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Abstract: Yersinia enterocolitica is a bacterial pathogenic organism which distributed widely in several countries 

including Iraq, among a broad range of environmental and animal reservoirs as cattle. In last decades, this bacterium 

has gained an increasing attention due to its role as an emerging foodborne pathogen within the context of globalized 

food supply chains and antimicrobial resistance. Hence, this stud aims to isolate Y. enterocolitica from the diarrheic 

cattle, preparation of bacterial ghosts (BGs) from this bacterium and experimental evaluation its efficiency in stimulating 

immune response in mice. Initially, fresh feces were obtained from 87 diarrheic cattle at Al-Diwaniyah city (Al-Qadisiya, 

Iraq) during November (2023)-May (2024), and processed to isolate Y. enterocolitica strain that used to preparation stocks 

of Y. enterocolitica ghosts (YEGs). Then, a total of 30 mice were selected and divided into NCG (not injected YEGs), 

SCG (mice injected an adjuvant YEGs (70μg/100μl), subcutaneously), and IMG (mice injected an adjuvant YEGs 

(70μg/100μl), intramuscularly). The mice were injected once at 0, 2, 4 and 8 weeks of study experiments. Then, blood 

samples were drained from all study mice to pipette sera for serologicy using ELISA to measurement the levels of serum 

IL-1, IL-2, and IFN-. Our findings revealed that 16.09% of study cattle were positively infected by In Y. 

enterocolitica. Experimentally, the findings of IL-1 were shown a significant reduction in values of SCG 

(11.99±2.38pg/ml) but insignificant variation (p>0.05) in values of IMG (59.74±12.2pg/ml) in comparison to values of 

NCG (61.68±12.38pg/ml). Concerning IL-2, values of experimental groups, SCG (8.98±1.24pg/mL) and IMG 

(8.11±1.44pg/mL) were obviously greater than NCG (2.92±0.32pg/mL). Significant elevation of IFN- was recorded in 

experimental groups, SCG (282.61±28.3pg/mL) and IMG (370.24±20.5pg/mL), when compared to values of NCG 

(104.30±25.4pg/mL). Among experimentally groups, values of IMG were much more than SCG.This study indicated 

the robust adjuvant properties of YEGs as a vaccine in inducing of immune response and enhancing of immunogenicity, 

making them potent stimulators of both innate and adaptive immune responses. 

Keywords: Diarrheic Cattle, Immune Response, Sponge-Like Reduced Protocol, Enzyme-Linked Immunosorbent 

Assay (ELISA), Iraq. 
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License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 
author and source are credited. 

 

INTRODUCTION 
Yersinia enterocolitica is a Gram-negative, 

facultatively anaerobic bacterium belonging to the 

family Enterobacteriaceae, recognized as a significant 

zoonotic and foodborne pathogen of global public health 

concern with causing a disease known as yersiniosis 

(Azam et al., 2023). This bacterium represents one of the 

three major pathogenic species within the genus 

Yersinia, alongside Y. pestis and Y. pseudotuberculosis, 

although only certain strains of Y. enterocolitica are 

pathogenic to humans (Robins‐Browne, 2012; Saraiva et 

al., 2025). The disease caused by Y. enterocolitica 

primarily manifests as gastrointestinal illness, including 

diarrhea, terminal ileitis, and mesenteric lymphadenitis 

(Fàbrega Santamaria, 2010). The pathogenicity of Y. 

enterocolitica is mediated through a range of virulence 

factors that facilitate colonization, invasion, and survival 

within the host. Following ingestion of contaminated 

food or water, the bacterium colonizes the intestinal 

mucosa, particularly the ileum and invades Peyer’s 

patches and mesenteric lymph nodes. Key virulence 

determinants include the virulence plasmid that encodes 

Yersinia outer proteins (Yops), as well as chromosomal 
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genes such as ail (attachment and invasion locus), inv 

(invasion), and yodA (adhesion), all of which contribute 

to immune evasion and intracellular survival 

(Drummond et al., 2012; Ahmed et al., 2019). 

 

Despite its clinical and public health 

significance, there is currently no widely licensed 

vaccine available for the prevention of yersiniosis. 

Consequently, preventive strategies rely primarily on 

food safety measures, hygiene practices, and control of 

infection in animal reservoirs (Andey et al., 2024). 

Nevertheless, considerable research has focused on the 

development of effective vaccines targeting Y. 

enterocolitica particularly in the context of its virulence 

factors and immunogenic antigens (Yadav et al., 2020; 

Solana et al., 2022). One of the most promising and 

innovative strategies in vaccine development against Y. 

enterocolitica involves the use of bacterial ghost (BG) 

technology. BGs are empty, non-living bacterial cell 

envelopes produced through the controlled expression of 

the lysis gene E derived from the bacteriophage ΦX174 

(Hajam et al., 2017; Chen et al., 2021; Anwer et al., 

2025). This process results in the formation of 

transmembrane tunnels that expel cytoplasmic contents 

while preserving the structural integrity of the bacterial 

cell wall including surface antigens and immunogenic 

components. As a result, BGs retain the native antigenic 

profile of the pathogen without the risk of replication or 

infection (Faghihkhorasani et al., 2023; Park, 2023). The 

use of BGs as vaccine candidates offers several 

advantages. First, the present multiple native antigens in 

their structural conformation, enhancing 

immunogenicity compared to purified subunit vaccines. 

Second, they can stimulate both innate and adaptive 

immune responses such as mucosal immunity that 

particularly important for enteric pathogens. Third, BGs 

can serve as delivery systems for heterologous antigens 

or DNA, further expanding their activities in vaccine 

design (Hajam et al., 2017; Chi et al., 2024). Therefore, 

this study conducts to isolation Y. enterocolitica from 

diarrheic cattle, preparation of BGs from study isolates, 

and experimental evaluation its efficiency in stimulating 

immune response in mice. 

 

MATERIALS AND METHODS 
Ethical Approval 

This study was licensed by and conducted under 

the supervision of the Scientific Committee in the 

Department of Microbiology (College of Veterinary 

Medicine, University of Al-Qadisiyah). 

 

Samples 

A total of 87 diarrheic cattle at various locations 

in Al-Diwaniyah city (Al-Qadisiyah, Iraq) were 

subjected to the current study during November (2023)-

May (2024). Under aseptic conditions, fecal samples 

were collected from all study animals into disposable 

plastic containers, and transported as soon as possible to 

the Microbiology Lab in the Department of 

Microbiology (College of Veterinary Medicine). 

Culture 

In Microbiology Lab, the fecal samples were 

inoculated in 5 ml Nutrient broth (NB), incubated at 

37°C for 24 hours. Subsequently, the colonies were 

transported to selective agar to be incubated at 37ºC for 

24-48 hours, MacConkey agar and blood agar, and then 

incubated overnight at 37ºC. The suspected isolates were 

further examined by the Gram stain under light 

microscope, and through the standard biochemical tests 

including catalase, urease, methyl red, motility, 

arabinose fermentation, Voges-Proskauer reaction, 

oxidase, indole production, Esculin hydrolysis, and 

citrate utilization (Quinn et al., 2011). 

 

Preparation of Bacterial Ghost 

Study isolates of Y. enterocolitica were re-

cultivated in 500mL NB, incubated (37°C/72 hours) 

under static condition, and the cell biomass was collected 

by centrifugation. Then the cell biomass was washed 

(0.5% saline), and re-suspended by distilled water. To 

preparation of YEGs, the Sponge-Like Reduced Protocol 

was followed (Amara et al., 2013; Amara, 2023). Then, 

DNA and protein concentrations were determined in 

YEGs with further evaluation of YEGs by crystal violet 

staining and examination under light microscope. 

Finally, the prepared YEGs were evaluated for existence 

of any still viable cells by re-suspending on the Yersinia 

selective agar plates and incubation at 37°C for 48 hours. 

 

Study Design 

A total of 30 adult albino mice, 4 months age 

and 25-40grams weight, were purchased, transported to 

the Lab Animal House, acclimated for 7 days, and 

divided randomly as following;  

1. Negative control group (NCG): This group 

involved 8 mice that not injected YEGs.  

2. Experimental group 1 (SCG): This group 

composed 8 mice that injected subcutaneously 

a mixture of 70μg of YEGs/100μl mixed with 

100μl complete Freund’s adjuvant, once daily 

at 0, 2, 4 and 8 weeks of study experiment. 

3. Experimental group 2 (IMG): This group 

composed 8 mice that injected intramuscularly 

a mixture of 70μg of YEGs/100μl mixed with 

100μl complete Freund’s adjuvant, once daily 

at 0, 2, 4 and 8 weeks of study experiment. 

 

After ending of the experiment period, all study 

mice were anesthetized to collection of blood directly 

from heart using free-anticoagulant glass-gel tubes. 

Then, the blood tubes were centrifuged, and the obtained 

sera were pipetted and kept frozen at -20ºC until tested 

serologically by ELISA. 

 

Immune Examination 

Following the manufacturer instructions for IL-

1α (E-EL-M3059), IL-2 (E-EL-M0042), and IFN- (E-

EL-M0048) kits, the obtained sera of study mice and kit 

contents were prepared and processed step-by-step. The 

obtained values of optical density (ODs) for Standard 
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solution diluents and sera were measured to calculate the 

concentrations of each marker through the Standard 

Curve. 

 

Statistical Analysis 

One-Way Analysis of Variance (ANOVA) in 

the GraphPad Prism Software was used to detected 

significant differences between the obtained values of 

experimental study groups at p<0.05 (*), p<0.01 (**), 

p<0.001 (***), and p<0.0001 (****). Values of study 

results were represented as Mean ± Standard Error 

(M±SE), (Al-Gharban and Al-Taee, 2016). 

RESULTS 
In the present study, Y. enterocolitica was 

isolated from the fecal samples of 16.09% (14/87) study 

cattle; while, 83.91% (73/87) were negatives (Figures 1, 

2). Biochemically, the isolates of Y. enterocolitica were 

shown negative reactivity to Gram stain, motility test at 

37°C, Esculin hydrolysis, oxidase, indole, and citrate; 

while positive activity was seen for catalase, methyl red, 

motility test at 25°C, urease, arabinose fermentation, and 

Voges-Proskauer. 

 

 
Figure 1: Prevalence rate of Y. enterocolitica in feces of overall 87 diarrheic cattle 

 

 
Figure 2: Colonies of Y. enterocolitica on selective media 

 

Immune Markers in Mice 

In comparison to values of NCG (61.68 ± 

12.38pg/mL), the findings of IL-1 were shown a 

marked decrease in values of SCG (11.99 ± 2.38pg/mL) 

but insignificant variation (p>0.05) in values of IMG 

(59.74 ± 12.2pg/mL), (Table 1, Figure 1). 
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Table 1: Levels of IL-1 in mice of different study groups 

Group Value 

NCG 61.68 ± 12.38 

SCG 11.99 ± 2.38 

IMG 59.74 ± 12.2 * 

p-value 0.0116  

LSD 31.23 

95%CI 25.45 to 114.4 

 

 
Figure 1: Concentration of serum IL-1 in mice of different study groups; NCG (negative control), SCG (experimental group 

one injected YEGs subcutaneously), and IMG (experimental group two injected YEGs intramuscularly); Significance (*) 

 

Concerning IL-2, though insignificance 

(p>0.05) was identified among experimental groups, 

SCG (8.98 ± 1.24pg/mL) and IMG (8.11 ± 1.44pg/mL), 

the findings of both experimental groups were 

significantly (p<0.05) higher than those of NCG (2.92 ± 

0.32pg/mL), (Table 2, Figure 2). 

 

Table 2: Levels of IL-2 in mice of different study groups 

Group Value 

NCG 2.92 ± 0.32  

SCG 8.98 ± 1.24 * 

IMG 8.11 ± 1.44 * 

p-value 0.0319  

LSD 3.26 

95%CI 1.470 to 14.81 

 

 
Figure 2: Concentration of serum IL-2 in mice of different study groups; NCG (negative control), SCG (experimental group 

one injected YEGs subcutaneously), and IMG (experimental group two injected YEGs intramuscularly); Significance (*) 
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Significantly, the findings of IFN- were 

revealed a marked elevation in both experimental group, 

SCG (282.61 ± 28.3pg/mL) and IMG (370.24 ± 

20.5pg/mL), when compared to values of NCG (104.30 

± 25.4pg/mL). Among experimentally groups, values of 

IMG were apparently higher than SCG (Table 3, Figure 

3). 

 

Table 3: Levels of IFN-ƴ in mice of different study groups 

Group Value 

NCG 104.30 ± 25.4  

SCG 282.61 ± 28.3  

IMG 370.24 ± 20.5 * 

p-value 0.0242  

LSD 72.9 

95%CI 84.27 to 589.0 

 

 
Figure 2: Concentration of serum IL-2 in mice of different study groups; NCG (negative control), SCG (experimental group 

one injected YEGs subcutaneously), and IMG (experimental group two injected YEGs intramuscularly); Significance (*) 

 

DISCUSSION 
Among 74 cattle, 16.09% of study cattle were 

shown a positive infectivity for Y. enterocolitica. 

Comparatively, several researchers have indicated 

implication of Y. enterocolitica in incidence of diarrhea 

(Zheng et al., 2008; Wang et al., 2019; Riahi et al., 2021; 

Gharban, 2024) and the role of livestock and wildlife 

animals as a source of infection (Shayegani et al., 1981; 

Turkson et al., 1988; Hurvell, 2018; Sotohy et al., 2024). 

In cattle, the numbers of prevalence studies are relatively 

low and Y. enterocolitica was mostly from milk or milk 

products (Khalid and Abbas, 2021; Yazdi et al., 2022; 

Dowidar and El-Baz, 2025), raw meat (Łada et al., 2023; 

Schmid et al., 2025), and feces (O'Grady et al., 2016; 

Bièche-Terrier et al., 2024). 

 

Recent advances in molecular biology and 

genetic engineering have further improved the efficiency 

and safety of BG production. Experimentally, our 

findings revealed that injection of Y. enterocolitica as 

BG was contributed effectively in inducing of immune 

response. As inflammation is the basic defense response 

to various microbial infections, we suggest that YEGs 

have the potential to act as regulators of the innate and 

adaptive immunity that can defense from bacterial or 

viral infections. This is an agreement with the results 

reported by various studies that referred to BGs as a safe 

immunogenic vaccine (Fischer et al., 2021; Banks et al., 

2023; Chen et al., 2023). Moreover, other researchers 

have demonstrated that BG contains higher activity to 

stimulating innate immunity, and acting as efficient 

adjuvant (Mayr et al., 2005; Jenab et al., 2020; Cognigni 

et al., 2021). 

 

Cai et al., (2013) confirmed experimentally the 

marked elevation of IL-4/IFN-γ cytokines and 

IgG1/IgG2a antibodies in mice after administration of 

YEGs as a vaccine. Other studies have been 

demonstrated that upon exposure to YEGs, antigen 

presenting cells (APCs) such as macrophages and 

dendritic cells become activated and secrete a range of 

cytokines that are essential for initiating and shaping 

immune response. These include key pro-inflammatory 

cytokines such as TNF-α, il-1β, and IL-6 which 

contribute to the early inflammatory response and 

recruitment of immune cells to the site of antigen 

exposure (Drechsler-Hake et al., 2016; Bancerz-Kisiel et 

al., 2018; Silva et al., 2020; Gharban et al., 2023). Sasaki 

et al., (2022) recorded that BGs can promote the 

activation of CD4+ helper cells and CD8+ cytotoxic T 

lymphocytes, leading to increased secretion IL-2 and 

establishment of a robust cellular immune response. 
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Other researchers demonstrated the capability 

of BGs to serve as delivery platforms for heterologous 

antigens, DNA, or adjuvants for further enhancing their 

immune-stimulatory potential, and their ability to 

inducing pro-inflammatory cytokines to elimination or 

reducing the need for additional adjuvant compounds 

(Faghihkhorasani et al., 2023; Gan et al., 2023). 

Narayanan et al., (2024) demonstrated ability of BGs in 

modulation function of Caenorhabditis elegans and NK-

92 cells, as well as perform as cytokine-therapy 

adjuvants. Subsequently, they reported that BGs 

significantly influenced the innate immune response 

through the upregulation of lysozyme genes viz., ilys-3 

(8.8-fold) and lys-2 (3.1-fold). Resta et al., (2024) 

concluded that the preserved lipopolysaccharides and 

outer membrane components in YEGs can strongly 

activate pattern recognition receptors such as toll-like 

receptor 4 (TLR4) leading to the activation of nuclear 

factor kappa B signaling pathway and subsequent up-

regulation of IL-1α expression. In a recent study, Filik-

Matyjaszczyk et al., (2025) showed that YEGs can 

induce the production of interferons, particularly IFN-

α/β and INF-γ which are critical for antiviral and 

antibacterial immunity by enhancing the macrophage 

activation and promotion to clearance of intracellular 

pathogens. 

 

CONCLUSION 
This study indicated the robust adjuvant 

properties of YEGs as a vaccine in inducing of immune 

response and enhancing of immunogenicity, making 

them potent stimulators of both innate and adaptive 

immune responses. However, furthermore studies are 

necessary to estimate the ability of YEGs to deliver 

vaccine antigens or therapeutic molecules directly to 

immune cells. 
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