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ABSTRACT
The intestinal barrier is one of the most important components that maintain gastrointestinal homeostasis, therefore changes in bacterial composition can lead to in-
creased intestinal permeability and the development of intestinal translocation of opportunistic microorganisms, with the subsequent development or complication 
of various infectious diseases. A comparative description of the microbiota of the intestinal tract of calves with compensated, subcompensated and decompensated 
acute catarrhal bronchopneumonia of calves was carried out in the conditions of livestock farms of Vladimir and Moscow Oblasts. Calves aged 1–3 months with acute 
catarrhal bronchopneumonia (n = 37) were used for the study. The severity of the disease was assessed based on clinical and laboratory tests. The samples taken 
from clinically healthy animals (n = 8) were used as controls. It has been shown that in calves with compensated acute catarrhal bronchopneumonia, the qualitative 
and quantitative composition of the intestinal microbiome does not differ from clinically healthy animals. During the clinical manifestation of subcompensated 
and decompensated acute catarrhal bronchopneumonia in calves, a significant quantitative and qualitative shift in the microbiome occurs in the intestines, which 
indicates the occurrence of dysbiosis. We believe that this area is quite relevant and requires further scrupulous research.

Keywords: bronchopneumonia, intestinal dysbiosis, microbiota, biotope, intestinal translocation, calves

Acknowledgment: This work has been supported by the grants the Russian Science Foundation (project No. 24-26-00091, https://rscf.ru/project/24-26-00091).

For citation: Rodionova N. Yu., Kulikov E. V., Sotnikova E. D., Prozorovskiy I. E., Vatnikov Yu. A., Rudenko V. B., Rudenko P. A. Characteristics of the intestinal tract 
microbiota in calves with various forms of acute catarrhal bronchopneumonia. Veterinary Science Today. 2024; 13 (3): 275–281. https://doi.org/10.29326/2304-
196X-2024-13-3-275-281

Conflict of interests: The authors declare no conflict of interests.

For correspondence: Pavel A. Rudenko, Dr. Sci. (Veterinary Medicine), Professor, Department of Veterinary Medicine, Agrarian and Technological Institute, Peoples’ 
Friendship University of Russia named after Patrice Lumumba, 6 Miklukho-Maklaya str., Moscow 117198, Russia, pavelrudenko76@yandex.ru

УДК 619:616.98:578.831.3:616.34:636.22/.28.053.2 

Характеристика микробиоты кишечного тракта 
у телят с различными формами острой катаральной 
бронхопневмонии
Н. Ю. Родионова1, Е. В. Куликов1, Е. Д. Сотникова1, И. Е. Прозоровский1, Ю. А. Ватников1, В. Б. Руденко2, П. А. Руденко1

1 ФГАОУ ВО «Российский университет дружбы народов имени Патриса Лумумбы» (РУДН), ул. Миклухо-Маклая, 6, г. Москва, 117198, Россия
2 Филиал ФГБУН Государственного научного центра Российской Федерации Института биоорганической химии им. академиков М. М. Шемякина и Ю. А. Овчинникова 
Российской академии наук (Филиал ГНЦ ИБХ РАН), проспект Науки, 6, г. Пущино, 142290, Московская область, Россия

РЕЗЮМЕ
Кишечный барьер является одним из важнейших компонентов, поддерживающих гомеостаз в желудочно-кишечном тракте, поэтому изменения бак-
териального состава могут привести к повышенной проницаемости кишечника и кишечной транслокации условно-патогенных микроорганизмов с по-
следующим развитием либо осложнением различных инфекционных заболеваний. Проведена сравнительная характеристика микробиоты кишечного 
тракта телят с компенсированной, субкомпенсированной и декомпенсированной острой катаральной бронхопневмонией в условиях животноводческих 
ферм Владимирской и Московской областей. Объектом исследования служили телята в возрасте 1–3 мес., больные острой катаральной бронхопневмо-
нией (n = 37). Оценку степени тяжести заболевания осуществляли на основании проведенных клинико-лабораторных исследований. Контролем служил 
материал, отобранный от клинически здоровых животных (n = 8). Показано, что у телят при компенсированной острой катаральной бронхопневмонии 
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ry cytokines can lead to increased intestinal permeability 
with the subsequent development of gastrointestinal and 
non-gastrointestinal diseases. The translocation of micro-
organisms and their toxic metabolites outside the biotope 
being the gastrointestinal tract, is one of the consequen-
ces of the leaky gut syndrome [16, 17, 18].

Translocation of the intestinal microbiota is a process 
where microorganisms from the intestinal tract penetrate 
through its wall into the bloodstream and distribute in 
the body. This may play a significant role in the develop-
ment of infectious diseases of various etiology, including 
respiratory ones. Thus, pathogenic microorganisms en-
tering the  bloodstream by  intestinal translocation can 
cause a systemic inflammatory response in the body, thus 
deteriorating the course of infection. Also, bacteria pene-
trating through the intestinal wall may cause metastatic 
infections in various organs and tissues, leading to com-
plications and a more severe course of the disease. In ad-
dition, intestinal translocation of microorganisms can fa-
cilitate bacteremia, which might result in sepsis and shock. 
The entry of infectious agents from the intestinal tract into 
the bloodstream may also cause recurrence of infection 
after completion of antibiotic therapy [19, 20, 21, 22].

In general, intestinal translocation of microorganisms 
plays an important role in the development and course 
of various infectious diseases, therefore, control of this 
process may be a  key aspect in the  treatment of  such 
conditions. In this regard, the study of the role of intes-
tinal translocation of microorganisms in acute catarrhal 
broncho pneumonia of calves of varying severity is an ur-
gent issue requiring timely and competent solutions.

The novelty of the paper consists in the fact that it is 
for the first time that the condition of the rectal biotope in 
calves with acute catarrhal bronchopneumonia of varying 
severity was studied. It has been shown that, depending 
on the severity of the infectious process, significant quali-
tative and quantitative shifts occur in the setting of intes-
tinal dysbiosis.

The aim of the work is to conduct a comparative ana-
ly sis of the intestinal microbiota in calves with compensa-
ted, subcompensated and decompensated acute catarrhal 
bronchopneumonia on the livestock farms in the Vladimir 
and Moscow Oblasts.

INTRODUCTION
The number of cattle in livestock complexes has recently 

increased due to dairy farming intensification. This, in turn, 
creates unfavorable conditions resulting in reduced animal 
resistance to various adverse environmental effects, includ-
ing the negative impact of opportunistic microflora asso-
ciations circulating in farm biogeocenoses [1, 2, 3]. Factor 
infections are quite common in cattle and cause significant 
economic losses in livestock. The most common factor infec-
tions include obstetric and gynecological diseases in cows, 
as well as pneumoenteritis in calves. To prevent these cattle 
infections, it is necessary to follow preventive measures, in-
cluding regular vaccination, maintaining hygiene in animal 
pens, monitoring feeding and watering, as well as regular 
examination and treatment of diseased animals [4, 5, 6].

Respiratory diseases which are most often diagnosed in 
young animals are currently widespread in livestock farms 
among highly productive animals. At the same time, eco-
nomic losses for the industry comprise animal mortality, 
drop in diseased or recovered animal productivity, retar-
ded growth and development, and costs on treatment 
and prevention [7]. Bronchopneumonia of calves is regis-
tered in nearly all areas of our country and it ranks second 
after gastrointestinal diseases among all in-farm animal 
pathologies, reaching 20–30% [8]. The etiological factors 
of nonspecific bronchopneumonia of calves are a complex 
of causes: high density of animal housing, decreased resis-
tance and immunological reactivity of newborn animals, 
exposure to adverse environmental factors, stress, feeding 
imbalance, as well as conditionally pathogenic microbiota 
of the respiratory tract, which under these conditions can 
acquire pathogenic properties [9, 10, 11].

Trillions of  microorganisms living in the  intestinal 
tract are important health regulators, therefore, qualita-
tive and quantitative disorders in microbial biotopes of 
the intestine can cause or complicate various infectious 
diseases [12, 13, 14, 15]. Leaky gut syndrome is a condition 
characterized by increased intestinal permeability. Since 
the intestinal barrier is one of the most important struc-
tures supporting homeostasis in the gastrointestinal tract, 
loss of its integrity due to changes in bacterial composi-
tion, decreased levels of expression of dense compound 
proteins and increased concentrations of proinflammato-

качественный и количественный состав кишечного микробиома не отличается от клинически здоровых животных. При клинической манифестации 
субкомпенсированной и декомпенсированной острой катаральной бронхопневмонии у телят в кишечнике происходит существенный количественный 
и качественный сдвиг микробиома, что свидетельствует о возникновении дисбактериоза. Считаем, что данное направление достаточно актуально 
и требует дальнейших скрупулезных исследований.
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The  morphology of  bacteria was tested in  smears 
stained according to Gram and Romanovsky – Giemsa. Fur-
ther identification based on biochemical properties was 
carried out in accordance with Bergey’s Manual of Deter-
minative Bacteriology1.

The obtained test results were processed statistically 
and presented in the tables. All calculations were per-
formed using the STATISTICA 7.0 program (StatSoft, USA), 
while the normality of the distribution was preliminarily 
estimated using Shapiro – Wilk tests. In case of a normal 
distribution of  quantitative variables, the  Student’s in-
dependent samples t-test was used to compare the two 
groups. The arithmetic mean (Mean), standard error (SE) 
and standard deviation (SD) were calculated. The reliabi-
lity of the analyte difference between the indicators of 
the control and experimental groups was calculated using 
the Mann – Whitney method2.

RESULTS AND DISCUSSION
During the  epizootological examination, 37  calves 

(1–3 months of age) with acute catarrhal bronchopneumo-
nia were identified. Based on clinical study results 12 ani-
mals were classified as having a mild, compensated dis-
ease stage (slight depression, subfebrile body temperature, 
shallow hard breathing, serous nasal discharge), 14 calves 
had a medium, subcompensated disease stage (depres-
sion, fever, increased pulse and respiration, dry wheezing 
and cough, abundant serous catarrhal discharge), and 
11  calves had a  severe, decompensated disease stage 
(pronounced depression and exhaustion, inappetence, 
decreased reaction to external stimuli, fever, increased 
pulse and respiration, painful dry cough, wheezing, foci 
of dulling percussion sound, abundant serous-catarrhal 
exudate of greenish color).

Microbiological studies of  bronchoalveolar lavage 
 samples collected from diseased animals have shown that 
the occurrence of bronchopneumonia in calves is due to 
a fairly wide range of conditionally pathogenic microflora. 
Thus, 115 bacteria of thirteen species classified into nine 
genera were isolated from the bronchial samples. At the 
same time, the following strains were isolated more of-
ten from bronchoalveolar lavage samples: Staphylococcus 
aureus – 18 (15.6%) cultures, Mannheimia haemolytica – 
18  (15.6%) strains, Escherichia coli – 15  (13.1%) isolates, 
Pasteurella multocida – 11 (9.6%) cultures and Klebsiella 
pneumonia – 11 (9.6%) strains. Staphylococcus intermedius 
and Proteus mirabilis were isolated much less frequently – 
three (2.6%) cases per each species, respectively.

The quantity of microorganisms (lg) in 1 g of feces from 
calves with compensated, subcompensated and decom-
pensated acute catarrhal bronchopneumonia is shown in 
the Table.

The analysis of the results showed that the qualitative 
and quantitative composition of the intestinal microbiome 
in calves with compensated acute catarrhal bronchopneu-
monia does not differ from that in clinically healthy  animals.

The presented data demonstrate that significant quan-
titative and qualitative changes occur in  the  intestinal 

1 Holt J. G., Krieg N. R., Sneath P. H. A., Staley J. T., Williams S. T. 
Bergey’s Manual of Determinative Bacteriology. 9th ed. Baltimore: 
Williams & Wilkins; 1994. 787 p.
2 Rebrova O. Yu. Statistical analysis of medical data. Application of 
the STATISTICA software package. Moscow: Media Sphere; 2002. 
312 p. (in Russ.)

MATERIALS AND METHODS
The research was supported by the grants of the Rus-

sian Science Foundation (project No. 24-26-00091, https://
rscf.ru/project/24-26-00091) and conducted on the basis 
of  livestock farms in the Vladimir and Moscow Oblasts 
with a total cattle population of 3,680 animals, including 
1,690 cows. 

Bacteriological tests were performed in the VETTEST 
veterinary laboratory (Moscow).

The study was aimed at 1–3 months-old calves with 
acute catarrhal bronchopneumonia (n = 37). The diag-
nosis was established based on  comprehensive data, 
taking into account the medical history, clinical exami-
nation and microbiological tests. The animals that re-
ceived medical treatment within 14 days prior to samp-
ling were removed from the experiment. The severity 
of acute catarrhal broncho pneumonia of calves (1st de-
gree  – compensated; 2nd  degree  – subcompensated; 
3rd degree – decompensa ted) was assessed on the basis 
of clinical and laboratory tests. The animals were divi-
ded into three groups based on the severity of broncho-
pneumonia: calves with the mild degree (compensated, 
n = 12), moderate degree (subcompensated, n = 14) and 
severe degree (decompensated, n = 11) of the disease 
severity. The samples collected from clinically healthy 
animals were used as controls (n = 8).

Fecal samples were collected from experimental calves 
in the morning hours and placed into sterile test tubes. 
For microbiological tests, the pathological samples were 
inoculated onto nutrient media using a Pasteur pipette. 
Sabouraud glucose agar was used for yeast-like fungi; 
peptone-salt medium, yolk-salt agar and meat-peptone 
agar (MPA) were used for staphylococci; Endo agar, Plos-
kirev medium, King medium and bismuth-sulphite agar – 
for enterobacteria; Blaurocca medium – for bifidobacteria; 
skimmed milk and MRS agar – for lactobacilli. The inocula-
tions were then incubated in a thermostat at 37–38 °C for 
24 hours, and if no growth was observed, the dishes were 
kept longer for up to 3 days. After testing the cultural and 
morphological properties, all species colonies were sepa-
rately inoculated into test tubes and incubated at 37–38 °C 
for 24 hours. The resulting pure bacterial cultures were 
tested for mobility in crushed droplet preparations using 
phase contrast microscopy in a darkened field of view and 
subjected to identification.

For quantitative bacteriological test, 1.0 g of feces were 
collected and added into sterile tubes with sterile sodium 
chloride saline solution (9.0 cm3). The contents of the first 
tube, considered as 10–1 dilution, was used for preparing 
further ten-fold dilutions up to  10–10. Then, 0.1  cm3 of 
the resulting mixture from each tube was inoculated into 
Petri dishes onto solid nutrient media (Endo, MPA, Sabou-
raud, Blaurocca, MRS, PSL, King, Ressel, bismuth-sulphite 
agar, yolk-salt agar).

The number of microorganisms (C) in 1.0 cm3 of feces 
collected from calves with acute catarrhal bronchopneu-
monia was calculated using the formula below and ex-
pressed in logarithms with a base of 10:

C = (N/V) × K,

where N is the mean number of colonies in one bacte-
riological dish; V is the volume of suspension applied 
during inoculation onto agar (cm3); K is the multiplicity 
of dilution.
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(10.42 ± 0.72) to (6.51 ± 1.08) lg and from (10.94 ± 0.73) 
to (7.36 ± 0.81) lg, by 37.5 and 32.7%, respectively, as com-
pared with the control group. That was the first time that 
we obtained these data.

The qualitative parameters of the intestinal microflora 
in calves with acute catarrhal bronchopneumonia of com-
pensated, subcompensated and decompensated severity 
are shown in the Figure.

As we can see, the representatives of the genera Kleb-
siella, Pseudomona and Clostridium were not detected in 
the most mild, compensated forms of the disease, how-
ever, were isolated in the more severe course of the di-
sease – subcompensated and decompensated degrees of 
severity. It can be assumed that the severity of broncho-
pneumonia may be associated with intestinal dysbiosis 
and the phenomenon of intestinal translocation of mi-
croorganisms from a natural, evolutionarily developed 
biotope to the focus of destruction – the lungs. There-
fore, further studies should be  aimed at  determining 
the identity of the intestinal microflora with micro orga-
nisms isolated from lung tissue in the setting of broncho-
pneumonia.

Thus, the new criteria for assessing the severity of acute 
catarrhal bronchopneumonia in calves have been sugges-
ted. To this extent, when subcompensated and decompen-
sated acute catarrhal bronchopneumonia is clinically ma-
ni fested in calves, significant quantitative and qualitative 
microbiome disorders occur in the intestine, indicating 
dysbiosis. The development of  intestinal dysbiosis may 
serve as a kind of trigger for the formation and progression 
of pathologies of the respiratory tract. The data obtained 
comply with the study results on intestinal microbiome 
in inflammatory processes of various localization [20, 23]. 
This confirms the important role of the intestinal micro-
biota and intestinal permeability (normal and increased) 
in the manifestation of many infectious diseases. However, 
the currently available data are selective and insufficient, 
their assessment is a matter of debate, and their clinical 

 biotope of animals with a clinical manifestation of mode-
rate severity of acute catarrhal bronchopneumonia, which 
indicate the development of dysbiosis. The fecal samples 
from calves with subcompensated bronchopneumonia 
demonstrated a  reliable increase in Enterobacter  spp. 
by 1.26 times (p < 0.05), Citrobacter  spp. by 1.35 times 
(p < 0.05), Klebsiella spp. by 1.90 times (p < 0.01), Proteus spp. 
by 1.66 times (p < 0.01), Pseudomonas spp. by 2.58 times 
(p < 0.001), Clostridium spp. by 2.06 times (p < 0.001) and 
Candida  spp. by  2.12  times (p  <  0.01) when compared 
with the  indicators for the  control group animals. This 
was observed against the  background of a  highly reli-
able (p < 0.001) decrease in representatives of the gen-
era Lactobacillus and Bifidobacterium from (10.42 ± 0.72) 
to (8.59 ± 0.76) lg and from (10.94 ± 0.73) to (9.06 ± 0.62) lg, 
by 17.56 and 17.18%, respectively, when compared with 
the indicators for clinically healthy calves.

The results shown in the Table also indicate that sig-
nificant quantitative and qualitative dysbiotic shifts in 
the microbiota of the intestinal tract were observed in 
calves with the most severe decompensated degree of 
acute catarrhal bronchopneumonia. Thus, the testing of 
fecal samples from diseased animals showed a significant 
increase in the amount of representatives of the follow-
ing genera: Escherichia by 1.21 times (p < 0.001), Entero-
bacter by 1.63 times (p < 0.001), Citrobacter by 1.83 times 
(p < 0.001), Klebsiella by 3.08 times (p < 0.001), Proteus 
by  1.90  times (p  <  0.001), Pseudomonas by  3.57  times 
(p < 0.001), Staphylococcus by 1.24 times (p < 0.05), Strep-
tococcus by 1.38 times (p < 0.01), Bacillus by 1.47 times 
(p < 0.01), Clostridium by 3.34 times (p < 0.001) and yeast 
fungi (genus Candida) by 2.82 times (p < 0.001), when 
compared with the indicators for the control group 
animals. The presented quantitative differences were 
recor ded against the  background of a  highly reliable 
decrease in the amount of the  following species in  fe-
cal samples of experimental animals: Lactobacillus spp. 
(p  <  0.001) and Bifidobacterium spp. (p  <  0.001) from 
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Table
Composition and quantity (lg) of opportunistic microflora in 1 g of calf feces in various forms of acute catarrhal bronchopneumonia (М ± m)

Microorganism genus Control (n = 8) Mild degree (n = 12) Medium degree (n = 14) Severe degree (n = 11)

Escherichia 7.07 ± 0.96 7.40 ± 0.77 7.69 ± 0.79 8.55 ± 0.61***

Enterobacter 2.65 ± 0.70 2.72 ± 0.77 3.35 ± 0.50* 4.31 ± 0.82***

Citrobacter 2.26 ± 0.75 2.34 ± 0.78 3.05 ± 0.84* 4.14 ± 0.70***

Klebsiella 0 0 1.90 ± 1.43** 3.08 ± 1.02***

Proteus 1.79 ± 0.51 2.01 ± 0.69 2.97 ± 0.85** 3.40 ± 0.76***

Pseudomonas 0 0 2.58 ± 0.72*** 3.57 ± 0.78***

Staphylococcus 3.61 ± 0.78 3.50 ± 0.71 3.93 ± 0.75 4.47 ± 0.76*

Streptococcus 3.59 ± 0.75 3.26 ± 0.91 4.17 ± 0.65 4.95 ± 0.78**

Bacillus 2.74 ± 0.89 2.65 ± 0.85 3.13 ± 0.49 4.02 ± 0.97**

Clostridium 0 0 2.06 ± 1.13*** 3.34 ± 0.67***

Lactobacillus 10.42 ± 0.72 10.27 ± 0.67 8.59 ± 0.76*** 6.51 ± 1.08***

Bifidobacterium 10.94 ± 0.73 10.72 ± 0.84 9.06 ± 0.62*** 7.36 ± 0.81***

Candida 1.29 ± 1.48 1.28 ± 1.27 2.74 ± 0.77** 3.64 ± 0.88***

* р < 0.05; ** р < 0.01; *** р < 0.001 as compared with the control group.
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and Clostridium were found in samples of feces of calves, 
unlike healthy animals and animals with a mild degree 
of pathology.
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