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Therapeutic Potential of Probiotics to counter Campylobacter Infections: An In vitro and 31 

In vivo Evaluation in Mice  32 

 33 

Abstract 34 

Probiotics, including Lactic Acid Bacteria (LAB), have gained considerable attention due to 35 

their potential health benefits for humans and animal livestock. This research aimed to isolate 36 

probiotic bacteria of human origin and explore their therapeutic potential against 37 

Campylobacter strains, which are recognized as the leading bacterial cause of human 38 

gastroenteritis worldwide. A collection of 230 LAB isolates from human stools were screened 39 

for the ability of cell free supernatants to inhibit the growth of three strains of C. jejuni and a 40 

C. coli. Co-culture and agar-well diffusion assays identified seven isolates with inhibitory 41 

activity against Campylobacter ssp., which were characterized as probiotic strains by their 42 

tolerance to pH 2 and bile salts, and then identified as Enterococcus spp. using 16S rRNA 43 

gene sequencing:: E. faecalis NM231, E. faecium NM234, E. faecium NM233, E. faecium 44 

NM113, E. durans NM232, E. faecalis NM235, and E. faecium NM236. In vivo evaluation 45 

was undertaken by the oral administration of selected probiotics to groups of mice prior to 46 

challenge with C. jejuni. Histopathological examinations showed  challenge groups receiving 47 

either mixed probiotics or E. faecium NM234 were protected against C. jejuni-induced 48 

jejunal, colonic, ovarian and uterine tissue damage. Immunohistochemical detection of the 49 

challenged mice revealed the presence of C. jejuni antigen in jejunal and colonic sections but 50 

was absent in mice receiving either mixed probiotics or E. faecium NM234. This study 51 

introduces E. faecium NM234 as a promising probiotic against Campylobacter. 52 

Keywords: Probiotics, Campylobacter, foodborne, immunohistochemistry, zoonotic diseases. 53 

 54 

1. Introduction 55 

Probiotics have emerged as a compelling area of scientific research due to their 56 

significant contributions to human and animal health. These beneficial microorganisms, found 57 

in various niches, play a pivotal role in countering pathogenic threats and promoting well-58 

being. The gastrointestinal tract (GIT) and salivary glands serve as natural reservoirs for 59 

several probiotic organisms, underlining their potential to bolster our defenses against 60 

infections arising from foodborne pathogens (Terai et al., 2015; Pruthviraj et al., 2023). 61 

Among the plethora of probiotic candidates, the Enterococcus genus constitutes vital 62 

members of the Lactic Acid Bacteria (LAB) group that have garnered attention for their 63 
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therapeutic properties (Franz et al., 2011; Krawczyk et al., 2021). Various enterococcal 64 

species; including E. faecalis, E. faecium, E. lactis, E. hirae (Adnan et al., 2017), and E. 65 

durans (Li et al., 2018) have been utilized as probiotics in both human and animal 66 

applications. Notably, enterococci possess the ability to thrive in challenging environments 67 

including high salt content, and temperature fluctuations, which together with the ability to 68 

synthesize robust proteolytic and lipolytic enzymes, render them of increasing importance to 69 

the food industry (Haghshenas et al., 2017).  70 

Enterococci are gram-positive, catalase-negative, non-spore-forming bacteria 71 

commonly found in various fermented foods (Nami et al., 2017). E. faecalis and E. faecium, 72 

the most prevalent species among enterococci, have demonstrated a range of therapeutic 73 

properties, including their ability to combat pathogenic organisms and contribute to the 74 

reduction of cholesterol levels (Chandel et al., 2019). Moreover, enterococci have shown anti-75 

carcinogenic effects by inducing apoptosis and downregulating cell proliferation genes in 76 

cancer cell lines (Nami et al., 2022). Enterococci have also been shown to activate human 77 

immune cells in vitro by releasing interleukin 12, a key factor in the generation of T helper 1 78 

responses (Mansour et al., 2014). The mechanisms through which enterococci act include: the 79 

secretion of antimicrobial substances, competitive exclusion of pathogenic bacteria for 80 

nutritional sources and adhesion sites, functional enhancement of the intestinal barrier, and 81 

immunomodulation (Iqbal et al., 2021).   82 

According to the World Health Organization (WHO) and the Centers for Disease 83 

Control and Prevention (CDC), Campylobacter are recognized as the leading bacterial cause 84 

of human gastroenteritis worldwide, ranking among the top four global contributors to 85 

diarrheal diseases (Kirk et al., 2015).  While Campylobacter infections are typically mild, 86 

they can pose a significant threat to vulnerable populations, including young children, the 87 

elderly, and individuals with weakened immune systems. Campylobacter species exhibit 88 

distinctive spiral, "S"-shaped, or curved rod-like structures. They are ubiquitously present in 89 

most warm-blooded animals. The species most commonly associated with human diseases are 90 

Campylobacter jejuni and C. coli (Kaakoush et al., 2015). Campylobacter transmission can 91 

occur through the consumption of or direct contact with raw or undercooked poultry, seafood, 92 

and meat that has been contaminated with the bacterium (Whiley et al., 2013).  93 

C. jejuni is a gram-negative zoonotic pathogen capable of causing mild to severe disease in 94 

humans and colonizing the intestinal tracts of birds and other animals asymptomatically 95 

(Burnham and Hendrixson 2018; Tegtmeyer et al., 2021). Over the past decade, C. jejuni has 96 

emerged as a major cause of gastroenteritis worldwide (Kaakoush et al., 2015). 97 
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Campylobacter infections in sheep can result in abortion and economic losses in 98 

infected herds. In the USA, for instance, ovine abortion attributed to C. jejuni has increased 99 

significantly since the 1980s, to become a leading cause of ovine abortion (Kreuder et al., 100 

2019).  The term "Campylobacter" refers to its primary morphological characteristic as a 101 

curved rod but is frequently observed with spiral morphology and can adopt various 102 

morphological forms under adverse environmental conditions, including a helical filamented 103 

rod and/or coccoid forms. These morphological changes significantly impact its biological 104 

and pathogenic properties, altering its transmission, colonization, and interactions with its 105 

host (Frirdich and Gaynor, 2013; Frirdich et al., 2019). The cytoplasmic membrane of C. 106 

jejuni is surrounded by peptidoglycan (PG), forming a rigid layer that maintains its shape and 107 

protects the cell from lysis, playing a vital role in its macromolecular structure (Vollmer et al., 108 

2008).  109 

C. jejuni possesses a group of proteases and peptidases that are essential in cellular 110 

processes. These enzymes are involved in protein quality control, protein transport across 111 

inner and outer membranes into the periplasm, and interactions with the host cell, including 112 

the cleavage of crucial host cell factors such as epithelial cell junction proteins, contributing 113 

to intestinal tissue damage (Linz et al., 2023). 114 

In light of these attributes, this research endeavors to further explore the therapeutic 115 

potential of probiotic isolates. Through a series of experimental investigations, we aimed to 116 

assess the ability of LAB isolates to counteract the pathogenic bacterium Campylobacter sp. 117 

and evaluate their effectiveness in protecting against infections in various anatomical tissues 118 

in a mouse model, including the jejunum, colon, and reproductive system. In addition, we 119 

sought to elucidate the mechanisms through these probiotics contribute to the inhibition of C. 120 

jejuni and their potential as agents in bolstering defense mechanisms against foodborne 121 

pathogens.  122 

2. Material and Methods 123 

2.1.Microorganisms and growth conditions 124 

LAB isolates were cultivated in de Man, Rogosa & Sharpe (MRS) broth and agar 125 

(Laboratories Conda S.A., Madrid, Spain) at 37°C under anaerobic conditions using an 126 

anaerobic jar and AnaeroGen (Oxoid Basingstoke, UK). The Campylobacter strains C. jejuni 127 

OR1, C. coli OR12 (El-Shibiny et al., 2005), C jejuni 81116 (Pearson et al., 2007), and C. 128 

jejuni 12661 (Sacher et al., 2018) were cultured in Mueller Hinton (MH) broth and agar as 129 

well as Campylobacter Blood-Free Selective Medium (CCDA) (Oxoid GmbH, Wesel, 130 
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Germany) under microaerobic conditions at 35°C for 48 hours, following the protocol 131 

established by Jeong et al. (2014). 132 

 133 

2.2.Isolation of LAB from human fecal samples 134 

Fecal samples, each weighing 1 gram, were collected from a diverse group of healthy 135 

individuals under the age of 40. These samples were suspended in 5 ml of phosphate-buffered 136 

saline (PBS) with a pH of 7.0 and subsequently stored at -40°C for preservation. To obtain 137 

viable LAB cultures, serial dilutions of each fecal sample, extending up to 10-7, were used to 138 

inoculate MRS broth supplemented with 0.05% w/v L-cysteine (Loba Chemie, Mumbai, 139 

India) and then anaerobically incubated at 37°C within an anaerobic jar supplemented with 140 

AnaeroGen (Oxoid Basingstoke, UK) for 48 h.  The cultures were plated onto MRS agar 141 

(Laboratories Conda S.A., Madrid, Spain) containing 0.05% w/v L-cysteine. Following 48 142 

hours of incubation, individual colonies were selected from the agar plates. These colonies 143 

underwent Gram staining and a catalase test for initial characterization. Subsequently, the 144 

selected LAB isolates were preserved in 40% glycerol at -40°C, in accordance with the 145 

protocol established by Rubio et al. (2014).  146 

 147 

2.3.Screening of fecal isolates for Campylobacter spp. inhibition by their cell-free 148 

supernatants 149 

To assess the inhibitory potential of the fecal isolates against Campylobacter spp., cell 150 

free supernatants were prepared from the LAB isolates as well as from Campylobacter strains. 151 

Primarily, the bacterial isolates and strains were cultured overnight in broth; the cells were 152 

harvested and suspended in PBS until they reached an optical density (O.D.) of 0.22 at a 153 

wavelength of 600 nm. Afterward, this suspension was inoculated into fresh broth followed 154 

by incubation at 37°C for 48 h. The culture experienced centrifugation at 4000 rpm for 10 155 

minutes and the supernatants were filtered through 0.22-μm membrane filters (Minisart 156 

polyethersulfone, Sartorius, Göttingen, Germany) and neutralized to pH of 7.0 (Mansour et 157 

al., 2018).  A 400 μL aliquot of the Campylobacter suspension from each strain was added to 158 

10 mL broth with 2 mL of each isolate supernatant individually or 2 mL MRS broth at pH 7.0 159 

and pH 3.9 for controls with and without pH neutralization, respectively. These were 160 

incubated at 37 °C for 0 and 48 h, and the growth was measured at 600 nm on each time 161 

interval against a blank (5.5 mL MH / 1 mL MRS). The O.D600 in the control samples after 162 

48 h of incubation was defined as 100% growth. Differences in O.D600 measurements at 0 163 

and 48 h of incubation of the test samples were calculated as percentages of the value 164 
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obtained from the control. The isolates which exhibited growth inhibition percentage as 50% 165 

or more were picked. Each test was performed in triplicate. 166 

2.4.Co-culture of isolates with Campylobacter spp. 167 

The co-culture protocol as described by Folkerts et al. (2010) was used to evaluate the 168 

inhibitory potential of selected isolates against Campylobacter strains, whereby a fresh culture 169 

of the selected isolate was diluted 10-fold with MRS broth and 600 μL from each were placed 170 

in combination with 200 μL of Campylobacter culture (diluted 1:100). The co-cultures were 171 

incubated anaerobically at 37 °C for 48 h. Serial dilutions were spread on MRS (anaerobic) 172 

and CCDA agar plates (microaerobic), to determine the total count on each medium. 173 

 174 

2.5.Agar well diffusion assay 175 

The potential of the selected isolates to inhibit Campylobacter growth were assessed 176 

using the agar well diffusion assay method as described by Jeong et al. (2014). In this assay, 177 

100 µL of inoculum containing 108 colony-forming units (CFU)/ml of each Campylobacter 178 

bacterium were evenly spread on Mueller Hinton Agar (MHA) plates. Subsequently, wells 179 

were created in each inoculated plate and filled with 30 µL of neutralized cell-free supernatant 180 

(pH 7) obtained from the isolates following 24 hours of growth in MRS broth. As a negative 181 

control, MRS broth alone was employed. All MHA plates were then incubated at 37ºC for 24 182 

hours and subsequently assessed for the presence of inhibition zones exceeding 1 mm in 183 

diameter. Each test was conducted in triplicate to ensure the reliability of the results.  184 

 185 

2.6.In vitro assessment of the competitive inhibition of adhesion of C. jejuni OR1 by 186 

probiotic isolates 187 

 188 

To evaluate the potential of probiotic strains to competitively inhibit the adhesion of 189 

C. jejuni OR1 in an in vitro setting, HT29 cells, serving as a representative system that 190 

mimics the intestinal epithelium, were employed as per the methodology outlined by Candela 191 

et al. (2008). Briefly, probiotic strains and C. jejuni OR1 were independently cultured in 192 

liquid media overnight at 37 °C. The bacterial cell concentration was adjusted to 108 colony-193 

forming units (CFU) per mL. Then, HT29 cells were seeded on glass coverslips within 24-194 

well plates and incubated at 37 °C with 5% carbon dioxide for 24 hours to establish a 195 

monolayer. Each well received 1 mL of either a probiotic strain or saline solution (as a 196 

control), followed by a 2-hour incubation period. Post-incubation, the probiotic strain or 197 
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saline solution was aspirated, and the HT29 cells were washed with PBS. Subsequently, 1 mL 198 

of C. jejuni OR1 was introduced into each well, and the cells were incubated for an additional 199 

2 hours. Following this incubation, C. jejuni OR1 was removed, and the HT29 cells were 200 

washed with PBS and fixed with methanol.  The cells were then stained with Giemsa stain. 201 

Observation and enumeration of C. jejuni OR1 cells that adhered to the HT29 cells were 202 

performed. 203 

 204 

2.7. Determination of the probiotic characteristics  205 

 Acid tolerance assay 206 

To assess acid tolerance, cells from overnight cultures were subjected to a controlled 207 

acidic environment. Specifically, the cells were incubated at 37°C in 10 mL of pH 2.0 PBS 208 

for duration of 3 hours. Following this acid challenge, the cells were promptly collected and 209 

resuspended in PBS adjusted to pH 7.0 to neutralize the acidic conditions. Subsequently, 210 

serial dilutions (10-fold) of the cell suspensions were prepared and plated onto MRS agar 211 

plates. These plates were then incubated at 37°C for a period of 48 hours to facilitate colony 212 

growth. The viable count was determined based on the number of colonies formed on the 213 

MRS plates. To quantify the survival rate, the results were compared to the initial bacterial 214 

count before exposure to the acidic environment, as outlined by Kusada et al. (2021).  215 

Bile Salt Tolerance 216 

To assess bile salt tolerance, we followed the method outlined by Gilliland et al. 217 

(1975). The assay involved subjecting bacterial cells to varying concentrations of oxgall bile 218 

(Sigma-Aldrich, St. Louis, MO, USA) in MRS broths for duration of 4 hours. Specifically, 219 

three concentrations of oxgall bile were used: 0.3%, 0.7%, and 2% w/v. Following the 220 

incubation period, the treated bacterial cells were plated on MRS agar plates and then 221 

incubated at 37°C for 24 hours to facilitate colony formation. Viable counts were performed 222 

at three time points: 0, 3, and 24 hours after incubation. Survival rates were calculated by 223 

comparing the viable counts obtained at these time points to those of a control group that did 224 

not undergo exposure to oxgall bile. This assay was conducted in triplicate to ensure the 225 

reliability of the results. 226 

Susceptibility to antibiotics 227 

The susceptibility of the isolates to antibiotics was determined using the disc diffusion 228 

method as outlined by Patel et al. (2011). Nine different antibiotics, namely ampicillin, 229 
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amoxicillin, chloramphenicol, kanamycin, tetracycline, ciprofloxacin, gentamycin, 230 

vancomycin, and erythromycin, were tested. The antibiotic discs were obtained from 231 

bioMérieux (Lyon, France). The diameters of the inhibition zones around the antibiotic discs 232 

were measured in millimeters (mm) and compared to the guidelines provided by the Clinical 233 

and Laboratory Standards Institute (CLSI). Based on these comparisons, the isolates were 234 

categorized as resistant, intermediate, or susceptible to each antibiotic. 235 

 236 

Assessment of hemolysin activity 237 

The assessment of hemolysin activity, which is the ability of some bacteria to lyse red 238 

blood cells and cause hemolysis, was conducted on Columbia blood agar (Oxoid) 239 

supplemented with 5% v/v human blood. The plates were incubated at 37ºC for 48 hours and 240 

the bacteria were observed for the presence of clearance zones around the colonies, which 241 

indicate the degree of hemolysis (Bazireh et al., 2020).  Thus, green zones around the colonies 242 

were estimated as α-hemolytic, clear zones around the colonies were estimated as ß-243 

hemolytic, and no-zones around the colonies were interpreted as ϒ-hemolytic. 244 

 245 

2.8.Genomic DNA extraction and PCR 246 

 247 

Genomic DNA extraction was performed using the AxyPrep bacterial genomic DNA 248 

miniprep kit (Axygen Biosciences, Union City, CA, USA) according to the manufacturer’s 249 

instructions. Primers; FD1 '5CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCAG3' 250 

and RD1 '5CCCGGGATCCAAGCTTAAGGAGGTGATCCAGCC3' (Weisburg et al., 1991) 251 

were used for amplification the 16S rRNA gene.  The primers were obtained from Bioserve 252 

Company (Cairo, Egypt). PCR was conducted using a T100 thermal cycler system (Bio Rad, 253 

Hercules, CA, USA) with PCR Master Mix from Fermentas (Life Sciences, Vilnius, 254 

Lithuania). PCR amplifications were analyzed by electrophoresis. The purification of the PCR 255 

products was carried out using a QIAquick PCR purification kit (Qiagen, Hilden, Germany).  256 

 257 

2.9. DNA sequencing and analysis 258 

 259 

Sequencing was performed utilizing the dideoxy chain termination method as 260 

described by Sanger et al. (1977). A comprehensive analysis was then undertaken to unravel 261 

sequence similarities and gain insights into genetic relationships. The BLAST search tool, 262 

available through the National Centre of Biotechnology Information (NCBI) (Altschul et al., 263 
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1990) was employed to explore sequence homologies and make comparisons against a diverse 264 

genetic database. Subsequently, the obtained sequences were aligned using the CLUSTALW 265 

interface, and a phylogenetic tree was constructed using the MEGA7.0 software tool, 266 

accessible at http://www.megasoftware.net/.  267 

 268 

2.10. Nucleotide sequence accession numbers 269 

The amplified sequences of the 16S rRNA gene have been deposited in the GenBank 270 

database under accession numbers: OQ860807 E. faecalis-NM231, OQ860810 E. faecium-271 

NM234, OQ860809 E. faecium-NM233, KC878684.1 E. faecium-NM113, OQ860808 E. 272 

durans-NM232, OQ860811 E. faecalis-NM235 and OQ860812 E. faecium-NM236. 273 

 274 

2.11. In vivo evaluation of the probiotic isolates 275 

  276 

Experimental animals 277 

A total of 42 female Swiss albino mice, 12 weeks of age, were obtained from the 278 

National Research Centre (NRC), Egypt and housed at the NRC's animal facility. The mice 279 

were carefully maintained under controlled environmental conditions, including a temperature 280 

range of 18-20°C, 20% humidity, and a 12-hour light/12-hour dark cycle. All animal 281 

experiments adhered to the ethical guidelines of the NRC (Egypt) and received approval from 282 

its ethical committee. At the conclusion of the one-month experiment, the mice were 283 

humanely euthanized via decapitation under anesthesia, administered by a trained individual 284 

using thiopental sodium (50 mg/kg), as previously demonstrated (Atef et al., 2018; Marquardt 285 

et al., 2018) following the AVMA Guidelines for the Euthanasia of Animals: 2020 Edition.  286 

Administration of probiotic isolates and challenge with C. jejuni OR1 287 

For the administration of probiotic isolates and the subsequent challenge with C. jejuni 288 

OR1, the 42 mice were divided into seven groups (n=6), each receiving specific treatments as 289 

detailed in Table 1. A consistent dose of 109 colony-forming units (CFU) in 200 μL of PBS 290 

was orally administered for both probiotic and C. jejuni OR1. The groups included: 1) Control 291 

(A), which received only 200 μL of PBS buffer; 2) Control (B), serving as the positive control 292 

group for probiotics, received a mixture of seven probiotic strains (E. faecalis NM231, E. 293 

faecium-NM234, E. faecium-NM233, E. faecium-NM113, E. durans-NM232, E. faecalis-294 

NM235, E. faecium-NM236) without any challenge; 3) Mice treated with the same mixture of 295 

seven probiotic strains and challenged with C. jejuni OR1 at the specified dose; 4) Mice 296 

http://www.megasoftware.net/
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treated with the probiotic strain E. faecium-NM234, while 5) another group received E. 297 

faecalis-NM235, 6) a separate group was treated with E. faecium-NM236. All three groups 4, 298 

5 and 6 were subsequently challenged with C. jejuni OR1at the specified dose; and 7) a 299 

challenge control group which solely received C. jejuni OR1 orally at the specified dose.  300 

 301 

Table 1 302 

 Experimental mice groups with treatments including probiotic and C. jejuni OR1 303 

challenge  304 

Group Administration  Challenge  

1- Negative control (a) PBS buffer  NA 

2- Probiotic control (b) Mix Probiotics (NM231, NM234, 

NM233, NM113, NM232, NM235, 

NM236)  

NA 

3- Mix Probiotics (NM231, NM234, 

NM233, NM113, NM232, NM235, 

NM236) 

C. jejuni OR1 

4-  Probiotic strain NM234 C. jejuni OR1 

5- Probiotic Strain NM235 C. jejuni OR1 

6- Probiotic Strain NM236 C. jejuni OR1 

7- Challenge control  PBS buffer C. jejuni OR1 

   NA: not applicable. 305 

 306 

Histopathology protocol 307 

Following the humane sacrifice of the experimental mice, a postmortem-examination 308 

was conducted, and tissue specimens were collected from the jejunum, colon, ovaries, and 309 

uterus. These tissue specimens were initially fixed in 10% neutral buffered formalin (NBF) 310 

overnight and subsequently transferred to 70% ethanol. This step was undertaken to preserve 311 

the epitopic structural features of the C. jejuni antigenic protein, safeguarding it from the 312 

effects of formalin fixation. Standard tissue processing procedures, including dehydration, 313 

embedding in paraffin wax, and sectioning at 3-5 µm thickness, were meticulously carried 314 

out. The resulting paraffinized tissue blocks were prepared for subsequent histopathological 315 

and immunohistochemical examinations. Tissue slides were stained with hematoxylin and 316 
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eosin (H & E) for histopathological analysis, according to the method described by Suvarna et 317 

al. (2012). 318 

 319 

Immunohistochemistry protocol (IHC) 320 

The previously prepared paraffinized tissue blocks obtained from the jejunum, colon, 321 

ovary, and uterine tissue specimens, were sectioned at a thickness of 3 µm and mounted on 322 

positively charged slides. The antigen retrieval process for the C. jejuni antigen was initiated 323 

by immersing the slides in a 10% sodium citrate buffer solution, followed by autoclaving at 324 

20-25 PSI pressure (Pounds per Square Inch) for a duration of 5 minutes. Subsequently, the 325 

tissue slides were incubated with a rat anti-C. jejuni IgG3 monoclonal antibody, which was 326 

preserved in a solution containing 0.02% sodium azide and diluted in PBS buffer with 4% 327 

bovine serum albumin (BSA) and 0.05% Tween at pH 7.4. The antibody was used at a 328 

dilution rate of 1:10, as recommended by the manufacturer. The specific antibody employed 329 

in this experiment was procured from Abcam Co, UK, with the serial number ab8063. For the 330 

immunohistochemical staining process, the CRFTM anti-polyvalent HRP Polymer (DAB) 331 

detection kit was utilized, and it was imported from Scy Tek Laboratories, USA. This kit is 332 

characterized by species specificity against mice, rats, and rabbits. The experimental design 333 

included negative, positive, and challenge control groups. After the immunohistochemical 334 

procedure, the tissue slides were counterstained with hematoxylin and subsequently examined 335 

under a light microscope. Positive findings were indicated by varying degrees of coloration, 336 

ranging from light brown to golden brown or deep brown, which corresponded to the 337 

antigenic intensity observed in the examined tissues, as compared to the three control groups 338 

slides (Kim et al., 2016).  339 

3. Results 340 

3.1.Isolation of lactic acid bacteria from stool samples  341 

The isolation of colonies from the stool samples has been processed as described in 342 

the methods section, the gram positive and catalase negative colonies were picked and 343 

inspected for their tolerance to pH 2.0, bile salts up to 3%, and resilience to pancreatic 344 

enzymes. Thus, we identified 230 isolates to screen against the Campylobacter strains. 345 

 346 

3.2.Screening the isolates against Campylobacter strains in vitro 347 

 348 
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The supernatants of the 230 isolates were subjected to initial screening against four 349 

Campylobacter strains: C. jejuni-OR1, C. coli-OR12, C. jejuni-81116, and C. jejuni-12661. 350 

Among these isolates, 15 were identified that displayed more than 50% inhibition with 351 

neutralized and non-neutralized supernatants, as determined by the quantification of 352 

Campylobacter viable counts.  353 

3.3.Co-culture of the selected isolates with Campylobacter spp.  354 

 355 

When the co-culture method was applied using the selected fifteen isolates, the results 356 

revealed the growth reduction of the four Campylobacter strains (Table 2). Viable counts 357 

were determined after the incubation for 48 h at 37 °C of the co-cultures on MRS agar 358 

anaerobically and CCDA agar microaerobically to support the growth of LAB and 359 

Campylobacter respectively. The results revealed obvious reduction in Campylobacter strain 360 

growth, where the Campylobacter strains showed counts of 1.7–3.3 Log 10 CFU/mL from the 361 

co-cultures compared to their growth alone recorded at 7.00 Log 10 CFU/mL. The viable 362 

count of fifteen LAB isolates did not change upon the co-culture with Campylobacter strains 363 

compared to their controls. 364 

3.4.Agar well diffusion 365 

 366 

To further confirm their inhibitory capacity, the 15 isolates were subsequently 367 

subjected to agar well diffusion test (Table 3) against all four strains of Campylobacter spp. 368 

This assay allowed for the detection of inhibition zones, providing additional evidence of their 369 

inhibitory potential. Consequently, seven isolates exhibiting substantial inhibitory effects 370 

were selected for further investigation.  371 

Table 2 372 

 Log 10 CFU/mL enumerated on MRS and CCDA agar plates after co-culture with the 373 

fifteen isolates with Campylobacter strains  374 

Isolate 

Code no. 

 Log 10 CFU/ml on agar plates after co-culture 

C. jejuni OR1 C. coli OR12 C. jejuni 81116 C. jejuni 12661 

 MRS CCDA MRS CCDA MRS CCDA MRS CCDA 

1 9.30 2.08 9.18 2.08 9.18 2.08 9.18 2.30 

10 9.18 3.30 9.18 2.08 9.18 2.08 9.18 3.00 
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11 9.00 3.25 9.18 2.08 9.18 2.08 9.18 2.30 

23 9.30 2.00 9.11 1.03 9.18 2.00 9.18 1.84 

24 9.08 1.70 9.18 2.08 9.18 2.08 9.18 2.08 

26 8.30 3.08 9.18 2.08 9.18 2.08 9.18 2.08 

32 9.30 1.84 9.18 2.08 9.18 2.08 9.18 2.08 

34 9.30 1.95 9.18 2.08 9.18 2.08 9.18 2.08 

38 8.00 2.60 9.18 2.08 9.18 2.08 9.18 2.84 

40 8.18 2.30 9.18 2.08 9.18 2.08 9.18 2.95 

52 9.18 2.08 9.18 2.08 9.18 2.08 9.18 2.15 

53 9.18 2.08 9.18 2.08 9.18 2.08 9.18 2.15 

67 9.08 2.00 9.18 2.08 9.18 2.08 9.11 2.11 

84 9.00 2.08 9.00 2.08 9.00 2.08 8.00 3.04 

91 9.00 2.00 9.00 2.08 9.00 2.00 8.30 3.00 

Control C. jejuni OR1 in axenic culture produced a viable count of 7.00 Log 10 CFU/mL. 375 

Table 3  376 

Agar diffusion diameter of inhibition zone for the probiotic isolates against 377 

Campylobacter strains 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

In the absence of the probiotic the campylobacters show no inhibition zone. 391 

Species determination 

& name 

Isolate 

Code no. 

Inhibition zone diameter (mm) 

C. jejuni 

OR1 

C. coli 

OR12 

C. jejuni 

81116 

C. jejuni 

12661 

E. faecium NM113 32 (1)  25±1 10±1 8±1 13±1 

E. faecalis NM231 1 (2) 21±0 13±1 6±1 12±1 

E. durans NM232 34 (3) 24±0 10±1 10±1 12±1 

E. faecium NM233 24 (4) 23±1 8.5±1 10±1 10±0 

E. faecium NM234 23 (5) 28±1 12±1 12±1 9±1 

E. faecalis NM235 67 (6) 23±1 8±1 11±1 10±0 

E. faecium NM236 91(7) 23±1 12±0 6±1 12±1 

 38 (8) 21±1 14±1 10±1 15±1 

 52 (9) 20±1 14±1 17±1 10±0 

 10 (10) 20±1 12±0 10±1 8.2±1 

 26 (11) 21±0 0 10±1 13±0 

 53 (12) 20±0 8±0 5±1 3±0 

 40 (13) 21±1 0 5±1 19±1 

 84 (14) 20±1 11±1 10±1 0 

 11 (15) 20±0 0 5±1 10±1 
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Values represent averages ± standard deviations of triplicate experiments.  392 

 393 

3.5.Adhesion assays against C. jejuni-OR1 394 

 395 

We investigated the in vitro capacity of the seven candidate probiotic isolates (1, 23, 396 

24, 32, 34, 67, and 91) to competitively inhibit the adhesion of C. jejuni-OR1 to HT29 397 

colorectal cells in culture. Figure 1 illustrates the ability of these seven isolates to hinder the 398 

adhesion of C. jejuni-OR1 to HT29 cells. Notably, isolate number 23 exhibited the highest 399 

inhibition rate, while isolate number 34 displayed the lowest inhibition rate among isolates 400 

tested.  401 

 402 

Fig. 1. Inhibition of C. jejuni-OR1 adhesion to HT29 cells by selected probiotic isolates 403 

 404 

3.6.Evaluation of probiotic characteristics 405 

The seven isolates underwent a comprehensive evaluation of their probiotic 406 

characteristics, encompassing tolerance to acid and bile salts, antibiotic resistance, and 407 

hemolytic activity. In terms of acid tolerance, the seven isolates exhibited a robust to survive 408 

under low pH conditions, with survival rates ranging from 88.5% to 95.5% when exposed to 409 

pH 2.0 for 3 h (Table 4). The isolates displayed noteworthy resilience to bile salts over 3 h 410 

incubation with survival rates ranging from 98.5% to 80.5% at concentrations of 0.3% to 1% 411 

(Table 4). Furthermore, the susceptibility of the isolates to ten antibiotics, as outlined in the 412 

Methods section, was assessed using the agar diffusion method. The results presented in 413 

Table (5) reveal that all seven isolates demonstrated different patterns of susceptibility, but all 414 
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were resistant to chloramphenicol and susceptible to tetracycline. Screening on blood agar 415 

plates confirmed that none of the seven isolates displayed any hemolytic activity. 416 

 417 

 418 

 419 

 420 

 421 

Table 4 Acid tolerance and bile salt resistance of selected isolates. 422 

 Acid Tolerance  

Survival (%) 

Bile Salt 

Resistance  

(Survival % ) 

Species 

determination 

Isolate pH 2.0 (3 h) Bile Salt (0.3%) Bile 

Salt 

(1%) 

E. faecium NM113 1 95.5 ± 2.0 95.5 ± 1.0 80.5 

± 1.3 

E. faecalis NM231 23 90.5 ± 1.0 98.5 ± 1.0 85.2 

± 1.0 

E. durans NM232 24 90.0 ± 1.4 96.4 ± 2.0 83.5 

± 1.2 

E. faecium NM233 32 88.5 ± 1.5 95.5 ± 2.0 81.5 

± 1.5 

E. faecium NM234 34 91.2 ± 2.0 97.5 ± 1.5 84.7 

± 2.0 

E. faecalis NM235 67 90.5 ± 2.0 97.5 ± 1.0 85.5 

± 1.2 

E. faecium NM236 91 89.5 ± 1.0 98.4 ± 1.0 86.5 

± 1.0 
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 423 

 424 

  425 
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Table 5 Antibiotic susceptibility of selected isolates. 426 

  Diameters of inhibition zone (mm) and susceptibility 

Species 

determination 

Isolate Van 

30 µg 

Ery 

15 µg 

Gen 

10 µg 

Kan 

30 µg 

Amx 

30 µg 

Tet 

30 µg 

Amp 

10 µg 

Cm 

30 µg 

Cip 

15 µg 

E. faecium 

NM113 

1 I S S I S S I R S 

E. faecalis 

NM231 

23 I I S S S S R R S 

E. durans 

NM232 

24 I R I S I S R R S 

E. faecium 

NM233 

32 R S I S I S R R I 

E. faecium 

NM234 

34 S I S S S S R R I 

E. faecalis 

NM235 

67 I I R S I S I R S 

E. faecium 

NM236 

91 R I S S I S I R I 

Diameters of inhibition zones were measured, and the results expressed in terms of resistant 427 

(R), intermediate (I) and susceptible (S) according to cut off levels proposed by the NCCLS. 428 

Data represents three independent experiments. Van, Vancomycin; Ery, erythromycin; Te, 429 

tetracycline; Amp, ampicillin; Amx, Amoxicillin; Cip, ciprofloxacin; Gen, Gentamycin; Cm, 430 

chloramphenicol; Kan, Kanamycin. 431 

 432 

3.7.Molecular identification  433 

The seven isolates that exhibited competitive inhibition against Campylobacter strains 434 

underwent molecular identification through the amplification and sequencing of their 16S 435 

rRNA genes. The sequencing analysis confirmed their classification within the Enterococcus 436 

genus. Subsequently, partial sequences of their 16S rRNA genes were submitted to GenBank, 437 

and each isolate was assigned a unique accession number. The isolates were identified and 438 

designated as follows: E. faecalis-NM231 (OQ860807), E. faecium-NM234 (OQ860810), E. 439 
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faecium-NM233 (OQ860809), E. faecium-NM113 (KC878684.1), E. durans-NM232 440 

(OQ860808), E. faecalis-NM235 (OQ860811), E. faecium-NM236 (OQ860812). 441 

3.8.Histopathological observations 442 

Jejunum and Colon 443 

Histopathological examination revealed the maintenance of tissue integrity in group 444 

(2). This group was treated exclusively with the seven selected probiotic strains: E. faecalis-445 

NM231, E. faecium-NM234, E. faecium-NM233, E. faecium-NM113, E. durans-NM232, E. 446 

faecalis-NM235, and E. faecium-NM236, without any challenge from C. jejuni. Group (3), 447 

which received the seven Enterococcus probiotic strains but was also challenged with C. 448 

jejuni, showed similar normal tissue histology. Group (4), treated with a combination of E. 449 

faecium-NM234 and C. jejuni, exhibited histological features similar to those of the negative 450 

control mice (group 1) and differed from the C. jejuni-treated mice (challenge control-group 451 

7), which displayed significant histological abnormalities. These groups exhibited intact and 452 

healthy jejunum with normal crypts of Lieberkühn. In the colon, they displayed normal villi 453 

with an intact lining epithelium and active goblet cells as in Figure (3) [G1, G2, G3, and G4]. 454 

Conversely, the groups treated with E. faecalis-NM235 and E. faecium-NM236 455 

probiotic strains (G5 and G6, respectively) showed no protection against C. jejuni infection. 456 

This was evident from the severe desquamation in the lining epithelium of the intestinal villi 457 

in the jejunum, coupled with severe degeneration and necrosis of the crypts of Lieberkühn as 458 

in Figure 3 (G5 and G6). These observations mirrored those seen in the C. jejuni-treated mice 459 

(challenge control-group 7), which exhibited severe necrosis and exfoliation of the intestinal 460 

villi lining epithelium (Figure 3 - G7). 461 

Fig 2: Histopathological findings in the jejunum and colon tissues 462 
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G1 (negative control group (a)): jejunum of PBS-treated mice showed complete normal 463 

archticture and tissue details of jejunal tissue, as intact healthy intestinal villi (black arrow) 464 

and normal crypts of lieberkuhn (yellow arrow) X 200. G2 (positive control group (b)): 465 

Colon of treated mice with the mix of the selected seven probiotic strains without C. jejuni 466 

challenge exhibited normal intestinal villi with intact lining epithelium and active goblet cells 467 

(arrow) X 100. G3: Colon of the of treated mice with the mix of the selected seven probiotic 468 

strains and challenged with C. jejuni showed normal intestinal villi with intact lining 469 

epithelium and active goblet cells (arrow) X 100. G4: Colon of the treated mice with E. 470 

faecium NM234 and challenged with C. jejuni displayed healthy, active intestinal villi 471 

associated with the intact lining epithelium and active goblet cells (black arrow) and normal 472 

crypts of lieberkuhn (yellow arrow) X 200. G5: Jejunum of the mice treated with E. faecium 473 

NM235 and challenged with C. jejuni showed complete desquamation for the lining 474 

epithelium of the intestinal villi leaving the intestinal villi tissue core alone (black arrows) X 475 

400. G6: Jejunum of the treated mice E. faecium NM236 probiotic strains and challenged 476 

with C. jejuni also showed severe 477 

exfoliation for the lining epithelium of 478 

the intestinal villi (black arrow) 479 

accompanied with severe degeneration 480 

and necrosis of the crypts of lieberkuhn 481 

(yellow arrow) X 200. G7 (challenge 482 

control group): The treated mice with 483 

C. jejuni demonstrated severe necrosis 484 

and exfoliation of the entire lining 485 

epithelium of most of the intestinal villi 486 

(arrows) X 400. 487 

 488 

 489 

 490 

 491 

 492 

 493 

 494 

Ovary and Uterus 495 
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The histopathological examination of ovarian and uterine tissues revealed a consistent 496 

tissue protection pattern against C. jejuni infection in mice groups subjected to treatment with 497 

the selected seven probiotic strains, both with and without C. jejuni challenge. This protective 498 

effect was also evident in the groups treated with the E. faecium-NM234 probiotic strain (G2, 499 

G3, and G4) when compared to the negative control mice group (G1). 500 

In these groups, the ovarian tissue displayed a structurally normal appearance with multiple 501 

follicular stages and corpora lutea. The uterine tissue exhibited well-developed endometrial 502 

folding and uterine glands, reflecting normal histological features as shown in Figure 4 (G1, 503 

G2, G3, and G4). Conversely, the mice groups treated with E. faecalis-NM235 and E. 504 

faecium-NM236 probiotic strains (G5 and G6) did not exhibit protective effects on ovarian 505 

and uterine tissues. These groups displayed histopathological alterations, including moderate 506 

degeneration and desquamation in ovarian follicle granulosa cells. The uterus exhibited signs 507 

of suppurative endometritis, characterized by a moderate diffuse infiltration of inflammatory 508 

cells, primarily polymorphic nuclear neutrophils, in the uterine lumen, along with exfoliations 509 

in the endometrial lining epithelium as 510 

shown in Figure 5 (G5 and G6). These 511 

histopathological changes closely 512 

resembled those observed in the group 513 

solely treated with C. jejuni, serving as the 514 

challenge control (G7), which exhibited 515 

ovarian degenerative changes and uterine 516 

suppurative endometritis as in Figure 5 517 

(G7). 518 

  519 

 520 

Fig 3: Histopathological findings in 521 

ovary and uterus (groups 1, 2, 3, and 4) 522 

G1a & b: The control mice group showed 523 

that; the ovarian tissue appeared normal, 524 

active with different developmental stages 525 

of the ovarian follicles and corpora lutea 526 

(arrows in fig. G1a) X 100. The uterus 527 

displayed normal and well-developed 528 
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endometrial folding and active 529 

uterine glands (arrows in fig. G1b) X 530 

100. G2 a & b: The selected seven 531 

probiotic strains-treated mice without 532 

challenge showed normal, active 533 

ovary in the follicular stage with 534 

different developmental stages of the 535 

ovarian follicles adjacent to each 536 

other (arrows in fig. G2a) X 100. The 537 

uterus displayed physiologically 538 

active endometrial layer with the 539 

development of primary and 540 

secondary endometrial folding 541 

(arrows in fig. G2 b) X 100. G3 a & 542 

b: The selected seven probiotic 543 

strains-treated mice challenged with 544 

C. jejuni challenge exhibited active 545 

ovarian tissue in the follicular stage 546 

with the presence of multiple mature ovarian follicles and secondary follicles adhering to each 547 

other (arrows in fig. G3a) X 100. The uterus showed a well-developed active endometrium 548 

with the presence of a primary and secondary endometrial folding and narrow uterine lumen 549 

(arrows in fig. G3b) X 100. G4a & b: The E. faecium NM234 probiotic-treated mice showed 550 

normal, active ovarian tissue with overcrowded follicles in different stages (arrows in fig. 551 

G4a). Uterus showed the development and folding of endometrium (black arrow in fig. G4a) 552 

with active and evenly distributed uterine glands (yellow arrow in fig G4b) X 100. 553 

 554 

 555 

Fig 5: Histopathological findings in ovarian and uterine tissues (groups G5, G6, and G7) 556 

 G5a & b: The mice treated with E. faecalis-NM235 showed that; moderate desquamation 557 

and degeneration of the granulosa cells of the ovarian follicles (arrows in fig. G5a) X 200. 558 

The uterus exhibited severe suppurative endometritis which displayed diffuse infiltration of 559 

the polymorphic nuclear neutrophils in the lumen of the uterus (black arrow in fig. G5b), 560 

associated with exfoliations in the endometrial lining epithelium (yellow arrow) X 200. G6a 561 
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& b: The mice group treated with E. faecium-NM236 revealed that; severe degeneration and 562 

necrosis of several ovarian follicles (arrows in fig. G6a) X 100. The uterus illustrated severe 563 

ulcerative endometritis characterized by multifocal desquamations in the lining epithelium of 564 

the endometrium (arrows in fig. G6b) X 100. Ovary of the mice treated with C. jejuni 565 

displayed moderate degeneration and desquamation of the granulosa cells in the antral 566 

follicles (arrows) X 200. G7a & b: The C. jejuni-treated mice (challenge control group) 567 

displayed moderate degeneration and desquamation of the granulosa cells in the antral 568 

follicles of the ovarian tissue (arrows in fig. G7a) X 200. The uterus illustrated a case of 569 

suppurative endometritis which characterized by intra-luminal aggregation of the 570 

inflammatory cells in the uterine lumen mainly macrophages and neutrophils (black arrow in 571 

fig. G7b). Also moderate degeneration in the lining epithelium of the endometrium 572 

accompanied with nuclear pyknosis (yellow arrows) X 200.    573 

 574 

3.9.Immunohistochemical detection of C. jejuni antigen. 575 

Intestinal immunohistochemical findings (IHC). 576 

In groups (2, 3, and 4), the probiotic protection was evidenced by the absence of 577 

immunoreactivity in both the jejunum and colon. This absence indicated that the C. jejuni 578 

antigen was not detected within the lining epithelium of the intestinal villi, Peyer's patches, or 579 

crypts of Lieberkühn. These findings were matching to the negative control mice group (G 1), 580 

as illustrated in Figure 6 (G1, G2, G3, and G4). 581 

Conversely, mice groups treated with E. faecalis-NM235 and E. faecium-NM236 582 

probiotic strains (G5 and G6) exhibited a strong positive golden brown immunoreaction. This 583 

reaction indicated the presence and localization of the C. jejuni antigen within the secretory 584 

and absorptive cells of the intestinal villi, as well as in the Peyer's patches as shown in Figure 585 

(6) (G5 and G6). These findings closely resembled the observations in the C. jejuni-treated 586 

mice, which served as the challenge control group (G7). In this control group, a strong 587 

positive golden-brown immunoreaction was evident in the infiltrated inflammatory cells 588 

among the basal crypts of Lieberkühn in the colon as shown in Figure 6 (G7). 589 

 590 
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Fig. 6. Immunohistochemical 591 

findings for the detection of the C. 592 

jejuni antigen in jejunum and 593 

colon tissue. 594 

G1 (negative control group): 595 

Jejunum of the PBS-treated rats 596 

showed no immunoreaction against 597 

the C. jejuni antigen in a 598 

histologically normal crypts of 599 

Lieberkühn (arrow) X 400. G2: 600 

Colon of the selected seven probiotic 601 

strains-treated mice-without C. jejuni 602 

challenge exhibited negative 603 

immunoreaction and absence of the 604 

C. jejuni antigen (to confirm the 605 

freeness of tissue from C. jejuni 606 

antigen) in the crypts of Lieberkühn 607 

(arrow) X 200. G3: Jejunum of the 608 

selected seven probiotic strains-609 

treated mice-with C. jejuni challenge 610 

showed negative immunoreaction due to absence of C. jejuni antigen in peyer's patches (black 611 

arrow) and crypts of Lieberkühn (yellow arrow) X 400. G4: Jejunum of the E. faecium-612 

NM234 probiotic strain-treated mice displayed negative immunoreaction in cells of both 613 

intestinal villi (black arrow) and lymphatic nodules (yellow arrow) X 400. G5: Jejunum of the 614 

E. faecalis NM235 strain probiotic strain-treated mice showed strong positive golden brown 615 

immunoreaction against the localized C. jejuni antigen in the immune cells of the intestinal 616 

lymphatic nodules (yellow arrows) and also found in the intestinal secretory cells (black 617 

arrow) X 1000. G6: Jejunum of E. faecium-NM236 probiotic strains-treated mice illustrated 618 

also strong positive golden brown immunoreaction against the localized C. jejuni antigen in 619 

cells of the intestinal lymphatic nodules (black arrow) and also found in the absorptive cells 620 

of the intestinal villi (yellow arrow) X 200. G7 (challenge control group): The C. jejuni-621 

treated mice illustrated strong positive golden brown immunoreaction in the infiltrated 622 

inflammatory cells among several crypts of lieberkuhn in the basal line of jejunum (arrows) X 623 

400. 624 
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 625 

 626 

 627 

 628 

Ovarian and Uterine Immunohistochemical Findings 629 

 630 

In the ovaries and uteri of groups (G2, G3, and G4), the immunoreactive findings were 631 

negative for the C. jejuni antigen. This absence of immunoreactivity was observed in both 632 

mature follicles and ovarian interstitial stromal cells, as well as in the endometrial epithelium 633 

and uterine glands. These findings were consistent with those of the negative control group 634 

(G1) as shown in Figure 7 (G1, G2, G3, and G4). 635 

On the other side; both of the E. faecalis-NM235 and E. faecium-NM236 probiotic 636 

strains-treated mice groups (G5 and G6) respectively exhibited no protection for the 637 

reproductive system where, the ovary showed moderate to strong positive intra-cytoplasmic 638 

golden brown immunoreaction against the C. jejuni antigen, which was detected in the 639 

infiltrated macrophages inside the ruptured mature follicles. Moreover, uterus detected a 640 

strong positive immunoreaction against the C. jejuni antigen in the intra-luminal infiltrated 641 

neutrophils and in the endometrial epithelium as in Figure 6 (G5 and G6). These findings 642 

were compared with the findings in the C. jejuni-treated mice in the challenge control group 643 

(G7) which displayed a strong positive intra-cytoplasmic golden-brown immunoreaction in 644 

the infiltrated macrophages near to the mature ovarian follicle and also noticed intra-645 

cytoplasmic in the infiltrated neutrophils in the lamina propria of the endometrium as in 646 

Figure 6 (G7). Conversely, in E. faecalis-NM235 and E. faecium-NM236 probiotic strain-647 

treated mice groups (G5 and G6), protection against C. jejuni infection in the reproductive 648 

system was not observed. The ovaries exhibited moderate to strong positive intracytoplasmic 649 

golden-brown immunoreactivity against the C. jejuni antigen, primarily within infiltrated 650 

macrophages inside ruptured mature follicles. Furthermore, the uteri displayed strong positive 651 

immunoreactivity against the C. jejuni antigen in intra-luminal infiltrated neutrophils and the 652 

endometrial epithelium as shown in Figure 8 (G5 - G6). These findings were comparable to 653 

those observed in the C. jejuni-treated mice, serving as challenge control group (G7). In this 654 

control group, strong positive intracytoplasmic golden-brown immunoreactivity was noted in 655 

infiltrated macrophages near mature ovarian follicles, as well as within infiltrated neutrophils 656 

in the lamina propria of the endometrium as shown in Figure 8 (G7). 657 
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 658 

Fig. 7. Immunohistochemical findings for the detection of the C. jejuni antigen in 659 

ovarian and uterine tissues (groups G1, G2, G3, and G4).  660 

G1 a & b: The PBS-treated mice showed that; Negative immunoreaction against the C. jejuni 661 

antigen in both mature follicles and the interstitial stromal cells of ovary (arrows in fig. G1a) 662 

X 400. Uterus also illustrated negative findings for the C. jejuni antigen in the endometrial 663 

epithelium and uterine glands (arrows in fig. G1b) X 1000. G2 a & b: The selected seven 664 

probiotic strains-treated mice without C. jejuni challenge showed negative immunoreactive 665 

findings against the C. jejuni antigen 666 

(to confirm the absence of the C. 667 

jejuni antigen in the sectioned 668 

tissues) in the ovarian mature 669 

follicles (arrows in fig. G2a) X 400, 670 

in the endometrial epithelium and 671 

uterine glands (arrows in fig. G2b) X 672 

1000. G3 a & b: The selected seven 673 

probiotic strains-treated mice-with C. 674 

jejuni challenge showed negative 675 

immunoreactive findings against the 676 

C. jejuni antigen in the ovarian 677 

mature follicles (arrow in fig. G3a X 678 

200), in the endometrial epithelium 679 

and uterine glands (arrow in fig. G3b 680 

X 400).  G4a & b: The E. faecium 681 

NM234 probiotic strain-treated mice 682 

displayed negative immunoreaction 683 

in cells of the ovarian tissue (arrows 684 

in fig. G4a) X 400 and in the 685 

endometrium (arrow in fig. G4b) X 1000. 686 

 687 

 688 

 689 
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 690 

 691 

 692 

 693 

 694 

 695 

 696 

 697 

 698 

Fig. 8. Immunohistochemical 699 

findings for the detection of the C. 700 

jejuni antigen in ovarian and 701 

uterine tissues (groups G5, G6, and G7).  702 

G5 a & b: E. faecalis NM235 probiotic strains-treated mice showed that; moderate positive 703 

intra-cytoplasmic golden-brown immunoreaction against the C. jejuni antigen in the 704 

infiltrated macrophages inside the ruptured mature follicles (arrows in fig. G5a) X 1000. 705 

Uterus also illustrated strong positive immunoreaction against the C. jejuni antigen in the 706 

endometrial epithelium and in the intra-luminal infiltrated neutrophils (arrows in fig. G5b) X 707 

1000. G6 a & b: The E. faecium NM236 probiotic strain-treated mice revealed that; The 708 

ovary showed strong positive intra-cytoplasmic golden-brown immunoreaction against the C. 709 

jejuni antigen in the infiltrated macrophages (yellow arrows in fig. G6a) around the mature 710 

ovarian follicle (black arrow in fig. G6b) X 1000. Uterus also showed the same findings in the 711 

infiltrated neutrophils in the endometrial submucosa (arrows in fig. 40) X 1000. G7 a & b: 712 

The C. jejuni-treated mice gave a strong positive intra-cytoplasmic golden-brown 713 

immunoreaction in the infiltrated macrophages (yellow arrows in fig. G7a) adjacent to the 714 

mature ovarian follicle (black arrow in fig. G7a) X 1000. A positive immunoreaction was also 715 

noted intra-cytoplasmic in the infiltrated neutrophils in the lamina propria of the endometrium 716 

(arrows in fig. G7b) X 1000. 717 
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 718 

 719 

 720 

4. Discussion 721 

Campylobacter remains a significant cause of foodborne infection in developed (EFSA, 722 

2022) and developing countries (Paintsil et al., 2023). Symptoms of Campylobacter infection 723 

include diarrhea, cramping, abdominal pain, and fever within two to five days after exposure 724 

to the organism (Connerton and Connerton, 2017). Furthermore, it has been implicated in 725 

reproductive losses and abortions in various animal species, making it a concerning pathogen. 726 

The primary mode of infection transmission is through the gastrointestinal tract, where it 727 

colonizes humans and various animal species, serving as a reservoir for infection through 728 

fecal shedding (Lashley et al. 2019). Biosecurity measures aimed to reduce the exposure and 729 

transmission of campylobacters on farm and during post-harvest processing have had a 730 

limited impact in developed countries but are not feasible for small holders and subsistence 731 

farmers. Sustainable and affordable intervention strategies are sorely needed. 732 

Probiotics represent a valuable natural strategy to limit the impact of intestinal 733 

pathogens, our study aimed to isolate probiotic bacteria from human gut microbiome able to 734 

compete the C. jejuni and C. coli as the major species responsible for human infection 735 

(Śmiałek et al., 2021). We screened 230 isolates against Campylobacter spp. from which 736 

fifteen isolates passed the initial evaluation by exhibiting inhibition over 50% in neutralized 737 

supernatants. We reduced these to seven candidate probiotic strains on the basis of their 738 

ability to out-compete four strains of Campylobacter spp. when tested by co-culture, produced 739 

inhibition in agar well diffusion and succeeded to inhibit C. jejuni-OR1 adhesion to HT29 740 

cells in vitro. 741 

The seven isolates were identified on the basis of the 16S rRNA gene sequences as E. 742 

faecalis NM231, E. faecium NM234, E. faecium NM233, E. faecium NM113, E. durans 743 

NM232, E. faecalis NM235, E. faecium NM236. To achieve their health benefits, probiotic 744 

strains must be able to survive and maintain their activity as they pass through the human 745 

body. They face the acidic gastric juice in the stomach expressing low pH (2-3) (Derrien and 746 

van Hylckama Vlieg, 2015) then they expose to the bile salt which cause disruption to the 747 

membrane  of the sensitive microorganisms while they pass through the stomach loop of the 748 

small intestine (Ilango et al., 2016). Therefore, the seven strains were evaluated for their 749 
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ability to act as probiotics and demonstrated their tolerance to low pH (2.00) and bile salts up 750 

to 1%. They expressed high tolerance and stability in these harsh conditions and their survival 751 

ranged from (80.5 – 98.5%).  752 

For evaluation of their safety, the seven isolates were tested for their susceptibility to 753 

nine antibiotics where they showed susceptibility or intermediate status to most of the 754 

antibiotic tested but could be differentiated from each other. All of them showed resistance to 755 

chloramphenicol while two isolates showed resistance to vancomycin, and one isolate 756 

resistance to ampicillin. However, the other studies have shown that the resistance of 757 

Enterococcus spp. to be wide-ranging according to the source, species and strain (Yerlikaya 758 

and Akbulut 2019).  The assessment of hemolytic activity is strongly recommended for 759 

evaluation the safety of the probiotic strains, even if they have GRAS (Generally recognized 760 

as safe) status. None of the seven isolates showed α- hemolytic or β-hemolytic activity. The 761 

absence of hemolysin is indicative that they are non-virulent strains (Wang et al., 2020).  762 

It is established that the action of probiotics can be strain-specific, however the 763 

reduction of adhesion and inhibitory action of Enterococcus spp. against Campylobacter 764 

strains could be the result of releasing of antimicrobial compounds such as hydrogen 765 

peroxide, organic acids,  bacteriocins known as "Enterocins" or other bacteriostatic substances 766 

which suppress the pathogens (Achemchem et al., 2012; Ait Meddour et al., 2015; Elmoslih et 767 

al., 2017).  768 

When the strains administrated to mice groups, the histopathological findings in our 769 

study revealed a protective performance against the C. jejuni infection for two groups of mice 770 

containing either a mix of the seven prebiotic strains (G3) orthe strain E. faecium NM234 771 

alone (G4).  In contrast to the infection control these group (G7) did not show evidence of 772 

pathological changes in the jejunum, colon, ovary, and uterus. While groups (G5) and (G6) 773 

which contain single strains of E. faecalis NM235 and E. faecium-NM236 respectively 774 

demonstrated significant differences in terms of tissue protection exhibited severe 775 

degenerative and necrotic changes in these tissues, including supportive endometritis which 776 

were similar to the challenge control group (G7), where only C. jejuni was administered. 777 

Immunohistochemical examination confirmed the histological results as it revealed no 778 

detection of the C. jejuni antigen in jejunum, colon, ovary and uterus in groups (G5) and (G6) 779 

that confirmed no protection against invasion and colonization for the C. jejuni  for these two 780 

probiotic strains in contrast to probiotic strains in the other groups (G3) and (G4).   781 
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The mechanisms underlying C. jejuni pathogenesis involve several stages, including 782 

intestinal cell adhesion, colonization of the digestive lining epithelium, targeted cell invasion, 783 

and toxin production. Additionally, C. jejuni can secrete a heat-labile exotoxin known as 784 

cytolethal distending toxin (CDT), which induces degenerative and necrotic changes in 785 

eukaryotic cells (Pedersen et al., 2018).  Our findings in groups G5 and G6, particularly the 786 

occurrence of suppurative endometritis and the immunohistochemical detection of the C. 787 

jejuni antigen within the examined tissues, align with previous research conducted by (Sanad 788 

et al., 2014).  These reports highlight the similarity in the pathogenesis of C. jejuni infections 789 

in different species, including humans and animals. This pathogenesis encompasses 790 

gastroenteritis, placentitis, endometritis, and fetal infection, ultimately culminating in late-791 

stage pregnancy abortions. In essence, across various pregnant species, including humans, 792 

cattle, and sheep, C. jejuni infection is consistently associated with abortion. This is primarily 793 

attributed to the development of necrotizing suppurative placentitis and endometritis, which 794 

coincide with an upregulation of host genes responsible for pro-inflammatory cytokines. 795 

Consequently, these processes lead to suppurative inflammation and cellular necrosis. 796 

Additionally, Kreuder et al. (2019) have reported on the reproductive impact of C. jejuni, 797 

highlighting its capacity to trigger abortion storms and impose significant economic losses on 798 

infected ovine flocks. 799 

Furthermore, the presence of C. jejuni in the intestinal, ovarian, and uterine tissues in 800 

groups G5 and G6, as confirmed by immunohistochemical analysis, may be attributed to the 801 

bacterium's repertoire of proteases and peptidases. These enzymes play critical roles in 802 

various cellular processes of C. jejuni, including protein quality control and transport across 803 

membranes,  804 

However, from a histopathological perspective, these enzymes are unequivocally classified as 805 

virulence factors. They play a pivotal role in promoting cellular invasion and the cleavage of 806 

crucial host cell factors, including epithelial cell junction proteins. Ultimately, these 807 

contribute to the observed intestinal tissue damage (El-Shibiny et al., 2005).   808 

In conclusion, our study provides valuable insights into the protective potential of 809 

specific probiotic strains directed against C. jejuni infection in various tissues, specially strain 810 

E. faecium NM234. While some probiotic strains demonstrated effectiveness in preventing 811 

tissue damage and invasion by C. jejuni, others were less successful in providing protection. 812 

These findings emphasize the complexity of host-pathogen interactions and the need for 813 

further research to elucidate the specific mechanisms underlying probiotic-mediated 814 

protection against C. jejuni infections. Understanding these mechanisms can inform the 815 
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development of more effective probiotic-based interventions to mitigate the impact of C. 816 

jejuni in both humans and animals, particularly in cases involving reproductive complications 817 

and abortion. Finally, we propose the probiotic bacterium E. faecium NM234 as a candidate 818 

against Campylobacter infection for pharmaceutical and animal feed preparations. As a result, 819 

additional studies will be conducted on the seven strains, including whole genome sequencing 820 

and transcriptome profiling, to guarantee their safety and genetic function before moving on 821 

to clinical and feed formulations. 822 

 823 

Declaration of Competing Interest 824 

 825 

The authors declare that they have no known competing financial interests or personal 826 

relationships that could have appeared to influence the work reported in this paper. 827 

 828 

Acknowledgements  829 

 830 

 This work has been done at the National Research Centre, Egypt. This work has been 831 

funded by the Newton Institutional Links fund agreement No. RGS121160 between 832 

Nottingham University-UK and National Research Centre-Egypt, in addition to partial fund 833 

from National Research Centre - Egypt 834 

 835 

Ethical Approval   836 

 837 

This study was approved according to Ethics of Medical Research Committee of 838 

National Research Centre, Al Buhouth st. Dokki- Cairo Egypt (No 7497082023).  839 

 840 

 841 

References 842 

Achemchem, F., Cebrián, R., Abrini, J., Martínez-Bueno, M., Valdivia, E., Maqueda, M., 843 

2012. Antimicrobial characterization and safety aspects of the bacteriocinogenic 844 

Enterococcus hirae F420 isolated from moroccan raw goat milk. Can J Microbiol 58:596–845 

604. https://doi.org/10.1139/w2012-027. 846 



31 
 

Adnan, M., Patel, M., Hadi, S., 2017. Functional and health-promoting inherent attributes of 847 

Enterococcus hirae F2 as a novel probiotic isolated from the digestive tract of the 848 

freshwater fish Catla catla, Peer J. 5:e3085. https://doi.org/10.7717/peerj.3085. 849 

Ait Meddour, A., Bendali, F., Sadoun, D., 2015. Anti-adherence potential of Enterococcus 850 

durans cells and its cell-free supernatant on plastic and stainless steel against foodborne 851 

pathogens. Folia Microbiol 60:357–363. https://doi.org/10.1007/s12223-014-0367-6 852 

Altschul, S.F., Gish, W., Miller, W., Myers, E.W., Lipman, D.J., 1990. Basic local alignment 853 

search tool. J. Mol. Biol. Oct 5; 215(3):403-10. doi: 10.1016/S0022-2836(05)80360-2.  854 

Atef, M., El-Sayed, S.M., El-Kholy, W.M., El-Shafei, R.A., 2018. Protective effect of 855 

Lactobacillus plantarum and Lactobacillus casei against acrylamide-induced genotoxicity 856 

in mice. Environ. Sci. Pollut. Res. 25:24015-24025. https://doi.org/10.1007/s11356-018-857 

2698-9.  858 

AVMA Guidelines for the Euthanasia of Animals: 2020 Edition. American Veterinary 859 

Medical Association. 860 

Bazireh, H., Shariati, P., Azimzadeh Jamalkandi, S. et al., 2020. Isolation of Novel Probiotic 861 

Lactobacillus and Enterococcus Strains from Human Salivary and Fecal Sources. Front 862 

Microbiol. 11:5979465. https://doi.org/10 .3389/fmicb .2020 .597946. 863 

Burnham, P.M., Hendrixson, D.R., 2018. Campylobacter jejuni collective components 864 

promoting a successful enteric lifestyle. Nat. Rev. Microbiol. 16:551–565. 865 

https://doi.org/10.1038/s41579-018-0043-7.  866 

Candela, M., Perna, F., Carnevali, P., Vitali, B., Ciati, R., Gionchetti, P., Rizzello, F., 867 

Campieri, M., Brigidi, P., 2008. Interaction of probiotic Lactobacillus and 868 

Bifidobacterium strains with human intestinal epithelial cells: adhesion properties, 869 

competition against enteropathogens and modulation of IL-8 production. Int. J. Food 870 

Microbiol. 31;125 (3):286-92. doi: 10.1016/j.ijfoodmicro.2008.04.012. Epub 2008 Apr 871 

30. PMID: 18524406. 872 

Chandel, D., Sharma, M., Chawla, V. et al., 2019. Isolation, characterization and 873 

identification of antigenotoxic and anticancerous indigenous probiotics and their 874 

prophylactic potential in experimental colon carcinogenesis. Sci. Rep. 9: 14769 (2019). 875 

https://doi.org/10.1038/s41598-019-51361-z . 876 

https://doi.org/10.7717/peerj.3085
https://doi.org/10.1007/s11356-018-2698-9
https://doi.org/10.1007/s11356-018-2698-9
https://doi.org/10%20.3389/fmicb%20.2020%20.597946
https://doi.org/10.1038/s41579-018-0043-7


32 
 

Chen, S-M., Chieng, W-W., Huang, S-W., et al. 2020. The synergistic tumor growth-877 

inhibitory effect of probiotic Lactobacillus on transgenic mouse model of pancreatic 878 

cancer treated with gemcitabine. Sci. Rep. 10:1 –12 . https://doi.org/10 .1038/s41598 -879 

020-69976-4.  880 

Connerton, I.F.; Connerton, P.L. 2017. Campylobacter foodborne disease. In Foodborne 881 

Diseases, 3rd ed., Dodd, C.E.R., Aldsworth, T., Stein, R.A., Cliver, D.O., Riemann, H.P., 882 

Eds.; Elsevier, Academic Press, USA, pp209-221 883 

Derrien, M., and van Hylckama Vlieg, J. E., 2015. Fate, activity, and impact of ingested 884 

bacteria within the human gut microbiota. Trends Microbiol. 23, 354–366. doi: 885 

10.1016/j.tim.2015.03.002. 886 

EFSA and ECDC (European Food Safety Authority and European Centre for Disease 887 

Prevention and Control). 2022 The European Union One Health 2021 Zoonoses Report. 888 

EFSA J., 20, 7666. doi: 10.2903/j.efsa.2022.7666 889 

Elmoslih, A., Zanzan, M., Aissa, R., Hamadi, F., Ait Baddi, G., Ait Ben Aoumar, A., 890 

Achemchem, F., 2017. Isolation and characterization of bacteriocinogenic enterococcal 891 

and lactococcal strains from south of Morocco dairy product. J Int 18:2456–7051. 892 

https://doi.org/10.9734/bji/2017/32919 893 

El-Shibiny, A., Connerton, P.L., Connerton, I.F. 2005. Enumeration and diversity of 894 

campylobacters and bacteriophages isolated during the rearing cycles of free-range and 895 

organic chickens. Appl. Environ. Microbiol. 71: 1259–1266.  896 

Folkerts, J., Redegeld, F., Folkerts, G. et al., 2010. Butyrate inhibits human mast cell 897 

activation via epigenetic regulation of FcεRI-mediated signaling. Allergy 65:1966–1978.  898 

Franz, C.M., Huch, M., Abriouel, H., Holzapfel, W., Gálvez, A.  2011.  Enterococci as 899 

probiotics and their implications in food safety. Int. J. Food Microbiol. 151:125–140. 900 

https://doi.org/10.1016/j.ijfoodmicro.2011.08.014. 901 

Frirdich, E., Biboy, J., Pryjma, M. et al., 2019.The Campylobacter jejuni helical to coccoid 902 

transition involves changes to peptidoglycan and the ability to elicit an immune response. 903 

Mol. Microbiol. 112:280–301. https://doi.org/10.1111/mmi.14254. 904 

https://doi.org/10%20.1038/s41598%20-020-69976-4
https://doi.org/10%20.1038/s41598%20-020-69976-4
https://doi.org/10.9734/bji/2017/32919
https://doi.org/10.1016/j.ijfoodmicro.2011.08.014
https://doi.org/10.1111/mmi.14254


33 
 

Frirdich, E., Gaynor, E.C., 2013. Peptidoglycan hydrolases, bacterial shape, and pathogenesis. 905 

Curr. Opin. Microbiol. 16:767–778. https://doi.org/10.1016/j.mib.2013.09.006.  906 

Gilliland, S.E., Speck, M.L., Morgan, C.G., 1975. Detection of Lactobacillus acidophilus in 907 

feces of humans, pigs, and chickens. Appl. Microbiol. Oct;30(4):541-5. doi: 908 

10.1128/am.30.4.541-545.1975. PMID: 811162; PMCID: PMC187227. 909 

Haghshenas, B., Nami, Y., Almasi, A. et al., 2017. Isolation and characterization of probiotics 910 

from dairies. Iran J. Microbiol.  9:234–240. https://doi.org/10.1007/s13205-021-02783-z. 911 

Ilango, S., Pandey, R., and Antony, U., 2016. Functional characterization and 912 

microencapsulation of probiotic bacteria from koozh. J. Food Sci. Technol. 53, 977–989. 913 

doi: 10.1007/s13197-015-2169-5. 914 

Iqbal, Z., Ahmed, S., Tabassum, N. et al., 2021. Role of probiotic in prevention and treatment 915 

of enteric infections: A comprehensive review. 3 Biotech. 11:242–250.  916 

Jeong, J.Y., Kim, K.A., Jeong, K.J. et al., 2014. Comparison of the Bruker Biotyper and 917 

VITEK MS matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 918 

systems for identification of Campylobacter species. Ann. Lab Med. 34:423 –428. 919 

https://doi.org/10 .3343/alm .2014 .34 .6 .423.  920 

Kaakoush, N.O., Castano-Rodriguez, N., Mitchell, H.M., Man, S.M. 2015. Global 921 

epidemiology of Campylobacter infection. Clin. Microbiol. Rev. 28:687–720. 922 

https://doi.org/10.1128/CMR.00006-15.  923 

Kim, S.W., Roh, J., Park, C.S. 2016. Immunohistochemistry for Pathologists: Protocols, 924 

Pitfalls, and Tips. J. Pathol. Transl. Med. 50:411-418. 925 

https://doi.org/10.4132/jptm.2016.08.08.  926 

Kirk, M. D., Pires, S.M., Black, R.E., Caipo, M., Crump, J.A., Devleesschauwer, B., et al., 927 

2015. World Health Organization estimates of the global and regional disease burden of 928 

22 foodborne bacterial, protozoal, and viral diseases, 2010: a data synthesis. PLoS Med. 929 

12:e1001921. https://doi.org/10.1371/journal.pmed.1001921.  930 

Krawczyk, B., Witky, P., Galecka, M., Michalik, M., 2021. The many faces of Enterococcus 931 

spp.: Commensal, probiotic, and opportunistic pathogen. Microorganisms 9:1900. 932 

https://doi.org/10.3390/microorganisms9091900.  933 

https://doi.org/10.1016/j.mib.2013.09.006
https://doi.org/10.1007/s13205-021-02783-z
https://doi.org/10%20.3343/alm%20.2014%20.34%20.6%20.423
https://doi.org/10.1128/CMR.00006-15
https://doi.org/10.4132/jptm.2016.08.08
https://doi.org/10.1371/journal.pmed.1001921
https://doi.org/10.3390/microorganisms9091900


34 
 

Kreuder, A.J., Lashley, V., Yaeger, M. et al., 2019. Histopathology and spatial distribution of 934 

putative growth factors in relation to bacterial localization of Campylobacter jejuni within 935 

the ovine gallbladder. Front. Vet. Sci 6:226. https://doi.org/10.3389/fvets.2019.00226.  936 

Kusada, H., Morinaga, K., Tamakin, H., 2021. Identification of bile salt hydrolase and bile 937 

salt resistance in a probiotic bacterium Lactobacillus gasseri JCM1131T. 938 

Microorganisms. 9, 1011. doi: 10.3390/microorganisms905101. 939 

Lashley, V.D., Yaeger, M.J., Ji, J. et al., 2019. Investigating the Suitability of a Laboratory 940 

Mouse Model to Study the Pathogenesis of Abortifacient Campylobacter jejuni. Vet. 941 

Pathol. 56:555-564. https://doi.org/10.1177/0300985819833452 . 942 

Li, B., Zhan, M., Evivie, S. E., Jin, D., Zhao, L., Chowdhury, S., 2018. Evaluating the Safety 943 

of potential probiotic Enterococcus durans KLDS6.0930 using whole-genome sequencing 944 

and oral toxicity study. Front. Microbiol.  9:1943. 945 

https://doi.org/10.3389/fmicb.2018.01943. 946 

Linz, B., Sharafutdinov, I., Tegtmeyer, N., Backert, S. 2023. Evolution and Role of Proteases 947 

in Campylobacter jejuni Lifestyle and Pathogenesis. Biomolecules 13:323. 948 

https://doi.org/10.3390/biom13020323.  949 

Mansour, N.M., Elkhatib, W.F., Aboshanab, K.M., Bahr, M.M.A., 2018. Inhibition of 950 

Clostridium difficile in Mice Using a Mixture of Potential Probiotic Strains Enterococcus 951 

faecalis NM815, E . faecalis NM915, and E. faecium NM1015: Novel Candidates to 952 

Control C. difficile Infection (CDI). Probiotics Antimicrob. Proteins 10: 511 –522. 953 

https://doi.org/10 .1007/s12602 -017 -9285 -7.  954 

Mansour, N.M., Heine, H., Abdou, S.M., et al., 2014. Isolation of Enterococcus faecium 955 

NM113, Enterococcus faecium NM213, and Lactobacillus casei NM512 as novel 956 

probiotics with immunomodulatory properties. Microbiol. Immunol. 58: 559 –569. 957 

doi:10.1111/1348 -0421 .12187.  958 

Marquardt, N., Feja, M., Hünigen, H., et al., 2018. Euthanasia of laboratory mice: Are 959 

isoflurane and sevoflurane real alternatives to carbon dioxide? PLoS ONE 13: e0203793. 960 

https://doi.org/10.1371/journal.pone.0203793. 961 

https://doi.org/10.3389/fvets.2019.00226
https://doi.org/10.1177/0300985819833452
https://doi.org/10.3389/fmicb.2018.01943
https://doi.org/10.3390/biom13020323
https://doi.org/10%20.1007/s12602%20-017%20-9285%20-7
https://doi.org/10.1371/journal.pone.0203793


35 
 

Nami, Y., Haghshenas, B., Yari Khosroushahi, A., 2017. Effect of psyllium and gum Arabic 962 

biopolymers on the survival rate and storage stability in yogurt of Enterococcus durans 963 

IW3 encapsulated in alginate. Food Sci Nutr 5: 554 –563. 964 

Nami, Y., Hejazi, S., Geranmayeh, M.H., et al., 2022. Probiotic immunonutrition impacts on 965 

colon cancer immunotherapy and prevention. Eur. J. Cancer Prev. 32:  30 –47. 966 

Paintsil EK, Masanta WO, Dreyer A, Ushanov L, Smith SI, Frickmann H, Zautner AE. 2023. 967 

Campylobacter in Africa - A specific viewpoint. Eur J Microbiol Immunol (Bp). 13:107-968 

124. doi: 10.1556/1886.2023.00043. 969 

Patel, J.B., Tenover, F.C., Turnidge, J.D., Jorgensen, J.H., 2011. Manual of Clinical 970 

Microbiology. 10th ed. American Society of Microbiology; Sterling, VA, USA: 971 

Susceptibility test methods: Dilution and disk diffusion methods; pp. 1122–1143.  972 

Pearson, B.M., Gaskin, D.J., Segers, R.P., Wells, J.M., Nuijten, P.J., and van Vliet, A.H.,  973 

2007. The complete genome sequence of Campylobacter jejuni strain 81116 974 

(NCTC11828)." J. Bacteriol. 189:8402-8403. 975 

Pedersen, S.K., Wagenaar, J.A., Vigre, H. et al., 2018. Proficiency of WHO global foodborne 976 

infections network external quality assurance system participants in identification and 977 

susceptibility testing of thermotolerant Campylobacter spp. from 2003 to 2012. J. Clin. 978 

Microbiol. 56 :e01066 –e01018 . https://doi:10.1128/JCM .01066-18.  979 

Pruthviraj, M.K., Naik, R., Ganesha Naik, B., et al., 2023. Investigation on antibacterial, 980 

probiotic, and plant growth-promoting attributes of Enterococcus faecium MYSBC14 981 

from Blue Cherry. J. Saudi Soc. Agric. Sci. https://doi.org/10.1016/j.jssas.2023.04.003.  982 

Rubio, R., Aymerich, T., Bover-Cid, S., et al., 2014. Characterization of lactic acid bacteria 983 

isolated from infant faeces as potential probiotic starter cultures for fermented sausages. 984 

Food Microbiol. 38: 303 –311. https://doi.org/10 .1016/j .fm .2013 .09 .010.  985 

Sacher, J.C., Yee, E., Szymanski, C.M., Miller, W.G., 2018. Complete Genome Sequences of 986 

Three Campylobacter jejuni phage-propagating strains. Genome Announc. Jun 987 

14;6(24):e00514-18. doi: 10.1128/genomeA.00514-18.   988 

https://doi:10.1128/JCM%20.01066-18
https://doi.org/10.1016/j.jssas.2023.04.003
https://doi.org/10%20.1016/j%20.fm%20.2013%20.09%20.010


36 
 

Sanad, Y.M., Jung, K., Kashoma, I., et al., 2014. Insights into potential pathogenesis 989 

mechanisms associated with Campylobacter jejuni-induced abortion in ewes. BMC Vet. 990 

Res. 10: 1–12. 991 

Sanger, F., Nicklen, S., Coulson, A.R., 1977. DNA sequencing with chain-terminating 992 

inhibitors. Proc. Natl. Acad. Sci. USA 74:5463-5476. 993 

https://doi.org/10.1073/pnas.74.12.5463. 994 

Śmiałek, M., Kowalczyk, J., Koncicki, A., 2021. The Use of Probiotics in the Reduction of 995 

Campylobacter spp. Prevalence in Poultry. Animals (Basel). 2021 May 10; 11(5):1355. 996 

doi: 10.3390/ani11051355. PMID: 34068764; PMCID: PMC8150830. 997 

Suvarna, K., Layton, C., Bancroft, J., 2012. Theory and practice of histological techniques, 998 

7th edn. Churchill Livingstone, New York, pp P1–P645. 999 

Tegtmeyer, N., Sharafutdinov, I., Harrer, A. et al., 2021. Campylobacter virulence factors and 1000 

molecular host-pathogen interactions. Curr. Top Microbiol. Immunol. 431:169–202. 1001 

https://doi.org/10.1007/82_2020_228. 1002 

Terai, T., Okumura, T., Imai, S., Nakao, M., Yamaji, K., Ito, M. 2015. Screening of probiotic 1003 

candidates in human oral bacteria for the prevention of dental disease. PLoS One 1004 

10:e0128657. https://doi.org/10.1371/journal.pone.0128657 . 1005 

Vollmer, W., Blanot, D., de Pedro, M.A., 2008. Peptidoglycan structure and architecture. 1006 

FEMS Microbiol. Rev. 32:149–167. https://doi.org/10.1111/j.1574-6976.2007.00094.x . 1007 

Wang, J., Da, R., Tuo, X,, Cheng, Y., Wei, J., Jiang, K., Lv, J., Adediji, O.M., Han, B.,  2020. 1008 

Probiotic and Safety Properties Screening of Enterococcus faecalis from Healthy Chinese 1009 

Infants. Probiotics Antimicrob. Proteins. 12:1115-1125. https://doi.org/10.1007/s12602-1010 

019-09625-7. PMID: 31845113. 1011 

Weisburg, W.G., Barns, S.M., Pelletier, D.A., Lane, D.J. 1991. 16S ribosomal DNA 1012 

amplification for phylogenetic study. J Bacteriol. 173:697–703. 1013 

https://doi.org/10.1128/jb.173.2.697-703.1991 PMID: 1987160. 1014 

Whiley, H., Van Den Akker, B., Giglio, S., Bentham, R., 2013. The role of environmental 1015 

reservoirs in human campylobacteriosis. Int. J. Environ. Res. Public Health 10:5886–1016 

5907. https://doi.org/10.3390/ijerph10115886. 1017 

https://doi.org/10.1073/pnas.74.12.5463
https://doi.org/10.1007/82_2020_228
https://doi.org/10.1371/journal.pone.0128657
https://doi.org/10.1111/j.1574-6976.2007.00094.x
https://doi.org/10.3390/ijerph10115886


37 
 

Xiao, L., et al., 2020. Anticancer potential of an exopolysaccharide from Lactobacillus 1018 

helveticus MB2-1 on human colon cancer HT-29 cells via apoptosis induction. Food 1019 

Funct 11:10170 –10181. https://doi.org/10.1039/d0fo01798a.  1020 

 Yerlikaya, O., & Akbulut, N., 2019. In vitro characterization of probiotic properties of 1021 

Enterococcus faecium and Enterococcus durans strains isolated from raw milk and 1022 

traditional dairy products. Int. J. Dairy Technol. https://doi.org/10.1111/1471-1023 

0307.12645. 1024 

https://doi.org/10.1039/d0fo01798a

