaplasia is a
nonspecific response to mucosal injury by ingested
irritants, among other environmental factors,48 and not
necessarily the result of an H. pylori infection, is sup-
ported by our findings in cats. We did not see intestinal
metaplasia in the stomach of cats despite severe gastri-
tis, unlike H. pylori disease in humans. This may be attrib-
uted to an age bias, because the oldest cats examined
were middle-aged, or to differences in mucosal epithelial
physiology.

Gastric neoplasia is among the leading causes of can-
cer-related mortality in people worldwide. In the United
States, gastric carcinoma is one of the 20 most commonly
diagnosed malignancies.49 Gastric neoplasia has been
well-documented in cats. Both adenocarcinoma and lym-
phoma have been reported.50–52 Gastric mucosa-asso-
ciated lymphoid tissue (MALT) lymphoma appears to
have a higher prevalence in cats24 and, in one case, was
associated with H. heilmannii infection.12 Gastric MALT
lymphoma has also been documented in association with
chronic H. heilmannii infection in humans.53 The majority
of alimentary lymphomas in cats are of B cell origin.54,55

MALT lymphoma in human stomachs that develops with
H. pylori-induced chronic inflammation demonstrates B
cell monoclonality.56 An important finding was the devel-
opment of significant numbers of gastric lymphoid nod-
ules and follicles in young cats (1–2 years old) which, by
5 to 6 years of age, exceeded levels seen in people with
chronic H. pylori infection. These findings suggest that an
initial stage of rapid folliculogenesis occurs in young cats
and continues throughout the course of disease. The
presence of mitotically active germinal centers in most of
these follicles provides a nidus for subsequent develop-
ment of gastric MALT lymphoma in cats. Feline leukemia
virus has also been described as an etiology of alimen-
tary lymphoma, including gastric lymphoma, in cats.54

The potential for H. pylori, as well as other Helicobacter
species, to act as a primary etiology or a cofactor, along
with feline leukemia virus, in the development of gastric
MALT lymphoma warrants further investigation.

In summary, use of naturally infected cats as a model
of chronic H. pylori-induced disease in humans offers
several advantages. The comparative physiology of im-
mune cell reactivity and mucosal responses to chronic
injury offer a valuable system for evaluating the molecular
mechanisms of disease progression and the methods of
therapeutic intervention in an animal model colonized
with a single, well-characterized strain of H. pylori. The
similarity to chronic human disease encountered in the
feline model of a long term natural H. pylori infection,
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including the development of chronic atrophic gastritis,
and increased levels of proliferation and apoptosis, make
the cat a suitable model for study of these aspects of H.
pylori pathogenesis.
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