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ABSTRACT10)

This s tudy w as carried out to e va luate the
preva lence and clin ica l characteriza tions of gas tric
Helicobacter spp . in fec tion of dogs and cats in Korea .
The prevalence of Helicoba cter spp . in fec tion of dogs
and cats de te rm ined by urease te st w as 78.4% and
64%, respectively, although Helicobacter genus-spec ific
P CR assay show ed that it w as 82.3% and 84%. U rease
m apping re su lts based on urease te st show ed that
tota l positive ra te o f te ste d tis sue s from clin ica lly
abnorm al dogs w as s ign ificantly h igher than that
from clin ically norm al dogs (p=0.0018; Odds ra tio =
6.118; 95% Confide nce In terval = 1.96~19.103). These
findings were consistent with the results of Helicobacter
ge nus-specific P CR assay w hich show ed that pos itive
ra te o f the fundus (100%) and the antrum (100%) of
clin ica lly abnorm al dogs w as s ign ificantly h igher
than that of same gas tric regions o f c lin ica lly normal
dogs (77.5 and 67.5% re spective ly ). In com parison of
gastric regions be tw ee n c lin ica lly norm al dogs and
abnorm al dogs , positive ra te of ure ase te s t for the
fundus (100%) and body (90.9%) in clin ica lly abnorm al
dogs w as sign ificantly h igher than that of abnorm al
dogs (72.5% and 57.5% respec tive ly; p<0.05). The
resu lts of urease m apping in dogs and cats also
indicate d that Helicoba cter colon ization in the fundus
w as more dense com pared w ith the dens ity in the
body and antrum. In Helicoba cter spe cie s -spe cific
P CR assay for dogs , 32 of 42 fundic tissues (76.2%)
w ere pos itive for H. heilm annii and tw o (4.8%) w e re
positive for H. fel is. In ca ts, 18 of 21 fund ic tissues
(85.7%) w ere pos itive for H. heilm annii and 2 (9.5%)
w ere positive for H. fel is. Gas tritis scores o f fund ic
tissues from clin ica lly abnorm al in fecte d dogs w ere
sim ilar to that from nonin fected dogs and e vidence of
upregu lation of IL-1β , IL-8, and TNF-α m RNA w as
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not de tected in gastric fund ic tis sues from clin ically
abnormal in fe cted dogs. Th is study sugge sted that
Helicoba cter spp . in fection in dome stic dogs inc lud ing
private ow ned pet dogs and cats is h igh ly prevale n t
usua lly w ith no clin ical sign but h igh density of
co lon iza tion can be re late d to gastroin te s tinal s igns
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Introduction

Helicobacter species are spiral-shape or curved gram-
negative bacteria inhabit the mucus, glands and parietal
cells of the stomach. Since the initial isolation of Helicobacter
pylori (H. pylori) from human gastr ic t issue in 1983 by
Warren and Marshall, evidence implicating the bacterium
as the causative agent of gastrit is and duodenal ulcer has
been established [16,34,53]. More recently, the bacterium
also known to be a cofactor in the development of gastr ic
adenocarcinoma and gastr ic lymphoma in humans [40,56].

Gastr ic spiral organisms in various animals, including
pigs with gastr ic ulcers (Helicobacter heim annii), cheetahs
with severe gastrit is (Helicobacter acinonychis), ferrets with
gastr itis and peptic ulcers (Helicobacter mustelae), monkeys
(Helicobacter nemestrinae), rodents (Helicobacter m uridarum )
and dolphins have been also described [2,7,12,22,32,42]. In
dogs and cats, several gastr ic spiral organisms also have
been reported since the turn over the century, however, their
presence has been largely ignored and even understanded as
gastr ic commensals [13,54]. In now, these gastric organisms
have received renewed attention because of the H. pylori
has been proved as a strong gastr ic pathogen in humans.

Research works for gastr ic spiral organisms in domestic
pets, especially dogs and cats was init ially focused on the
development of suitable animal model for studying H. pylori
infect ion and extended to evaluate their clinical significance
in these animals [32,43,44,46].

The main gastric spiral organisms described in dogs and
cats are morphologically dist inct from H. pylori with their
more tightly coiled body shape and larger size [24,31].
Because these organisms cannot be distinguished when they
are examined in gastr ic t issue by light microscopy, they are
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collectively referred to as "gastiric Helicobacter-like organisms
(GHLO)" [31]. To date, Helicobacter felis (H. felis),
Helicobacter heilmannii (H. heilmannii), Helicobacter pametensis,
Helicobacter bizzozeronii, Helicobacter salomonis, Helicobacter
bilis, and Flexispira rappini have been identified on the
basis of 16S ribosomal RNA sequencing, DNA hybridizat ion,
species specific polymerase chain reaction (PCR) analysis,
electron microscopic appearance, and protein profiling
analysis [5,9,20,27,28,31,36,37].

Infect ion of GHLO is highly prevalent in dogs and cats.
The prevalence of GHLO in dogs has been reported to be
between 61 to 100 %; it is seen in 61-82% of dogs with
recurrent vomiting [15,25,57], 67-86% of clinically healthy
pet dogs [8,57], and almost 100% of laboratory beagles and
shelter dogs [6,8,24]. In cats, the prevalence of GHLO has
been reported to be similar to that of the dogs between 41
to 100 % [15,18,21,25,30,36,38]. The observations that the
high prevalence of GHLO in closely contacted cat groups
like as research colonies and animal shelters have been
identical with that of the dogs. H. pylori infection has been
observed in group of laboratory cats and commercial vendor,
but not in private owned pet cats [13,18,19].

In Korea, some studies for GHLO infect ion in dogs were
also previously reported and showed that the infect ion rate
was similar to that of foreign studies. These studies
however, were only based on closely contacted healthy
laboratory beagle colony and kennel dogs [1,35,39]. To date,
the prevalence survey study for GHLO infection in private
owned pet dogs and any group of cats in Korea has not been
reported yet.

Despite the frequent occurrence of GHLO in dogs and
cats, the relat ionships between these bacteria and clinical
manifestat ion have not been clearly understood with
gastr it is accompanying infect ion in some but not all infected
dogs and cats [8,21,25,57].

Several reports of GHLO infections in humans have lead
to speculat ion that animals especially dogs and cats may
serve as a source for human infection [6,23,50,51]. There is
therefore a need to determine the prevalence of Helicobacter
species in domestic pets in order to evaluate the possible
risk to human health, and also to that of the host animals,
in which gastr it is and related complains can occur.

Therefore, this study was carried out to evaluate the
prevalence and clinical characterizat ions of gastr ic
Helicobacter spp. infect ion of dogs including private owned
pet dogs and cats in Korea.

Materials and Methods

Experime ntal an imals and gas tric tissue sam pling
Canine gastr ic t issues were collected at necropsy from 4

euthanized pet dogs having gastrointestinal signs (like
intermittent vomiting with or without blood in vomitus and
inappetence or anorexia which were not related with other
non-gastr ic causes), 24 euthanized pet dogs had no

gastrointest inal signs and 12 laboratory beagle dogs being
used in another toxicological study. Feline gastric tissues
were taken at necropsy from 24 cats being used in terminal
procedure part of one research project. Up to 5 full-
thickness gastric t issue samples were collected from the
fudus, the cardia and the antrum of these animals with a
sterile 6 mm skin biopsy punch. Collecting tissue samples
for PCR analysis were frozen at -80℃ pending analysis and
samples for histopathologic examinations were fixed in 10%
buffered formalin. Samples from the fundus for cytokine
analysis were collected, snap-frozen in liquid nitrogen and
stored at –80℃ pending analysis. The remnants were used
for urease mapping, direct smear examination and culture.

Endoscopic biopsies obtained from 4 clinically healthy pet
dogs, 7 patient dogs with gastrointest inal signs and one
clinically healthy pet cat using a pediatr ic endoscope and
biopsy forceps. Endoscopic biopsies procured from the
fundus (near cardia), the body (greater curvature), and the
antrum (near pylorus). Two biopsies were taken from each
site for urease test ing, PCR analysis, direct smear
examination and histopatologic examination. Addit ional
fundus site biopsy for cytokine analysis was snap-frozen in
liquid nitrogen and stored at –80℃ pending analysis.

D irect gas tric tissue sm ear te st
Gastric tissue samples were impressed on slide glass and

were stained with Diff-Quick (International Reagent Co.,
Japan) and evaluated by light microscopy for the presence
of Helicobacter spp.

U rease m apping
Urease mapping was performed to determine semi-

quantitat ively the density of colonizat ion by Helicobacter
spp. in different regions of the stomach. Gastric t issue
samples were places in sterile tubes containing 200 ㎕ of a
solut ion composed of urea, sodium azide, phenol red, and
phosphate-buffered saline (pH 6.5). Samples were incubated
at 37℃ for 24 hours and observed at 1, 3, 12, and 24 hours
for a change in the color of the indicator medium. A change
from orange-red to bright pink was considered a posit ive
results, and the time of color changes were recorded.

Culture o f gastric tissue samples
Gastric fundic t issue samples were directly smeared on

trypicase soy agar base (DIFCO, U.S.A.) supplemented with
5% bovine blood and containing trimethoprim, vancomycin,
and polymyxin B. Culture plates incubated for 7 days at 37
℃ in a moist microaerophilic atmosphere provided by
anaerobic jar with a Campypak system (Campypak Plus;
Beckton Dickinson Microbiology system, U.S.A.).

B acteria l stra ins
For evaluating the sensit ivity of Helicobacter-genus and

species-specific PCR assay, H. felis (ATCC 51211) purchased
from the American Type Culture Collection (ATCC; U.S.A.)
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and H. pylori (KCTC 2948) purchased from the Korean
Collect ion for Type Cultures (KCTC; Korea) were used as
standard Helicobacter strains.

P CR
DNAs from gastric t issue samples and standard bacteria

were extracted with a Wizard genomic DNA purificat ion
kit (Promega, U.S.A.) according to the manufacturer 's
instruct ions.

Helicobacter genus specific PCR assay was performed
with C97 and C98 primers which amplify the 16S rRNA
gene of Helicobacter species (Table 1.). DNA samples (5㎕)
were added to a reaction mixture containing 400μM
dNTPs, 1X PCR buffer , 2.5 U of Taq DNA polymerase
(ABgene, U.K.), 0.6μM of each primer, and dist illed water
in a total volume of 50 ㎕. PCR samples were heated to 9
4℃ for 2.5 min once, followed by 40 cycles of denaturation
at 94℃ for 1 min, primer annealing at 50℃ for 1 min, and
extension at 72℃ for 1 min, with a final extension at 72℃
for 15 min in a Biometra (U.S.A.) personal thermocycler.
PCR products were subjected to electrophoresis on a 2%
agarose gel containing 0.5 ㎍ of ethidium bromide per ㎖
and visualized over UV light .

Helicobacter species-specific PCR assay was performed
with fundic tissue samples as follows. H. felis and H. pylori
specific PCR was performed with primers which amplify the
urease B gene of H. felis and H. pylori (Table 1.). The PCR
mixture and the cycle was the same as the Helicobacter
genus specific PCR assay. H. heilmannii specific PCR assay
was performed with primers which amplify the urease B
gene of H. heilm annii (Table 1.). Two microliters of DNA
was added to the PCR mixture described above in a total
volume of 50 ㎕. The temperature and time schedule was as
follows: 1 cycle of denaturation at 94 ℃ for 3 min, annealing
at 52℃ for 2 min, and extension at 72℃ for 3 min followed
by 30 cycles at 94℃ for 30 s, 52℃ for 30 s, and 72℃ for 1
min. Following completion of the 30 cycles, addit ional one
cycle at 94℃ for 20 s, 52℃ for 20 s, and 72℃ 5 min was
performed.

Table 1. Primers used for PCR

Primer Primer directiona and sequence product size (bp)

C97 5′-GCTATGACGGGTATCC- 3′ 400

C98 5′-GATTTTACCCCTACACCA- 3′

H. felis F, 5′-ATGAAACTAACGCCTAAAGAACTAG 1,150

R, 5′-GGAGAGATAAAGTGAATATGCGT

H. pylori F, 5′-GGAATTCCAGATCTATGAAAAAGATTAGCAGAAAAG- 3′ 1,707

F, 5′-GGAATTCGTCGACCTAGAAAATGCTAAAGAGTTG- 3′

H. heilmannii F, 5′-GGGCGATAAAGTGCGCTTG- 3′ 580

R, 5' -CTGGTCAATGAGAGG- 3′

a F, forward; R, reverse.

Clon ing and nuc leo tide sequence analys is o f P CR
products
To confirm the identity of the Helicobacter species-specific

PCR assay products with target genes, the PCR products
were cloned with Topo TA Cloning Kit (Invitrogen, U.S.A.)
and the plasmids containing correct inserts were analysed.

Histopatholog ic exam ination
For evaluating the relat ion of Helicobacter spp. infection

and clinical gastr it is in dogs, formalin fixed gastric fundic
tissue samples from 9 clinically abnormal infected dogs
(Urease test posit ive, PCR assay posit ive and had clinically
abnormal gastrointest inal signs), and 8 clinically healthy
uninfected dogs (Urease test negative, PCR positive and had
not clinically abnormal gastrointestinal signs) were embedded
in paraffin, sect ioned and stained with hematoxylin and
eosin.

For the histopathological assessment, the presence of
lymphocyte aggregates, and the mean numbers of leukocytes
at X400 fields were recorded under microscopy. Gastritis
was grade as follows: "no gastritis", no lymphocyte aggregate
or leukocytes; "mild gastrit is", no lymphocyte aggregates
and < 10 leukocytes per field; "moderate gastrit is",
lymphocyte aggreates present and/or 10 to 50 leukocytes per
field; "severe gastrit is". lymphocyte aggreates present and
>50 leukocytes per field [37].

Analys is o f cy tok ine gene expre ss ion in gas tric
fundic tissues
Gastric tissue samples from the fundus were collected

from 9 clinically abnormal infected dogs and 8 uninfected
healthy dogs described previously, snap-frozen in liquid
nitrogen, and stored at -80℃ pending analysis. RNA was
extracted from the tissues with an RNA extract ion kit
(NucleoSpin RNA II; Macherey-Nagel, Germany) according
to the manufacturer 's instruct ion. mRNA expression for
TNF-α, IL-1β, IL-8 was determined by reverse
transcription (RT)-PCR. The RNA was reverse transcribed



126 Cheol-Yong Hwang, Hong-Ryul Han and Hwa-Young Youn

with cDNA synthesis kit (First Strand cDNA Synthesis Kit;
MBI Fermentas, Lithuania) and result ing cDNA served as
a template for PCR assay. PCR primers for canine TNF-α,
IL-1β, and IL-8 were used to amplify their respective
cDNAs (Table 2.). The PCR reaction was run for 94℃ for 5
min one time, followed by 35 cycles of 94℃ for 1 min, 45℃
for 1 min, and 72℃ for 1 min with a final extension at 72℃
for 10 min in a Biometra (U.S.A.) personal thermocycler.
PCR products were subjected to electrophoresis on a 2%
agarose gel containing 0.5 ㎍ of ethidium bromide per ㎖
and visualized over UV light . For the positive control, canine
leukocyte-derived RNA from concanavalin A stimulated canine
peripheral blood leukocytes was used. The RT-PCR results
were judged as negative or positive only regardless of
staining intensity.

Sta tistical analysis
Deferences in total positive rate of urease activity and

total positive rate of Helicobacter genus-specific PCR assay
of gastric region between clinically normal and abnormal
dogs were evaluated by Bonferroni t-test . Deferences in
these variables in cats and between gastr ic region in each
dog groups were also evaluated by Bonferroni t-test .
Deferences in total positive rate of urease activity between
clinically normal and abnormal dogs and between gastr ic
region in dogs were evaluated by logistic regression. All
stat ist ical analyses were performed with software package
SAS (release 8.0, SAS Inst itute, Cary, NC, U.S.A.). A

stat ist ical significance level of 0.05 was used for analyses.

Results

U rease m apping
1) D ogs

Urease mapping results of clinically normal and
abnormal dogs were summarized in Table 3. Most of
positive results were detected within 12 hours incubation,
but 6 of 11 fundic t issue samples from clinically abnormal
dogs showed posit ive results within 1 hour. Forty of 51
tested dogs showed positive results at least one gastr ic
region and the detect ion rate of Helicobacter spp. in dogs
determined by urease test was 78.4%.

Total posit ive rate of tested tissues from clinically
abnormal dogs was significantly higher than that from
clinically normal dogs (p=0.0018; Odds ratio = 6.118; 95%
Confidence Interval = 1.96~19.103). In comparison of gastr ic
regions, total posit ive rate of the fundus was higher than
that of other gastric regions and the deference between the
antrum and the fundus was stat ist ically significant
(p=0.0013; Odds rat io = 4.4438; 95% Confidence Interval =
1.791~10.997). Posit ive rate of the fundus (100%) and the
body (90.9%) of clinically abnormal dogs was significantly
higher than that of same gastric regions from clinically
normal dogs (72.5%, 57.5% respectively; p<0.05). In
clinically normal dogs, posit ive rate of the fundus (72.5%)
was significantly higher than that of the antrum (40%;

Table . 2. Primers used in the RT-PCR to detect mRNA of cytokines

Primer Primer directiona and sequence product size (bp)

IL-1β F, 5′-GAGGTTCCAATGTGAAGTGC- 3′ 291

R, 5′-CCTGTAACTTGCAGTCCACC- 3′

IL-8 F, 5′-ACTTCCAAGCTGGCTGTTGC- 3′ 172

R, 5′-GGCCACTGTCAATCACTCTC- 3′

TNF -α F, 5′-CCAAGTGACAAGCCAGTAGC- 3′ 274

R, 5′-TCTTGATGGCAGAGAGTAGG- 3′

a F, forward; R, reverse.

Table 3. Urease mapping results of clinically normal and abnormal dogs

Group (No. of dogs)
Site

No. of urease activity (%)

< 1hr 1 - <3hr 3 -<12h 12-24h Total positive

Clinically normal dogs
(40)

Fundus 3 (7.5) 18 (45) 7 (17.5) 1 (2.5) 29 (72.5)

Body 0 (0) 9 (22.5) 13 (32.5) 1 (2.5) 23 (57.5)

Antrum 0 (0) 8 (20) 7 (17.5) 1 (2.5) 16 (40)

Clinically abnormal dogs
(11)

Fundus 6 (54.5) 3 (27.3) 1 (9.1) 1 (9.1) 11 (100)

Body 1 (9.1) 4 (36.4) 5 (45.5) 0 (0) 10 (90.9)

Antrum 1 (9.1) 2 (18.2) 5 (45.5) 0 (0) 8 (72.7)
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p<0.05) although there were no differences between gastric
regions in clinically abnormal dogs.

2) Cats
Many samples showed posit ive results within 12 hours.

Total positive rate of the fundus was 64% and this rate was
higher than that of the body (32%) and the antrum (28%),
but stat ist ically significant difference (P<0.05) was only
detected between the fundus and the antrum (Table 4).

Table 4. Urease mapping results of cats

Site
(No. of

samples)

No. of urease activity (%)

< 1hr 1 - <3hr 3 - <12h 12-24h
Total

positive

Fundus
(25)

2 (8) 3 (12) 8 (32) 3 (12) 16 (64)

Body
(25)

1 (4) 2 (8) 3 (12) 2 (8) 8 (32)

Antrum
(25)

1 (4) 4 (16) 2 (8) 0 (0) 7 (28)

P CR assay
1) Helicoba cter genus-spec ific P CR assay in dogs
Helicobacter genus-specific PCR assay (Fig. 2) in dogs

showed that positive rate of the fundus (100%) and the
antrum (100%) of clinically abnormal dogs was significantly
higher than that of same gastr ic region of clinically normal
dogs (77.5% and 67.5%; P<0.05). Total positive rate of the
fundus (82.3%) was highest but was not stat ist ically
significant compared with the other regions (P>0.05). There
were also no significant deferences of posit ive rate between
gastr ic region in each dog groups (P>0.05) (Table 5).

Table 5. Results of Helicobacter genus-specific PCR assay
in dogs

N o. o f P os itive (%)

Group
(No . of dogs )

F undus B ody Antrum

Clin ically normal
dogs (40)

31 (77.5) 31 (77.5) 27 (67.5)

Clin ica lly
abnormal dogs (11)

11 (100) 10 (90.9) 11 (100)

Total (51) 42 (82.3) 41 (78.8) 38 (74.5)

2) Helicobacter genus -spec ific P CR assay in cats
Posit ive rate of the fundus, the body and the antrum of

cat was 84%, 80% and 79% respectively, but these
deferences were not stat ist ically significant (p>0.05).

Table 6. Results of Helicobacter genus-specific PCR assay
in cats

(No . o f cats ) Site N o. o f pos itive (%)

Cats (25)

F undus 21 (84)

B ody 20 (80)

Antrum 19 (79)

3) Helicoba cter spec ie s-spec ific P CR assay in dogs
Each set of primers was shown to amplify the gene from

which it was derived, without cross-hybridizing with the
corresponding gene of the two other species (Fig. 3, Fig. 4).
Thirty-two of 42 fundic t issue samples tested (76.2%) were
positive for H. heilm annii and two samples (4.8%) from
clinically normal dogs were posit ive for H. felis (Table 7). No
amplificat ion products corresponding to H. pylori were
detected and 8 samples (19%) were negative for all species-
specific PCR assay (Table 7). There were no significant
differences of the results between clinically normal and
abnormal dogs.

Table 7. Results of Helicobacter species-specific PCR assay
in dogs

No. of Spe cies ide n tifi ed (%)

Grou p
(No. of dogs)

H.
heilmannii

H. fel is H. pylori n on -id e ntifie d

Clinically n orm al
dogs (31)

23 (74.2) 2 (6,5) 0 (0) 6 (19.4)

Clin ica lly abn orm al
dogs (11)

9 (81.8) 0 (0) 0 (0) 2 (18.1)

Total (42) 32 (76.2) 2 (4.8) 0 (0) 8 (19)

4) Helicobacter spec ie s-spec ific P CR assay resu lts in
ca ts

Eighteen of 21 fundic t issue samples (85.7%) tested were
positive for H. heilmannii and 2 (9.5%) were posit ive for H.
felis. H. pylori was not detected and 1 sample were not
amplified by all species-specific PCR assay (Table 8, Fig. 3,
Fig. 4).

Table 8. Results of Helicobacter species-specific PCR
assay in cats

(No. of Cats )

No. of Sp e cie s id e ntifie d (%)

H.
heilmannii

H. fel is H. pylori non-identified

Cats (21) 18 (85.7) 2 (9.5) 0 (0) 1 (4.7)
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5) Nuc leo tide hom ology of the He licobacte r spec ie s -
spec ific P CR products

There was greater than 97% identity between the
sequences of H. heilmannii specific PCR products and
GeneBank sequences of the urease B gene of H. heilm annii
(Accession No. L25079). In comparision of H. felis PCR
products, greater than 98% identity was detected (Accession
No. X69080).

Evaluation of Helicoba cter spp. in fection sta te by
diffe rent de tec tion m ethods
Thirty-nine of 51 (76.5%) dogs and 16 (64%) of 25 cats

were positive for all test performed with gastr ic fundus
tissues. Eight (15.7%) dogs and 4 (16%) cats showed
negative in all tests. In direct t issue smear test, the results
were concordant with the results of other tests in all dogs
and cats but 4 dogs and 5 cats (2 dogs which were negative
in direct t issue smear test were posit ive in other tests; 2
dogs and 5 cats which were posit ive in direct smear test

were negative in urease test; Table 9).

Table 9. Evaluation of Helicobacter infect ion state in
gastr ic fundic tissues by different detect ion
methods

Smeara Ureaseb P CRc
No. of dogs

w ith pattern
No. of cats

w ith pattern

＋ ＋ ＋ 39 16

＋ － ＋ 2 5

－ ＋ ＋ 2 0

－ － － 8 4

a: Direct tissue smear test : + = posit ive, – = negative.
b: Urease test ; + = posit ive, – = negative.
c: PCR assay; + = posit ive, – = negative.

Fig . 3. Detection of H. heilmannii DNA (580bp) in gastr ic
t issues by PCR assay. Lanes: M, DNA ladder; 1, H.
heilm annii infected dog; 2, H. heilmannii infected cat; 3,
DNA from H. pylori (KCTC 2948); 4, DNA from H. felis
(ATCC 51211).

Fig . 4. Detection of H. felis DNA (580bp) in gastr ic t issues
by PCR assay. Lanes: M, DNA ladder; 1, H. felis infected
dog; 2, H. felis infected cat; 3, DNA from H. felis (ATCC
51211); 4, DNA from H. pylori (KCTC 2948).

Fig . 1. Direct impression smear of gastric t issue from
Helicobacter spp. infected dogs. Arrows indicate spiral
shaped Helicobacter organisms.

Fig . 2. Detection of Helicobacter spp. DNA (400bp) in
gastr ic tissues by Helicobacter genus-specific PCR assay.
Lanes: M, DNA ladder; 1, infected dogs; 2, infected cat; 3,
DNA from H. pylori (KCTC 2948); 4, DNA from H. felis
(ATCC 51211).
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Culture resu lt
Helicobacter organisms were not cultured from all gastric

fundic t issue samples of dogs and cats.

His topatho logic findings
Most of clinically abnormal infected dogs had mild to

moderate gastrit is consist ing of scat tered leukocytes but
similar degree of gastr it is also was detected in clinically
normal uninfected dogs. Whatever severe gastr itis was only
detected in one clinically abnormal infected dogs, there were
no correlat ion between the presence of the bacteria with
clinical signs and the gastr itis score.

Table 10. Gastritis results for clinically abnormal Helicobacter
spp. infected and noninfected normal dogs

No. of dogs w ith re su lt

D egre e o f
gas tritis

Clin ically abnorm al
in fecte d (n = 8)

Clin ically norm al
non in fected (n = 7)

None 1 2

Mild 2 1

Moderate 4 4

Severe 1 0

Analysis of cytokine gene e xpress ion in gastric
fund ic tissues
RT-PCR assay of gastr ic fundic t issues from dogs for

detect ing existence of cytokines did not show the evidence of
upregulation of IL-1β, IL-8, or TNF-α mRNA in ether
clinically abnormal infected or uninfected dogs. Appropriated
reactions were only detected positive control samples (Fig. 5).

Fig . 5. Detection of mRNA for IL-1β, IL-8, and TNF-α in
gastr ic t issues by RT-PCR. Agarose gel electrophoresis of

DNA products. Lanes: M, DNA ladder; 1 to 7, Helicobacter
spp. infected dogs; +, positive control (peripheral blood of dog).

Discussion

Since the discovery that H. pylori is a pathogen in
humans, many studies have been evaluated the prevalence
of Helicobacter infect ion and the relat ionship between
infect ion and gastr ic pathology in other animals. This study
was carried out with purpose of evaluating the prevalence
and characterizat ion of Helicobacter infect ion in domestic
dogs and cats. In the present study, the prevalence of
Helicobacter spp. in dogs and cats were evaluated with
direct gastr ic t issue smear test, urease test which is
commonly used in detect ing H. pylori infect ion in humans
and PCR assay. These test results in the present study
showed that the prevalence of Helicobacter spp. in dogs (>
78.4%) and cats (> 64%) was as high as in previous reports
[1,8,15,21,25,30,35,36,38,57].

Urease mapping based on urease test showed that total
positive rate of tested tissues from clinically abnormal dogs
was significantly higher than that from clinically normal
dogs (p=0.0018; Odds ratio = 6.118; 95% Confidence Interval
= 1.96~19.103). These findings were consistent with the
results of Helicobacter genus specific PCR assay which
showed that posit ive rate of the fundus (100%) and the
antrum (90.9%) of clinically abnormal dogs was significantly
higher than that of same gastr ic regions of clinically normal
dogs (77.5 and 67.5% respectively). However, a previous
report showed that there was no difference of the prevalence
between clinically normal and abnormal dogs [57]. In spite
of higher prevalence in clinically abnormal dogs, rate of
showing posit ive urease activity within one hour in
clinically abnormal dogs also higher than that in clinically
normal dogs. It suggested that the density of Helicobacter
colonizat ion in clinically abnormal dogs was higher than
that in clinically normal dogs based on the fact that urease
activity is depended on the density of Helicobacter
colonizat ion.

The results of urease mapping in dogs also indicated that
Helicobacter colonizat ion in the fundus was more dense
compared with the density in the antrum. These pattern of
colonizat ion was similar to that observed in previous reports
conducted with naturally acquired helicobacteriasis and
experimentally infected dogs and cats [5,21,38,46,57]. In
comparison of gastr ic regions between clinically normal and
abnormal dogs, posit ive rate of urease test for the fundus
and body in clinically abnormal dogs was significantly
higher than that in normal dogs (p<0.05). These results
combined with the higher degree of colonizat ion in clinically
abnormal dogs may consider the possibility that high degree
of Helicobacter spp colonizat ion in the fundus and body can
arise gastrointestinal signs in dogs.

To the best of our knowledge, this is the first report of
evaluating the Helicobacter spp. infect ion of cats in Korea
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although the number of cats evaluated was so small and
limited to only one laboratory colony. The pattern of urease
mapping results of cats was similar to that of dogs, which
showed that colonizat ion was less dense in the antrum of
the stomach compared with the density in the fundus and
body. Therefore, for reducing the possibility of false negative
result in urease test , using biopsy tissues from the fundus
and body rather than from the antrum is recommended. All
of cats invest igated in the present study had no
gastrointest inal signs and the rate of showing posit ive
urease activity within one hour was low. This result also
supported the possibility as previously mentioned that high
degree of Helicobacter spp. colonizat ion might induce
gastrointest inal signs.

In several recently developed PCR assays for detect ing
Helicobacter infect ion, two targets the urease and 16S rRNA
genes, were appeared promising because part ial or whole
sequence information is available for both [3,4,14,17,26,
52,55]. In the present study, Helicobacter-specific primer
pair C97 and C98 [14] which generate 16S rRNA amplicons
of approximately 400 bases was used for Helicobacter
genus-specific PCR assay. In Helicobacter genus-specific
PCR assay in dogs and cats, Helicobacter spp. detect ing rate
(dog= 82.3%, cat = 84%) was slightly higher than that of
urease test (dog = 78.4, cat = 64%). There were no significant
deference of posit ive rate between gastr ic regions in dogs
and cats. These results combined with the results of urease
mapping indicated that Helicobacter spp. infect ion rate
between gastr ic regions were not different but truly in
colonizat ion density.

For detect ing Helicobacter spp. infection in gastr ic
t issues, direct t issue smear test , urease test and PCR assay
was used and each test results of fundic t issues were
compared. Concordant results among the different diagnostic
tests were reached for 92% of the dogs and 80 % of the cats
evaluated. These results were similar to that of one previous
report conducted in cats [36]. In direct tissue smear test ,
results were concordant with the results of other tests in all
dogs and cats but 2 dogs which were negative although
urease test and PCR asssy test showed posit ive. Two dogs
and 5 cats were posit ive for direct t issue smear test and
PCR assay but showed negative result in urease test .
According to these results, direct t issue smear test and PCR
assay appeared more sensitive than urease test . These
observations concur with those in studies of experimentally
H. felis infected cats and of dogs with naturally acquired
helicobacteriasis [45,46]. The results of the present study
also suggested that PCR assay is the most sensit ive test for
the detect ion of Helicobacter infect ion in dogs and cats. This
observation is agreement with results obtained in studies of
mice and dogs experimentally infected with H. felis and of
humans and cats infected with H. pylori, which showed that
PCR assay was more sensit ive than histology, bacterial
culture, and urease test [10,29,41,45].

PCR assay also has been known to be a specific methods

to distinguish between Helicobacter species [36]. Primer
pairs used for Helicobacter species-specific PCR assay in the
present study were designed for amplifing urease B gene of
H. heilmannii, H. pylori and H. felis. Each set of primers
was shown to amplify the gene from which it was derived
without cross-react ion with the corresponding gene of the
two other species.

In Helicobacter species-specific PCR assay for dogs, 32 of
42 fundic tissues (76.2%) were posit ive for H. heilmannii
and two (4.8%) were posit ive for H. felis (Table 7). In cats,
18 of 21 fundic tissues (85.7%) were posit ive for H.
heilmannii and 2 (9.5%) were positive for H. felis. Observation
that high prevalence of H. heilmannii in domestic dogs and
cats is agreement with results obtained in previous foreign
studies [36,37] and one study of domestic dogs [35]. H.
Pylori infection in cats has been observed in group of
laboratory cats and commercial vendor, but not in private
owned pet cats [13,18,19]. In the present study, No
amplificat ion products corresponding to H. pylori were
detected in both dogs and cats. This finding is important,
because this may indicated that dogs and cats do not
represent a source of H. pylori for the human population, at
least in Korea. Eight fundic t issues (19%) from dogs and 1
tissue (4.7%) from cat were negative for all species-specific
PCR assays although posit ive for genus-specific PCR assay.
Possibly these negative results were due to yet another
Helicobacter spp. with a urease that primer sets used in the
present study were unable to amplify.

H. heimannii detected most frequently in this study is
generally known to be unculturable by standard methods
that have been successful with other Helicobacter species
[47]. Similarly, all gastr ic fundic t issue samples from dogs
and cats in this study were negative in culture although
some H. felis which is usually culturable were only detected
on H. felis specific PCR assay. The main problem was that
contaminations with other bacteria were occurred frequently
although some antibiotics were inserted in culture medium.
These contaminations might prevent the growth of Helicobacter
spp. or make the growing colonies of Helicobacter spp. to be
undetectable by covering whole agar medium.

The relat ionship between Helicobacter spp. infect ion and
clinical manifestation have not been identified in dogs and
cats, because Helicobacter spp. infect ion have been found in
clinically normal and abnormal dogs and cats [11,21,25,57].
This study and another previous studies of dogs and cats
found no correlat ion between the severity of mucosal lesions
of noninfected cases and that of infected cases [8,37,48].
Moreover, evidence of upregulat ion of IL-1β, IL-8, and
TNF-α mRNA which is highly expressed in H. pylori
infected human gastr ic t issues were not detected in gastr ic
fundic t issues from clinically abnormal infected dogs even in
one dogs showed severe gastrit is.

This study suggested that Helicobacter spp. infect ion in
domestic dogs including private owned pet dogs and cats is
highly prevalent with no clinical sign but high density of
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colonizat ion can be related to gastrointest inal signs.
Therefore, diagnostic tests for detecting Helicobacter spp.
infect ion like PCR for gastr ic biopsies are highly
recommended in dogs and cats having chronic gastrit is signs
(usually intermit tent vomiting) and effective treatment for
eradicat ing the organism should be applied if the animals
were proved to be infected.
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