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ABSTRACT 
 

Bacteria in the environment are naturally the target of predators, including various types of prokaryotes. This study aims 

to determine the effect of feeding Bdellovibrio bacteriovorus (Bb) isolate against Salmonella enteritidis (SE) inoculation 

in intestinal villi of mice models. Sixteen mice were used and were divided into 4 groups, namely the control with placebo 

(D0), the SE (D1), the SE+Tiamphenicol (D2), and the SE+Bb inoculation group (D3). Inoculation of SE was carried out 

intraperitoneally at a dose of 2.5x108 CFU, and B bacteriovorus feeding treatment was given orally as a single dose 

containing 1x107 CFU. On the 5th day post-treatment, all groups were euthanized, and blood samples were taken for 

examination of the hematological profiles in intestinal organs. Data analysis was performed using one way ANOVA test 

and Duncan's post hoc test (P<0.05). The results showed that there was a significant increase in the D3 group for the 

variables of leukocytes, lymphocytes, and neutrophils. Histomorphology analysis indicated that feeding of isolate inhibited 

the destruction of epithelia and enterocytes in duodenal tissue. Consequently, it was concluded that feeding of Bdellovibrio 

bacteriovorus can improve hematological value and the proliferation of villus in the intestine in SE-inoculation mice. 
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INTRODUCTION 

 

A variety of microorganisms are known to co-exist in 

the microbiological ecosystem, including predatory and 

pathologic prokaryotic germs. Some bacteria in the 

environment are natural targets of several types of 

bacteriophages and protists (Herencias et al. 2020). 

Previously studied that predators of bacteria are a group of 

organisms that are potential and beneficial in balance in the 

germ environment. One of the important aspects in the 

process of predation of germs is the release of nutritional 

compounds and biochemical phases in nature. Predatory 

germs have the ability to reduce the population of their 

target germs in low numbers, so the activity of predatory 

germs is very effective and efficient because they only need 

a small amount of their living medium (Mu et al. 2020). 

Predatory bacteria, distinct from viruses and smaller 

than their prey, employ a variety of strategies to attack their 

host, for example, myxococci attack collectively but do not 

require direct physical attachment with their target germs 

(Negus et al. 2017; Liu et al. 2023). 

These bacteria during various activities release several 

hydrolytic enzymes that destroy their target germs, to 

obtain nutrients. Another method used by epibiotic 

predatory germs, such as Vampirococcus is by attaching to 

the outer surface of prey cells, hydrolyzing and consuming 

the host. Meanwhile, the predatory Bdellovibrio-and-like-

organisms (BALOs) infiltrate the periplasmic space of their 

prey germs (Kaljević et al. 2021; Ibrahimi et al. 2023). 

Bdellovibrio bacteriovorus is a Gram-negative 

bacterium that is a predator against other germs, so this 

germ has the potential to be an alternative to antibiotics. 

Studies with intrarectal inoculation of BB germs in rats did 

not show any damage to colonic tissue and marked mild 

increases in pro-inflammatory cytokines for 24 and 48 hours 

after  inoculation (Shatzkes et al. 2017).  The interaction of 
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Bdellovibrio bacteriovorus PF13 with Gram-negative 

bacteria (Pseudomonas fluorescens and Klebsiella 

pneumoniae) and Gram-positive (Staphylococcus aureus 

and Enterococcus faecium), showed an increase in the 

concentration of Bb PF13, which means that Gram-positive 

bacteria did not affect the predation efficiency of PF13 

(Waso-Reyneke et al. 2022). 

Bdellovibrio bacteriovorus, a predatory bacteria has 

two life cycles, the first involves attacking the target cell 

in the form of a vibrio with a single polar flagellum, and 

once within the target cell, the bacteria reside in the intra-

periplasm space. In the second phase, the bacteria 

develop into non-flagellate circular non-septate filaments 

and shortly before leaving the damaged target cell 

undergo septation to produce many motile flagellated 

offspring which start a new cycle (Hobley et al. 2020; 

Odooli et al. 2020). 

Bdellovibrio bacteriovorus is a small predator capable 

of killing and digesting other gram-negative bacteria in soil 

and aquatic environments. The ability to kill pathogens that 

are resistant to antibiotics, is by secreting various enzymes 

that lyse other pathogens. Predatory germs express only 

surface epitopes and transport proteins for host immune 

recognition (Cavallo et al. 2021). With dimensions of 0.2-

0.5×0.5-2.5µm, Bdellovibrio bacteriovorus possesses 

small gram-negative properties discovered by scientists 

who isolated bacteriophages for plant pathogenic bacteria 

from soil (Im et al. 2018). These bacteria, which can be 

isolated from various habitats including both aquatic and 

terrestrial are predatory towards other germs, resulting in 

their use as an antibacterial agent across industries, 

agriculture and medicine. Several studies have been 

conducted to determine the nature of this predatory 

bacterium encompassing its life cycle, strategy to penetrate 

host cells, periplasmic growth, and distribution in the 

environment (Bonfiglio et al. 2020; Lowry et al. 2022). 

Based on the nature of Bdellovibrio bacteriovorus as a 

predator of certain germs, the possibility of applying this 

bacterium against plant pathogens and reducing 

contamination in the food industry has been explored 

(Bratanis et al. 2020; Youdkes et al. 2020). Bdellovibrio 

bacteriovorus is known as a germ that has a unique ability 

to prey on other Gram-negative bacteria. Today the 

problem of antibiotic resistance is increasing, BB bacteria 

have the potential to be effective probiotic agents and 

antibiotics. Many studies have been conducted on B. 

bacteriovorus to determine the basic aspects of its biology, 

intracellular life cycle, resistance and potential 

applications. The use of B. bacteriovorus as a live antibiotic 

for human therapy has been carried out with an in vivo 

model (Bukowska-Faniband et al. 2020). 

Salmonella infection is one of the causes of serious and 

dangerous infections that attack humans and animals. 

Direct contact with infected animals or products is one way 

of transmission. Salmonellosis disease causes many losses 

in terms of medical costs, decreased productivity, and high 

mortality rates in livestock and poultry. Due to the problem 

of antibiotic resistance in many germs, including 

salmonella, studies on the use of probiotics and predatory 

germs have been conducted to provide appropriate and 

effective therapy for bacterial infections in animals and 

humans (Mazkour et al. 2020; Du et al. 2024). Therefore, 

this research purposed to analyze the effect of Bdellovibrio 

bacteriovorus (Bb) isolate against Salmonella enteritidis 

(SE) inoculation in intestinal villi of mice models. 

 

MATERIALS AND METHODS 

 

Research Design 

This research was conducted in the Animal 

Experiment Laboratory, Faculty of Veterinary Medicine, 

Airlangga University, Surabaya. The research was 

conducted in accordance with ethical guidelines and 

approved by the Experimental Animal Ethics Commission 

No. 83–KKE of Universitas Wijaya Kusuma Surabaya, 

Indonesia the animals used were mice (Mus musculus) with 

inclusion criteria aged 2-3 months, weighing 30-40g. 

Animals were fed mice pellets, drank distilled water ad 

libitum, and reared for a week for adaptation. The treatment 

groups were inoculated with SE at a dose of 2.5x108 

(NCTC 12964, Intralab). The B. bacteriovorus isolate 

(NCTC 15356, USA) was prepared for experimentation by 

culturing in a nutrient-rich medium. Specifically, the 

culture medium consisted of nutrient broth (NB) 

supplemented with 2.4g/L of nutrient broth and 1.5g/L of 

yeast extract (YE), along with 1.5g/L of agar to solidify the 

medium. This standardized culture protocol ensured 

optimal growth conditions for Bdellovibrio bacteriovorus, 

allowing for the isolation and maintenance of the bacterium 

in the laboratory setting. 

The experimental group comprised four Mus musculus 

mice, which were divided into four subgroups for the study. 

These subgroups included a control group administered 

with a placebo (D0), a group inoculated with Salmonella 

enteritidis (SE) (D1), a group inoculated with SE and 

treated with Tiamphenicol (D2), and a group inoculated 

with SE and treated with B bacteriovorus (D3). All 

treatment groups (D1, D2, and D3) were injected SE at 

dose of 2.5x108 intraperitoneally, while group D3 was fed 

Bdellovibrio bacteriovorus at dose 1x107 CFU/gr orally. 

All mice were sacrificed by cervical dislocation to collect 

intestinal duodenum samples for histological analysis on 

the eighth day. Tissue in area of duodenal slices were 

incubated with 10% neutral buffered formalin, blocked in 

paraffin, then cut ±3-5mm thick with a microtome and 

stained with hematoxylin-eosin (HE). 

Duodenum villus histopathology was inspected in the 

regions altered such as infiltration cells, and necrotic cells 

under an Olympus light microscope (400x 

magnifications). The proportion of tissue area with 

alteration was scored 0 (no change or regular), 1 (1-30% 

necrotic cells), 2 (31-50% necrotic cells), and 3 (51-100% 

necrotic cells) (Solfaine et al. 2021). 

 

Hematological Evaluation 

The blood samples were collected into plain tubes and 

vacutainers for differential leucocyte analysis. All fresh 

blood samples in plain tubes were spun at 4000rpm for 

15min (Hettich EBA, Germany). The whole blood was 

measured using the hematology analyzer Hitachi 902® 

(Roche, USA).  

 

Statistical Analysis 

Parametric data were tabulated as mean+SD and 

analyzed with ANOVA test (one-way analysis of variance) 

and Duncan's post hoc comparison test. Non parametric 
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data of histopathology were score as mean values was 

applied for Kruskal Wallis and Mann-Whitney tests with a 

confidence interval of 95% by SPSS 21. 

 

RESULTS 

 

According to the results of the hematological profile 

in differential leukocyte count, significant 

improvements (P<0.05) were found in leukocytes, 

lymphocytes, and neutrophils levels. A significant 

fluctuation (P<0.05) was found in the leukocyte, 

hemoglobin, and neutrophil variables of D3 compared to 

the D1 and D2 groups. The leukocyte and lymphocyte 

levels were significantly decrease (P<0.05) in D3 

compared to the D1 group (Table 1). Meanwhile the 

hemoglobin value was increased in treatment group D3 

compared with D1 and D2 groups. These results indicated 

that there was an improvement in the hematological profile 

after the administration of Bdellovibrio bacteriovorus 

isolate dose of 1mL/kg bw. 

The score of duodenal histopathology in D3 (treatment 

group) which received Bb isolate showed significantly 

decreased (P≤0.05) necrosis and cellular infiltration scores 

compared to D1 and D3. These scores were significantly 

different (P≤0.05) between the treatment groups D2 and D3 

(Table 2). 

 

Histopathology cross-section of mice duodenum 

showing villous mucosa structure and crypts is presented 

in Fig. 1. Microscopic examination showed the presence 

of focal necrotic cells with vacuolization of enterocytes in 

the villous mucosa. Intestinal section indicated 

vacuolization and edema of villous mucosa accompanied 

by infiltration of histiocytes. The mucosal rupture was 

observed, resulting in the accumulation of cellular debris 

and leukocytes in the lumen of the crypt mucosa. Many 

enterocyte cell vacuoles and rupture of the villous mucosa 

were accompanied by the proliferation of intestinal glands. 

Hemorrhages and histiocytic infiltration were also 

observed in the mucosal crypts. The focal atrophy of the 

villi was accompanied by mild shrinkage, enterocytes 

were found to contain a few vacuoles, and there was mild 

necrosis in the villi with little proliferation of the crypt 

epithelium. The duodenum section showing edematous 

crypt epithelium with villous atrophy as well as shortening 

and multifocal vacuolation of villous enterocytes is shown 

in Fig. 1. Based on the analysis of the hematological 

profile, the D1 group exhibited a higher count than the 

control in the following variables of leukocyte, 

hemoglobin, lymphocyte, and neutrophil (Table 1). The 

level of blood differential also showed a significant 

difference in the D1 and D2 compared to the D3 group 

(Table 1). 

Table 1: The differential leukocyte counts and hemoglobin in various groups 

Parameters Units D0 D1 D2 D3 

Total Leukocytes  103/mm3 7.70±0.62a 8.03±0.51b 8.33±0.50b 7.90±0.54c 
Hemoglobin  g/dL 11.80±0.72a 9.11±1.61b 9.40±0.64b 11.54±1.70c 

Lymphocyte  % 51.23±1.30a 57.73±1.40c 52.10±2.30a 53.50±2.01b 

Neutrophil % 24.50±2.50a 22.50±1.00b 29.50±2.50c 24.50±2.50a 

Values (mean+SD) bearing different alphabets in a row showed significant (P<0.05) difference. D0=control group, D1=SE-induced 

group, D2=SE-induced +tiamphenicol group, D3=SE-induced +Bb isolate group. 

 

Table 2: Comparison of different histopathology scores of 
duodenum tissues in various groups 

Groups Infiltrating cells Necrotic cells 

D0 (n=4) 1.20±0.41a 1.50±0.55a 
D1(n=4) 1.75±0.90b 2.00±0.74b 

D2 (n=4) 1.80±0.86b 2.00±0.74b 
D3 (n=4) 1.20±0.41a 1.50±0.54a 

Values (mean+SD) bearing different alphabets in a column 

showed significant (P<0.05) difference. HE=hematoxylin-eosin, 

D0=control group, D1=SE-induced group, D2=SE-induced 

+tiamphenicol group., D3=SE-induced +Bb isolate group 

 

DISCUSSION 

 

According to recent studies, Bdellovibrio 

bacteriovorus HD100 showed the capacity to attack 

Aggregatibacter actinomycetemcomitans, a major 

contributor to periodontitis. Further investigation found 

that different bacterial species associated with periodontitis 

could be attacked by one or more of Bdellovibrio strains, 

even when the prey was a strict anaerobe. This is 

remarkable as BALOs are strict aerobes and require oxygen 

to complete the predator cycle, while their prey will die 

when exposed to oxygen for prolonged periods (Rendulic 

et al. 2004; Hobley et al. 2020).  

Previously studies showed that administration of 

Bdellovibrio bacteriovorus increased the number of 

leukocytes and decreased the number of RBC and platelets 

in mice inoculated with Pasteurella multocida and had no 

effect on rat hematology (Pan et al. 2011; Sar et al. 2020). 

Furthermore, B bacteriovorus (Bb) as an intracellular 

bacterium, produces hydrolase enzymes, which digest host 

cell contents to provide nutrients for growth and nuclease 

enzymes, thus degrading the target bacterial DNA. The 

DNase enzyme secreted from B. bacteriovorus isolates 

Bd0934 and Bd3507 is a nuclease enzyme secreted during 

the life cycle of Bb predators (Bukowska-Faniband et al. 

2020; Mazkour et al. 2020). 

The duodenum histopathology data showed that there 

were alterations, including cellular infiltration and 

necrosis, as well as indications of toxicity or infection. 

Neutrophilia was observed, and leukocytosis, indicating 

the presence of inflammatory cells was significant, 

suggesting that mice had been exposed to infectious 

diseases or chemical induction. These results suggested 

that relative to the control, there were pathological 

changes in the D1, D2, and D3 treatment  groups (Fig. 1). 

Previously studied administration of Bdellovibrio 

bacteriovorus did not show histopathological effects on 

colonic tissue but there was a slight increase in 

proinflammatory cytokines IL-1β, IL-4, IL-5, IL-6, IL-10, 

IL-13, CXCL-1, IFNγ, and TNF-alpha measured in the rat 

colon after inoculation. Administration of Bb bacteria does 

not produce adverse pathological effects and does not 

cause a substantial immune response in the gut and there 

is limited change in the health beneficial gut bacterial 

population (Shatzkes et al. 2017). 
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Fig. 1: Histomorphology section of the mouse duodenum showing normal villous mucosa structure and crypts (a), microscopic intestinal 

examination showing the presence of focal necrotic areas with vacuolation of enterocytes in the villous mucosa (b), edema of villous 

mucosa accompanied by infiltration of histiocytes (c), mucosal rupture with accumulation of cellular debris and leukocytes in the lumen 

of the crypt mucosa (d) (HE; 200x). 

 

The results of this study showed a significant increase 

in neutrophils in the Bb treated group compared to the D1 

group, which proved that Bb administration stimulated the 

phagocytosis process and did not suppress the immune 

system in white rats. Neutrophils are known to be able to 

phagocytize microorganisms and destroy them with 

bactericidal intracellular granules. In addition, neutrophils 

can capture and kill pathogens extracellularly with the 

same bactericidal mechanism through cytoneme networks 

and produce proteins forming neutrophil extracellular traps 

(NETs). In addition to antibacterial activity, cytonemes 

also function for cell adhesion and communication 

(Galkina et al. 2020). 

The histological structure of the duodenum in the 

group treated with Bdellovibrio bacteriovorus showed mild 

level necrosis marked by intact intestinal villi and 

enterocyte cells complete if compared to the control group. 

Meanwhile, the structure of the villi was the most damaged 

in the D1 and D2 treatment groups which were 

characterized by rupture and desquamation of the 

epithelium followed by severe inflammation of the 

submucosa. The structural alteration in the histology of the 

duodenum due to feeding with isolate appeared to work 

without interfering with the normal functions. It is assumed 

that isolate can improve the characteristics of the natural 

microbes existing in the animal's body to restore the 

balance of the ratio between pathogenic and non-

pathogenic bacteria in the digestive tract. Proteobacteria 

Bdellovibrio bacteriovorus is known to inhibit lung 

histopathological damage and there is an increase in the 

pro-inflammatory cytokine TNFα after Klebsiella 

pneumoniae inoculation in rats (Waso-Reyneke et al. 

2022). Bdellovibrio bacteriovorus and other BALOs 

exhibit a relatively non-specific predatory behavior toward 

their host cells, attacking various gram-negative bacteria 

from very distinct and different genera. For example, the 

host range of Bdellovibrio bacteriovorus 109J 

encompasses strains from Escherichia, Pseudomonas, 

Chromatium, and Spirillum as well as pathogenic bacteria 

from numerous genera, including Acinetobacter, 

Aeromonas, Bordetella, Burkholderia, Citrobacter, 

Enterobacter, Klebsiella, Listonella, Morganella, Proteus, 

Serratia, Salmonella, Shigella, Vibrio, and Yersinia. The 

results showed that this strain could not attack 

Campylobacter (Schwudke et al. 2001; Snyder et al. 2002), 

while B bacteriovorus (Bb) strain, 100NCJB, showed 

potency against Campylobacter jejuni, and Helicobacter 

pylori. Inflammatory cell infiltration score showed that the 
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treatment group with Bdellovibrio bacteriovorus decreased 

significantly as evidenced by the low number of neutrophil 

cells in the mucosa and submucosa of the duodenum, while 

in the treatment group D1 and D2 there was increasing 

accumulation of inflammatory cells in the intestinal 

mucosa. This shows that administration of Bb can reduce 

inflammation by S. enteriditis inoculation. 

These findings emphasize the versatility of various 

Bdellovibrio strains in preying upon a broad spectrum of 

pathogenic gram-negative bacteria affecting humans, 

animals, and plants (Roschanski and Strauch 2011; 

Mitchell et al. 2020). In a previous investigation, it was 

noted that Pseudomonas aeruginosa, a pathogen impacting 

individuals with cystic fibrosis and exhibiting reduced 

susceptibility to B. bacteriovorus 109 J, could potentially 

be targeted by another predatory bacterium, Micavibrio. 

Unlike Bdellovibrio, Micavibrio employs epibiotic 

processes and replicates through binary fission rather than 

septation. These results suggest the potential use of a 

combination of diverse predatory organisms to 

simultaneously combat multi-strain infections (Bonfiglio et 

al. 2020; Banks et al. 2022). Encouraging further research, 

a comprehensive investigation into the specific roles 

played by these isolates on vital organs and the 

identification of specific markers is essential. This in-depth 

exploration is aimed at reducing our reliance on antibiotics 

in the future, paving the way for innovative and targeted 

approaches to combat bacterial infection. 
 

Conclusion 

In conclusion, this study demonstrates that 

Bdellovibrio bacteriovorus (Bb) feeding exerts a notable 

impact on the dynamics of Salmonella enteritidis (SE) 

inoculation within the intestinal villi of mouse models. The 

experimental groups, particularly the SE+Bb inoculation 

(D3) group, displayed a significant increase in 

hematological parameters, including leukocytes, 

lymphocytes, and neutrophils. Notably, Bb feeding 

appeared to mitigate the destruction of epithelia and 

enterocytes in duodenal tissue, as evidenced by 

histomorphology analysis. 
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