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Functional morphology of digestive organs

of newborn calves and pathogenesis of escherichiosis

S. M. Suleymanov
Voronezh State Agrarian University named after Emperor Peter the Great (VSAU), Voronezh, Russia

SUMMARY

Despite numerous studies, the problem of escherichiosis in newborn calves remains one of the most urgent due to the extensive spread of the disease and high
mortality of young animals. This paper presents results of experimental studies carried out at the FSBSI “All-Russian Veterinary Research Institute of Pathology,
Pharmacology and Therapy”. The aim of the work was to conduct complex morphological studies using modern methods for a deeper understanding of escherichiosis
etiology and pathogenesis. For that, pathological samples were collected from 28 1-10 day-old calves diagnosed with colibacteriosis at the initial disease stage,
demonstrating pronounced clinical signs and having the terminal stage of the disease. Samples from 6 clinically healthy calves of a similar age were used as control.
It was found that newborn calves at the initial stage of escherichiosis demonstrated early structural changes in the ultrastructure of mucosa cells of the rennet and
small intestine, as well as in the liver parenchyma, and mild changes — in the exocrine part of the pancreas. The most profound morphofunctional changes were
observed in digestive organs with apparent clinical signs of the disease. As the condition developed, the range of pathological processes expanded and involved
the structural organization of the rennet, small and large intestines, liver and pancreas. At the terminal stage of escherichiosis, deep inflammatory processes
occurred not only in digestive organs, but also in other systems of diseased calves. Structural changes in digestive organs had an alterative nature at the initial
disease stage, whereas in case of clinically pronounced disease signs there were manifestations of catarrhal-necrotic inflammation with multiple hemorrhages
in the gastrointestinal tract and parenchymal organs. Digestive organ pathology plays the leading role in formation of the clinical and morphological picture at
the nitial stage of escherichiosis in calves. As the disease developed, the calves demonstrated changes at molecular and subcellular levels that were detected using
histochemical and ultrastructural tests.
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K dyHKLMOHANbHOK MOP)ONOrM OPraHoB NuLLieBapeHnA
HOBOPOX AEHHbIX Te/IAT 11 NaToreHe3y Llepuxno3a

C. M. CyneiimaHoB
Orb0Y BO «BopoHexckuii rocyAapcTBEHHbIiA arpapHblii yHUBEpCUTET MMeHK umnepatopa Metpa I» (OFBOY BO BopoHexckuii FAY), . BopoHex, Poccua

PE3IOME

HecMoTpA Ha MHOTOUNCEHHbIE UCCNeR0BaHNA, NPobrema SLUepKXM03a HOBOPOX/EHHDBIX TENAT MO-NPEXHEMY 0CTAeTCA OAHOIA U3 aKTYaNlbHbIX B (BA3Y C LUNPOKIM
pacnpocTpaHeHem 3a6oneBaHInA U BbICOKOA CMEPTHOCTbI0 MONOAHAKA. B 1aHHOIA CTaTbe NpUBOAATCA pe3ynbTaTbl IKCMEPUMEHTANbHBIX UCCNIE0BAHMIA, BbINONHEHHBIX
8 OTBHY «Bcepoccuiickuit HayuHo-McCneoBaTeNbCKIMI BETEPUHAPHII HCTUTYT natonoriu, dapmakonoriu 1 Tepanum». Lienbto paboTbl 6610 npoBeseHue C nomo-
LLibl0 COBPEMEHHbIX METOZ0B KOMMAEKCHbIX MOphonornueckux nccnegoaxuii ana 6onee ry6okoro NOHUMaHA BOMPOCOB STONOTAM 1 NaToreHe3a JLLepUXI030B.
[ina 3toro ot 28 Tendt B Bo3pacTe 1-10 cyT C yCTaHOBAEHHBIM JUarHO30M «KonnbakTepo3» 6bin 0To6paH NaTonoruueckuil Matepuan B HavyanbHoi cragum 3abone-
BaHWA, NPU HANMYMIN BbIPAXKEHHDIX KIMHUYECKWX NPU3HAKOB W B TEPMUHANbHOI CTagum 6onesHu. KoHTponem ciyxun maTepuan ot 6 KIUHNYeCKI 340POBbIX TENAT
aHarnoryHoro B3pacta. YCTaHOBAEHO, YTO B HauasbHOI CTaMM Pa3BUTIA SLLIEPUXM03a Y HOBOPOXKAEHHDIX TENAT PaHHUE CTPYKTYPHbIE 3MeHeHNA 06Hapy1Banncb
B YNIbTPACTPYKTYpe KNETOK CM3MCTOI 060710UKM Cbluyra 1 TOHKOTO KMLLEYHINKA, a TaKXKe B NapeHXUMe NeyeHn 1 Cnabble — B 3K30KPUHHOI YacTi MOZXeNyA0UHON Xe-
ne3bl. Haubonee rny6okvie MOpGOdYHKLMOHANbHbIE U3MeHeHNUA HabNioAANUCb B OpraHax NMLLIEBAPeHMA NP BbIPAXEHHbIX KIMHNYECKVX NpU3HaKax 3a6oneBaHus.
B atoT nepuop pa3BuTiA 6one3Hm nanasoH NaTonoruyeckux NpoLieccoB paciuupANCA C 0XBaToM CTPYKTYPHOIA OPraHU3aLy Cbluyra, TOHKOTO 1 TONICTONO KULLIEYHIKA,
neyeHy 1 NoJKeNyLoyHol Xene3bl. B TepMuHanbHoi cTapmm sLuepuxvosa ry6okie BocnanuTenbHble MPOLLECCbl Pa3BUBANUCH He TONMbKO B OPraHaXx MULLeBapeHus,
HO 1 B ZipYrUX CCTEMaX OpraHn3ma 60nbHbIX TeNAT. M3MeHeHNA CTpYKTYpbI B OpraHax NiLLeBapeHusA B HUanbHOI CTaMN HOCUNI anbTepaTUBHbI XapaKTep, Toraa
KaK NPy KNUHIYECKM BbIPaXKeHHbIX NPU3HaKax 601e3H1 OHY NPOABNANNCH B BUE KaTapalbHO-HEKPOTYECKOTO BOCTIANIEHNSA CO MHOMeCTBEHHbIMYU KDOBOU3NINAHNAMN
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B Ke/yA0YHO-KULLEYHOM TPAKTE 1 NapeHXMMATO3HbIX OpraHaXx. B ¢0pMVIPOBaHI/IVI KJ'IVIHMKO-MOpq)OJ'IOFW-IECKOVI KapTuHbI B HayanbHoil cTagun Pa3BUTUA SLLIEPUXNO3a
Y TenAT BeflyLLee MecTo NpUHaAnexano natoaoruu opraHos NuLLiEBapeHns. B nepuoA CTaHoBJEHUA 6bonestn B OpraHu3me TeNAT pa3BnuBaanCb USMEHEHNA Ha Moe-
KynApHOM 1 CyﬁKﬂeTO‘{HOM YPOBH#AX, KOTOPbI€ BbIABNANNCD FTMCTOXUMUYECKUMIA U YNBTPACTPYKTYPHBIMIA UCCNIEL0BAHUAMMU.

KntoueBble coBa: TendTa, LUepHUXM03, OpraHbl MALLEBAPEHNS, CbIUYT, KULLEUHUK, NeYeHb, NOMKeNYA0uHAA XKeNe3a, FUCTOCTPYKTYpa, TMCTOXUMUS, YnbTpa-
CTPYKTYpa, MOpHOMETpHs

bnaropapHocTu: ABTop Bbipaxaet 6narofapHocTb cotpyaHukam OTBHY «Bcepoccuitckuii HayuHoO-McCnei0BaTeNbCKNiA BETEPUHAPHDII MHCTUTYT NaTonoruu,
dapmakonoru v Tepanuu.
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INTRODUCTION

Escherichiosis is common among newborn calves.
The infection occurs not only due to the presence of sus-
ceptible calves in the holding, but also due to some other
factors, such as hypodynamia, keeping adult and young
animals together in the same pen, non-compliance
with the “all-in all-out” principle, etc. In some farms, the
animal disease situation is so severe that nearly all born
animals get diseased, and mortality reaches 5-30% and
higher [1-9]. In the literature escherichioses are known
as dyspepsia, toxic dyspepsia, diarrheal syndrome of in-
fectious etiology (Escherichia coli), or colibacteriosis. These
diseases cause great economic losses in animal husbandry.
The development of a number of pathological conditions
occurring only during the neonatal period is determined
not only by the age-related anatomical, physiological and
immunobiological features of newborn calves, but also by
the impact of new environmental conditions on them [1,
4-6,8,10-16].

Despite numerous studies of the E. coli etiological
role in the development of escherichiosis in calves and
introduction of mass vaccination, the disease still remains
relevant [17-20]. Assessing the scientific achievements in
the study of disease issues in young calves, it can be as-
sumed that researchers have discovered many features
of escherichiosis etiology and pathogenesis in newborn
calves, and also proposed evidence-based recommen-
dations for its control. Following these recommenda-
tions makes it possible to significantly reduce the losses
of young cattle. However, in general, the problem of mor-
bidity in young cattle, particularly during colostrum feed-
ing period, is far from being solved. A serious disadvantage
is that no scientific theory has been developed yet that
satisfactorily explains the patterns of this pathology occur-
rence and development mechanisms in young animals [9,
21-23]. Although the etiological factors of mass esche-
richiosis of newborn calves are diverse, they are primarily
associated with the activation of opportunistic pathogenic
microflora, as well as with incompliances with health and

hygenic standards for animal keeping and feeding [1, 8, 10,
12], and reduced resistance of young stock against the di-
sease. The escherichiosis morbidity rate in newborn calves
in some farms of the Voronezh Oblast (OO0 “Voronezh-
pishcheprodukt”) is currently 54% [13].

In this regard, the aim of the research was to conduct
comprehensive morphological studies for a deeper un-
derstanding of escherichiosis etiology and pathogenesis
in newborn calves.

MATERIALS AND METHODS

The study was performed at the FSBSI “All-Russian
Veterinary Research Institute of Pathology, Pharmacolo-
gy and Therapy” (FSBSI “ARVRIPP&T’, Voronezh). Samples
of pathological material were collected from 28 1-10 day
old calves diagnosed with escherichiosis at the initial stage,
including those demonstrating apparent clinical signs,
and those at the terminal stage of the disease. Samples
from 6 clinically healthy calves of the relevant age were
used as control.

All experiments were carried out in strict accordance
with the European Convention for the Protection of Verte-
brate Animals used for Experimental and Other Scientific
Purposes (ETS No. 123).

Digestive organ samples were fixed in 10.0-12.0%
neutral formalin solution, in Carnoy’s and Rossman’s lig-
uids for light microscopy, and in 2.5% glutaraldehyde
with postfixation in 1.0% osmium tetraoxide solution for
electron microscopy. Fresh organ samples were frozen in
a cryostat at -20 °C for testing the enzyme activity. The
samples were poured into paraffin and Epon-812, followed
by the preparation of appropriate sections for light and
electron microscopy.

For overview information, the sections were stained
with hematoxylin-eosin and hematoxylin-picrofuxin.
Histochemical methods were used for detection of the fol-
lowing: lipids — with Sudan Il and IV and Sudan black;
hemosiderin — according to Perls, mucin — with Meyer’s
mucicarmine; Golgi complex —according to Elftman;
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neutral mucopolysaccharides and glycogen — PAS stain-
ing according to Shabadash and Bauer; acid mucopoly-
saccharides — by alcyan blue staining; ribonucleopro-
teins (RNP) - by gallocyanin chromium alum staining
according to Einarson; RNA - according to Brache; DNA -
according to Felgen — Rozenbeck; alkaline phosphatase ac-
tivity — according to Grokk — Pierce using diazonium salts,
acid phosphatase - according to Gomori as modified by
Bark; esterase —according to Nahlas - Zeligman; succinate
dehydrogenase - using tetrazolium method according to
Nachlas, etc.

A single-beam cytophotometer was used for determi-
nation of optical density of histochemical preparations
in compliance with the manufacturing standards at all
stages of the procedure. MOB-1-15* ocular micrometer
(AO“LOMO’, Russia) was used for measuring the volume of
hepatocyte nuclei, the height of the villi border epithelium
and the mucosa thickness.

Hepatocytes, enterocytes and secretory epithelium
of the pancreatic exocrine part were studied using ul-
trastructural methods. For this purpose, electronograms
(at least 30 photonegatives at 6,100x magnification from
each group of animals) were randomly selected. The vol-
ume of cytoplasmic organelles was measured according
to the basic rule of stereology [24] using a morphometric
grid [25, 26]. The 36-node grid was fixed on the screen
of the 5PO-1 type microfilm reader. At the same time,
the area of the photonegative (6.5x9 cm) accounted for
more than 100 nodes. The number of nodes in the granu-
lar (rough) and agranular (smooth) endoplasmic reticula,
mitochondria, lipids and hyaloplasm was calculated. Af-
ter averaging the values for each organelle, the organelle
volume was calculated as a percentage of the cytoplasm
volume. Confidence intervals of averages were calculated
for a confidence level of 0.95.

RESULTS AND DISCUSSION

Initial stage of escherichiosis. At this stage of the disease
newborn calves demonstrated early structural changesin
the ultrastructure of mucosa cells of the abomasum and
small intestine, as well as in the liver parenchyma, and mild
changes - in the pancreatic exocrine part.

The abomasum mucosa was swollen with dystrophic
changes in the epithelium, and its submucosa contained
blood dilated capillaries. There was also an uneven in-
crease and depolymerization of PAS-positive material and
acidic mucopolysaccharides. The activity of succinate de-
hydrogenase slightly decreased in the area of abomasum
bottom glands. Single dystrophic mast cells were found in
the own plate of mucosa. The ultrastructure of the cylindri-
cal epithelium demonstrated dystrophy of secretory gran-
ules and membranes of the endoplasmic reticulum with
low activity of nonspecific carboxylic acid esterase (Fig. 1).

Desquamative catarrh of the villi border epithelium
was observed in the mucosa of the small intestine, mainly
jejunum, where a decreased activity of alkaline phospha-

Fig. 1. Structure of rennet mucosa at the initial stage of escherichiosis in calves:

a) pyloric glands of a 2-day-old calf in a state of dystrophy;

b) degeneration of secretory granules in fundic gland epithelium.

Staining with hematoxylin-eosin (a); 8x ocular magnification;
10x objective magnification (a); 6,100x (b)

Small amounts of lymphocytes, histiocytes and mast
cells were detected in the own plate of the mucosa villi.
Many microvilli were fragmented on the brush border of
enterocytes, and demonstrated moderate activity of non-
specific carboxylic acid esterase, succinate dehydrogenase
and high activity of acid phosphatase. The RNP amount in
the crypts decreased, there was a significant decrease in
the villi cells. The number of polymorphic mitochondria
with an enlightened matrix increased. The rough endo-
plasmic reticulum was fragmented and its total volume
was 17.7%, and the volume of smooth endoplasmic retic-
ulum increased to 47.0%. Lysosomes were found every-
where. The enterocyte nuclei became hyperchromic. Gen-
erally, low secretory activity of enterocytes was detected
at the early stage of escherichiosis (Fig. 2).

A moderate amount of glycogen was detected in
the liver, weakly expressed fatty and granular dystro-
phy of hepatocytes and decreased activity of succinate
dehydrogenase and nonspecific carboxylic acid esterase
were noted. Electron microscopic studies have shown
that there was a decrease in the number of glycogen
granules in the liver cell cytoplasm. The amount of rough
endoplasmic reticulum in hepatocytes decreased to 3.4%
as compared to 18.0% in normal. At the same time, the tu-
bules of the endoplasmic reticulum were fragmented and
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Fig. 2. Histochemical and ultrastructural changes in small intestine mucosa
at the initial stage of escherichiosis in calves:

a) degranulation of acid mucopolysaccharides in duodenum goblet cells;
b) cytoplasm vacuolization and enterocyte microvilli fragmentation;

¢) irregular activity of succinate dehydrogenase in jejunum.

Staining with alcian blue (a); azo-coupling according to Grokk — Pierce (c);
8x ocular magnification; 10x objective magnification (a, c); 6,100x (b)

tase, succinate dehydrogenase and nonspecific carboxylic
acid esterase was noted. At the same time, the activity of
acid phosphatase involved in the lysis of cell breakdown
products under conditions of dystrophy increased. Vacuo-
lization of cytoplasm, an increase in the number of lyso-
somes and swelling of mitochondria were observed in
the ultrastructure of villi enterocytes.

VETERINARY SCIENCE TODAY. 2023; 12 (3): 253-258 | BETEPUHAPUA CETOAHA. 2023; 12 (3): 253-258 255



256

ORIGINAL ARTICLES | BOVINE DISEASES OPUTUHATNBHbIE CTATbU | BONE3HU KPC

o P 3 N e

Fig. 3. Histochemical and ultrastructural changes
at the initial stage of escherichiosis in calves:

a) a moderate amount of glycogen in the liver;

b) hepatocyte cytoplasm vacuolization;

¢) dystrophy of exocrine pancreatic gland acini;
d) vacuolization of the acinar cell.

turned into large vacuoles. The membranes lost ribosomes.
Autophagic vacuoles appeared. Meanwhile, there was an
increase in lipid inclusions contacting with mitochondria
and endoplasmic reticulum membranes.

No noticeable changes were observed in the pancre-
as at the initial stage of escherichiosis in calves, but the
volume of the granular endoplasmic reticulum and mito-
chondria in acinar cells significantly decreased, which was
10.0 and 5.0%, respectively (Fig. 3).

In case of pronounced clinical signs of escherichiosis, the
most profound morphofunctional changes were observed
in the digestive organs. During this period of disease de-
velopment, the range of pathological processes expand-
ed involving the structural organization of the abomasum,
small and large intestines, liver and pancreas.

In the mucous membrane of the abomasum there were
foci of epithelial cell desquamation and necrobiosis of the
fundal and pyloric gland apex with a sharp decrease in the
amount of neutral and acid mucopolysaccharides, nucleo-
protein complex and a decrease in the activity of succinate
dehydrogenase and nonspecific esterase of carboxylic
acids. Conjested blood vessels and submucosa swelling
were noted. This led to swelling of the abomasum mucosa,
its thickness reached an average of 406.1 microns.

Uncovered villus tips, blood filling and swelling of the
own plate were revealed in the small intestine in most
cases. The activity of alkaline phosphatase, succinate
dehydrogenase and nonspecific carboxylic acid esterase
sharply decreased while the acid phosphatase activity in
the area of the villi border epithelium increased. Dystro-
phic changes in enterocytes were accompanied by a signi-
ficant decrease in the nucleoprotein number, mainly in the
villi apical part. The ultrastructure of many villous cells re-
vealed lysis of cytoplasmic organelles with nuclei pyknosis.
The apical part of the terminal layer became clearer. Bund-
les of myofibrils were found in the sites of cell microvilli,
and myelin figures and damaged mitochondria appeared
in the cytoplasm.

The destruction of the beamed structure was observed
in the liver, and hepatocytes were in a state of necrobiosis.
Persistent fatty necrobiosis developed in the ultrastruc-
ture of hepatocytes, the number of glycogen granules de-
creased significantly, the membranes of the endoplasmic
reticulum and mitochondria were lysed.

hematoxylin-eosin staining (c);
8x ocular magnification;

10x objective magnification (a, c);
6,100x% (b); 20,000 (d)

Pancreatic acinar cells demonstrating cytoplasm va-
cuolization and lysis of zymogen granules suffered great-
ly (Fig. 4).

Terminal stage of escherichiosis. At this stage, deep in-
flammatory processes developed not only in the digestive
organs, but also in other body systems of diseased calves.

Further on, as a rule, the initial damage in the diges-
tive organs progressed due to opportunistic pathogens
in the gastrointestinal tract. The damage was characte-
rized by profound changes in the structural organization
of cells and tissues with involvement of the large intes-
tine and pancreas in the pathological process. There was
asignificant decrease in the activity of hydrolytic enzymes
and the content of mucopolysaccharide compounds
in the gastrointestinal tract and liver. Deeply damaged
membrane structures, occurrence of myelin figures, cyto-
lysis and karyolysis were observed in the ultrastructure of
abomasum, small intestine and liver mucosa cells. A large
number of lipid inclusions accumulated in hepatocytes. At
the terminal stage of escherichiosis, microbial intoxication
caused irreversible pathological processes in the digestive
organs of diseased calves, which in most cases resulted in
their death.

CONCLUSION

The digestive organs were structurally and functionally
involved in the pathological process in calves at the initial
disease stage, as well as those demonstrating clinically
pronounced signs of escherichiosis. However, in terms of
profoundness of changes and their reversibility, the diges-
tive organs had their own peculiarities. Structural changes
in digestive organs had an alterative nature at the initial
disease stage, whereas in case of clinically pronounced di-
sease signs there were manifestations of catarrhal-necrotic
inflammation with multiple hemorrhages in the gastro-
intestinal tract and parenchymal organs.

The developing morphological changes correspond-
ed to general pathological processes in newborn calves
diseased with escherichiosis. At the same time, a com-
plex of morphological changes characteristic of this
pathology developed. The leading role in the formation
of the clinical and morphological picture at the initial
stage of escherichiosis in calves belonged to the patho-
logy of the digestive organs. As the disease progressed,
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Fig. 4. Structural changes in digestive organs of calves
with pronounced clinical signs of escherichiosis:

a) desquamative catarrh of the small intestine border
epithelium;

b) inflammatory-necrotic enteritis;

¢) lysis of enterocyte cytoplasmic organelles;

d) enterocyte necrobiosis and microvilli lysis;

e) destruction of the colomnial structure

with deep necrobiotic changes in the liver;

f) reduction of glycogen granules in hepatocyte
cytoplasm and onset of dystrophic changes;

the calves demonstrated changes at molecular and sub-
cellular levels that were detected using histochemical
and ultrastructural tests.
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