YK 636.5.085.25

APPLICATION OF CLASSICAL-PCR, NESTED-PCR AND SEMINESTED-PCR IN
IDENTIFICATION OF HELICOBACTER SPECIES COLONIZING GASTRIC
MUCOSA IN DOGS WITH GASTRITIS

Krzysztof Kubiak, Marcin Jankowski, Jolanta Spuzak, Kamila Glinska-Suchocka,
Jacek Skata™®, Grazyna Gosciniak**, Jozef Nicpon

Department of Internal and Parasitic Diseases with Clinic of Horses, Dogs and Cats, Faculty of
Veterinary Medicine, Wroctaw University of Environmental and Life Sciences, pl. Grunwaldzki
47, 50-366 Wroctaw, Poland, e-mail: krzysztof.kubiak@up.wroc.pl , tel. 071 3205365

*Institute of Genetics and Microbiology, University of Wroctaw, Poland

**Department of Microbiology, Medical University of Wroctaw, Poland

Introduction. Colonization of dogs’ gastric mucosa with Helicobacter spp. is common.
Based on the conducted research it was demonstrated that microorganisms of Helicobacter
morphology colonizing the gastric mucosa of dogs (GHLO - gastric Helicobacter-like
organisms) included: Helicobacter felis, Helicobacter heilmannii, Helicobacter bizzozeronii,
Helicobacter bilis, Flexispira rappinii and Helicobacter salomonis [23, 25, 28, 30, 34]. These
bacteria were found in the stomach of healthy animals and the stomach affected by the disease
process. They were observed in the cardia, the fundus, the corpus as well as the pylorus of this
organ [10, 11, 13, 14, 23, 25, 26, 27, 35].

In the diagnosis of the gastric mucosa infections with Helicobacter spp. in humans and
animals non-invasive and invasive methods are applied. The non-invasive methods include: a
breath urease test and serological examinations. The invasive methods are based on the
laboratory examination of the gastric mucosa bioptates and they include: a rapid urease test,
direct bacteriological preparation, microbiological culture examinations, histopathological
examinations (a light and electron microscope) and examinations using polymerase chain
reaction (PCR) [4, 8, 17, 12, 16, 18, 21, 22, 31, 32, 36].

Task, the aim of the articleThe aim of the study was to apply a classical-PCR, nested-
PCR and seminested-PCR in detection of gastric mucosa infections in dogs with gastritis caused
by Helicobacter spp. microorganisms and determination of their species.

Material and methodsThe research included 137 dogs, of different breed and sex, aged
from 2 months to 17 years, with dyspeptic signs indicating the stomach diseases (vomiting of
different character, decreased appetite, anorexia, variable appetite, progressing body weight loss,
fetor ex ore, painfulness in the stomach area). This group also entailed the animals not
manifesting the above clinical signs, in which during gastroscopy macroscopic changes in the
mucosa indicating gastritis were observed. The gastric mucosa bioptates were collected for PCR
examination from all the animals.

For detection and species determination of Helicobacter strains: classical-PCR, nested-PCR
and seminested-PCR were used. For DNA isolation the technique of reversible bond on silicone
deposits was applied.

DNA isolation from the collected material

For DNA isolation of Helicobacter spp. from examined gastric mucosa bioptates columns and a
»QIAamp DNA mini” (QIAGEN) set of reagents were used. These materials were replaced by
»Genomic mini” (A&A BIOTECHNOLOGY) sets after having proved exchangeability of both
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tests and a simultaneous slight increase in DNA isolation effectiveness. The procedure of DNA
isolation followed the recommendations of both producers.

Starters. In designing specific starters for ureB genes information about regions of their location,
given by Neiger et al. [19] and nucleotide sequences from GenBank data base: L25079 for
Helicobacter heilmannii, M60398 for Helicobacter pylori and X69080 for Helicobacter felis
were used.

The location of starters was modified based on own computer analyses findings and results of
preliminary PCR reactions. Additional starter pairs, allowing conduction of nested-PCR
reactions, were designed to improve specificity and sensitivity. The detailed data of location of
these starters on sequences from the data base are presented in Tab. 1.

Tab. 1.

Detailed localization of specific startes for ureB genes [*Neiger et al. 1998].

species starter localization of starter on original
original sequence sequence
Heil2F 984-1003
Helicobacter | Heil2R 1557-1536
heilmannii L25079

W2heilF 1097-1115
W2heilR 1481-1459

PyINF 3379-3400

Helicobacter PyINR 5089-5068
lori M60398

pyront WpylF 3931-3952

WpylR 4620-4598

FelF* 43-67

Helicobacter | FelR* 1190-1168
Jelis WielF 154-173 X69080

WielR 1045-1024

Nucleotide sequences of all the starters designed in the present study and selected from
literature are presented in Tab. 2.
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Wykrywana Wykrywany Typ reakcji Etap reakcji PCR Produkt PCR
sekwencja gatunek PCR Stage of PCR Starter Sekwencja nukleotydowa startera (p2)
Detected Detected species Type of_ PCR reaction Starter w orientacji 5'-3' Product PCR
sequennce reaction Nucleotide sequence of starter
in orientation 5'-3'
Heil2F GATAAAGTGCGCTTGGGCGA
pierwszy Heil2R GGTCAATGAGAGCAGGTTCAAA 574
H. heilmannii nested W2heilF ACAAACCAACAGCCCCAGC
drugi W2heilR GCGGAGCATTTCTTTTAAGTTCC 385
gen PyINF ATGAAAAAGATTAGCAGAAAAG
ureB pierwszy PyINR CCTAGAAAATGCTAAAGAGTTG 1711
e - prlort nested WpyIF GCGGCTGAAGAATATTCTATGA
drugi WpylR CGCTGGGTTAATGGTGTATTTAG 690
FelF ATGAAACTAACGCCTAAAGAACTAG
pierwszy FelR GGAGAGATAAAGTGAATATGCGT 1148
H. felis nested WielF CTCATTAGCGGGCGTGTGAT
drugi WfelR CAATCTTGCCGTCTTTAATCCC 892
HelF CGTGGAGGATGAAGGTTTTA
pierwszy HelR1 TACACCAAGAATTCCACCTA 284
Helicobacter spp. | seminested HelF CGTGGAGGATGAAGGTTTTA
drugi HelR2 AATTCCACCTACCTCTCCC 275
H. bizzozeronii
16StDNA | H. felis klasyczna jeden CARS7TF TGCGTAGGCGGGGTTGTAAG 78
H. salomonis CARG636R CAGAGTTGTAGTTTCAAATGC
H. bizzozeronii klasyczna jeden BilF AACCAAYAGCCCCAGCAGCC 373
Bi2R TGGTTTTAAGGTTCCAGCGC
H. salomonis klasyczna jeden T3B AGGTCGCGGGTTCGAATCC 134
HT135R ACCAACTGGGCTAAGCGACC

Tab. 2. Tabulation of starters and PCR reaction programmes
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The starters synthesis was carried out by PAN in Warszawa.
Positive controls

As positive controls of nested-PCR reactions, DNA isolated from Helicobacter pylori J99 [1]
and Helicobacter heilmanni strains, obtained at Medical University in Wroclaw, was used..
Helicobacter felis DNA was isolated in Institute of Genetics and Microbiology University of
Wroctaw.
Electrophoretic division of PCR product

PCR reaction products were divided electrophoretically in 0.9% agarose gel in TBE buffer in
the presence of etidine bromide (0,25 pg/ml). Electrophoresis was carried out under voltage 140
V. pUC-MIX8 (Fermentas, SM0301) and DNA A phage digested by EcoRI and HindlIll enzymes
(Fermentas, SM0191)were used as a mass marker. Gels were photographed in UV light 300 —
320 nm in length.
Thermocycler work programmes

All the PCR reactions were carried out in DNA-engine PT200 (JM Research, USA)
thermocycler. The following work programmes were applied:
Species specificity of ureB genes fragments amplifying starters

At the design stage the starters’ species specificity for detection of ureB genes was checked by
computer comparison of their sequences with sequences in GenBank data base, using BLASTIN
2.2.13 programme [2]. In order to check experimentally the starters’ species specificity the
nested-PCR reactions using Heil2F, Heil2R, W2heilF, W2heilR starters and DNA isolated from
Helicobacter heilmannii, Heliconacter pylori and Helicobacter felis were performed. Similar
reactions were conducted with the remaing starters sets for ureB genes.

Results. The research into checking starters’ species specificity showed that all the
starters met the specificity criterion. PCR products were obtained only in the reactions in which
appropriate, specific starters were added to a given DNA matrix (Tab. 2.). The results of these
reactions are presented in Fig. 1, 2 and 3.

1 23 4 M5 6 7 8

574 pz
385 pz

Fig. 1. Species specificity of starters amplifying ureB Helicobacter heilmannii gene fragments. Pathways 1
and 5 — negative reagent controls without DNA. First stage of nested-PCR reaction with Heil2F and Heil2R starters
and Helicobacter heilmannii DNA (pathway 2). Second stage of reaction with W2heilF and W2heilR starters and
Helicobacter heilmannii DNA (pathway 6); helicobacter felis (7) and Helicobacter pylori (8). M — mass marker,
pUCMix8 (Fermentas, SM0301). Product characteristics for subsequent nested-PCR stages are marked with arrows.
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M 123 4 56 7 8M L 9 101112

1148 pz
892 pz

Fig. 2. Species specificity of starters amplifying ureB Helicobacter felis gene fragments. Pathway 1, 5 and 9
— negative reagent controls. First stage of nested-PCR reaction with FelF and FelR starters and Helicobacter
heilmannii DNA (pathway 2 and 6); Helicobacter felis (3 and 4) and Helicobacter pylori (4 and 8). Second stage of
reaction with WfelF and WTelR starters and Helicobacter heilmannii DNA (pathway 10); Helicobacter felis (11) and
Helicobacter pylori (12). M — mass marker, pUCMIX8 (Fermentas, SM0301); A phage digested by EcoRI and
Hindlll enzymes (Fermentas SM0191). Product characteristics for subsequent nested-PCR stages are marked with
arrows. The photographs show frequently occurring product amplification at first stage, weakly marked in practice.
Only at second stage product originates in amount allowing its easy detection.

1 23 4M X 5 6 7 8

1711 pz

690 pz

Fig. 3. Species specificity of starters amplifying ureB Helicobacter pylori gene fragments. Pathways 1 and 5
— negative reagent controls without DNA. First stage of nested-PCR reaction with PyINF and PyINR starters and
Helicobacter heilmannii DNA (pathway 2); Helicobacter felis (3) and Helicobacter pylori (4). Second stage of
reaction with WpylF and WpylR starters and Helicobacter heilmannii DNA (pathway 6); Helicobacter felis (7) and
Helicobacter pylori (8). M — mass marker, pUCMIXS8 (Fermentas, SM0301); A phage digested by EcoRI and Hindlll
enzymes (Fermentas SM0191). Product characteristic for subsequent nested-PCR stages are marked with arrows.

In the nested-PCR method applied for detection of ureB genes encoding urease in
Helicobacter heilmannii, Helicobacter pylori and Helicobacter felis the positive results were
obtained:

- for Helicobacter heilmannii — in 114 DNA preparations obtained from dogs’ gastric mucosa
bioptates,
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- for Helicobacter pylori — in 7 DNA preparations obtained from dogs’ gastric mucosa
bioptates,

- for Helicobacter felis — in 69 DNA preparations obtained from dogs’ gastric mucosa
bioptates.

This method gave negative results in 11 DNA preparations obtained from dogs’ gastric
mucosa bioptates.

The classical-PCR method with CARS577F and CAR636R starters served to examine 11 DNA
preparations from dogs’ gastric mucosa bioptates which gave negative results for ureB genes.
The positive results in the reaction with the above mentioned starters were obtained in 2 DNA
preparations from dogs’ gastric mucosa bioptates and negative results — in 9 preparations.

The classical-PCR method with BilF and Bi2R (Helicobacter bizzozeronii) starters and T3B
and HT135R (Helicobacter salomonis) starters was used to examine 128 DNA preparations from
dogs’ gastric mucosa bioptates which gave a positive result in the nested-PCR method applied for
detection of ureB genes encoding urease in Helicobacter heilmannii, Helicobacter pylori,
Helicobacter felis and in the classical-PCR method with CAR577F and CAR636R starters. The
positive results of the reaction with BilF and Bi2R starters and T3B and HT135R starters were
obtained only for Helicobacter salomonis — 5 DNA preparations from dogs’ gastric mucosa
bioptates.

Out of 9 DNA preparations from dogs’ gastric mucosa bioptates which gave a negative result
in the nested-PCR method used for detection of ureB genes encoding urease in Helicobacter
heilmannii, Helicobacter pylori, Helicobacter felis and in the classical-PCR method with
CARS577F and CARG636R starters, seminested-PCR method with HelF, HeilR1 and HeilR2
starters, Helicobacter spp. infection was observed in 5 DNA preparations from dogs’ gastric
mucosa bioptates.

Based on the conducted research Helicobacter microorganisms were found in gastric mucosa
specimens in 133 dogs. Seventy three dogs had infection with one Helicobacter species, i. e.:
Helicobacter heilmannii was observed in 55 dogs, Helicobacter felis — in 11 dogs, Helicobacter
salomonis — in 2 dogs and unidentified species — in 5 dogs. Fifty three dogs revealed infection
with two Helicobacter species, in the following patterns: Helicobacter heilmanni + helicobacter
felis — 50 dogs, Helicobacter heilmanni + Helicobacter pylori — 2 dogs, Helicobacter felis +
Helicobacter salomonis — 1 dog. Six dogs had infection with three Helicobacter species, in the
following patterns: Helicobacter heilmannii + Helicobacter pylori + Helicobacter felis — 5 dogs,
Helicobacter heilmannii + Helicobacter felis + Helicobacter salomonis — 1 dog. One dog
suffered infection with four Helicobacter species, in the pattern: Helicobacter heilmannii +
Helicobacter pylori + Helicobacter felis + Helicobacter salomonis. Based on PCR examination 4
definite Helicobacter species were observed in the dogs. Helicobacter heilmannii was detected in
114 dogs, Helicobacter felis — in 69 dogs, Helicobacter pylori — in 7 dogs and Helicobacter
salomonis — in 5 dogs. In 5 animals the PCR reaction result indicated only infection with
Helicobacter spp. (Fig. 4.).
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Fig. 4. Frequency of particular Helicobacter microorganisms occurrence in dogs.

@ Helicobacter heilmannii
| Helicobacter felis

50,40% O Helicobacter pylori

83, 20% 1 Helicobacter salomonis
s 0

m Helicobacter spp.

DiscussionA wide range of molecular research applying polimerase chain reaction (PCR),
including both the classical-PCR method, nested-PCR and seminested-PCR method used in our
study, allowed identification of the following Helicobacter species: Helicobacter heilmannii,
Helicobacter pylori, Helicobacter felis and Helicobacter salomonis. Based on detection of ureB
genes encoding urease in DNA isolated from the tissues, it was possible to determine if the
animals were infected with: Helicobacter heilmannii, Helicobacter pylori and Helicobacter felis.
Production of the urease is a diagnostic feature for Helicobacter microorganisms. Genes
encoding this enzyme, despite considerable conservatism of nucleotide sequences, differ to the
degree which may be used as a species specific diagnostic feature [19, 29].

However, in PCR reactions with CAR577F and CAR636R starters specific for 16S rRNA
of 3 species, i.e. Helicobacter bizzozeronii, Helicobacter felis and Helicobacter salomonis, which
is confirmed by observations of De Groote et al. [6] and next in PCR reactions with BilF, Bi2R
and T3B, HTI135R it was possible to detect Helicobacter bizzozeronii and Helicobacter
salomonis in the examined material [3].

In the case of the animals in which the above mentioned PCR examinations gave negative
results, it was assumed that the animals were not infected by microorganisms of Helicobacter
spp., or they were infected by other species than the mentioned above ones. The conduction of
seminested-PCR with HelF, HelR1 and HelR2 starters allowed verification of the above
assumption, since applied starters amplify highly conservative 16S rRNA sequence of 251 pz in
length which is present in all known Helicobacter spp. [33]. The positive test result proved that
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the examined material contained Helicobacter spp. microorganisms, yet it did not determine its
species classification.

The PCR method allowed detection of the following Helicobacter species which colonized
gastric mucosa in the examined dogs: Helicobacter heilmannii (114/137), Helicobacter felis
(69/137), Helicobacter pylori (7/137) and Helicobacter salomonis (5/137). The gastric mucosa
bioptates of 5 dogs contained Helicobacter spp., yet their species was not determined. Only 4 out
of 137 animals were free from infection. Hwang et al. [15] detected infection with Helicobacter
heilmannii in 32 cases out of the total number of 42 animals subject to examination. Only 2 dogs
had infection with Helicobacter feli. Hwang’s et al. [15] observation are similar to ours and
confirm the thesis that Helicobacter heilmannii is the most commonly observed in the dogs’
gastric mucosa. Yet, in relation to infection with Helicobacter felis our and their observations
differ — in respect to the frequency of occurence of these bacteria: in Hwang’s et al. [15] study —
4.8% of dogs, in our study — 50.4 % of dogs. Also Neiger’s et al. [20] results are worth noting, as
they demonstrated more common infection with Helicobacter bizzozeronii/Helicobacter
salomonis in dogs than with Helicobacter felis.

Our studies, based on PCR, showed the presence of Helicobacter pylori in the gastric mucosa
bioptates in 8 dogs. In medical literature authors state that this microorganism may colonize
gastric mucosa in cats and has not been found in dogs so far [5, 7, 9, 12, 24]

CONCLUSIONS

1. The combined application of classical-PCR, nested-PCR and seminested-PCR using
appropriate primers allows the best species idetification of Helicobacter microorganisms, found
in the dogs’ stomach.

2. The infection of the gastric mucosa with Helicobacter species is common in dogs.

3. The most common species colonizing the gastric mucosa in dogs is Helicobacter
heilmannii.

4. The dogs’ gastric mucosa may be colonized by Helicobacter pylori.

K. Ky6sx, M. Anxoecki, U. Cnyacax, K. I'incoxa-Cyxoyvka, A. Crana,
I I'ocyinax, U. Hiknon

BUKOPUCTAHHS NOJIMEPHOI JIAHITIOI OBOI PEAKIIII (IJIP),
THI3JIOBOI IIJTP TA HAHIBI'HI3JIOBOI IUIP Y TIEHTU®IKALIL BUJIB
HELICOBACTER, SIKI CTBOPIOIOTH KOJIOHII ¥ CJIM30BINA OBOJIOHIII
IIJIYHKA COBAK ITPU TACTPHUTI

Pesowme

1. KombinoBane 3actocyBanHsi kiacuuHoro I[LJIP, ruizgoBoro-ITJIP, nHamiBrui3moBoro-
[IJIP, 3 BUKOpPUCTAHHSM BIANOBIAHUX KamCysd JIO3BOJISIE €(PEKTHBHO 1ACHTU(IKYBAaTH BHIU
MikpoopraHi3miB Helicobacter y numyHKy co0ak.

2. IudikyBaHHS CIU30BOi OOOJNIOHKHM NUTyHKA Buaamu Helicobacter € momumpeHuM y
cobax.

3. HaiimomupeHimmMMy BUIAMH, SKi CTBOPIOIOTH KOJIOHII B CIIM30Bil OOOJIOHIN IITyHKa
cobak € Helicobacter heilmannii.
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4. 'V cnu3oBiil 000JIOHIII NITYHKA cO0aK MOXKYTh yTBOproBatucs KoJyioHli Helicobacter
pylori.

K. Ky6sx, M. Anxoecku, . Cnyacax, K. I'uncoka-Cyxoyvia, A.
Crana® I'. I'ocyunsx™*, U. Huknou

UCMOJb30BAHUE MTOJUMEPHOM [EITHOW PEAKIIMH (ITIIP),
T'HE3/10BO¥ TP Y TTIOJYTHE3AOBOW MIIP B UAEHTU®UKALIMY BUIOB
HELICOBACTER, KOTOPIE OBPA3Y IOT KOJIOHUM B CJIN3UCTOM OBOJOYKE
JKEJYIKA COBAK ITPU TACTPUTE

AHHOTAUUSA

1. KomOunupoBanHoe mnpumeHenue kiaccudyeckoro IIIIP, rue3goBoro IIIIP,
nonyrae3noBoro PCR ¢ ucmonp30BaHMEM COOTBETCTBYIONIMX KarcyJsl Mo3BojsieT 3()deKkTuBHO
uACHTU()UIIMPOBATH BUIBI MUKOPOOTaHU3MOB Helicobacte B xenynke cobak.

2. NadunmpoBaHue CIM3UCTON 000JI0UKH KemyaKa BugamMu Helicobacte pactpocTpaHeHO
y cobaxk.

3. CambpIMH pacupOCTPaHEHHBIMH BUAAMM, KOTOPBIE CO3JAIOT KOJIOHUH B CIU3UCTOU
obounouke cobak sBistotcst Helicobacter heilmannii.

4. B cnu3ucToil 000109Ke ey Ika co0aK MOTYT co3iaBarh kojonun Helicobacter pylori.
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