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ABSTRACT
Background: Listeria monocytogenes (LM) is a life-threatening bacterium affecting many individuals worldwide, 
including elderly people, pregnant women, and immune-deficient patients. 
Aim: Whole-cell killed formalin of LM antigens (WKLMAgs) and Listeria culture filtrated proteins (LCFPs) against 
challenge-attenuated LM after two booster doses (0 and 14 days) of immunization act as an antigen activating a high 
level of IgG3, IgM, CXCL2, and IL-1 beta.
Methods: Forty male rats were randomly assigned to four groups. The first group served as a control negative, while 
the second positive (+) control was inoculation orally 1 ml with virulent (1 × 107 colony forming unit CFU/ml) of LM 
on day 28, whereas the other two groups were injected with 1-ml WKLMAgs and 1-ml LCFPs in two subcutaneously 
doses with day 14 intervals, with at day 28 a challenged effective dose (1 × 107 CFU/ml) of virulent LM. Serum blood 
parameters were measured. During the 35 days, the euthanized animal histopathology studies were performed on the 
spleen, liver, small intestine, and brain.
Results: The current study indicated a significant difference between WKLMAgs and LCFPs for serological tests 
Immunoglobulin (Ig) M, chemokine (C-X-C motif) ligand 2, Ig G3, and interleukin-1 beta compared to both negative 
and positive controls at P < 0.001. Additionally, the WKLMAgs and LCFPs led to a decrease in the histopathological 
changes of organs such as (brain, spleen, liver, and intestine) compared to the positive control, which affected the 
organs with microgranuloma, with a pathological difference between the WKLMAgs and LCFPs compared to the 
negative control group. 
Conclusion: Both WKLMAgs and LCFPs are capable to be as a vaccine candidate antigen for the induction of protective 
immunity against L. monocytogenes.
Keywords L. monocytogenes, IgM, CXCL2, Vaccine design, PCR.

Introduction 

Listeriosis is a disease produced by a Gram-positive 
bacillus with widespread dissemination in the ecosystem 
(Mehrannia et al., 2023). It is a predominant food-borne 
zoonotic disease brought about by L. monocytogenes 
(LM) (Mahmud et  al., 2023), which is a contagious 
and lethal disease of animals, fish, crustaceans, birds, 
and human beings (Dhama et al., 2015). The disease 
affects various people, including pregnant women, 
immune-deficient patients, and elderly people. 
Listeriosis is categorized by an extensive diversity of 
diseases separated into dual types, including severe 
invasive listeriosis, which is characterized by infection 
of the bloodstream and central nervous system, as 
well as invading the materno-fetal area (Halbedel 
et al., 2020; Lachmann et al., 2022) and noninvasive 
febrile gastroenteritis (Zamuz et  al., 2021). By using 

actin-based motility, LM can invade and replicate 
within nonphagocytic cells and spread directly from an 
infected cell to another cell (Feltham et al., 2024), and 
to avoid being recognized by the host immune system, 
listeriolysin-O, the principal virulence factor of LM 
is essential for controlling the pathogenicity of LM 
(Cong et al., 2024). LM-induced robust innate immune 
response and adaptive cellular immune responses 
(Maudet et al., 2021). 
Only two of the 17 identified species in the genus 
Listeria—LM and L. ivanovii—are currently 
considered pathogens. LM is a significant human 
foodborne microorganism and the third most common 
source of microbially related foodborne fatalities 
(Manqele et  al., 2023) and is regarded as one of the 
chief foodborne pathogens for humans globally 
(Gmeiner et al., 2024). Additionally, LM has also been 
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well known for inducing abortion in infected pregnant 
women and cows (Noomy et  al., 2021; Mohamed 
et al., 2022).
Live attenuated vaccines are considered highly 
recommended, especially Listeria associated live 
vaccine because of their highly immune response and, 
thus, the virulence. Therefore, the virulence-associated 
genes and LM virulence are mostly knocked down as 
a means of virulence reduction (Meng et  al., 2020). 
Culture filtrate proteins (CFPs) from LM act as an 
effective adjuvant for cellular immunity, and besides, 
the inactivated whole-cell vaccines provide a full 
repertoire of antigens to the immune system (Westcott 
et al., 2023).
The study used serological tests to trace the growth 
of LM and their activity in vivo in research laboratory 
animals. Interleukin-1 beta (IL-1β), often known 
as leukocytic pyrogen, is a crucial inflammatory 
response mediator that also affects various cellular 
processes, including cell division and proliferation 
(Bent et  al., 2018). Meanwhile, chemokine (C-X-C 
motif) ligand 2 (CXCL2) is considered a strong 
neutrophil chemoattractant and is implied in various 
immune responses (Al-Alwan et al., 2013). However, 
immunoglobulin G3 (IgG3) is an exceptionally strong 
Ig that may begin effector processes, for instance, 
phagocytosis mediated, complement activation by 
antibodies, or Antibody-dependent cellular cytotoxicity 
(ADCC) (Damelang et al., 2019). IgM antibodies also 
offer quick protective immunity and are generated 
early in the humoral immune response to infections 
(Fraussen, 2022). In order to reach the goal of vaccine 
development, the current study aimed to compare 
between whole-cell killed formalin of LM antigens 
(WKLMAgs) and Listeria culture filtrated proteins 
(LCFPs), which clinical trials have not been reported 
in Iraq yet. Thus, this study has been established to 
address, investigate, and monitor the immune status of 
LM in Iraq.

Materials and Methods
Animals used in research
In this research, forty male white Swiss albino rats were 
used, with an average weight of 110 g and 7 weeks 
of age. The rats were housed at the animal house of 
Tikrit’s university, the College of Veterinary Medicine. 
The animal house has been registered and follows the 
law that the College of Veterinary Medicine legislated 
under healthy roles and conditions. Free conditions for 
each rat.
LM Strains
LM was provided by the Medya Diagnostic Center in 
Erbil, Iraq. 
Media preparation
The media were prepared according to the 
manufacturer’s instructions, including heating the 
constituent, autoclaving, sterilizing for 15 minutes, 
cooling to 45°C–40°C, and solidifying in Petri dishes. 

The culture media were then incubated at 37°C for 
24 hours to confirm decontamination for Listeria 
identification agar base (PALCAM) M1064, Listeria 
selective supplement (PALCAM) (FD061), Mac-
Conkey agar (MA), and brain heart infusion agar. 
Confirmed diagnosis of LM
Polymerase chain reaction (PCR)
PCR (BioRad, USA) procedure is consistent with 
(Omer et al., 2022). The primer pairs used in the PCR 
are unique to the Listeria species and LM present 
within the 16S region of the rRNA gene (ABIOpure, 
USA).
Primers
The primers used are reverse primer 
1492-5’-TACGGTTACCTTGTTACGACTT-3’ 
and forward primer 
27-5’-AGAGTTTGATCCTGGCTCAG-3’, with an 
annealing temperature set at 60°C. The amplification 
produces a product of 1,500 base pairs (Promega, 
USA).
Concentration of DNA 
The concentration of DNA is 20 (ng/µl) after extraction 
from bacteria. 
The bacterial identification by Vitek 2 analyzer 
Using the automated Vitek 2 Gram-positive analyzer, 
LM was discovered, confirming the findings of the 
same organisms’ investigation carried out in the ASCO 
laboratory in Baghdad, Iraq. Listeria was completely 
developed on brain heart infusion agar for 24 hours 
at around 37°C in the previous test. An examination 
was performed on 43 biochemical trials estimating the 
use of sources of carbon, tolerance and inhibition, and 
enzymatic actions for the programmed documentation of 
the majority of critical Gram-positive microorganisms. 
The results for documentation are obtainable in about 9 
hours or fewer, consistent with (Crowley et al., 2012).
LM antigens preparation
Whole-cell killed-formalin LM antigens
The brain heart infusion agar from Himedia Company 
was used to culture LM at 37°C for 24 hours. Intended 
for immunodominant research, full-grown Listeria 
was collected and centrifuged at 15,000 × g for 15 
minutes at 4°C, followed by three rounds of washing 
in phosphate-buffered saline (PBS). Contrary to cells 
with 1% formalin residue, it was shaken for 2 hours 
at 37°C, and then, the cells were incubated at 4°C for 
24 hours. After the formalin-killed cells were collected, 
they were centrifuged at 15,000 × g for 30 minutes at 
20°C. The cell pellets were then cleaned with sterile 
PBS, and the optical density was measured using a 
spectrophotometer to determine the number of colony-
forming units (CFUs) (Luo et al., 2022). The formalin-
inactivated cells of sterility test were performed on 
MA, and for 24 hours at 37°C, the incubation was done 
(Razzak et  al., 2024). These extracts were stored at 
−80°C until used (Westcott et al., 2023).
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LCFPs preparation
Brain heart infusion broth culture was shaken overnight 
under 37°C. Bacterial cells were then harvested and 
centrifuged to extract CFP. Then, supernatant was 
purified by using 0.2-µM minute opening size filters 
(Tucci et  al., 2020). Twenty-four hours later, the 
sterility test on Listeria identification agar base with 
Listeria selective supplement at 37°C, the concentrated 
CFP was diluted with PBS, and the total protein 
concentration was assessed by exploitation Bradford’s 
way by Bradford (1976).
Calculating the protein dosage
Based on the evaluation of biochemical protein which 
was used by Sarkar et al. (2024), the complete antigen 
was identified as a LCFP. The WKLMAgs were then 
normalized by McFarland standards (2) at a cell density 
of roughly 18 mg/ml (1 × 107 CFU/ml) (Imhof et al., 
2023).
Determination challenge dose of LM
The brain heart infusion agar was used to cultivate 
LM, which was then incubated at 37°C for 24 
hours. Four rats were orally infected with 0.2 ml 
of infectious growth and 0.2 ml of bacterial growth. 
Rats were watched until the day of the sacrifice. At 
the time, animals were sacrificed, and slices of liver 
organs were aseptically removed and cultured on the 
Listeria identification agar base at 37°C for 24 hours 
(Shalaby et  al., 2022). This procedure was repeated 
until the infected animals died within 24 hours. After 
dividing the 12 rats into triplet parallel groups, 0.2 cc 
of bacterial solution contained 1 × 106, 1 × 107, and 
1 ×108 CFU/ml of virulent LM individually. Between 
24 and 48 hours after inoculation, the number of fatal 
animals was recorded. The carefully calculated LD50 
(1 × 107 CFU/ml) killed 50% of the infected animals 
(Hardy et al., 2012).
Assembly of blood samples
Blood samples were taken from the retro-orbital plexus 
vein using a capillary tube after the experimental 
animals were anesthetized with chloroform. At room 
temperature, the samples were added to a gel tube and 
left to coagulate. The next step was to separate the 
serum by centrifuging the samples at 1,500 rpm for 10 
minutes. Following the guidelines of Sunlong Biotech 
Company, the serum was transferred to an Eppendorf 
tube and kept at −20°C until needed. 
- � First, blood draw: On day 0, 2-ml blood was utilized 

for complete immunological detection.
- � Second, blood draws: 2-ml blood was used for (IgM 

and IL-1 Beta) finding on day 7.
- � Third, blood draw: 2-ml blood was used for (IgG-3) 

finding on day 14.
- � Fourth, blood draws: 2-ml blood was used for 

(CXCL2) finding on day 21.
- � Fifth, blood draws: 2-ml blood was used for (IgG-3 

and IL-1β) finding on day 28. 
- � Sixth, blood draw: 2-ml blood was used for (CXCL2 

and IgM) finding on day 35.

Study design
In order to clarify and determine the effects of 
vaccination, an observational study was designed to 
investigate both immune and pathological effects of 
LM. In this study, 40 male rats were selected, and they 
were randomly assigned to four groups, each including 
10 male rats according to a protocol authorized 
by the University of Tikrit Animal Care and Use 
Committee, which was followed for conducting mouse 
immunization trials (Kono et  al., 2023) and together 
with the Ma et al. (2020). The dosage was established 
with modifications (Ma et al., 2020). 
Group 1
Without inoculation, negative (−) control.
Group 2
Positive (+) control was inoculation orally 1 ml with 
virulent (1 × 107 CFU/ml) of LM on day 28.
Group 3
Injected with 1-ml WKLMAgs, two doses, subcutaneous 
(S/C) with day 14 intervals for individual rats and at 
day 28, were inoculated orally with 1-ml challenged 
effective dose (1 × 107 CFU/ml) of virulent LM.
Group 4
Injected with 1-ml LCFPs, two doses, S/C with day 14 
intervals for each rat and at day 28, were inoculated 
orally with 1 ml with a challenged effective dose (1 × 
107 CFU/ml) of virulent LM. On the day, 35 animals 
were euthanized for post-mortem to collect autopsies 
from the organs (spleen, liver, small intestine, and 
brain) and then in formalin 10% preservation to the 
preparation of tissue sections for histopathological 
examination.
Analysis of serum 
Assessment of IgM, IgG-, 3IL-1β, and CXCL2
Rat serum concentrations were measured using the 
sandwich enzyme-linked immunosorbent assay 
(ELISA) kit, rat IgM, CXCL2, IL-1β, and IgG3, as 
per the protocol and instructions provided by the 
manufacturer. This kit contains a micro-ELISA strip 
plate that has been pre-coated with an antibody from the 
anti-serum kit. Standards or samples are added to the 
appropriate wells of the micro-ELISA strip plate, where 
they bind to the specific antibody. Following this, the 
horseradish peroxidase (HRP)-conjugated antibody is 
introduced to a specific kit and incubated in each well of 
the micro-ELISA strip plate. The excess ingredients are 
removed by washing. 3,3′,5,5′-Tetramethylbenzidine, a 
chromogenic substrate solution, is practical for each 
well. Individual wells comprising the HRP-conjugated 
kit Ab and serum kit will be blue at primary and then 
transformed to yellow when adding the stop solution 
(Mushtaq et al., 2022).
Histopathological examination
The samples taken from the brain, liver, intestine, and 
spleen during necropsy were all preserved in a 10% 
neutral buffered formalin solution. The hematoxylin 
and eosin staining procedure was then carried out (Al-
Sabawi et al., 2023).
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Statistical analysis
GraphPad Prism 8 (GraphPad Software, San Diego, CA) 
was used for statistical analysis. The data were shown 
as means ± standard error. The normal distribution was 
complete. Two-way analysis of variance to find any 
statistically significant differences between the four 
data groups and Tukey’s multiple comparison tests 
were used to compare the data groupings. (*p < 0.05, 
**p < 0.01, and ***p <0.001; ns: not significant).
Ethical approval
The animals targeted in this study were housed under 
pathogen-free conditions in the animal facility at the 
College of Veterinary Medicine, Tikrit University, 
according to the ethics and guide No.Tu. Vet.26 
(https://2u.pw/W6FOJTsQ).

Results
LM is a zoonotic bacterium, which has the ability 
to cause severe diseases in both human and animal, 
including sepsis, neurological disorders, and abortion 
(Jibo et  al., 2022). Andersen and Doherty (2005) 
reported that numerous CFP antigens have the ability 
to generate a significant level of protection in animal 
and human models. For this reason, CFP antigens are 
a desirable source for novel vaccination and diagnostic 
tools.
Verification of LM
In order to verify the causative agent, the Vitek 2 
analyzer and PCR were both used in the creation 
of immunogenic materials and ensure that it was 
not contaminated with other bacteria or biological 
elements.
Selective media agar by (PALCAM media)
The PALCAM media is a different analytical media 
that engages two-pointer techniques, such as ferric 
citrate, esculin, phenol red, and mannitol. The colonies 
of bacteria formed gray-green marks with a black core 
and a halo (Fig. 1), due to PALCAM medium proved to 
be extra selective (p < 0.001) than the modified Oxford 
(Capita et al., 2001).
The bacterial identification by using the Vitek 2 analyzer
During the period of cultivation, which was 24 hours, 
the automatic system identified Gram-positive bacteria, 
which was explainable and displayed 97% upright 
recognition of LM. Additionally, the existing results 
validate that the target bacteria strain of LM has the 
ability to cause the infection (Fig. 2). The result agreed 
with Kim and his group where they have found that 
the Vitek 2 analyzer to identify 24 LM isolates from 
ruminants with listeriosis (Kim et al., 2023).
Identification of LM via PCR
The 16S bacterial rRNA region’s 1500-base pair 
amplicon showed positive amplification in the 
molecular results in Figure 3, in which out of 100 
samples by Bahramian et  al. (2023). Eleven samples 
have been recognized as positive for 16S rRNA.

Assay of immunological serum
IgM concentration
IgM antibodies were in charge of the protective effect 
for both actively and passively generated protection 
(Salinas-Carmona and Pérez-Rivera, 2004). Recently, 
an original application viewpoint has investigated 
the host immune responses toward the extracellular 
bioactive compounds (CFPs), which produced by the 
bacteria (Fatsi et  al., 2024). LCFPs and WKLMAgs, 
which are both produced by the bacteria, can provoke 
a robust Th1-type immune response, clearance of the 
bacteria, and resistance to subsequent LM infection 
(Zenewicz and Shen, 2007; Meng et al., 2020). The IgM 
gives the impression of substantial alteration (p < 0.05) 
at day 7 in pre-challenge groups of animals G3 and G4 
(3408 ± 140.32 and 3305 ± 118.17), respectively, as 
well at day 35 in post-challenge groups G2–G4 with 
virulent LM (4084.5 ± 127.16, 2549 ± 162.52, and 
2665 ± 134.48) correspondingly, comparison with the 
G1 control negative (763 ± 23.98 and 696.8 ± 19.17) 
at days 7 and 35, respectively. However, again, there 
was no significant difference between G3 and G4 at 
7 or 35 days, alongside at day 0 between all groups 
(769 ± 54.84, 768.5 ± 54.55, 764.7 ± 52.47, and 769.8 
± 53.88), as in Table 1 and Figure 4.
Chemokine (C-X-C motif) ligand 2 (CXCL-2) 
concentration
The CXCL2 presented significant alteration (p < 0.05) 
at day 21 in pre-challenge groups of animals G3 and 
G4 (42.52 ± 1.18 and 37.92 ± 7.07), respectively, as 
well as at day 35 in the post-challenge groups G2–
G4 with virulent LM (80.27 ± 1.83, 36.27 ± 4.04, 

Fig. 1. Colonies of LM presented on PALCAM agar. Colonies 
are unable to ferment mannitol or hydrolyze esculin when 
LM is present. Rather, they have a black halo and a gray-
green appearance.
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and 33.68 ± 4.67), in comparison with G1 of control 
negative (19.22 ± 0.13 and 19.32 ± 0.42) at days 21 and 
35. On the other hand, there is no significant difference 
between G3 and G4 at 21 or 35 days, together with day 
0 between all groups (19.15 ± 0.62, 20.07 ± 0.76, 20.91 
± 0.99, and 19.68 ± 1.05) as in Table 2 and Figure 6. 
IL-1β concentration
The IL-1β displayed a significant difference (p < 0.05) 
at day 7 in pre-challenge groups of animals G3 and 
G4 (29.58 ± 0.98 and 27.31 ± 0.88), respectively, in 
addition at day 28 in the post-challenge with virulent 
LM groups G2–G4 (52.9 ± 1.78, 24.95 ± 1.05, and 
23.77 ± 0.98) separately, in comparison with the 
control negative G1 that was (10.9 ± 1.57 and 12.7 
± 0.88) at days 7 and 28, respectively. However, no 
significant difference between G3 and G4 at 7 or 28 
days, in common with day 0 among all groups (10.5 ± 
0.82, 10.3 ± 1.38, 9.7 ± 0.99, and 8.9 ± 0.9) as in Table 
3 and Figure 7.
IgG3 concentration
The IgG3 presented significant alteration (p < 0.05) at 
day 14 in pre-challenge groups of animals G3 and G4 
(12.07 ± 0.38 and 11.29 ± 0.48), respectively, as well 
as after day 28 in the post-challenge groups G2–G4 
with virulent LM (12.76 ± 0.79, 6.48 ± 0.57, and 4.43 
± 0.58), respectively, in comparison with the control 
negative G1 (1.54 ± 0.19 and 1.24 ± 0.25) at days 14 
and 28, respectively, but no alteration in day 0 among 
all groups (1.39 ± 0.43, 1.26 ± 0.26, 1.53 ± 0.18, and 
1.45 ± 0.12) as in Table 4 and Figure 7.
Histopathological study
The central nervous system is a specific tropism for LM 
(Remuzgo-MartÍnez et al., 2013). The control positive 

Fig. 2. Identification of LM by analyzer VITEK 2 GP card.

Fig. 3. The final result of the PCR sample. Results of a 1% 
agarose gel electrophoresis fractionated using an Eth. Br. 
M: 100 base pairs ladder marker to show the amplification 
of the 16s RNA gene of an unknown bacterial kind. Lane 1 
resembles PCR products consisting of 1500 base pairs.
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group showed that LM congestive of blood vessels (BVs) 
with erythrocytes and early polioencephalomalacia, the 
perivascular accumulation of protein-rich fluid, and 
minor hemorrhage with micro-abscess resulted in a 

significant increase in the total number of aggregation 
inflammatory cells in the ventricles of the brain. 
WKLMAgs and LCFPs groups revealed mild injury 
in brain tissue as a result of encouraging a preventive 

Table 1. The level of immunoglobulin M (mg/ml) in immunized and challenged groups by virulent 
LM at days 0, 7, and 35 in serum.

Groups
Days (Mean ± SE)

0 7 35
G1 = Control negative 769 ± 54.84 763 ± 23.98 696.8 ± 19.17
G2 = Control positive 768.5 ± 54.55 740.3 ± 38.14 4084.5 ± 127.16
G3 = WKLMAgs 764.7 ± 52.47 3408 ± 140.32 2549 ± 162.52
G4 = LCFPs 769.9 ± 53.88 3305 ± 118.17 2665 ± 134.48

A P-value fewer than 0.05 was well thought-out in addition substantial.

Fig. 4. The pre- and post-challenge statistically significant IgM between the groups demonstrated 
significant variance p < 0.001 at day 7 in pre-challenge groups of animals G3 and G4, respectively, 
as well at day 35 in post-challenge with virulent LM groups G2–G4 correspondingly, compared with 
the control negative G1. No significant difference between G3 and G4 at 7 or 35 days, alongside at 
day 0 between all groups. Cont. − = G1, Cont. − = G2, WKLMAgs = G3, and LCFPs = G4. Two-way 
ANOVA was used to compare between more than two groups with significant changes in mean total 
cell (*p < 0.05, **p < 0.01, and ***p <0.001; ns: not significant).

Table 2. The level of CXCL2 (mg/ml) in immunized and challenged groups by virulent LM at days 
0, 21, and 35 in serum.

Groups
Days (Mean ± SE)

0 21 35
G1 = Control negative 18.15 ± 0.62 19.22 ± 0.13 19.32 ± 0.42
G2 = Control positive 20.07 ± 0.76 22.49 ± 0.72 80.27 ± 1.83
G3 = WKLMAgs 20.91 ± 0.99 42.52 ± 1.18 36.27 ± 4.04
G4 = LCFPs 19.68 ± 1.05 37.92 ± 7.07 33.68 ± 4.67

A P-value fewer than 0.05 was well thought-out in addition substantial. 
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humoral immune response against intracerebral 
infection (Sunden et  al., 2010) as in Figure 8A, C, 
and D. However, the groups of WKLMAgs showed 
congestion of BVs in the cortex with nonedematous 
parenchyma (Fig. 8C), whereas LCFPs displayed that 
the normal structure of the ventricular area of the brain 
is lined by a simple cuboidal epithelium (SCP) with no 
periventricular edema in the white pulp (Fig. 8D).
The spleen is made up of white pulp, which contains 
lymphocytes and lymphatic nodule clusters. Within 
the lymphatic nodule, there is a germinal center and 
an off-center central artery. The red pulp surrounds 
the lymphatic nodules of the white pulp. It consists 
mostly of venous sinuses and splenic cords (Fig. 9A) in 

Cont. −. In contrast, Cont. + showed that the neutrophil  
polymorphonuclear leukocytes was gathering at sites 
of infected monocytes in the marginal zone and red 
pulp, causing necrosis of lymphocytes in the white 
pulp and congestion (Fig. 9B). However, the section 
spleen seems lymphoproliferative of the follicle with 
coalescence, and there is no fibro-hypertrophy of the 
splenic artery, mild neutrophilic infiltration in the red 
pulp, and less sinus congestion (Fig. 9C) in WKLMAgs. 
Although the LCFPs showed hyperplasia of the 
lymphoid follicle and coalescence with a germinal 
center, they contained activated B lymphocytes. The 
tubular mass of mature T lymphocytes surrounds the 
central arterioles (Fig. 9D).

Fig. 6. The pre- and post-challenge statistically substantial IL-1β among the groups presented notable 
variation p < 0.001 and p < 0.05 at day 7 in pre-challenge groups of animals G3 and G4, respectively, 
moreover at day 28 in the post-challenge groups G2–G4 with virulent LM separately, compared with 
the control negative G1 at days 7 and 28. No substantial difference between G3 and G4 at 7 or 28 
days, in common with day 0 among all groups (Cont. − = G1, Cont. − = G2, WKLMAgs = G3, and 
LCFPs = G4). Two-way ANOVA was used to evaluate significant changes in mean total cell (*p < 
0.05, **p < 0.01, and ***p <0.001; ns: not significant).

Table 3. The level of IL-1β concentration (ng/ml) in the groups of rats challenged with virulent LM 
and immunized at days 0, 7, and 28 in serum.

Groups
Days (Mean ± SE)

0 7 28
G1 = Control negative 10.5 ± 0.82 10.9 ± 1.57 12.7 ± 0.88
G2 = Control positive 10.3 ± 1.38 8.5 ± 0.75 52.9 ± 1.78
G3 = WKLMAgs 9.7 ± 0.99 29.58 ± 0.98 24.95 ± 1.05
G4 = LCFPs 8.9 ± 0.9 27.31 ± 0.88 23.77 ± 0.98

A P-value fewer than 0.05 was well thought-out in addition substantial. 
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The positive control showed microgranuloma, encircled 
by typical hepatic cell cords, comprised of a buildup 
of monocytes with congestion (Fig. 10B) differs from 
(Fig. 10A) of Cont. − = G1 group. However, the hepatic 
section of WKLMAgs appears normal, with organized 
hepatocytes establishing radiating hepatic cords about 
the central vein and portal structures, but the hepatic 
tissues include a slightly dilated blood sinusoid. 
There were no inflammatory cells in the portal area or 
the parenchyma, but a proliferation of Kupffer cells 
(Fig.  10C). Furthermore, the liver shows a central 
vein at the center of the lobule. Hepatocytes radiate 
externally from the central vein, split by sinusoidal 
capillaries and maintained by reticular fibers, with the 

spread of Kupffer cells in the sinusoids in the LCFPs 
group of Figure 10D as in Figure 10A.
Even though the monocytic cells infiltrated in the 
submucosa of the small intestine, leading to focal 
ulcerative enteritis ranging from mild to severe, 
accompanied by the shedding of mucosal cells into the 
intestinal lumen in (Fig. 11B) in the Cont. + group. While 
the lesion of the small intestine in the WKLMAgs group 
shows the absence of aggregations of lymphocyte cells 
within the lamina propria with an increased number 
of goblet cells, the planning of intestinal epithelial 
cells is disordered in Figure 11C comparable in Figure 
11A. Furthermore, lesions of the group LCFPs appear 
significant in columnar surface epithelial cells of the 

Fig. 7. The pre- and post-challenge statistically significant IgG3 between the groups showing 
significant change p < 0.008 and p < 0.001 at day 14 in pre-challenge groups of animals G3 
and G4 separately, as well as after day 28 in the post-challenge groups G2–G4 with virulent LM 
correspondingly, compared with the control negative G1 at days 14 and 28, yet significant difference 
among G3 and G4 at 7 and 28 days. No alteration on day 0 among all groups (Cont. − = G1, Cont. − = 
G2, WKLMAgs = G3, and LCFPs = G4). Two-way ANOVA was used to evaluate significant changes 
in mean total cell (*p < 0.05, **p < 0.01, and ***p < 0.001; ns: not significant).

Table 4. The Immunoglobulin G3 concentration (ug/ml) at days 0, 14, and 28 in immunized and 
challenged rats’ groups with virulent LM in serum.

Groups
Days (Mean ± SE)

0 14 28
G1 = Control negative 1.39 ± 0.43 1.54 ± 0.19 1.24 ± 0.25
G2 = Control positive 1.26 ± 0.26 1.45 ± 0.12 12.76 ± 0.79
G3 = WKLMAgs 1.54 ± 0.19 12.07 ± 0.38 6.48 ± 0.57
G4 = LCFPs 1.45 ± 0.12 11.29 ± 0.48 4.43 ± 0.58

A P-value fewer than 0.05 was well thought-out in addition substantial.
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small intestine that are systematized in centers to yield 
a form of villi, mucin-secreting goblet cells mixed in 
the epithelium with no aggregation lymphocyte cells 
in lamina propria (Fig. 11D) analogous in Figure 11A. 

Discussion
The majority of natural antibodies are IgM antibodies, 
which are considered the first class of antibodies to be 
generated during a primary antibody response against 
any protein or pathogen (Boes, 2000). Furthermore, 
class switch recombination occurs after binding to the 
antigen to express the CD/40 ligand on its surface, 
which promotes interleukin and cytokine production 
(Alao et al., 2019). The previous findings on vaccination 
with whole cells or CFPs that were killed with formalin, 
which likewise showed the greatest serum antibody 
titer of IgM, providing strong support for this outcome 
(Arijo et al., 2004) as this study. In contrast, individuals 
with IgM deficiency may exhibit clinical some 
symptoms when they are not asymptomatic, such as 
invasive or recurring infections, atopy, and 
autoimmunity (Gupta and Gupta, 2017). Baker et  al. 
(2004) demonstrated that for every conjugation, the 
predominant immune response isotype was IgM with 
safe and immunogenic in adult health. Additionally, TB 

patients’ IgM is firmly bound to the protein, and patient 
sera with anti-HBHA IgM antibodies prevented M. 
tuberculosis from attaching themselves to and invading 
epithelial cells (Shin et al., 2006), and during the trial, 
there was no further significant immunostimulant 
(Table 1 and Fig. 5). While the investigation found a 
substantial increase in the level of IgM in the control 
positive groups (4084.5 ± 127.16) compared with G1, 
G3, and G4, corresponding with (Vernel-Pauillac et al., 
2021), as they pointed in their study that mice, which 
inoculated with the pathogenic bacteria, have 
maintained high levels of IgM, and compared with 
other groups G1, G3, and G4 at day 35, reported by 
Pates et  al., (2020) consider the first class of 
multifunctional, evolutionary conserved antibodies to 
be created during a primary immune response are 
called IgM antibodies, which are essential for the early 
establishment of humoral defense against invasive 
pathogens. Nevertheless, decreased levels of IgM at 
day 35 in groups G3 and G4 then induced cellular 
immune responses (Schaut et al., 2019) and increased 
the number of long-lasting memory cells, dendritic 
cells, and macrophages (Beikzadeh, 2024). The results 
of CXCL2 revealed the high significance of CXCL2 
positive control compared to other groups at day 35 

Fig. 8. The H&E staining sections of histopathological brain groups; the section (A) of Cont. − = 
G1 group showing the pyramidal neurons (A), outer pyramidal cell (B), internal pyramidal cell (C), 
bigger pyramidal neurons (D), and BVs X10. The section (B) of the Cont. + = G2 group viewing the 
cerebral hemispheres appears congestion of BVs with perivascular edema (E) with hypertrophy of 
astrocytes (A) and oligodendrocytes (O) X20. The section (C) of the WKLMAgs = G3 group displays 
the lesion of the cerebral showing congestion of BVs, with normal structure of cerebral X20. The 
section (D) of the LCFPs = G4 group showing the lesion of the cerebral shows the normal structure 
of ventricular (V) and lined by a SCP and choroid plexus X10.
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attributable to performance-critical roles in the 
migration of macrophages, monocytes, and neutrophils 
(Belperio et al., 2001), which occurs due to neutrophils 
expressing CXCR1 and CXCR2 chemokine receptors. 
Moreover, CXCL1 and CXCL2 are considered two of 
the several chemokine ligands that activate CXCR2. In 
response to proinflammatory cytokines (Baggiolini, 
2001). Both CXCL1 and CXCL2 genes are expressed 
in the islets of rodents and humans (Cowley et  al., 
2012). In addition to the peripheral organs targeted by 
LM (Théroude et al., 2021) as in Figures 9–11B. To be 
more precise, the vaccination with rCPdA-E first 
stimulated home macrophages to release chemokines 
such as CXCL2, which in turn attracted blood 
neutrophils to the immunization site (Wang et  al., 
2022). Furthermore, our findings demonstrate at day 21 
a decreased level for the WKLMAgs and LCFPs groups, 
as a result of the production of CXCL1/2 in the blood, 
chiefly derived from neutrophils (Biondo et al., 2014) 
and the formation of Ig from plasma cells after 
immunization once challenged with Staphylococcus 
aureus or Salmonella Typhimurium (Zhou et al., 2022). 
Similarly, high concentrations of CXCL2 and IL-1β are 

correlated where the chemokines CXCL1 and CXCL2 
are synthesized and secreted in response to IL-1β 
(Cowley et al., 2012) as in Figure 6. In terms of host 
defense, a study that has explained the initial line of 
host defense during the early stages of infection as fish 
is provided by the classic proinflammatory cytokine 
genes, such as TNFα and IL-1β, which are crucial in 
regulating the inflammatory process (Tsai et al., 2014) 
and here are our findings that were shown of IL-1β 
appeared significantly at day 7 to be upregulated after 
immunization by WKLMAgs and LCFPs since IL-1β is 
the main controller that regulates systemic responses 
and other inflammatory stimuli (Pulpipat et al., 2020) 
and decreases pathological effect as in Figures 8–11C 
and D and D of G3 and G4. Tahtinen et al. (2022) show 
that RNA vaccines and other inflammatory stimuli can 
regulate systemic responses by acting as an important 
regulator of IL-1β and IL-1ra, whereas Prantner et al. 
(2009) and Sahoo et  al. (2011) indicated that an 
increased level of IL-1β in positive control because of 
revealed to be protecting in numerous bacterial, viral, 
and fungal infections and are essential mediators of 
cellular immune responses (Van Den Eeckhout et al., 

Fig. 9. The H&E staining sections of histopathological spleen groups; the section (A) of Cont. 
− = G1 group showing a white pulp (WP), germinal center (GC), and red pulp (RP) trabeculae 
(T) X10. The section (B) of Cont. + = G1 group showing small micro-abscess (MA) with 
multinucleated giant cell (MN) around the focal aggregation of neutrophils in subcapsular 
region, necrosis (N) with neutrophile infiltration (NI), and hemorrhage (H) X40. The section 
(C) of WKLMAgs = G3 group shows the spleen exhibitions lymphoproliferative of follicle (LL) 
with coalescence (LC), with mild sinus congestion (MSC) X5. The section (D) of WKLMAgs = 
G3 group shows the spleen hyperplasia of the lymphoid follicle (HLF), activated B lymphocytes 
(BC), mature T lymphocytes (TC) around central arterioles (CA) X5.
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2020), as well as IL-1β plays an important role in 
attracting immune cells to the site of infection (Figs. 9 
and 10B) (Silvério et  al., 2021). Similarly, after 24 
hours of vaccination, the spleen’s production of the IL-
1β gene steadily increased and peaked at more than 72 
hours (Pulpipat et  al., 2020). Additionally, IL-1β 
prevents sepsis by promoting local BMC proliferation 
and differentiation into CD11c−CD45RBhigh DCs at 
both immunological and nonimmune organs in mouse 
models (Guo et  al., 2021). Moreover, intragastric 
vaccination with heat-killed Salmonella enterica 
serovar Enteritidis (SE) and IL-1β-secreting 
lactobacilli led to strong SE-specific antibody 
generation (Kajikawa et al., 2010) as in Figures 4 and 
7. Lentini et al. (2022) said that the formylated peptide 
(Fpr) receptors and TLRs are both simultaneously 
activated when neutrophils encounter live, but not 
dead, bacteria, which resulted in the production of large 
concentrations of CXCL2. Napodano et  al. (2021) 
demonstrated that the IgG3 antibody is a subclass of 
the IgG antibody, which ingests pathogens by 
phagocytic cells by adhering to the pathogen with the 
antibody’s Fab end and to the phagocytic cell’s surface 

via Fc receptors. It aids phagocytosis and bridges the 
bacterium and the phagocytic cell (Napodano et  al., 
2021), demonstrated by the lack of substantial change 
in the tissues of the experimental animals in the 
histopathological investigation of the third and fourth 
groups as a result of antibodies binding to vaccination 
proteins. As discussed by Vidarsson et al. (2014) the 
various subclasses have distinct effector activities, both 
in terms of activating complement and triggering cells 
that express FcγR, which can lead to phagocytosis or 
antibody-dependent cell-mediated cytotoxicity. These 
findings enable them to guard against malaria via 
complement-mediated lysis (Boyle et  al., 2015) and 
cell-mediated processes such as opsonic phagocytosis 
(Kana et  al., 2019) and antibody-dependent cellular 
inhibition during post-challenge with virulent LM 
(Oeuvray et al., 1994). It was observed by Genel and 
Kutukculer (2003) that patients with IgG subclass 
deficit may have difficulty manufacturing particular 
antibodies. In a previous study, vaccination failures 
(insufficient production of specific antibodies in IgG 
form) against tetanus were 12.3% and 2.7%, 
respectively, in individuals with isolated IgG subclass 

Fig. 10. The H&E staining sections of histopathological groups; the section (A) of Cont. − = 
G1 group showing central vein (CV), portal area (PA), cords cells (CC), Kupffer cells (KC), 
and bile canaliculi (BC) X20. The section (B) of Cont. + = G1 group displaying liver congestion 
of central vein (CC), a small micro-abscess (MA) around the central vein with proliferation of 
Kupffer cells in sinusoids, swelling of hepatocyte (SH) X10. Section (C) of WKLMAgs = G3 
group reveals normal organization of liver hepatocytes (NH) around the central vein and portal 
structures, slightly dilated blood sinusoid (SD), and proliferation of Kupffer cells (K) X20. The 
section of LCFPs = G4 group appears normal radiated of hepatocytes of the liver (NH) around 
the central vein and portal structures, proliferation of Kupffer cells (K) X20.
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deficit and partial IgA + IgG subclass deficiency. 
Similarly, the clinical effectiveness and tolerance of 
preventive treatment with the oral immunomodulator 
bacterial extract OM85-BV or benzathine penicillin G 
in avoiding recurrent infections in symptomatic 
individuals have been studied. Wherever the level of 
IgG3 increased significantly on day 14 after the poster 
dose and on day 28 in positive control after a challenge 
with attenuated bacteria as a result, the presence of 
sufficient IgG3 isotypes against bacteria vaccinated 
with LCFPs and WKLMAgs groups may be enough to 
enhance bacterial clearance, while the reduced 
significant level of IgG3 in WKLMAgs and LCFPs after 
challenge at day 28 was reported by Nabonee et  al. 
(2023) that the immunization-mediated humoral 
immune response can play a vital role in immunity for 
bacteria after challenge. Together with Wang et  al. 
(2023) immune cells successfully killed invasive 
bacteria by directly capturing IgG-coated pathogens 
through several FcγRs.
Howbeit, the perivascular space’s macrophages 
were drawn from the monocytes in circulation. 
The astrocytes and oligodendrocytes have a limited 
repertoire of responses to injury in the CNS (Fig. 8B), 

which is similar to what was reported by Engelen-
Lee who has shown that the inflammation within the 
ventricles, along with abscess formation and extensive 
efferocytosis, has been proposed as a mechanism 
potentially utilized by LM for facilitating cell-to-cell 
transmission (Engelen-Lee et al., 2018). Likewise, the 
most frequently expressed immunomodulatory signals 
shortly after LM infection were the IL-1β family 
members as in Figure 6 and the chemokine CCl-2, 
which both are implicated in Th1 responses. These 
genes were found to be elevated in comparison with 
negative control, which appeared normal structure of 
tissue (Remuzgo-MartÍnez et  al., 2013). According 
to Lassmann et  al.’s (2001) research, vaccination 
with CFA/PTX in the absence of CNS autoantigen 
can cause a modest inflammatory response in the 
brain of wild-type mice.. Ma et al. (2020) described 
that in spleen and liver, histology of positive control 
triggering necrosis of lymphocytes in the white pulp 
and congestion in the spleen with microgranuloma 
in the liver were observed. In LM-infected mice, the 
most frequently invaded organs are the spleen and 
liver in addition to the brain (Ma et al., 2020). Shihab 
and Ibrahim (2021) stated that the spleen histology 

Fig. 11. The H&E staining sections of histopathological groups; the section (A) of Cont. − = 
G1 group shows villi (V), simple columnar epithelium (CE), lamina propria (LP), and goblet 
cells (GC) X10. The section (B) of Cont. + = G1 group indicating small intestine the villus 
diminishing (VD) and death of enterocytes (DE), and cellular infiltration (CI) detected among 
circular muscular fibers and irregular crypt (IC) structures X10. Section (C) of appearance small 
intestine expressions, the villi diminishing (VD), increased number of goblet cells (GC), and 
intestinal epithelial cells disordered (ED) X20. WKLMAgs = G3 group section (D) of LCFPs = 
G4 group demonstrates the normal structure of the small intestine with long columnar surface 
epithelial cells (CE) X5.
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showed that the WKLMAgs and LCFPs groups caused 
less damage to organs and lymphoproliferative than 
the negative group. During that time, the cytoplasm 
of hepatocyte exhibited a subtle stain, and the 
boundaries of the cells were not clearly defined in 
Figure 10B, which is similar to what was shown by 
Adeshina and Emikpe (2020) where they referred that 
the rat exposed to Listeria infection exposed modest 
zonal degeneration of hepatocytes was detected in 
the liver. This result was paralleling in the previous 
study by Bastos et al. (2020). The immunization with 
WKLMAgs and LCFPs groups caused less damage to 
organs than the negative group and protection of the 
liver tissue (Bastos et al., 2020). Furthermore, animals 
inoculated with the recombinant BCG vaccinations 
had smaller and fewer liver, spleen, and lung lesions 
upon necropsy (Horwitz et  al., 2000). Reis et  al. 
(2008) indicated in their study that 60 days following 
an infectious challenge, mice immunized with rPb27 
exhibited a notable level of protection in the lungs 
(93%), liver (93%), and spleen (10%). At the same 
time, Abdelfattah et  al. (2023) and Nikitas et  al. 
(2011) reported that Gram-positive LM can penetrate 
intestinal epithelium and cause mild to severe 

enteritis. It also causes systemic infection in positive 
control and is associated with focal mononuclear 
inflammatory cells in the submucosal layer and among 
intestinal crypts (Nikitas et  al., 2011; Abdelfattah 
et al., 2023) compared to negative control in Figure 
11A. Parallel to Ahmed et  al. (2022), the intestine 
in the WKLMAgs and LCFPs groups provides an 
immune booster with a long-acting immunological 
impact and fewer alterations in the gut following a 
challenge dosage. Specifically in the previous study, 
following a challenge with virulent Clostridium 
perfringens, hens inoculated with the recombinant 
attenuated Salmonella enterica serovar Typhimurium 
vaccine exhibited less intestinal mucosal pathology 
(Zekarias et al., 2008). 

Conclusions
In summary, based on the results obtained from this 
work, the WKLMAgs and LCFPs conferred increased 
efficacy against challenge doses of virulent LM in vivo 
in comparison with positive control. The observed 
better antibody responses by WKLMAgs and LCFPs 
suggest a greater preservation of natural protein (Ag) 
conformations than expected, so further studies should 

Fig. 5. The pre- and post-challenge statistically substantial CXCL2 between the groups exposed 
significant variance p < 0.009 and p < 0.001 at day 21 in pre-challenge groups of animals G3 
and G4, respectively, as well as at day 28 in the post-challenge groups G2–G4 with virulent LM 
compared with the control negative G1 at days 21 and 35. No significant difference between 
G3 and G4 at 21 or 35 days, together with day 0 between all groups (Cont. − = G1, Cont. − = 
G2, WKLMAgs = G3, and LCFPs = G4). Two-way ANOVA was used to evaluate significant 
changes in mean total cell (*p < 0.05, **p < 0.01, and ***p <0.001; ns: not significant).
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be assumed to clarify the immune parameters that lead 
to augmented protectivity.
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