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SUMMARY

Currently, the pathogenesis of gastric ulcer in pigs remains largely unexplored. The origin of this pathology is most often associated with the type and the technologies
of feeding, stresses and disorders of homeostasis of the animal body. The possible involvement of bacteria of the genus Helicobacter in the development of chronic
gastritis and gastric ulcer disease in pigs was suggested by the researchers relatively recently. The article comprises the results of investigations aimed at detection
of Helicobacter suis bacteria and the contamination degree of porcine gastric mucosa in pigs of different age groups. The stomachs, obtained from suckling pigs,
fattening pigs and sows in the slaughterhouse of the Mari EI Republic, were examined. The study determined the dependence of pathomorphological changes in the
gastric mucosa of pigs on the detection of H. suis in microscopic and biochemical tests as well as in PCR. Thus, no pathomorphological changes in the gastric mucosa
of suckling pigs were detected. Severe hyperkeratosis, erosions, and ulcers were found on the stomach mucosa of fattening pigs and sows that were infected with
H. suis bacteria. Sows also had ulcerative lesions in the non-glandular region of esophagus. In the biomaterial of suckling piglets the DNA of H. suis bacteria was
found only in the pyloric region of the stomach, while in fattening pigs, the DNA of these bacteria was most often isolated from the fundal region, and in sows — from
the fundal and cardial regions. This indicates a shift in colonization by helicobacters of the mucous membrane of the stomach from the pyloric to the cardiac section
increased with animal age. The obtained research data provide the additional evidence of the etiological role of H. suis in the pathogenesis of gastric ulcer in pigs.
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PE3IOME

B HacToALee BpemaA natoreHe3 A3BeHHON 60Ne3HN XenyaKa (BUHel 0CTaeTCA B 3HAUUTENbHON CTeNeHy HeuyyeHHbIM. BO3HNKHOBEHIe AaHHOII natonorun
Haubonee YacTo CBA3bIBAKT C TUMOM U TEXHONOTUEIR KOPMAEHHUSA, CTPECCAMU 1 HapyLUEHNAMM TOMe0CTa3a 0praHu3ma XuBOTHbIX. (paBHUTENbHO HeLaBHO WC-
(nesoBatenamm ObIo BbIABUHYTO NPEANON0MXKeEHINE 0 BOIMOXHOM yuacTu 6akTepuil popa Helicobacter B pa3BuTM XpOHUYECKOTO raCTPUTa 1 A3BEHHOI bonesHn
(BUHell. B cTaTbe NpuBOAATCA pe3ynbTaTbl NCCne0BaHuil N0 BbIABNEHWHO Helicobacter suis n creneHn 0bcemeHeHHOCTU CM3NCTON 060N0UKN XKenyaKa CBUHe
pa3HblX BO3PACTHbIX rpynn. Matepuanom Ans nccnefoBaHua CyXuan Xenyaku, NoayyeHHble 0T MONOYHBIX TOPOCAT, OTKOPMOYHbIX CBUHEN U CBUHOMATOK
B y6oitHom nyHkTe Pecny6nukin Mapuit In. Onpezienexa 3aBUCAMOCTb BbIABNEHHbIX NaTOMOPONOTUUECKIX U3MEHEHUI CM3UCTON 060NI0UKM KenyaKa CBUHeil
0T Hanuuma H. suis, 06HapyXeHHOI B MUKPOCKONMYECKIAX 11 BMOXMMUYECKIX TECTaX, a TaKXKe C TOMOLLbI NOANMEPa3HOI LienHoii peakwu. Tak, BbIpaeHHbIX
MaToMOpQONOrAYecKuX 3MeHeHii Ha CIN3NCTON XenyaKka MONIOYHbIX MOPOCAT BbIABAEHO He 6b1n0. Y 0TKOPMOUHBIX CBUHEI! 1 CBUHOMATOK, Y KOTOPbIX ObI0
yCTaHOBNEHO MHMLMPOBaHNe 6akTepuamm H. suis, Ha CIM31CTol 06010UKe XeNnyaKa 06HapYKIBanV BbIpaXeHHbIi runepKepaTos, 3po3un u A3Bbl. Takxe y (BI-
HOMaTOK HabMtoAanV A3BEHHbIE NOPAXEHNA HeXeNe3nCTon YacTy KenyaKka B 061acTy NULLEBOAHOT0 0TBepCTUA. Y MonouHbIx nopocat HK 6aktepuii H. suis 6bina
BblZesnieHa ToNbKo B 61omaTepuane 13 NUNOPUYECKOro OTAeNa XeNny/Ka, TOrAa kaK y 0TKOPMOYHbIX cBUHeil Hanbonee yacto [IHK o6HapyxuBanu B ¢pyHAanbHoM
OTAeNe, a y CBUHOMATOK — B QYHZANbHOM 11 KApAMaNbHOM OTAeNaX. IT0 YKa3blBAEeT Ha CABYUT KONOHM3ALMI XeNNKOOaKTepUAMI CIN3NCTOR 060M0YKN XenyaKa
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0T NUNoprYeCKoro K kapananbHoMy oTaeny CyBennyeHnem Bo3pacta XMBOTHOTO. nOﬂquHHbIE [laHHble NpefiCTaBNAT A0NOIHUTENbHbIE J0Ka3aTeNIbCTBa 3TUO-

NIOTUYeCKoil ponu H. suis B natoreHe3e A3BeHHOIi 6onesHu Xenyaka (BIHell.

KnioueBbie cno.a: Helicobacter suis, cnusnctas 06onouka xenyfKa, CBUHbH, 1abopaTopHas ANAarHoCTUKa.

bnaropapHocTb: ABTop bnarogaput kadeapy Mukpobuonoruin KasaHckoil rocysapcTBeHHOM MeANLMHCKOI akagemmun — dunuana OT60Y AN0 PMAHMO
Mun3gpasa Poccun 3a npefiocTaBneHHble BO3MOXHOCTY AN1A MPOBe/ieHINA UCCeAoBaTenbekoi paboto.

[ina yutuposauua: Hypranues 0. M. Boiasnenue 6aktepuii Helicobacter suis y cBuHeil pasHblx BO3pacTHbIX pynn. BemepuHapus ce2o0us. 2020; 4 (35): 266-271.

DOI: 10.29326/2304-196X-2020-4-35-266-271.

KoHdnukT untepecoB: ABTop 3aABNAET 00 OTCYTCTBUM KOHGNMKTA HTEPECOB.

[ina koppecnonpenuyn: Hypranues Gaput Mynnaranuesuy, kaHauaaT BeTepuHapHbIX HayK, AOLIEHT Kadeapbl MUKPOGUONOTY, BUPYCONOTM 1 UMMYHOOT UM
Orb0Y BO Kasanckaa TABM, 420029, Poccu, Pecnybnuka TatapctaH, . Kaawb, yn. (ubupckuii tpax, 35, e-mail: nurgalievim@gmail.com.

INTRODUCTION

Helicobacter suis — is a spiral-shaped gram-negative
bacterium characterized by 0.6-0.8 pm in diameter and
2.3-6.7 um in length, forming 4-8 closely spaced spirals.
Periplasmic fibrils are not observed. Such type bacteria
are characterized by active motility and amphitrichous
flagellation type, with 4 to 10 flagella seen at both ends
of the cells. The flagella are blunt-ended or have spheri-
cal ends that are twice the mean diameter of the flagella
body. H. suis is a non-capsulating and non-sporulating
bacterium [1, 2].

For H. suis cultivation the following media are used:
brucella agar, meat-liver peptone agar (MLPA), meat pep-
tone agar (MPA), supplemented with 20% fetal calf serum
or 10% defibrinated horse blood. The seeds are cultivated
under microaerophilic and capnophilic conditions at 37 °C
for 5-7 days. Slight growth of bacteria is observed under
the anaerobic incubation conditions. Spirillum-like forms
are transformed into coccoid forms in the course of culti-
vation in growth media [T, 3].

The possible involvement of H. suis in the development
of chronic gastritis of the pyloric region of porcine sto-
mach was proposed at the end of the XX century when
M. M. Queiroz et al. in 1990 described in their paper a spi-
ral organism detected in the course of microscopic exam-
ination of swabs taken from the pig stomachs [4]. Then
ensued the studies performed by E. N. Mendes et al. [5],
M. M. Queiroz et al. [6], C. De Witte et al. [7] and other
authors who examined the correlation between the bac-
teria presence in the stomach mucosa and gastric ulcer
disease in pigs. However, G. M. Grasso et al. [8], S. |. Mel-
nichouk et al. [9] detected no such correlation.

It is should also be stated that currently H. suis - is
the most prevalent (after H. pylori) type of Helicobacter
in humans capable to induce diseases of gastrointesti-
nal tract [10-12]. Nowadays the most acceptable point of
view is that H. pylori represents an important risk factor
of chronic gastritis development in humans. The study
of such bacteria type led to a fundamental change in
treatment of human ulcer disease. In particular, imple-
mentation of preventive measures in Moscow in 2016
led to reduction in the burden of ulcer disease by 77%
and by 64% in its spread compared to 1994 [10]. H. pylori
eradication as a strategy of stomach cancer prevention in
humans in type B atrophic gastritis generates a consider-

able interest. Largely thanks to it, a significant reduction
of stomach cancer is observed in Western Europe, USA
and Japan [10, 13].

However, the pathogenesis of gastric ulcer in pigs re-
mains largely unexplored [7]. The origin of this disease is
most often associated with such factors as: ration, size of
feed particles, permanent stress and homeostasis disor-
dersin animal body. Multiple ulcer processes are observed
in animal body due to metabolism disturbance, alimen-
tary dystrophy, poisonings, infectious diseases (foot-and-
mouth disease, necrobacillosis, tuberculosis). Sulfate or
copper carbonate feeding, swill feeding (as well as toxic
and excessive sour feed), protein and selenium deficiency,
imbalance of the main and sour equivalents and hypovita-
minosis are considered as the predisposing causes. Some
authors claim that H. suis bacteria causing hyperkerato-
sis, erosions and ulcers play a certain role in ulcer disease
pathogenesis in pigs. Various data on the spread of such
type bacteria in pigs are given in papers. For example,
E. N. Mendes et al. [5] detected H. suis in 10.8% cases,
M. M. Queiroz et al. [6] - in 90%, A. Hellemans et al. [14] -
in 80%. Currently it can be concluded that H. suis morbidity
in pigs vary from 10.8 to 90.0%, but most studies report
on60%[2,7,11].

Influence on animal health, economic losses in pig
breeding industry and zoonotic value of H. suis bacteria
prove the necessity of a detailed study of the microorga-
nism itself and the epidemiology of lesions which it may
cause 2, 3,15, 16].

The aim of this study is to detect H. suis bacteria, to de-
termine the contamination degree of the stomach mucosa
of pigs belonging to different age groups and to compare
the pathomorphological changes in the mucosa with the
degree of its colonization with Helicobacter bacteria.

MATERIALS AND METHODS

Stomachs obtained from 5 suckling pigs (1-2 months),
20 fattening pigs (8-10 months) and 4 sows (3 years) of
Large White breed were used as a research material. All
pigs came to a specialized slaughterhouse from one and
the same holding of the Republic of Marij El during one
work shift.

After the pre-mortem inspection of animals, conduc-
ted by the state veterinarian only healthy animals were al-
lowed for slaughter. The removed stomachs were opened
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by incising along the greater curvature and washed with
sterile water in the slaughterhouse. The pathomorpho-
logical properties of the stomach mucosa were examined
according to the method of M. J. Hessing et al. [17], who
proposed to use the scale from 0 to 5, where 0 stands for
the intact mucosa; 1 - moderate hyperkeratosis, covering
less than 50% of the surface; 2 — severe hyperkeratosis
covering more than 50% of the surface; 3 — hyperkera-
tosis and several small erosions (less than 5 single lesions,
2.5 cm?in area); 4 - hyperkeratosis and extensive erosions
(more than 5 lesions and/or more than 2.5 cm?); 5 - hy-
perkeratosis, large erosions (more than 10 lesions or more
than 5 cm?) and/or ulcers.

In order to evaluate the level of microorganism con-
tamination of the stomach mucosa of cardial, fundal and
pyloric stomach regions of pigs the imprint smears were
prepared and subject to Gram-staining. Contamination
level was determined using a semi-quantitative method
by three degrees: | -to 10, Il - from 10 to 20, lll - more than
20 microbial bodies per light microscope with x1000 mag-
nification [18].

The results of microscopic investigations were proved
by CLO-test, which principle is based on the property of
Helicobacter bacteria to recover urease, an enzyme that
catalyzes the hydrolysis of urea, forming ammonia and car-
bon dioxide. As a result of the reaction which takes place in
the course of the test, the pH of the media shifts to alkaline
which is identified by the indicator. Speed of the indicator
colour change depends on the urease activity, which in
its turn depends on the bacterial count. Thus, the colo-
nization degree of the stomach mucosa with H. suis can
be indirectly assessed - the higher the contamination de-
gree the faster the speed of the indicator colour change.
In order to conduct the test, biopsy samples (5 x 5 mm)
were aseptically taken from the mentioned areas of the
stomach mucosa in the first 10 minutes after the slaughter
and were put into tubes with reagents. CLO-test results
were considered after 1, 3 and 24 hours, evaluating the
speed of solution colour change.

Specific detection of H. suis bacteria was performed
by polymerase chain reaction (PCR) according to
D. De Groote et al. [19]. For this purpose, the samples of
mucosa from cardial, fundal and pyloric regions of the
stomach were collected into Eppendorf tubes. Genom-
ic DNA from the biomaterial was extracted using “DNA-
SORBENT” reagent kit (OOO NPF “Lytech”, Moscow) in ac-
cordance with manufacturer’s instruction. Homologous
regions of H. suis 16S rDNA gene 433 bp in size represented
the identifiable DNA fragments. Species-specific PCR was
performed using V832f TTGGGAGGCTTTGTCTTTCCA and
V1261r GATTAGCTCTGCCTCGCGGCT primers, proposed
by D. De Groote et al. [19], according to the following
programme: 94 °C — 4 minutes; 94 °C - 30 seconds; 60 °C -
60 seconds; 72 °C - 10 seconds during 40 cycles. Detection
of amplification products was performed using horizontal
electrophoresis by their electrophoretic separation in 2%
agarose gel with ethidium bromide added and fluorescent
visualization in UV-transilluminator.

RESULTS AND DISCUSSION

Macroscopic evaluation of suckling pig stomach mu-
cosa condition demonstrated that in 3 samples the mu-
cosa was not damaged (0 points according to J. J. C. Hes-
sing et al. method), in 2 samples moderate hyperkeratosis,
covering less than 50% (1 point) of the surface was noticed.

While testing fattening pig stomach mucosa condition the
following data was obtained: in 1 sample the mucosa was
undamaged (0 points), 5 samples demonstrated moderate
hyperkeratosis (1 point), and 6 samples — severe hyper-
keratosis (2 points), hyperkeratosis and several small ero-
sions (3 points) were detected in 4 samples, 3 samples re-
vealed hyperkeratosis and extensive erosions (4 points),
1 sample — hyperkeratosis and large erosions (5 points).
Stomach mucosa condition of sows was characterized by
severe hyperkeratosis (2 points) in 1 sample, 2 samples
demonstrated hyperkeratosis and several small erosions
(3 points) and 1 sample - hyperkeratosis and extensive
erosions (4 points).

Imprint smears of the stomach mucosa were prepared
for primary microscopy from all the stomachs obtained
under the conditions of the slaughter point. The stomach
mucosa fragments of intact stomachs were taken from the
cardial and fundal regions incising along the greater and
the lesser curvature; from the pyloric region - along the
vertexes of the imaginary equilateral triangle with pylorus
in the middle (at 2-4 cm distance from it). In case of sto-
machs with detected pathomorphological changes — from
the affected sites. The obtained biomaterial was put in
tubes with thioglycollate medium and transported within
2-3 hours in thermal bag with cooling agent.

While investigating the imprint smears of suckling pig
stomach mucosa no microorganisms with forms typical for
Helicobacter were detected.

In microscope examination of imprint smears obtained
from fattening pig stomach mucosa curved, spiral-shaped
gram-negative bacilli (0.2-0.8 pm in diameter and 2-5 um
in length) were detected in 8 of 20 stomachs in presence of
stained mucus. Microorganisms with forms characteristic
of H. suis were found in 8 samples from the fundal region
of the stomachs and in 4 samples from the pyloric region,
with no similar bacteria detected in the cardial region. The
Il degree of contamination with microorganisms was de-
termined in 5 samples taken from the fundal region muco-
sa, and the llldegree - in 3 samples. In imprint smears from
the pyloric region of the stomach mucosa the lldegree of
contamination was registered in 4 samples.

Microorganisms, bearing the forms characteristic of
H. suis were detected in 1 of 4 stomachs in the course of
examination of imprint smears, taken from sow stomach
mucosa. The Il contamination degree of mucosa was de-
termined in the cardial and fundal regions of the stomach.
No characteristic microorganisms were detected in the
imprint smear taken from the pyloric region.

Urease activity of tested samples was determined by
the CLO-test. H. suis contamination degree of the stomach
mucosa was evaluated in the test by the speed of the in-
dicator colour change during 24 hours. If the solution
colouring changed within 1 hour it indicated significant
contamination of stomach with the microorganism, from 1
to 3 hours - moderate contamination, from 3 to 24 hours —
insignificant H. suis presence in the biopsy sample (Table 1).
In case of low contamination degree of the stomach muco-
sa, the urease activity may be insignificant and the possi-
bility of false-negative result achievement exists. It should
be noted that CLO-test represents the indirect method be-
cause it does not detect Helicobacter but only the urease
activity which may be demonstrated by other bacteria, for
example Proteus.

The investigation data represented in Table 1 demon-
strate high urease activity detected in stomach samples
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obtained from fattening pigs. In biopsy samples from suck-
ling pig stomachs no urease activity was detected.

The biomaterial taken from different pig stomach re-
gions was tested by PCR with H. suis species-specific pri-
mers - V832f and V1261r. The investigation results for
H. suis DNA presence in the mucosa of cardial, fundal and
pyloric regions of the stomach are shown in Table 2.

As Table 2 shows, H. suis DNA was detected in the bio-
material taken from the pyloric region of the stomach of
one suckling pig. H. suis genome was recovered from the
mucosa of 17 out of 20 fattening pig stomachs, with that in
4 cases - in the cardial region, in 15 cases — in the pyloric re-
gion andin 17 cases - in the fundal region of the stomach
mucosa (36 positive samples in total). While investigating
the material obtained from sows, H. suis DNA was detected
in stomachs of all 4 animals, whilst 2 samples of the sto-
mach mucosa from the cardial region, 4 samples - from
the fundal and 1 sample from the pyloric regions were
found positive (7 positive samples in total).

The results of the tests performed in order to deter-
mine the presence or absence of the pathomorphologi-
cal changes in porcine stomach mucosa were compared
with the results of H. suis identification in microscopic
and biochemical tests and bacterium genome detection
in PCR. For this purpose, the biomaterial obtained from
pigs of each age group was divided into two groups:
H. suis-positive (H. suis "+") and H. suis-negative (H. suis "-")
in PCR.The data on microscopic evaluation of pig stomach
mucosa, microscopy and urease test were put into the cor-
responding groups. The results are represented in Table 3.

Table 3 shows that moderate hyperkeratosis of the
stomach mucosa covering less than 50% of the surface
was observed in the pyloric region of the stomach of one
suckling pig from which the H. suis DNA was extracted. No
relevant bacteria were detected by microscopic and bio-
chemical methods. In group representing H. suis-negative
suckling pigs moderate hyperkeratosis of stomach mucosa
was detected once, however it was impossible to detect
H. suis by any of the test methods used.

Fattening pigs demonstrated marked hyperkeratosis
and erosions of the stomach mucosa in group of H. suis-
positive animals, whereas no marked inflammatory reac-
tions were detected in group of H. suis-negative animals.
In microscopy of the imprint smears of the stomach
mucosa gram-negative bacilli with Helicobacter-charac-
teristic forms were detected in 8 samples from H. suis-
positive group in presence of stained mucus. The samples
were urease-positive in all cases. The lll degree of H. suis

Table 2
H. suis DNA detection in pig stomach samples by PCR

Tabnuua 2

Table 1

Contamination degree of samples from the pyloric region of pig stomachs determined

by the urease activity in CLO-test
Tabnuua 1

(TeneHb 06ceMeHeHHOCTH 06pa3uos U3 nunopunyecKkoro oTaena Xxenyakos CBUHEIA,

YCTaHOBJIEHHAA N0 HANMYMI0 ypea3Hoi akTuBHocTH B CLO-TecTe

. Number Number of positive samples during
Animal age of tested
suckling pigs 5 0 0 0
fattening pigs 20 8 14 17
SOWs 4 1 2 4

contamination of fundal region stomach mucosa was de-
termined in 2 of 3 stomachs (which macroscopic lesions
were given a 4-point mark), and the Il degree - in one
stomach.

H. suis DNA was detected in all tested samples in PCR
of sow stomach mucosa. Hyperkeratosis of cardial, fundal
and pyloric regions was observed in macroscopic evalua-
tion of stomach mucosa condition. The lldegree of H. suis
contamination was estimated in the cardial and fundal
region of the stomach affected by ulcers (with a 4-point
macroscopic evaluation mark) in the area of esophageal
opening (its non-glandular part). All biomaterial samples
gave a positive response in CLO-test.

CONCLUSION

The epizootological investigation data on the spread
of H. suis bacterium in pigs given in different publica-
tions differ greatly. The number of detected cases vary
from 10.8 to 90.0%. It can be explained by the following
reasons: firstly, ulcer disease has a multi-factor etiology;
secondly, H. suis represents a microorganism which is
difficult to extract and it was considered to be unculti-
vated in vitro till 2008; thirdly, the material for investiga-
tions was taken from animals of different age; fourthly,
the mucosa samples were obtained from different re-
gions of animal stomachs. Nevertheless, the majority of
researchers report on high (60% and more) prevalence
of H. suis among pigs.

The conducted tests demonstrated that the results of
macroscopic evaluation of the stomach mucosa lesions

06Hapyxenne HK H. suis B 06pa3uax xenyakos cBuHeii nocpeacreom MLP

Animal group

(number of tested ) ' TOt.a|‘ number
stomachs) cardial fundal pyloric of positive samples
region region region

Number of positive samples taken from the stomach mucosa

Number of animals
with H. suis DNA
etected in stomachs

suckling pigs (5) 0 0 1 1 1
fattening pigs (20) 4 17 15 36 17
sows (4) 2 4 1 7 4
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Table 3

Determination of dependence between the pathomorphological changes in porcine gastric mucosa
and H. suis detection in microscopic and biochemical tests and its genome detection in PCR

Tabnuua 3

OnpepneneHue 3aBUCMMOCTY Natomopdonoruyeckux usmeHenuit COX cauneii or o6Hapyxenus H. suis
B MUKPOCKONMYECKMX 1 6GMoXuMMuecKmnx Tectax u BbiABNeHuA ero reioma B MLP

Animal group

(number of animals)

Macroscopic evaluation of stomach mucosa lesions, points

I NN T A - A

Microscopy | CLO-test

Group 1: H. suis "+"
suckling pigs (1) 0 1 0 0 0 0 - _
Group 2: H. suis "-" ) )
suckling pigs (4) 3 1 0 0 0 0
Group 1: H. suis "+"
fattening pigs (17) 0 4 5 4 3 1 8 17
Group 2: H. suis "-"
fattening pigs (3) L 1 1 0 0 0 12 0
Group 1: H. suis "+" 0 0 : ) : . ) .
sows (4)

in each age group of pigs differed. The highest level of
lesions was detected in the group of fattening pigs.
In H. suis-positive (according the PCR data) group of fat-
tening pigs severe hyperkeratosis and erosions in stomach
mucosa were mostly observed. According to the results
of microscopic investigations and urease test, high level
of Helicobacter contamination was detected in the bio-
material taken from animals belonging to this age group.
In all fattening pigs H. suis DNA was extracted in the fun-
dal region of the stomach. Pathomorphological changes
in the mucosa of suckling pigs were insignificant or to-
tally absent, H. suis DNA was extracted in one out of five
stomachs tested. Stomach mucosa condition of sows was
characterized by moderate lesions, however, Helicobacter
were detected in all mucosa samples in the course of mic-
roscopic investigations, biochemical tests and PCR.

In suckling pigs H. suis was found in the pyloric region
of the stomach, thus, in fattening pigs - it was more often
detected in the fundal region, and in sows - in fundal and
cardial regions. This may indicate a shift in Helicobacter co-
lonization of stomach mucosa from the pyloric to cardial
region with the increase of the animal age.

The results obtained show that H. suis may be one of
the factors playing a certain role in the development of
pig stomach ulcer pathogenesis.
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