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Functional morphology of digestive organs  
of newborn calves and pathogenesis of escherichiosis 

С. М. Сулейманов  
ФГБОУ ВО «Воронежский государственный аграрный университет имени императора Петра I» (ФГБОУ ВО Воронежский ГАУ), г. Воронеж, Россия

К функциональной морфологии органов пищеварения 
новорожденных телят и патогенезу эшерихиоза

РЕЗЮМЕ
Несмотря на многочисленные исследования, проблема эшерихиоза новорожденных телят по-прежнему остается одной из актуальных в связи с широким 
распространением заболевания и высокой смертностью молодняка. В данной статье приводятся результаты экспериментальных исследований, выполненных 
в ФГБНУ «Всероссийский научно-исследовательский ветеринарный институт патологии, фармакологии и терапии». Целью работы было проведение с помо-
щью современных методов комплексных морфологических исследований для более глубокого понимания вопросов этиологии и патогенеза эшерихиозов. 
Для этого от 28 телят в возрасте 1–10 сут с установленным диагнозом «колибактериоз» был отобран патологический материал в начальной стадии заболе-
вания, при наличии выраженных клинических признаков и в терминальной стадии болезни. Контролем служил материал от 6 клинически здоровых телят 
аналогичного возраста. Установлено, что в начальной стадии развития эшерихиоза у новорожденных телят ранние структурные изменения обнаруживались 
в ультраструктуре клеток слизистой оболочки сычуга и тонкого кишечника, а также в паренхиме печени и слабые – в экзокринной части поджелудочной же-
лезы. Наиболее глубокие морфофункциональные изменения наблюдались в органах пищеварения при выраженных клинических признаках заболевания. 
В этот период развития болезни диапазон патологических процессов расширялся с охватом структурной организации сычуга, тонкого и толстого кишечника, 
печени и поджелудочной железы. В терминальной стадии эшерихиоза глубокие воспалительные процессы развивались не только в органах пищеварения, 
но и в других системах организма больных телят. Изменения структуры в органах пищеварения в начальной стадии носили альтеративный характер, тогда 
как при клинически выраженных признаках болезни они проявлялись в виде катарально-некротического воспаления со множественными кровоизлияниями 
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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 initial 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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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 (OOO “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 liq­
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 III and IV and Sudan black; 
hemosiderin – according to Perls, mucin – with Meyer’s 
mucicarmine; Golgi complex  –according to  Elftman; 

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 

в желудочно-кишечном тракте и паренхиматозных органах. В формировании клинико-морфологической картины в начальной стадии развития эшерихиоза 
у телят ведущее место принадлежало патологии органов пищеварения. В период становления болезни в организме телят развивались изменения на моле-
кулярном и субклеточном уровнях, которые выявлялись гистохимическими и ультраструктурными исследованиями. 
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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 

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 6,100× 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 (6.5×9 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 changes in 
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
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.
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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); 8× ocular magnification;  
10× objective magnification (a); 6,100× (b)

ba

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; 
c) irregular activity of succinate dehydrogenase in jejunum.  
Staining with alcian blue (a); azo-coupling according to Grokk – Pierce (c); 
8× ocular magnification; 10× objective magnification (a, c); 6,100× (b)

a b c
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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 
a significant 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, 

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

Periodic-Acid-Schiff (PAS) staining (a); 
hematoxylin-eosin staining (c);  
8× ocular magnification;  
10× objective magnification (a, c);  
6,100× (b); 20,000× (d)

a b c d
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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;  
c) 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;  

g) onset of hepatocyte fatty degeneration;  
h) progression of hepatocyte fatty necrobiosis;  
i) vacuolization and absence of zymogen granules  
in pancreatic acinar cell cytoplasm;  
j) lysis of microvilli of pancreatic acinar cells  
and necrobiosis of zymogen granules.  
Staining with hematoxylin-eosin (a, b, e);  
8× ocular magnification;  
10× objective magnification (a, b, e);  
6,100× (c, d, f ); 10,000× (g, h, i, j) 
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