
e INTRODUCTION
In modern medical science, comprehensive understanding 
of the mechanisms underlying the interaction between the 
human body and its own microbiota occupies a prominent 
position among fundamental research tasks. It has become 
evident that commensal microorganisms not only reside in 
the body but also play a crucial role in various important 
functions of the host organism. Allochthonous bacteria in 
the gastrointestinal tract of humans serve a dual role as 
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Abstract. Bacterial translocation plays an important role in the development of multiple organ failure, which develops 
as a result of trauma. The severity of bacterial translocation is proportional to the degree of blood loss and damage. 
The purpose of the study was to establish the spectrum of microorganisms involved in translocation, their population 
levels, and explore changes in the microecology of mesenteric lymph nodes and liver tissue in white rats subjected to 
closed abdominal trauma, acute blood loss, internal haemorrhage, and their combination. Experiments were performed 
on 36 male rats. Biological material (mesenteric lymph nodes, liver tissue) was collected at 7 and 14 hours post-
experiment and the samples underwent homogenisation and were then cultured according to laboratory protocols. 
Isolated bacteria were identified using a Vitek-2 Compact 15 analyser (bioMérieux, France), and their population level 
was evaluated in log10 CFU/g. Bacterial translocation was considered present when a positive result was obtained 
simultaneously in the mesenteric lymph nodes and in the tissue of the right lobe of the liver. It was established that the 
main role in translocation is played by E. coli, P. stuartii, P. mirabilis, P. aeruginosa. The combination of abdominal trauma 
with acute blood loss was accompanied by translocation and K. pneumoniae. Trauma combined with acute blood loss 
causes additional translocation of E. faecalis, E. cloacae, E. faecium; while internal haemorrhage led to S. aureus and S. 
epidermidis translocation. The spectrum of translocating microorganisms was more diverse and multi-component when 
the trauma was combined with internal haemorrhage. At 14 hours post-trauma, there was a tendency for increased 
population levels of the isolated bacteria compared to the 7-hour data. In all experimental groups, E. coli strains were 
cultured in the highest concentrations
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they contribute to digestion, participate in the defence 
mechanism against pathogens, and exert unique molecu-
lar mechanisms that influence the functioning of different 
organs and systems. However, under certain circumstances, 
these same bacteria can become potential pathogens. In-
depth understanding and investigation of bacterial trans-
location (BT) help elucidate the translocation processes 
and facilitate the development and clinical application of 
new pharmaceutical preparations.
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translocate more easily compared to other bacteria, includ-
ing obligate anaerobes [14]. Y. Xu et al. [15] identified the 
gut microbiota as a potential mediator of the pathogenesis 
of heart failure and its associated diseases. Escherichia coli, 
for example, can increase the permeability of the colonic 
walls and stimulate inflammation in intestinal tissue, lead-
ing to enhanced bacterial translocation. The development 
of this phenomenon in experiments on mice was estab-
lished by N. Long et al. [16]. There is also evidence that an-
aerobic bacteria translocate along with facultative anaer-
obes in situations involving intestinal epithelial damage, 
such as trauma and acute mesenteric ischemia [17].

The purpose of the study was to establish the taxo-
nomic composition and population levels of microorgan-
isms involved in bacterial translocation and explore the 
changes in the microecology of mesenteric lymph nodes 
and liver tissue in white rats with induced closed abdomi-
nal trauma, blood loss, and their combination.

e MATERIALS AND METHODS
The experimental work was conducted in the Laboratory 
of Microbiological and Parasitological Research at the I.Ya. 
Horbachevsky Ternopil National Medical University, Minis-
try of Health of Ukraine, in 2022. The study utilized 36 sex-
ually mature male Wistar rats weighing 200-250 g, kept on 
a standard diet in the vivarium. Laboratory animals were 
divided into 4 groups: control (n = 6), the first – a group 
of experimental rats with simulated closed abdominal 
injury (n = 10), the second – a group of experimental rats 
with simulated closed abdominal injury and acute blood 
loss (n = 10), the third – a group of experimental rats with 
simulated closed abdominal injury, acute blood loss and 
internal haemorrhage (n = 10). Under anaesthesia, mesen-
teric lymph nodes (MLNs) and liver tissue were collected 
as biological material for microbiological analysis at 7 and 
14 hours after the induction of pathological conditions. 
To avoid cross-contamination during sample collection 
from MLNs and liver, instruments were not reused for sub-
sequent sampling. Each tissue sample was homogenised 
using a sterile 0.9% sodium chloride solution, and the ho-
mogenate was further diluted 10 and 100 times.

All diluted samples (100 µl each) were plated on blood 
agar to determine the population levels of isolated micro-
organisms. To establish the taxonomic composition of the 
isolated bacteria, the prepared material was also cultured 
on selective and differential media and incubated for 24 
hours at 37°C. The staphylococci were isolated on egg yolk-
salt agar, enterococci on enterococcus agar, enterobacteria 
on Endo, Olkenitsky, and Simmons media, bifidobacteria 
on bifidum medium, and lactobacilli on lactoagar. For the 
detection of obligate anaerobes, thioglycolate medium 
was used. After 24-96 hours of incubation (for facultative 
anaerobes) and 5 days (for obligate anaerobes) at 37°C, 
the number of bacteria was determined by counting col-
ony-forming units (CFU) per gram of tissue. The bacterial 
population level was calculated using the formula: num-
ber of colonies in the sample (CFU/g)  =  average number 
of colonies on the medium in a Petri dish × dilution ratio, 
and represented as log10 CFU/g. Isolation of bacteria in the 
abdominal cavity in clinically significant concentrations 
(more than 5 log10 CFU/g) indicated the development of an 
inflammatory process. The isolated strains were initially 

According to modern literature sources, it is known that 
in the body in response to trauma and blood loss, changes 
in the parameters of homeostasis occur due to both patho-
logical processes and compensatory mechanisms, and their 
totality is characterised by prolonged action [1, 2]. Moreo-
ver, the degree of severity of the physiological response to 
trauma is proportional to the degree of severity of blood 
loss and damage  [3, 4]. A normally functioning intestinal 
mucosa prevents intestinal bacteria and endotoxins from 
entering the bloodstream and other organs [5-7]. Dysfunc-
tion of the intestinal barrier is considered the main cause 
of inflammation, when there is a violation of the intesti-
nal blood supply and insufficient oxygenation of tissues. 
Furthermore, the loss of intestinal mucosal barrier func-
tions and reduced intestinal blood flow lead to BT. Given 
the close relationship between BT and inflammatory reac-
tions and their impact on intestinal integrity, it has become 
essential to explore new aspects of gut microbial ecology 
and various gastrointestinal and metabolic disorders  [8]. 
The development of translocation phenomena has been 
demonstrated in a study conducted by Ł. Wlazło et al. [9], 
who performed a microbiological analysis of animal ab-
scesses, revealing a significant increase in intestinal bacte-
ria in all samples which was attributed to the migration of 
gut bacteria through compromised intestinal permeability 
and their dissemination into the bloodstream. The majori-
ty of studies indicate that the most common routes for bac-
terial passage from the gut to the systemic circulation and 
eventually to distant organs are the lymphatic and vascular 
pathways. It has been proven that the lymphatic collec-
tor plays a key role in the implementation of the bacterial 
translocation mechanism [10].

B.I. Ucar et al. [11] investigated the underlying molecu-
lar mechanisms of BT in sepsis, diagnosis and evaluation of 
BT, and ways to improve the underlying molecular mecha-
nisms of BT in sepsis, diagnosis and evaluation of BT, and 
therapeutic treatments for sepsis. They determined that BT 
occurs more frequently in patients with intestinal obstruc-
tion, endogenous infections, endotoxemia, and immune 
system disorders, which further leads to the development 
of sepsis and subsequent multiorgan dysfunction. In some 
cases, the penetration of bacteria and endotoxins through 
the intestinal barrier can lead to blood flow infections 
and multiple organ failure. In the paper, Y.H.  Wang  [12] 
highlighted that in chronic kidney diseases, compromised 
intestinal barrier function may contribute to the translo-
cation of gut microorganisms (endotoxins, antigens, and 
other microbial products) to the intestinal wall, correlating 
with signs of chronic inflammation in the gastrointestinal 
tract, endotoxemia, and systemic inflammation. Therefore, 
the prevention of BT can become a new important area in 
the treatment of various diseases. For instance, the appli-
cation of specific postoperative treatment methods, which 
are pathogenetically justified and aimed at preventing 
the migration of enterobacteria into the peritoneal space 
in patients with acute adhesive small bowel obstruction, 
has shown a reduction in postoperative complications and 
mortality rates [13]. Normal gut bacteria have been found 
to migrate to the draining mesenteric lymph nodes inside 
host phagocytes. Clinical and experimental evidence con-
firms that bacteria capable of surviving within macrophag-
es (such as Salmonella species and Listeria monocytogenes) 
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identified based on Gram staining and colony morphology, 
and finally confirmed using the Vitek 2 Compact 15 auto-
mated microbiological analyser (BioMerieux, France) for 
taxonomic identification. To assess bacterial translocation, 
the microbial flora of the investigated lymph nodes was 
compared to its presence in the liver tissue. BT was consid-
ered present when a positive result was obtained simultane-
ously in both mesenteric lymph nodes and liver tissue [18].

During the work with laboratory animals, internation-
al requirements for the humane treatment of animals were 
followed in accordance with the rules of the European 
Convention for the Protection of Vertebrate Animals used 
for Experimental and Other Scientific Purposes  [19], and 
the methodological recommendations of the State Expert 
Center of the Ministry of Health of Ukraine on “Preclinical 
studies of medicinal products” [20]. Euthanasia of the rats 
throughout the experiment was performed by total exsan-
guination from the heart after prior propofol anaesthesia 
(60 mg/kg intravenously).

e RESULTS
In the control group of rats (n = 6), only half of the exper-
imental animals had cultured Escherichia coli from MLN. 
However, BT was not considered positive because the 
liver tissue remained sterile. This phenomenon is nat-
ural considering that the normal flora of humans trains 
the body’s immune response. From the MLN of the first 
group of animals, 12 strains of facultative anaerobic rods 
were isolated after 7 hours of simulated closed abdomi-
nal trauma, and 18 strains after 14 hours. Among them, 
cultures of Enterobacteria belonging to the following 
species were identified: Escherihia coli, Proteus mirabilis, 
Morganella morganii, Providencia stuartii, and cultures of 
non-fermenting rods such as Pseudomonas aeruginosa. 
The population level of microorganisms isolated from 
MLN after 7 hours of trauma averaged (3.02 ± 0.84) log10 
CFU/g (Table  1). After 14 hours, there was a tenden-
cy for an increase in bacterial concentration in MLN to 
(3.58 ± 0.79) log10 CFU/g.

Table 1. Taxonomic composition and population levels of bacteria isolated from rats with closed abdominal trauma (n = 10)

Source: compiled by the authors

No. Microorganism

Population level, log10 CFU/g Number of rats with an existing 
bacterial translocation, %mesenteric lymph node liver tissue

7 h 14 h 7 h 14 h 7 h 14 h

1 E. coli 4.47 ± 0.98 4.56 ± 1.02 2.92 ± 0.78 3.93 ± 0.78 60 80

2 P. mirabilis 3.10 ± 0.83 3.84 ± 0.81 1.98 ± 0.62 2.85 ± 0.58 40 30

3 M. morganii 2.32 ± 0.78 2.93 ± 0.67 0 2.56 ± 0.44 0 20

4 P. stuartii 2.54 ± 0.65 2.86 ± 0.85 0 2.60 ± 0.32 0 10

5 P. aeruginosa 3.02 ± 0.94 3.70 ± 0.62 2.32 ± 0.85 2.94 ± 0.56 20 40

Total 3.02 ± 0.84 3.58 ± 0.79 2.21 ± 0.37 2.98 ± 0.54 100 100

After 7 hours of trauma simulation in the rats of this 
group, monospecies cultures of microorganisms were most 
frequently isolated from the lymph nodes, while after 14 
hours with further development of the inflammatory pro-
cess, most bacteria were found in two-component associa-
tions, except for 2 animals where P. aeruginosa was isolated 
as a monospecies. BT in MLN was confirmed by the isola-
tion of the same bacterial species in liver tissues. The dom-
inant species in the lymph nodes was E. coli: strains of Es-
cherichia coli were isolated in 60% of the rats in this group 
after 7 hours and in 80% of the animals after 14 hours. The 
highest bacterial concentration in MLN was also observed 
for E. coli (4.47 ± 0.98)  log10 CFU/g and (4.56 ± 1.02)  log10 
CFU/g (after 7 and 14 hours, respectively).

From the second group of animals, 18 and 26 strains 
of facultative anaerobic microorganisms were isolated 
(after 7 and 14 hours, respectively). After acute blood loss 
in rats with closed abdominal trauma, the bacterial con-
centration in MLN averaged (3.22 ± 0.85)  log10 CFU/g and 
(3.49 ± 0.76)  log10 CFU/g after 7 and 14 hours, respective-
ly. Although the population level of the bacteria remained 
virtually unchanged, their taxonomic composition became 
richer. According to the results of the study, the presence 
of BT in this group of laboratory rats (n = 10) was caused by 
strains of gram-negative enterobacteria (E. coli, Klebsiella 
pneumoniae, M. morganii, P. mirabilis) and non-ferment-
ing rods (P. aeruginosa), and gram-positive cocci (Entero-
coccus faecalis and E. faecium) (Table 2). It is worth noting 

that gram-positive bacteria were not observed in BT af-
ter 7 hours; enterococci penetrated the mesenteric nodes 
only after 14 hours of the experiment. However, only one 
rat in this experimental group had a monospecies culture 
represented by P. aeruginosa, while in all other cases, iso-
lated microorganisms were found in two-component as-
sociations. Unlike motile pseudomonads, enterobacteria, 
Proteus, and other enterobacteria, Klebsiella and entero-
cocci are non-motile bacteria, and therefore, their trans-
location occurred at a slower rate. Although strains of E. 
faecalis and E. faecium were isolated from mesenteric nodes 
after 7 hours of the experiment, their translocation was 
not confirmed bacteriologically because they appeared in 
parenchymal organs, particularly the liver, after 14 hours. 
Perhaps this is why three-component bacterial associa-
tions were determined in half of the experimental rats of 
this group, compared with animals of the first and second 
groups. The deficiency of blood supply leads to impaired 
cell membrane function and increased permeability, which 
is why conditionally pathogenic Klebsiella and enterococci 
were not isolated from the lymph nodes of rats with only 
closed abdominal trauma. The highest population level 
in MLN was observed for E. coli, reaching 4.67 ± 0.7  log10 
CFU/g and 5.03 ± 0.30 log10 CFU/g (after 7 and 14 hours, re-
spectively). The lowest population level was observed for 
enterococci (Table 2). Strains of E. faecalis and E. faecium 
were isolated from mesenteric nodes at concentrations of 
2.78 log10 CFU/g and 2.59 log10 CFU/g, respectively.
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Table 2. Taxonomic composition, population level of microorganisms isolated from rats 
with closed abdominal trauma combined with acute bleeding (n = 10)

No. Microorganism
Population level, log10 CFU/g Number of rats with existing 

bacterial translocation, %mesenteric lymph node liver tissue
7 h 14 h 7 h 14 h 7 h 14 h

gram-negative bacteria
1 E. coli 4.67 ± 0.73 5.03 ± 0.30 1.75 ± 0.77 1.89 ± 1.29 90 100
2 K. pneumoniae 2.40 ± 0.58 3.22 ± 0.77 2.19 2.38 ± 0.93 10 30
3 M. morganii 2.93 ± 0.66 3.11 ± 0.42 2.94 ± 0.22 2.41 ± 0.68 10 20
4 P. mirabilis 4.16 ± 0.87 4.56 ± 0.49 2.76 ± 0.38 2.93 ± 0.42 40 50
5 P. aeruginosa 2.98 ± 0.78 4.02 ± 0.45 2.75 ± 0.87 2.93 ± 0.56 30 40

gram-positive bacteria
6 E. faecalis 2.78 2.98 0 1.65 0 10
7 E. faecium 2.59 2.99 0 1.08 0 10

Total 3.22 ± 0.85 3.49 ± 0.76 1.77 ± 2.18 1.27 ± 0.68 90 100
Source: compiled by the authors

From the animals in the third group, 32 strains of fac-
ultative anaerobic bacteria were isolated from MLN after 7 
hours of experiment simulation, and 44 strains were iso-
lated after 14 hours. In the group of rats with closed ab-
dominal trauma, combined with acute blood loss and inter-
nal haemorrhage, compared to the previous experimental 
groups, not only was the spectrum of microorganisms iso-
lated from MLN the widest, but the population level of bac-
teria in the lymph nodes was also significantly higher after 
14 hours of the experiment. The average concentration of 
microorganisms isolated from MLN in this experimental 
group was (3.30 ± 1.07)  log10 CFU/g and (4.18 ± 1.54)  log10 
CFU/g after 7 and 14 hours, respectively. While the first 
group identified bacteria belonging to 5 species and the 
second group to 7 species, the bacterial spectrum in the 
third group included 10 species. In all experimental rats of 
this group, BT was confirmed by the presence of the same 
strains in the liver tissue.

 In addition to translocation in mln of Gram-negative 
rods and enterococci, which were found in all experimen-
tal groups of rats, translocation of Gram-positive staph-
ylococci was observed. Staphylococci are characterised 
by the secretion of enzymes such as coagulase, hyaluro-
nidase, fibrinogen, and toxins such as leukotoxin and en-
terotoxin, which lead to the release of pro-inflammatory 
cytokines that trigger and intensify inflammatory pro-
cesses, causing complications and enhancing the action 
of endotoxins from gram-negative bacteria. After 7 hours 
of the experiment, the following strains of staphylococ-

ci were isolated from MLN: Staphylococcus aureus and S. 
epidermidis from 30% and 40% of all animals in the third 
group, respectively, at a concentration of (2.56  ±  1.85)-
(2.89 ± 1.12) log10 CFU/g. Their population level increased 
by an order of magnitude after 14 hours (Table 3). E. coli 
strains showed the highest population levels, as in the pre-
vious two groups. It reached (5.94 ± 1.58)  log10 CFU/g and 
(8.45 ± 1.81) log10 CFU/g after 7 and 14 hours, respective-
ly. This level indicates the development of an inflamma-
tory process. They were only surpassed in concentration 
in MLN by cultures of P. mirabilis. The population level of 
Proteus was (4.75 ± 1.09)-(4.79 ± 1.45) log10 CFU/g. Cultures 
of enterococci were isolated at a concentration of 2.59-
(2.85 ± 0.57) log10 CFU/g after 7 hours, and their population 
level after 14 hours was 2.88-(3.41 ± 0.16)  log10 CFU/g. If 
the isolated microorganisms in the first and second ex-
perimental groups were found in mono- and two-compo-
nent associations, the bacteria isolated from the rats in 
the third group were found in three-component associa-
tions. In contrast to the previous groups, the taxonomic 
composition of gram-positive microorganisms expanded 
(Table 3), with bacteria belonging to 5 species being iso-
lated. However, the spectrum of gram-negative bacteria 
remained unchanged. During acute blood loss combined 
with internal haemorrhage, where a significant amount of 
blood is lost externally and accumulates in the peritoneal 
cavity, there is a substantial decrease in circulating blood 
volume (CBV). It also affects the diversity of microorgan-
isms and their population levels.

Table 3. Taxonomic composition and population level of microorganisms isolated from rats  
with closed abdominal trauma combined with acute blood loss and internal haemorrhage (n = 10)

No. Microorganism
Population level, log10 CFU/g Number of rats with existing 

bacterial translocation, %mesenteric lymph node liver tissue
7 h 14 h 7 h 14 h 7 h 14 h

gram-negative bacteria

1 E. coli 5.94 ± 1.58 8.45 ± 1.81 4.67 ± 1.08 5.39 ± 1.56 100 100

2 K. pneumoniae 2.79 ± 0.22 3.92 ± 0.37 1.99 ± 0.30 2.43 ± 0.24 20 30

3 P. stuartii 2.87 4.41 2.56 3.55 10 10

4 P. mirabilis 4.75 ± 1.09 4.79 ± 1.45 3.26 ± 0.94 3.50 ± 1.02 40 60

5 P. aeruginosa 3.03 ± 1.52 4.02 ± 1.69 2.76 ± 1.08 2.93 ± 0.87 50 60
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Studies have shown that in laboratory animals with 
closed abdominal trauma, gram-negative intestinal mi-
croflora plays a major role in the phenomenon of bacterial 
translocation (Fig. 1). From the rats in the first experimental 
group, only gram-negative bacteria were isolated from MLN. 
In the second experimental group, where acute bleeding was 

simulated only after 14 hours, gram-positive microorgan-
isms appeared in MLN in small quantities, accounting for 
only 7.7% of all isolated bacteria. Internal haemorrhage stim-
ulates an increase in bacterial translocation and its diversity, 
which is why gram-positive cocci accounted for 40.9% of all 
isolated microorganisms in the third experimental group.

Table 3. Continued

No. Microorganism

Population level, log10 CFU/g Number of rats with existing 
bacterial translocation, %mesenteric lymph node liver tissue

7 h 14 h 7 h 14 h 7 h 14 h

gram-positive bacteria

6 E. faecalis 2.85 ± 0.57 3.41 ± 0.16 0.78 ± 0.21 1.32 ± 0.30 20 20

7 E. cloacae 2.59 2.99 ± 0.30 0.90 1.51 ± 0.34 10 20

8 E. faecium 2.61 2.88 0 1.27 0 10

9 S. aureus 2.56 ± 1.85 3.71 ± 1.68 1.04 ± 1.13 2.62 ± 1.52 40 70

10 S. epidermidis 2.89 ± 1.12 3.18 ± 1.40 1.74 ± 1.48 2.99 30 50

Total 3.30 ± 1.07 4.18 ± 1.54 1.99 ± 1.32 2.86 ± 1.21 100 100

Source: compiled by the authors

Figure 1. Ratio of gram-positive and gram-negative microorganisms isolated from mesenteric lymph nodes, %
Notes: CAT – closed abdominal trauma; CAT+AB – closed abdominal trauma + acute bleeding; CAT+AB+IH – closed 
abdominal trauma + acute bleeding + internal haemorrhage
Source: compiled by the authors
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In a certain way, the translocation of bacteria from the 
intestine occurs constantly, even in 5-10% of healthy peo-
ple [21]. That is why BT was not confirmed in all rats in the 
experiment as microorganisms from some experimental 
animals were isolated only from the lymph nodes, which is 
not a criterion for the presence of BT.

e DISCUSSION
In recent years, the influence of gut microbiota on the 
molecular and pathological mechanisms of inflammation 
has been the focus of many researchers. Additionally, ex-
periments are being conducted on new treatment methods 
based on the impact of gut microbiota on trauma, consid-
ering the development of BT [22].

T.  Komarov et al.  [18] emphasised that the phenom-
enon of microbial translocation is a key element in the 
development of post-traumatic complications. The data 

obtained in the conducted experiments also showed that 
closed abdominal trauma combined with blood loss leads 
to tissue ischemia, which, in turn, contributes to the natu-
ral migration of microorganisms inhabiting the intestinal 
microbiota to the MLN, peritoneal space and sinuses of the 
liver. This process further contributes to the development 
of inflammation and complications. E.  Nieves et al.  [23] 
found a significant statistical difference between post-
operative infections in patients with signs of BT (41.6%) 
compared to patients without BT (12.5%; p = 0.047). Bac-
teria isolated from infection sites were the same as those 
cultured in MLN in 40% of cases (n  =  2 out of 5), which 
allowed them to establish a causal relationship between 
BT and postoperative infection. M. Schietroma et al.  [24] 
demonstrated that risk of bacterial translocation is asso-
ciated with bleeding ≥ 1500 ml. Moreover, a higher risk of 
bacterial translocation and a significantly higher incidence 
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of postoperative infections exist in patients requiring ur-
gent surgical treatment (splenectomy) after blunt abdom-
inal trauma. The researchers showed that bacterial strains 
isolated from infection sites were the same as those cul-
tured in MLNs in 48.3% of cases (n = 14 out of 29). In the 
conducted experiments, it was determined that maximum 
blood loss is accompanied by the richest spectrum of bacte-
ria involved in BT and an increase in their population lev-
el. R.I.D. da Costa et al. [25] investigating BT in intestinal 
obstruction on a rat model, demonstrated that the optimal 
timing for performing the operation is 24 hours. The phe-
nomenon of bacterial translocation was observed already 
7 hours after the start of the experiment. Obviously, this 
is due to hypoxia, additionally created by simulated blood 
loss. However, it should be noted that it is precisely at the 
24-hour mark that the microecology of MLN and liver tis-
sue in white rats with simulated closed abdominal trauma, 
haemorrhage, and their combination becomes the most 
pronounced and multi-component. 

According to the literature, gram-negative facultative 
anaerobic Enterobacteriaceae, such as E. coli, K. pneumoniae, 
and P. mirabilis, are the fastest and easiest to migrate from 
the gastrointestinal tract to MLN [4, 26]. Among them, ac-
cording to the data obtained by researchers E. Nieves [23] 
and Y.  Sharapatov  [27], intestinal bacteria are most fre-
quently identified in the presence of BT. Exo- and endotox-
ins enhance the pathogenic action of E. coli. It is this species 
of Enterobacteriaceae that primarily triggers the inflamma-
tory process in polytrauma patients [22]. In experiments on 
research rats, I.V. Strelbytska et al. [28] found that simulat-
ed limb ischemia-reperfusion, acute blood loss, and their 
combination lead to the translocation of gut bacteria into 
the abdominal cavity. These literature data are confirmed 
by the results of the study. Determination of the spectrum 
of microorganisms that migrate from the gut during experi-
mental blunt abdominal trauma in combination with haem-
orrhage showed that strains of E. coli migrate the fastest 
and in greater quantities compared to other bacteria. The 
translocation of gram-negative bacteria is associated with 
inflammatory mechanisms induced by lipopolysaccharides 
(LPS) of their cell walls. These bacterial antigens in tissue 
damage areas induce an inflammatory process [29]. LPS in 
combination with lipid-A are mediators of white blood cell 
activation and inducers of macrophages. The active action 
of gram-negative flora endotoxins increases the secretion 
of pro-inflammatory antigens and decreases the produc-
tion of anti-inflammatory ones. The pro-inflammatory cy-
tokines released during this process can also disrupt tight 
junctions, promoting the translocation of microorgan-
isms. For example, the presence of proteolytic endotoxin 
in P. aeruginosa often leads to the development of sepsis 
and septic shock [30]. The results of the study established 
a correlation between the increasing number of research 
rats in which strains of P. aeruginosa confirming bacterial 
translocation were detected and the growth of their pop-
ulation level with the development of inflammation. This 
fact is one of the indications that a closed abdominal injury 
leads to the development of inflammation. Therefore, the 
appearance of non-fermenting gram-negative rods in MLN 
may be a marker of complications in the inflammatory pro-

cess. C.  Doudakmanis et al.  [4] demonstrated that repre-
sentatives of the intestinal microbiota, which are obligate 
anaerobes, virtually do not have the ability to translocate. 
Only facultative anaerobic bacteria were isolated from rats 
in all groups, confirming the findings of other researchers, 
including S.J. Wood et al.  [31]. According to the results of 
the study on the dynamics of BT in experimental abdomi-
nal trauma in combination with haemorrhage, it was found 
that it is enterobacteria that will appear outside the bound-
aries of the gastrointestinal tract.

e CONCLUSIONS
As a result of simulated blunt trauma to the abdomen in 
combination with acute blood loss and internal haemor-
rhage, an inflammatory process developed in the perito-
neum and bacterial translocation occurred to mesenteric 
nodes and liver tissue.

The main role in BT was played by representatives 
of the gram-negative intestinal microflora. Strains of 
gram-negative bacteria migrated first. These included En-
terobacteriaceae such as E. coli, K. pneumoniae, P. stuartii, P. 
mirabilis, and non-fermenting rods P. aeruginosa. It should 
be noted that the K. pneumoniae strains were capable of mi-
gration in the presence of acute haemorrhage in rats with 
blunt abdominal trauma. In experimental animals with 
blunt abdominal trauma combined with acute blood loss, 
the translocation of gram-positive cocci strains, such as E. 
faecalis, E. cloacae, and E. faecium, was also observed. Un-
der the condition of additional simulated internal haem-
orrhage, bacterial translocation of staphylococcal strains 
occurred: S. aureus, S. epidermidis. Thus, the animals with 
blunt abdominal trauma had the least diverse taxonomic 
composition, with strains from 5 species being isolated. 
The group of animals with blunt abdominal trauma com-
bined with acute blood loss and internal bleeding had the 
richest taxonomic composition, with twice as many species 
being identified.

The translocation of bacteria from the intestine to the 
mesenteric lymph nodes and liver tissue led to an increase 
in the population level of the isolated and identified bacte-
ria. Microorganisms isolated from MLN were found in the 
highest concentration in experimental animals with blunt 
abdominal trauma combined with acute blood loss and 
internal haemorrhage. The highest population level was 
observed for E. coli strains in all three groups of research 
rats. After 14 hours, the average population level of bac-
teria isolated from MLN in animals with blunt abdominal 
trauma was 3.02 ± 0.84  log10 CFU/g, while in the group of 
rats with blunt abdominal trauma combined with maximal 
blood loss, the average concentration of microorganisms in 
MLN was an order of magnitude higher and amounted to 
4.18 ± 1.54 log10 CFU/g. In the future, it is worth continuing to 
investigate bacterial translocation in different pathological 
conditions, determining bacterial deoxyribonucleic acids.
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Експериментальна транслокація кишкових бактерій  
спричинена закритою травмою живота, гострою крововтратою, 
внутрішньою кровотечою
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Анотація. Бактеріальна транслокація відіграє важливу роль у розвитку поліорганної недостатності, яка розвивається 
в результаті травми. Ступінь вираженості транслокації бактерій пропорційний ступеню крововтрати й ушкодження. 
Метою дослідження було встановлення спектру мікроорганізмів, які брали участь у явищі транслокації, їх 
популяційного рівня, та вивчення напрямку змін у мікроекології мезентеріальних вузлів та тканині печінки білих 
щурів зі змодельованими закритою травмою живота, крововтратами (гостра крововтрата, внутрішня кровотеча) 
та їх поєднанням. Досліди виконано на 36 щурах-самцях. Біологічний матеріал (мезентеріальні лімфовузли, 
тканину печінки) брали стерильними інструментами через 7 та 14 год. від початку експерименту, проводили 
гомогенізацію, після чого висівали на відповідні середовища згідно з лабораторними настановами. Виділені 
бактерії ідентифікували за допомогою аналізатора Vitek-2 Compact 15 (bioMérieux, France), їх популяційний рівень 
оцінювали у log10 КУО/г. Бактеріальну транслокацію вважали наявною, коли позитивний результат отримували 
одночасно в мезентеріальних лімфовузлах і в тканині правої долі печінки. Встановлено, що в транслокації головну 
роль відіграють E. coli, P. stuartii, P. mirabilis, P. aeruginosa. Поєднання травми живота з гострою крововтратою 
супроводжувалася транслокацією ще й K. pneumoniae. Травма, поєднана з гострою крововтратою, викликає 
додатково транслокацію E. faecalis, E. cloacae, E. faecium; а з внутрішньою кровотечою – транслокацію S. aureus, S. 
epidermidis. Спектр мікроорганізмів, здатних до транслокації, був різноманітнішим і багатокомпонентним, якщо 
травму поєднували із внутрішньою кровотечою. Через 14 год. після нанесення травми спостерігали тенденцію 
до зростання популяційного рівня виділених бактерій, у порівнянні з даними, отриманими через 7 год. В усіх 
дослідних групах штами E. coli висівали у найбільших концентраціях
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