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Abstract

Aim: The aim of this study is to study pathological processes dynamics at experimental infestation of chickens
with Yersinia pseudotuberculosis bacteria. Materials and Methods: Bacteria were cultured on the Hottinger
medium. The presence of toxins was assessed using “dilatation of the intestine” and “vascular permeability” tests.
For the first test, the investigated liquid with bacteria was administered intranasally, the results were evaluated
by comparing the weight difference of lungs, while for the second test the investigated liquid was administered
per rectum determining after 4 h the ratio of the weight of the small intestine with the contents to body weight.
For morphological studies, histological sections were stained with hematoxylin and eosin. For representative
information, preparations were examined under optical microscopy “H604 TrinocularUnico” (USA), stereoscopic
microscopy “BIOMED MS-1 Stereo” (Russia), and scanning electron microscopy “Hitachi-800” with scanning
add-on device (Japan). Results: At the formation of biofilms consisting of Y. pseudotuberculosis bacteria, we
observed the formation of extracellular matrix, which covered the closed structures of various sizes consisting
of bacterial cells, followed by subsequent formation of clusters. At the experimental toxemia of chickens,
we identified in general exudative-infiltrative processes, the proliferation of antigen-primed lymphocyte,
macrophage infiltration of the sinuses of the lymphoid organs, and increasing number of T-lymphocytes. At
violation of the porosity in blood vessels of organs of the cardiovascular, respiratory, digestive, and excretory
systems, we noted signs of hemocirculation disorders, extensive swelling, liberation of formed elements of
blood and the fibrinogenation, dystrophic and necrotic processes, as well as numerous caseous necrotic foci
infiltrated by leukocytes, which were revealed in the parenchymatous organs. Conclusion: When culturing Y.
pseudotuberculosis bacteria, we observed the intercellular matrix and the formation of biofilms. At experimental
toxemia of chickens, the pathological process dynamics was characterized by exudative and infiltrative
processes, general vascular reaction, toxic myocardial dystrophy, atrophy of bursa fabricii, dystrophic, and
necrotic processes in the Garder glands, Meckel’s diverticulum, serous-fibrinous aerosacculitis, broken wind,
signs of enterosorption, and hepatorenal syndrome.
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including those associated with the synthesis
of exotoxins, secreted into the environment,
and endotoxins, which are part of cell wall
representing complex of polysaccharides [7,8].
Thermostable and thermolabile lethal exotoxins
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of Y. pseudotuberculosis bacteria possess immunogenic and
allergenic properties; heat-stable endotoxins relative to the
enterotoxins are involved in the pathogenesis of secretory
diarrhea that is associated with the activation of adenylyl
cyclase system.[" When simulating infection process on
laboratory models (mice, guinea pigs, and rabbits), we have
noted the colonization of the ileocecal part of the intestine
with Y. pseudotuberculosis bacteria, dissemination of the
bacteria into liver and spleen, apoptosis-inducing effect
on neutrophils and macrophages, and the development
of generalized infection.’! The relevance of the present
research topic is conditioned by several factors. Thus, as
a rule, laboratory models are not unified when assessing
virulence factors during infection of susceptible species.
Besides, the effect of toxins on the initiation, development,
and outcome of the infectious process in the pathology of
birds is not studied enough.

The aim of this work is to study the pathological process
dynamics in chickens when experimentally contaminated
with Y. pseudotuberculosis bacteria.

Research goals include the following:

e To study the morphology of the Y. pseudotuberculosis
bacteria under optical and scanning electron microscopy;

e To determine the presence of toxins of the
Y. pseudotuberculosis germ culture with the use of
“dilatation of the intestine” and “vascular permeability”
tests;

* To study the morphology of the chickens tissues and
organs when experimentally contaminated with the
Y. pseudotuberculosis bacteria.

MATERIALS AND METHODS

Germ cultures of Y. pseudotuberculosis No.290 were
cultivated on the Hottinger medium at 22°C for 24 h.

Preparations of bacteria were preserved for 3 min in ethanol,
then in 3-5 drops of aqueous solution of crystal violet at a
dilution of 1:2000, vapors of 25.0% solution of glutaric
aldehyde — for 30-40 min, and 1.0% aqueous solution of
osmic acid (0,0,) — for 1-2 min.[%)

When detecting the availability of toxins, germ culture
was centrifuged over 30 min at 6000 rpm. The supernate
in a volume of 0.2 cm® was injected in 3-day-old chicks of
“White Leghorn” breed (sterile Hottinger liquid medium
was used as a control). The presence of toxins was assessed
using two tests — “dilatation of the intestine” and “vascular
permeability.” When applying the “dilatation of intestine”
test, liquid was administered intranasally, while a solution
of “evans blue” dye, not penetrating through the intact
endothelium of blood vessels, was injected intravenously
after 24 h. The results were evaluated by comparing the
difference in weight of lungs (mg). “Vascular permeability”
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test was assessed per rectum, at that, the ratio of the mass of
the small intestine with the contents to the body weight (g)
was determined after 4 h.>”)

For morphological studies, histological sections were stained
with hematoxylin and eosin. For representative information,
preparations were examined under optical microscopy
“H604 Trinocular Unico” (USA); stereoscopic microscopy
“BIOMED MS-1 Stereo” (Russia), and scanning electron
microscopy “Hitachi-800” with scanning console (Japan).

RESEARCH RESULTS AND DISCUSSION

When studying morphology, we revealed that the
Y. pseudotuberculosis bacteria with S-shaped colonies
d <1.0 mm had a rounded shape, light, with smooth edges, a
slightly raised intensely colored core, radial striations at the
periphery; the cells were arranged orderly, tightly adjoining
to each other. In Gram-staining smear preparations, we
detected Gram-negative bacteria, mainly single, coccoid,
or ovoid in shape. When forming extracellular matrix, we
observed the formation of closed structures of various sizes,
consisting of bacterial cells with closed intercellular matrix,
with the subsequent formation of clusters and biofilms
[Figure 1].

Evaluating the results showing the availability of toxins,
we revealed that the average coefficient of intestine
expansion (K > 0.60) changes within the range 0.081 + 0.005
to —0.106 + 0.008, while the permeability coefficient of
lungs blood vessels (K> 1.07) falls within the limits of 1.08 +
0.11to 1.33 £0.12.

The intoxication has led to macrophage reactions,
perivascular tissue edema, and disseminated thrombosis of
the vessels. Antigenic stimulation usually was accompanied
by signs of accidental transformation of the thymus gland,
such as circulatory disorders, reduction of lobules, formation
of cysts and hyperplasia of the spleen, enlarged sinuses of red
pulp, the devastation of the white pulp, perivascular edema
and plasmatic impregnation of tissues, and proliferation of
endothelial cells. Besides, we revealed a proliferation of
lymphocytes in the periarterial lymphoid accumulations.
Due to the phylogenetic development of birds, the structural
features of tissues and organs of the immune system were
manifested by atrophy of bursa fabricii, dystrophic and
necrotic processes in the Garter glands, and Meckel’s
diverticulum of chickens.

Violation of the porosity of blood vessels in the organs of the
cardiovascular, respiratory, digestive, and excretory systems
has led to signs of blood circulation disorders, extensive
swelling, the release of blood cells and the loss of fibrinogen,
dystrophic, and necrotic processes, as well as numerous
caseous necrotic foci infiltrated by leukocytes that was
revealed in the parenchymatous organs.




sis of chickens

Petechial hemorrhage was detected in the membranes of
the heart, the pericardial sac was distended and filled with a
serous - fibrinous exudate; the epicardium and adjacent areas
of the myocardium were dull, reddened, thickened due to
impregnation with serous-fibrinous exudate and infiltration by
pseudoeosinophils, lymphocytes, histiocytes, and fibroblasts.
Blood vessels of endocardium were enlarged and filled with
densely distributed erythrocytes and pseudo-eosinophils. In
case of the development of the toxic degeneration signs, we
observed dilated cardiomyopathy, a stretching of the heart
cavities, the cavity contained fibrin and erythrocytes, as well
as focal necrotic changes and cardiomyocytes were detected.

A foamy exudate was detected in the trachea; pneumatic bags
were thick, dull, with imposed films of fibrin, vessels filled
with blood. There were signs of acute lobular emphysema,
i.e., enlargement of the alveoli cavity, thinning of the
parenchyma; respiratory capillaries were injected with blood,
enlarged, knotty thickened in spots, intruded into the lumen
of the alveoli. The apneumatic alveolar shells with bloodless
capillaries due to the pressure of air accumulated in the
alveoli were detected, small arteries and veins were dilated
and filled with blood. We observed extension and overflow of
inter-alveolar capillaries and veins of interlobular connective
tissue of the lungs, edema of the connective tissue, swelling,
and thickening of collagen fibers around blood vessels and
bronchi.

Signs of enterosorption were manifested by irregular and
sudden swelling of the stomach and intestine, accumulation
of serous-hemorrhagic exudate in the lumen of the

"

Formation of bacteria biofilms:

(a) Optical
microscopy, x200; (b) scanning electron microscopy, x3000

gastrointestinal tract, hydropic degeneration of enterocytes,
hyperemia and lymphoplasmacytic diffusive and focal
infiltration of the loose fibrous connective tissue of the villi
of the intestinal mucosa, and diapedesis of red blood cells.
With the development of signs of hepatotoxic syndrome, we
revealed a vascular congestion of portal tracts and central
veins, the expansion and thickening of the biliary passage,
the polymorphism of hepatocytes, accumulation in sinusoidal
capillaries of the granules of hemosiderin, macrophage, and
lymphoid cells, infiltration with mononuclear leukocytes and
pseudoepinephrine [Figure 2].

At nephrotoxic syndrome, we observed diffusive interstitial
nephritis, characterized by proliferation of connective tissue
cells with a predominance of polyblasts and epithelioid
cells, with the signs of congestive hemorrhagic infarction
and necrosis of the epithelial cells of the urinary ducts of
the kidney with leukocyte infiltration, toxic changes in the
vascular glomeruli, and the proximal convoluted tubule.
Arterial glomeruli were enlarged, tightly adhered to the
nephron capsules, the gaps did not differ due to disintegration
of epithelial cells.

At the chickens experimental toxemia, we revealed generally
the predominance of exudative-infiltrative processes,
the proliferation of sensitized lymphocytes, macrophage
infiltration of the sinuses of the lymphoid organs, and the
increase in the number of T-lymphocytes. Violation of
the porosity of the blood vessels of serous membranes of
organs lead to an impairment of hemocirculation, extensive
serous edema, release of the formed elements of blood and the
loss of fibrinogen, as well as dystrophic and necrotic processes
in the Garder glands, Meckel’s diverticulum, serofibrinous
aerosacculitis, atelectasis and pulmonary edema, signs of
enterosorption, and the hepatorenal syndrome.

DISCUSSION

Implementation of Yersinia virulence factors is mediated by
adhesion properties through fimbrial structures (fimbriae
and pili), and afimbrial adhesins (invasines) involved
in interaction with receptors of epithelial cells.*”® The

Figure 2: Chicken liver infected with yersiniae: (a) Control; (b and c¢) experiments; stained by hematoxylin and eosin, x100
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ability to form biofilms due to the synthesis of adhesins,
for example, intercellular adhesion polysaccharide
(polysaccharide intercellular adhesin), inhibits phagocytosis,
and activates bacteria colonization processes.[*!% Interaction
of prokaryotes and eukaryotes cells due to the proteins of
the outer membrane of Yersinia (Yersinia outer proteins)
leads to the inhibition of phagocytosis, triggers apoptosis
of macrophages with the subsequent elimination from the
inflammatory tissue that creates favorable conditions for
bacteria persistence in the body.['!2!

The Y. pseudotuberculosis bacteria are recovered at the
pathology of birds of the families of Ovsyanikov Emberizidae,
pipits  Motacillidae, sparrow  Passeridae,  accentor
Prunellidae, and parrots Psittacidae.!'*"'"! The prevalence of
strains containing the F-plasmid of virulence was up to 8.0%
of the total number of isolates of Y. pseudotuberculosis,
recovered at the availability of multiple foci of necrosis in the
heart, spleen, lungs, kidneys, intestine, and liver in birds of
the thrush Turdidae family."'® At commercial stock keeping
of birds of the pheasant Phasianidae family, antibodies to
Y. pseudotuberculosis bacteria were detected in 13.6-32.2%
of cases." The Y. pseudotuberculosis bacteria were isolated
from feces samples of dunghill-hens (Gallinae), housed in
the backyards of Finland, as well as objects in the external
environment.?” The risk of bacterial contamination increases
with the content of more than 10,000 heads of birds older
than 18 months within limited spaces. At that, the correlation
has been established between inflammatory changes in
the gastrointestinal tract due to invasive properties of the
bacteria, and hematological parameters, characterized by
a decrease in the number of leukocytes, an increase in the
number of monocytes and pseudoeosinophils.'?l In large
poultry farms, bacterial infections caused by Yersinia usually
occur in association with respiratory mycoplasmosis and
virosis that greatly complicates the differential exclusion of
diseases in farm animals, as well as reduces the effectiveness
of anti-infective preparations and the effect of preventive
measures.>?!l At associative progression of mycoplasmosis
and bacterial infections, the changes are localized in the
heart, lungs, pneumatic bags, liver, spleen, and intestine
in the form of a serosal, serosal-fibrinous, and fibrinous
inflammation; migration of leukocytes and monocytes into
the gastrointestinal tract leads to inflammation and damage
of the intestinal mucosa, merging and flattening of the villi
at viral infections, such as in particular chickens infectious
anemia. Besides, it leads to inversion of the jejunum and
part of the duodenum that is manifested through venous
infarction, periportal focal coagulative necrosis of the liver
and granulomatous inflammation of the cecal tonsils.[6?2-24]

The infectious process is accompanied by inflammatory
changes in the blind appendages of the intestine that is
causing immunosuppression, and in case of mucosal
membrane break, promotes the penetration of bacterial toxins
and vasoactive factors into the systemic circulatory system
(toxemia) and the formation of multiple foci of necrosis
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in the liver.®® Identification of pathogens is complicated
due to common antigenic structure and genomic sequence
similarity. In this respect, promising is the method of duplex
polymerase chain reaction-based detection of polymorphic
sites of genes of isolates.*™ Differential signs of respiratory
mycoplasmosis are aerosacculitis, clouding, and thickening
of the thoracic and abdominal pneumatic sacs. In the absence
of complications by secondary microflora, there may be no
signs of injury of parenchymal organs.*”)

Infiltration of the intestinal mucosa by pseudoeosinophils,
polymorphonuclear leukocytes, and macrophages leads to
inflammatory affection and limits the invasive properties
of microorganisms similarly as at salmonellosis.?*#3% At
bacterial contamination of birds, pathogenic microorganisms
were isolated from the intestinal contents —74.0%, the
development of the infectious process was accompanied
by the dissemination of bacteria into the lungs —29.0%,
liver, and the cecum —50.0%.PY Dissemination of the
Y. pseudotuberculosis bacteria in the liver and spleen of
mammals and birds leads to formation of granulomas
with mild lymphocytic infiltration, as well as amorphous
eosinophilic masses with the necrosis areal in the core
surrounded by pseudocosinophils with central area of
neCI‘OSiS.[6'13’15’1("32’33]

CONCLUSION

At the formation of Y. pseudotuberculosis bacteria biofilms,
we observed the formation of extracellular matrix which
covers the closed structures of various sizes, consisting
of bacterial cells, with subsequent formation of clusters.
The experimental toxemia of chickens generally revealed
exudative-infiltrative  processes, the proliferation of
sensitized lymphocytes, macrophagal infiltration of the
sinuses of the lymphoid organs, and increase in the number of
T-lymphocytes. Violation of the porosity of the blood vessels
of serous membranes of organs is accompanied by violation
of hemocirculation, extensive serous edema, release of blood
cells and loss of fibrinogen, development of dystrophic
and necrotic processes in the Garder glands, Meckel’s
diverticulum, serofibrinous aerosacculitis, atelectasis and
pulmonary edema, signs of enterosorption, and hepatorenal
syndrome.

REFERENCES

1. Andryukov  BG, Timchenko NF.  Apoptoz-
moduliruyushchie strategii determinant patogennosti
iersinij [Apoptosis-modulating strategies of the
determinants of Yersinia pathogenicity]. Health Med
Ecol Nauka 2015;1:29-41.

2. Lenchenko EM, Mansurov EA, Motorigen AV.
Harakteristika toksigennosti ehnterobakterij,
vydelennyh pri zheludochno-kishechnyh boleznyah




erculosis of chickens

10.

11.

12.

13.

14.

15.

sel’skohozyajstvennyh ~ zhivotnyh  [Characteristics
of toxigenicity of enterobacteria isolated at the
gastrointestinal diseases of agricultural animals]. Agric
Biol 2014;2:94-104.

Drobot EI. Reaktivnost’ Immuniteta Pri Infekcii,
Vyzvannoj Raznymi Plazmidnymi Variantami Yersinia
pseudotuberculosis [Reactivity of Immunity at Infection
Caused by Different Plasmid Variants of Yersinia
pseudotuberculosis]. Ph.D. Thesis. Vladivostok; 2014.
p. 22.

Okwori AE, Agina SE, Odugbo MO, Olabodel AO,
Lombin LH. Experimental Yersinia pseudotuberculosis
enteritis in laboratory animals. Afr J Biotechnol
2007;6:2411-4.

Schaake J, Drees A, Gruning P, Uuczka F, Weigand PV,

Dersh P. Host-and serotype-specific colonization
by Yersinia enterocolitica. Proceedings of the
11" International Symposium on Yersinia, China; 2013.
p. 76.

Lenchenko EM. Biologiya i Ehkologiya
lersinij - Vozbuditelej  Pishchevyh  Toksikoinfekcij

[Biology and Ecology of Yersinia, the Causative Agent
of Food Poisoning]. Higher Doctorate Thesis. Moscow;
Moscow State University of Applied Biotechnology;
2000. p. 46.

Timchenko NF, Nedashkovskaya EP, Dolmatova LS,

Somova-Isachkova LM. Toksiny Yersinia
pseudotuberculosis [Yersinia  pseudotuberculosis
Toxins]. Vladivostok: JSC Primpoligrafkom-binat;
2004. p. 73-83.

Jung C, Meinzer U, Montcuquet N, Thachil E, Chateau D,
Thiébaut R, et al. Yersinia pseudotuberculosis disrupts
intestinal barrier integrity through hematopoietic TLR-2
signaling. J Clin Invest 2012;122:2239-51.

Bjarnsholt T, Ciofu O, Molin S, Givskov M, Heiby N.
Applying insights from biofilm biology to drug
development - Can a new approach be developed? Nat
Rev Drug Discov 2013;12:791-808.

Scott JP. Bacterial biofilms: Development, dispersal, and
therapeutic strategies in the dawn of the postantibiotic
era. Cold Spring Harb Lab Press 2014;26:204-9.
Somova LM, Besednova NN, Plekhova NG. Apoptoz i
infekcionnye bolezni [Apoptosis and infectious
diseases]. Infect Immun 2014;1:303-18.

Stojek NM, Sroka J, Dutkiewicz J. Prevalence of
Yersinia antibodies in domestic animals. Bull Vet Inst
Pulawy 2010;54:309-13.

Cork SC. Yersinia pseudotuberculosis, Iron and Disease
in Birds. Ph.D. Thesis. Auckland; 1994. p. 361.

Cork SC, Marshall RB, Madie P, Fenwick SG. The role
of wild birds and the environment in the epidemiology of
Yersinia in New Zealand. N Z Vet J 1995;43:169-74.
Galosi L, Farneti S, Rossi G, Cork SC, Ferraro S,
Magi GE, et al. Yersinia pseudotuberculosis, serogroup
o:1A, infection in two amazon parrots (4dmazona aestiva
and Amazona oratrix) with hepatic hemosiderosis. J Zoo
Wildl Med 2015;46:588-91.

16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Asian Journal of Pharmaceutics  Jan-Mar 2017 (Suppl) * 11 (1) | S95

. Hamasaki S, Hayashidani H, Kaneko K, Ogawa M,
Shigeta Y. Asurvey for Yersinia pseudotuberculosis
in migratory birds in coastal Japan. J Wildl Dis
1989;25:401-3.

Kiskova J, Hrehova Z, Jagira M, Lukan M, Haas M,
Cuvalova MZ. Bacterial prevalence in the dunnock
(Prunella modularis) in sub-alpine habitats of the
Western Carpathians, Slovak Republic. Ornis Fennica
2012;89:34-43.

Niskanen T. Diagnostics and epidemiology of Yersinia
pseudotuberculosis. T. Niskanen, Ph.D. Thesis. Helsinki;
2010. p. 87.

Soria MA, Bonnet MA, Bueno DJ. Relationship of
Salmonella infection and inflammatory intestinal
response with hematological and serum biochemical
values in laying hens. Vet Immunol Immunopathol
2015;165:145-53.

Pohjola L, Nykédsenoja S, Kivistd R, Soveri T,
Huovilainen A, Héinninen ML, ef al. Zoonotic public
health hazards in backyard chickens. Zoonoses Public
Health 2016;63:420-30.

Rozhdestvenskaya TN. Sozdanie Kompleksnoj Sistemy
Profilaktiki Bakterial’nyh Boleznej Ptic v Hozyajstvah
Promyshlennogo Tipa [Creating an Integrated System
for the Prevention of Bacterial Diseases of Birds in
Industrial Type Farms]. Higher Doctorate Thesis. St.
Petersburg; 2011. p. 310.

Krasikov PA, Trofimov IG, Khat’ko NF, Lysko SB,
Suntsova OA. Reaktivnost’ immuniteta pri infekecii,
vyzvannoj raznymi plazmidnymi variantami Yersinia
pseudotuberculosis  [A  diagnostic  algorithm  of
respiratory and associative mycoplasmosis in birds]. Vet
Med Feed 2013;3:36-8.

Lopes PD, Freitas Neto OC, Batista DF, Denadai J,
Alarcon MF, Almeida AM, et al. Experimental infection
of chickens by a flagellated motile strain of Salmonella
enterica serovar Gallinarum biovar Gallinarum. Vet J
2016;214:40-6.

Westermark L. Yersinia-Phagocyte Interactions during
Early Infection. Vol.23. Umea: Umea Center for
Microbial Research; 2013. p. 1-60.

Haridy M, Goryo M, Sasaki J, Okada K. Intestinal
volvulus with coagulative hepatic necrosis in a chicken.
J Vet Med Sci 2010;72:489-92.

Kang MS, Kwon YK, Jung BY, Kim A, Lee KM, An BK,
et al. Differential identification of Salmonella enterica
subsp. enterica serovar Gallinarum biovars Gallinarum
and Pullorum based on polymorphic regions of glgC and
speC genes. Vet Microbiol 2011;147:181-5.

Volkov MS, Irza VN, Chernyaeva TY, Menshchikova AE,
Varkentin AV, Pichuev AE. Sistema kompleksnoj
diagnostiki i kontrolya mikoplazmozov ptic. Vzglyad
na problemy the integrated [System of comprehensive
diagnostics and control of mycoplasmosis in birds. Look
at an issue]. Vet Med Today 2014;2:40-5.

Kulikov EV, Vatnikov YA, Sotnikova ED, Seleznev SB,
Troshina NI, Rystsova EO. Morphometric characteristics




29.

30.

31.

of the bone tissue structure in white Volga guinea fowls.
Biol Med (Aligarh) 2015;7:4.

Kulikov EV, Seleznev SB, Sotnikova ED, Vatnikov YA,
Kharlitskaya EV, Parshina VI, ef al. The morphological
aspects of bone marrow of Guinea fowl of the Volga
white breed in postembryonic ontogenesis. Res J Pharm
Biol Chem Sci 2016;7:1148-53.

Wigley P. Salmonella enterica in the chicken: How
it has helped our understanding of immunology in
a non-biomedical model species. Front Immunol
2014;37:405-16.

De Albuquerque AH, Teixeira DN, Machado ED,
Lopes RH. Vasconcelos experimental infection of

32.

33.

broiler chicks with Salmonella typhimurium from pigeon
(Columba livia). Semina. Cienc Agrar 2016;37:1919-28.
Cork SC, Collins-Emerson JM, Alley MR, Fenwick SG.
Visceral lesions caused by Yersinia pseudotuberculosis,
serotype II, in different species of bird. Avian Pathol
1999;28:393-9.

Fahlgren A, Avican K, Westermark L, Nordfelth R,
Féllman M. Colonization of cecum is important
for development of persistent infection by Yersinia
pseudotuberculosis. Infect Immun 2014;82:3471-82.

Source of Support: Nil. Conflict of Interest: None declared.

Asian Journal of Pharmaceutics * Jan-Mar 2017 (Suppl) * 11 (1) | S96




