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Diagnosis of Helicobacter spp. infection in canine stomach
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A total of 75 biopsied samples of cardia, fundus, body,

and pyloric antrum from necropsied dogs that were

submitted to the Department of Pathology, Faculty of

Veterinary Science, Chulalongkorn University from April

2003 to June 2004 were investigated. The objectives of this

study were to determine the prevalence of Helicobacter

spp. in canine stomach by polymerase chain reaction

(PCR) in comparison to histochemistry versus immuno-

histochemistry (IHC), and to correlate these diagnostic

methods with the clinical significance in infected dogs.

Histopathological results revealed 60.0% (45/75) of

samples to be positive, and consisted of mild gastritis in

64.44% (29/45), moderate gastritis in 11.11% (5/45), and

severe gastritis in 24.44% (11/45). The proportion

showing no histopathological lesions was 40.0% (30/75).

Helicobacter spp. were localized to the luminal crypt in

18.67% (14/75), gastric pit in 22.67% (17/75), gastric

gland in 21.33% (16/75), and gastric epithelium in 8% (6/

75). The percentages of positive samples of Helicobacter

spp. diagnosed by hematoxylin and eosin stain (H&E),

Warthin Starry stain (WSS), IHC with rabbit polyclonal

anti-H. pylori antibody, and PCR were 17.3% (13/75),

46.7% (35/75), 30.7% (23/75), and 10.7% (8/75),

respectively. No significant differences weree observed in

histopathological changes in portions of the stomach

(p > 0.05). The diagnosis of Helicobacter spp. by PCR in

comparison to that by WSS and IHC was not significantly

different (p > 0.05). There were no relationships between

pathological studies using H&E, WSS, and IHC, and

especially between PCR and clinical signs of Helicobacter

spp. infections in canine stomachs (p > 0.05). The present

study revealed significantly different levels of correlation

for Helicobacter spp. detection between H&E and WSS

(p < 0.001). Results indicate that the method of choice for

diagnosis of Helicobacter spp. infection in canine stomach

is dependent on the purpose of study and appropriate

specimen collection.

Key words: dog, Helicobacter spp., stomach

Introduction

A gastric bacteria categorized in genus Helicobacter spp.

are Gram-negative and spiral-shaped. At least 24 species

have been formally reported, and most Helicobacter spp. are

suspected or proven gastric or hepatic pathogens in humans

[9,12]. Investigation of the relationship between gastric

disease and Helicobacter spp. infection in other species has

resulted in the discoveries of H. mustelae in ferrets with

gastritis and peptic ulcers, H. acinonyx in cheetahs with

severe gastritis, and H. heilmannii in pigs with gastric ulcers

[5,10,25].

The role of Helicobacter spp. in gastrointestinal disease in

dogs and cats is uncertain. It has been known for years that

gastric Helicobacter-like organisms (HLO) are commonly

present in the stomachs of dogs, but the relationship

between these organisms and gastric disease has never been

resolved [6,12,15,16,18,29]. A study of canine gastric

Helicobacter spp. infection was performed in Thailand. This

study revealed significantly different correlations in terms of

bacterial detection between hematoxylin and eosin stain

(H&E) and Warthin Starry stain (WSS) [23]. Infection with

HLO is highly prevalent in dogs, and Helicobacter spp. has

been found in 61-80% of dogs presenting with vomiting and

in 67-86% of clinically healthy pet dogs [6,12,18,29].

Diagnostic tests for Helicobacter spp. can be divided into

two methods, invasive and noninvasive. A practical

Helicobacter pylori (H. pylori) ELISA assay has been

developed and used [17]. Direct observation of Helicobacter

spp. organisms in biopsied specimens usually requires

special stains, e.g. Giemsa, WSS, Genta, and alcian yellow-

toluidine blue stain. Typically, H. pylori is not visualized by

H&E staining [28]. Current standards in human medicine

dictate that an estimate of H. pylori density, activity and

grade of gastritis, and comments on the presence of atrophic

gastritis or intestinal metaplasia should be provided when

histopathological examination is conducted [20]. The

specificity of histopathology is 100%, and sensitivity is

*Corresponding author
Tel: +66-2-218-9616, +66-2-218-9615
E-mail: achariya.sa@chula.ac.th



140 W. Prachasilpchai et al.

greater than 90% [22,28]. Immunohistochemical staining

and electron microscopy may also be used to evaluate

gastric biopsy specimens [17,28]. Polymerase chain reaction

(PCR) allows the identification of the particular species or

strain of Helicobacter, and samples used for PCR can be

gastric biopsies, gastric juice, dental plaque, or feces. The

sensitivity of the detection method, varied according to the

primer used, but the sensitivity was considerably high

[17,22,28]. In addition, PCR allows identification of specific

H. pylori genes (so-called virulence factors) associated with

an increased incidence of peptic ulcer or cancer in humans

[17].

The objectives of this study were to determine the

prevalence of Helicobacter spp. in canine stomach using

PCR in comparison to histochemistry versus immuno-

histochemistry (IHC), and to correlate these diagnostic

methods with the clinical significance in infected dogs. The

results from this experiment could be useful in elucidating

the epidemiology and diagnosis of Helicobacter spp. in

dogs.

Materials and Methods

Gastric tissues were randomly collected from 75

necropsied dogs submitted to the Department of Pathology,

Faculty of Veterinary Science, Chulalongkorn University.

Their detailed descriptions were recorded as in routine

necropsy cases, and included information such as breed, sex,

age, clinical signs, and cause of illness or death. The

stomach of the dog was then opened along the greater

curvature and inspected for gross lesions. Two pieces of

gastric mucosa tissue were then divided into four different

stomach sections; cardia, fundus, body, and pyloric antrum.

The first half of each gastric section was then placed in a

sterilized Eppendorf tube containing a 0.9% sterile NaCl

solution and frozen at −70oC for subsequent DNA extraction

and PCR analysis. The remaining half was placed in 10%

buffered formalin (pH 7) for histopathology [23].

The formalin-fixed tissues were trimmed and processed in

a tissue processor using a routine histopathological method.

In brief, tissues were dehydrated by 70, 80, 95, and 100%

ethanol and xylene, respectively. Tissues were embedded in

a paraffin block and cut into 4-6 µm thickness by

microtome, and sections were then placed on slides (for

H&E and WSS) or poly-L-lysine-coated slides (for IHC).

The paraffin-embedded sections were deparaffinized and

rehydrated by xylene, 100, 95, 85, and 70% ethanol and

distilled water, respectively. The slides were stained with

Harris hematoxylin and then dehydrated by 70, 80, 95, and

100% ethanol and xylene, respectively.

The H&E-stained slides, which were evaluated on a blind-

coded basis, were assigned gastritis scores according to the

following criteria: 0, normal, containing 0 to 10 inflammatory

cells (not including those within lymphoid aggregates) per

high-power field (×400) with no lymphoid follicular aggregates

and normal mucosal epithelium; 1, mild gastritis, containing

10 to 50 inflammatory cells per high-power field with fewer

than 2 follicles per low-power field (×20) and normal

mucosal epithelium; 2, moderated gastritis, containing 10 to

50 or more inflammatory cells per high-power field with

greater than two follicles per low-power field and mild

gastric epithelial changes; 3, severe gastritis, containing

greater than 50 inflammatory cells per high-power field and

marked epithelial changes. Epithelial changes included

individual cell necrosis, basophilic cytoplasm, and glandular

dilation. The type and location of inflammatory cells and the

number of lymphoid follicles were noted, as were spiral

organisms. Helicobacter spp. showed basophilic color and a

spiral shape, and were 2.5-5.0 µm long and 0.5-1.0 µm wide

[14,23]. WSS stained sections were stained as previously

described [21]. The slides were evaluated for the presence of

organisms and the morphologies of the organisms on a

blind-coded basis. The enumeration of organisms seen in

each 1.5 cm stained tissue section was graded according to

the following scale: 0, no organisms seen; 1, few organisms

(<10 organisms per section); 2, moderate numbers of

organisms (10 to 50 organisms per section); 3, large numbers

of organisms (>50 organisms per section, usually too

numerous to count) [14,23]. Spiral-shaped Helicobacter

spp. was considered to be positive if it appeared dark brown

on a yellow background, and was 2.5-5.0 µm long and 0.5-

1.0 µm wide.

IHC of the consecutive sections was also employed for

immunohistochemical analyses using the ABC-peroxidase

technique with a rabbit polyclonal anti-H. pylori antibody

(DAKO, Denmark). Evaluation was rated as follows:

negative, no Helicobacter spp.; positive, the presence of

Helicobacter spp. antigen, indicated with a brown color

[7,23].

DNA extraction: From each gastric tissue sample, the

mucosa was scraped from tissue using a surgical blade.

DNA was isolated from 25 mg of the scraped tissue, which

was extracted by the QIAmp Tissue Kit (Qiagen, USA) used

according to the instructions of the manufacturer.

PCR primers: A pair of primers was used for PCR (Table

1). Primers H 1 and H 2 specific to the Helicobacter genus

were prepared on the basis of the 16S rRNA gene sequences

of the Helicobacter-specific sequences. The H276f/H676r

primer pair was selected on the basis of alignments performed

using the EuGene software package (Baylor College of

Table 1. Primers used for PCR and their sequences*

Primer nucleotide sequence (5'→3')
Helicobacter genus specific

Position

H 1 (H276f) CTA TGA CGG GTA TCC GGC 276-293

H 2 (H676r) ATT CCA CCT ACC TCT CCC A 676-658

*Buczolites et al. [2,3] and Queiroz et al. [25]
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Medicine, USA) [26] as described previously [2,3].

PCR amplification: All reactions were performed in a

25 µl volume with an automated thermocycler (HBPxE 0.2;

Thermo Hybaid, UK) at the Veterinary Diagnostic Laboratory,

Chulalongkorn University. Reaction mixtures contained

each oligonucleotide primer at 5 µM, PCR buffer (10 mM

Tris-HCl, 2 mM MgCl2, 1 mM dNTP), 1 U of Hotstat Taq

polymerase (MBI Fermentas, USA), 6 µl of template DNA,

and distilled water in a total volume of 25 µl. The initial

dehydration step samples were heated at 95oC for 5 min,

followed by the first denaturation step (94oC, 1 min) at 35

cycles, a primer annealing step (53oC, 1 min), an extension

step (72oC, 1 min), and a final extension step (72oC, 5 min).

The PCR products (10 µl) were subjected to electrophoretic

separation in a 2% agarose gel (Fisher Chemical, USA) by

electrophoresis at 100 V, 1.5 A for 1 h, stained with ethidium

bromide (Promega, USA) for 20 min, and then washed with

distilled water. The DNA band was analyzed in the UV

illuminator. H. pylori from human, used as a positive control,

was kindly obtained from the Department of Microbiology,

Chulalongkorn Memorial Hospital, and nuclease-free water

was used as a negative control.

Statistical analysis

The Chi-square test was used to examine the relationship

between the location of histopathological lesions and

Helicobacter spp. infection. Chi-square analysis was used to

investigate the relationships between pathological studies

using H&E, WSS, and IHC. Fisher’s exact test was used to

determine the relationship between pathological studies by

H&E and PCR of H. pylori infections in canine stomachs.

The Wilcoxon rank sums test was used to examine the

relationship between pathological studies using WSS and

PCR. A p-value <0.05 was considered to be significant. All

statistical analyses were performed using SAS software

(SAS Institute, USA).

Results

Clinical symptoms and gross findings

The clinical symptoms in 75 necropsied dogs were

reported as loss of appetite in 32% (24/75), vomiting in

22.7% (17/75), and diarrhea in 6.7% (5/75). Macroscopic

lesions were reported in 34.7% (26/75), and can be further

broken down as focal ulcerative gastritis, 10.7% (8/75);

catarrhal gastritis, 8% (6/75); hemorrhagic gastritis, 13.3%

(10/75); erosive gastritis, 1.3% (1/75); and gastric polyps,

1.3% (1/75) (Fig. 1).

Histopathological results

Microscopic lesions such as lymphoid follicular formation

in submucosa and inflammatory cell infiltration in mucosa

were observed in our samples. Most of the neutrophil

infiltration in ulcerative gastritis, crypt distortion, and

epithelial degeneration in the study location of the stomach

were found in cardia, 34.7% (26/75); fundus, 30.7% (23/

75); body, 30.7% (23/75); and pylorus, 21.3% (16/75). The

histopathological results revealed lymphoid follicular

formation in 33.3% (25/75); inflammatory cell infiltration,

25.3% (19/75); epithelial degeneration, 17.3% (13/75); and

crypt distortion, 13.3% (10/75) (Fig. 2). Histopathological

lesions of the stomach were observed in 60.0% (45/75);

mild gastritis in 64.4% (29/45), moderate gastritis in 11.1%

(5/45), and severe gastritis in 24.4% (11/45) (Table 2).

Using H&E staining, the presence of Helicobacter spp.

was observed in 17.3% of samples (13/75). Using H&E,

Helicobacter spp. was detected in 10.7% of cardia samples

(8/75), 6.7% of fundus samples (5/75), 12% of body

samples (9/75), and 8% of pylorus samples (6/75) (Fig. 3).

Helicobacter spp. was observed in large numbers in the

mucus covering the surface gastric epithelium, the gastric

Fig. 1. Macroscopic lesions were shown as chronic mutifocal
ulcerative gastritis; a 0.5 × 1.5 cm ulcer was shown on the gastric
mucosa in the body part of the stomach (green arrowhead).

Fig. 2. The histopathological results revealed the formation of
multiple lymphoid follicles, which were numerous in gastric
mucosa. H&E stain.



142 W. Prachasilpchai et al.

pits, and the glandular lumina.

The histopathological evaluation of WSS sections

revealed the presence of spiral-shaped organisms measuring

approximately 3 to 5 µm in length and 0.5 µm in width in

46.7% of samples (35/75). Using WSS, Helicobacter spp.

was detected in 25.3% of cardia samples (19/75), 21.3% of

fundus samples (16/75), 30.7% of body samples (23/75),

and 20% of pylorus samples (15/75) (Fig. 4).

The IHC staining using rabbit polyclonal anti-H. pylori

antibody revealed a brown color at positive sites in 30.67%

of tissue samples (23/75). The presence of Helicobacter spp.

antigen in cardia was 16.0% (12/75), and the presences

detected in the fundus, body, and pylorus were 13.3% (10/

75), 10.7% (8/75), and 12.0% (9/75), respectively (Fig. 5).

PCR results

A band of approximately 400 bp was detected by 2%

agarose gel electrophoresis following PCR amplification of

the Helicobacter spp.-specific sequences [2,3,26]. Positive

results were observed in 10.7% of tissue samples (8/75)

(Fig. 6, Table 3).

Statistical analysis

The correlations between the detection methods are

shown in Table 4. The present study revealed a statistically

significant difference in Helicobacter spp. detection between

H&E and WSS (p < 0.001), as well as a correlation between

H&E and IHC (p < 0.05), and H&E and PCR (p < 0.05).

Histopathological results were found to be related to WSS in

Helicobacter spp. infections (p < 0.05). The pathological

studies conducted using H&E, WSS, IHC, and PCR and

clinical signs of Helicobacter spp. infections in canine

Table 2. Microscopic lesions and histopathological results in
each part of canine stomach*

Part 
Microscopic lesions

(Percent & number of 
samples)

Histopathological results

Grading**
Percent

(number of 
samples)

Cardia
34.7

(26/75)

+1  50.0 (13/26)

+2 19.2 (5/26)

+3 30.7 (8/26)

Fundus
30.7

(23/75)

+1  43.5 (10/23)

+2 20.0 (6/23)

+3 30.4 (7/23)

Body
30.7

(23/75)

+1 39.1 (9/23)

+2 13.0 (2/23)

+3 047.8 (11/23)

Pylorus
21.3

(16/75)

+1 37.5 (6/16)

+2 18.8 (3/16)

+3 43.8 (7/16)

Total histopathologcal results in 
each canine stomachs (%) = 

60.0% (45/75)

+1 066.4 (29/45)

+2 11.4 (5/45)

+3 024.4 (11/45)

*H&E, ** +1 = mild gastritis, +2 = moderate gastritis, +3 = severe gastritis.

Fig. 3. The numerous spiral-shaped organisms: Helicobacter spp.
is shown in the surface of gastric mucosa in the fundus of the
stomach. H&E stain.

Fig. 4. Spiral-shaped Helicobacter spp. was positive, as indicated
by a dark brown color, and was 3.0-5.0 µm in length and 0.5-1.0
µm in width in the gastric pit of the fundus. At a higher
magnification, Helicobacter spp. with a spiral shape and dark
brown color are shown. Warthin Starry stain.

Fig. 5. Helicobacter spp. showed a brown color in positive sites
by immunohistochemical staining with rabbit polyclonal anti-H.
pylori antibody in the lumen of the gastric gland in the fundus
portion of the stomach. Counterstaining with Meyer’s hematoxylin.
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stomachs were not found to be statistically different

(p > 0.05). There was no statistically significantly different

relationship was observed between IHC and PCR, nor was

there a significant correlation between portions of

histopathological lesions and Helicobacter spp. infection

(p > 0.05) (Table 5). The numbers of Helicobacter spp.

isolates detected by histopathological methods did not differ

significantly across each part of the stomach (p > 0.05).

Discussion

The results of this study emphasize other studies, which

frequently suggested the presence of Helicobacter spp. in

dogs, with a prevalence of approximately 46.7% [12,16,

18,23]. It has been reported that 82% of canine gastric

biopsies were infected with Helicobacter-like organisms,

and it was postulated that they were infected with several

species of Helicobacter spp. [18]. The most frequent clinical

symptoms are loss of appetite, vomiting, and diarrhea

[18,19], which is in agreement with the necropsies in this

study at 52% (39/75). However, several recent reports have

indicated that chronic gastritis, which is associated with

intermittent vomiting, is also observed in dogs, but the

etiology of this condition is rarely diagnosed [8]. A statistically

significant correlation between Helicobacter spp. infection

and clinical symptoms could not be established (p > 0.05).

Gastric Helicobacter spp. was found in the cardia, fundus,

body, and pylorus [18]. In this study, all parts of the stomach

had Helicobacter spp.; 34.7% of cardia (26/75), 30.7% of

fundus (23/75), 30.7% of body (23/75), and 21.3% of

pylorus samples (16/75), and these results are similar to

those reported by Pirarat et al. [23]. No statistically different

significant correlation was detected between the locations of

histopathological lesions and Helicobacter spp. infection

using the H&E detection method (p > 0.05). The presence of

Fig. 6. The 400 bp bands were detected by 2% agarose gel
electrophoresis following PCR amplification of the Helicobacter
spp.-specific sequences. Lane 1-8: positive results from canine
gastric tissues; Lane 9: positive control H. Pylori from human;
Lane 10: negative control nuclease-free water; Lane 11: 100 bp
DNA marker ladder.

Table 3. Detection of Helicobacter spp. in canine stomach

Methods for detection sample* Positive (percent & number)

H&E 17.3 (13/75)

WSS 46.7 (35/75)

IHC 30.7 (23/75)

PCR 10.7 (8/75)

*H&E: hematoxylin and eosin stain, WSS: Warthin Starry stain, IHC:
immunuhistochemistry, PCR: polymerase chain reaction.

Table 5. Presence of Helicobacter spp. in each portion of canine stomach

Staining methods
Parts

Cardia Fundus Body Pylorus

H&E 10.7 (8/75)a,A 06.7 (5/75)a,A 10.7 (8/75)a,A 06.7 (5/75)a,A

WSS 26.7 (20/75)b,A 21.3 (16/75)b,A 30.7 (23/75)b,A 20.0 (15/75)b,A

IHC 16.0 (12/75)b,A 13.3 (10/75)b,A 10.7 (8/75)b,A 12.0 ( 9/75)b,A

Within the same column, values not followed by the same letter are significantly different (p < 0.05). Within the same row, values not followed by the
same letter are significantly different (p < 0.05).

Table 4. Correlation of histopathological lesions in canine
stomach, clinical symptoms, and PCR detection

 Detection methods*

 PCR detection

Positive
(percent & 
number)

 Negative
(percent & 
number)

Histopathology grading 

Mild gastritis 37.5 (3/8) 37.3 (25/67)

Moderate gastritis 0 7.5 (5/67)

Severe gastritis 12.5 (1/8) 14.9 (10/67)

H&E 

Presence of Helicobacter spp. 50.0 (4/8) 14.9 (10/67)

Absence of Helicobacter spp. 50.0 (4/8) 85.1 (57/67)

WSS 

Presence of Helicobacter spp. 62.5 (5/8)  40.3 (27/67)

Absence of Helicobacter spp. 37.5 (3/8)  59.7 (40/67)

IHC 

Presence of Helicobacter spp. 50.0 (4/8)  29.9 (20/67)

Absence of Helicobacter spp. 50.0 (4/8)  70.2 (47/67)

Clinical symptoms

With clinical symptoms 25.0 (2/8) 53.7 (36/67)

Without clinical symptoms  75.0 (6/8) 43.3 (29/67)
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lymphoid follicles has traditionally been a common,

nonspecific finding in the gastric mucosa of dogs. Most

dogs had many bacteria in the stomach, but only developed

mild gastritis. This suggests that in dogs, certain bacterial

diseases do not show histological evidence [5,27]. This study

revealed significantly different correlations of Helicobacter

spp. detection between H&E and WSS across parts of the

stomach (p < 0.001). Helicobacter spp. can be visualized at

high magnification in conventional H&E stained sections.

Bacteria are located in the mucus adherent to the surface

epithelium, and are often found deep within the crypts.

Helicobacter spp. could be detected by H&E in 10.7% of

cardia, 10.7% of body, 6.7% of fundus, and 6.7% of pylorus

samples. However, H&E staining may have low sensitivity

when few bacteria are present [4], so the use of special stains

such as WSS facilitates histological identification of bacteria.

Helicobacter spp. was obviously presented in a dark-brown

color on a yellow background. WSS sections of portions of

the stomach revealed tightly coiled helical micro-organisms

that were generally 2.5-5.0 µm long. According to the

results of this study, Helicobacter spp. was found in 30.7%

of body (23/75), 26.7% of cardia (20/75), 21.3% of fundus

(16/75), and 20.0% of pylorus samples (15/75). Therefore,

in terms of histological detection, WSS is significantly more

sensitive than H&E [4].

The present study revealed a significant difference in

Helicobacter spp. detection between H&E and IHC

(p < 0.05). IHC was much more sensitive for detecting

infection than the routinely used H&E and WSS. IHC

staining has also been developed to detect Helicobacter spp.

antigen [1]. In this study, the ABC-peroxidase technique

with a rabbit polyclonal anti-H. pylori antibody was used.

IHC using monoclonal anti-H. pylori antibody is the best

diagnostic tool for formalin-fixed samples. Although IHC is

highly specific [7], IHC is rather expensive and requires

both time and experience. Therefore, IHC usually is not

used for routine testing, but may prove worthwhile in cases

where conventional histological stains are difficult to

evaluate for confirmation [4].

This study revealed significantly different correlations in

Helicobacter spp. detection between H&E and PCR

(p < 0.05). PCR offers great promise as a highly sensitive

and specific technique for the detection of Helicobacter spp.

The identification of Helicobacter spp. in biopsies from

dogs using PCR has not been reported previously, but has

been found to be especially useful for the detection or the

identification of Helicobacter spp. in dogs with naturally

occurring gastric helicobacteriosis in Thailand. Several

observations have shown that PCR was sensitive and

specific, which is in agreement with studies in mice infected

with H. felis and in humans and cats infected H. pylori,

which showed that PCR was more sensitive than histology,

bacterial culture, and urease mapping [27]. Otherwise, in

this study, Helicobacter spp. were found in 10.67% of

samples (8/75) using PCR. Like other clinical symptom

comparisons, no relationship was detected between PCR

and clinical symptoms of H. pylori infection in canine

stomach (p > 0.05).

The prevalence of Helicobacter spp. was low in this study

using the PCR technique, because possible factors such as

sampling location, specimen preparation, the choice of

primers and target DNA, bacterial density and technical

error, the DNA extraction step, or inhibitors of gastric juice

and tissue may affect PCR detection [4]. In this study, canine

gastric tissues were randomly collected from each part of the

stomach with and without lesions. Primers and target DNA

were selected based on an earlier study. A 400 bp fragment

was clearly seen by 2% agarose gel electrophoresis following

PCR amplification of the positive control (106 CFU/µl H.

pylori from human). However, the method by which DNA

is extracted from the tissue samples should be discussed,

and may have disturbed the amplification of the fragments

of DNA because of some blocking factor [24]. The

Helicobacter spp. detected by PCR may have been H.

heilmannii, H. felis, or H. bizzozeronii [8,10,14].

In future study, fresh canine gastric biopsies might be

suitable specimens for use in the study of Helicobacter spp.

infections in terms of bacterial isolation and PCR methods,

as well as other invasive methods, and more species-specific

primers should be employed. Furthermore, the DNA

sequencing of PCR products for comparison between

Helicobacter spp. found in dogs and their owners should be

beneficial in terms of veterinary public health. The present

results will be useful as a diagnostic tool for monitoring

species causing Helicobacter spp. infection in dogs.
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