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KEYWORDS ABSTRACT

Salmonella Salmonella Gallinarum is a major pathogen in poultry, causing fowl typhoid and significant
Gallinarum, fowl economic losses. This study investigates the immunomodulatory effects of Lactobacillus
typhoid, Lactobacillus plantarum NC8 in enhancing resistance against S. Gallinarum infection. A total of 45 chicks
plantarum NCS, were divided into experimental groups and administered different doses of L. plantarum NCS.

immunomodulation, Birds that received a double-dose regimen (Day 1 and Day 10) revealed reduced tissue damage

cytokine expression,  in the vaccinated groups compared to controls in histopathological analysis. The expression of

probiotic intervention, key cytokines (IL-4, IL-10, and IL-17) was significantly upregulated, suggesting a balanced

poultry immunity immune response that enhances both protection and immune regulation. These findings
highlight the potential of Lactobacillus plantarum NCS as a probiotic intervention to improve
poultry immunity and reduce Sa/monella infections, offering a natural and sustainable
alternative to antibiotics in disease control.

Introduction

Salmonella infections, particularly those caused by Salmonella Gallinarum, pose a significant challenge to
poultry health and the poultry industry worldwide. Salmonella Gallinarum is the causative agent of fowl
typhoid, a severe systemic disease that leads to high mortality rates in chickens and substantial economic losses
(Berhanu & Fulasa, 2020; Shivaprasad, 2000). Unlike zoonotic Salmonella species, which can be transmitted
to humans through contaminated poultry products, S. Gallinarum is host-adapted to birds and does not
commonly cause human infections (Nazir et al., 2024). Controlling fowl typhoid remains a priority for poultry
production, yet effective strategies are limited.(Berhanu & Fulasa, 2020)

Current approaches for managing Salmonella infections in poultry include vaccination, antibiotic treatment,
and improved biosecurity measures (Hohmann, 2001). However, the widespread use of antibiotics has
contributed to the emergence of antimicrobial-resistant strains, raising concerns about the sustainability of
antibiotic-based disease control (Nazir et al., 2025). The search for alternative methods has led to increasing
interest in probiotics, particularly Lactobacillus species, for their ability to enhance disease resistance and
modulate the immune system in poultry (Ahmad et al., 2023).

Lactobacillus plantarum NC8, a probiotic commonly found in the gut microbiota and fermented foods, has
been shown to support gut health and immune function. Probiotics contribute to disease resistance by
promoting a balanced gut microbiome, preventing colonization by harmful pathogens, and stimulating the host
immune system.(Bruno et al., 2009; Hurley et al., 2014) In poultry, the immune response involves both innate
and adaptive mechanisms, with the gut-associated lymphoid tissue (GALT) playing a critical role in defence
against intestinal pathogens like Salmonella (Gut et al., 2018; Yuan et al., 2022).
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Recent studies have demonstrated that Lactobacillus plantarum NC8 can regulate cytokine production,
influencing immune responses without causing excessive inflammation (Maldonado et al., 2004; Wang et al.,
2019). Key cytokines such: IL-4 supports B-cell activation and antibody production, IL-10 regulates
inflammation, and IL-17 helps protect against bacterial infections by promoting mucosal defence. The balance
between these cytokines is crucial for an effective immune response (Choi & Reiser, 1998; Ng et al., 2013;
Ruiz de Morales et al., 2020).

Despite growing evidence supporting the immunomodulatory effects of probiotics, there is still limited research
on how Lactobacillus plantarum NC8 influences immune responses against Salmonella Gallinarum.(LeCureux
& Dean, 2018; Maldonado et al., 2004) Most probiotic studies focus on gut microbiota composition rather than
systemic immunity and disease resistance. Therefore, this study aims to evaluate the role of Lactobacillus
plantarum NC8 in modulating immune responses in poultry and its potential to enhance protection against
Salmonella Gallinarum.(Chadfield et al., 2003) By investigating its effects on immunoglobulin levels and
cytokine expression, this research could contribute to the development of sustainable, antibiotic-free strategies
for controlling fowl typhoid and improving poultry health.

This research could provide new insights into how probiotics like Lactobacillus plantarum NCS8 can be used
as a tool to enhance the immune system in poultry, potentially leading to more effective and sustainable
methods for controlling Salmonella infections. The findings of this study may contribute to the development
of natural, non-antibiotic strategies to improve poultry health, reduce the spread of Sa/monella, and minimize
the risk of foodborne illnesses in humans.

Materials and Methods

Animals and Experimental Design

A total of 45 one-day-old broiler chicks were obtained from the Poultry Department at SKUAST-Kashmir and
housed under controlled and hygienic conditions in individual cages. The chicks were provided with standard
commercial feed and water ad libitum throughout the experiment. Before the initiation of the study, all chicks
were screened for Salmonella infection using an ELISA-based assay and confirmed to be Salmonella-free.
The chicks were randomly divided into nine experimental groups (n = 5 per group). The groups were designed
to evaluate the effect of Lactobacillus plantarum NC8 on immune responses in poultry, with variations in dose
and administration schedule.

Preparation of Lactobacillus plantarum NC8 Suspension and Oral Dosage

Lactobacillus plantarum NC8 was cultured overnight at 37°C in de Man, Rogosa, and Sharpe (MRS) broth,
harvested by centrifugation (4,000 x g, 10 min at 4°C), and washed twice with sterile PBS. The bacterial
suspension was adjusted to a final concentration of 1x10® CFU/mL in PBS to ensure consistent dosing across
all treatment groups. The birds were orally administered Lactobacillus plantarum NC8 using a sterile syringe,
following a structured experimental setup: Groups 1, 2, and 3 received two doses of Lactobacillus plantarum
NC8 (1x10® CFU in PBS) on days 1 and 10, while Groups 4, 5, and 6 received one dose (1x108 CFU in PBS)
on day 1, followed by PBS on day 10. Groups 7, 8, and 9 served as control groups, receiving PBS alone on
both days. Throughout the study, all birds were closely monitored for behavioural changes, feed intake, and
general health status.

Salmonella Gallinarum Challenge

At 20 days of age, all chicks were challenged intraperitoneally with Salmonella Gallinarum at an IDso dose of
6.5%108 CFU per bird (Nazir et al., 2024). The bacterial inoculum was prepared by culturing S. Gallinarum
overnight in Brain Heart Infusion (BHI) broth at 37°C with shaking (200 rpm). The suspension was then
adjusted to an optical density (ODsoo) of 0.8, corresponding to 6.5x10® CFU/mL, which was confirmed through
serial dilution and plating. Each bird was injected intraperitoneally with 0.2 mL of the bacterial suspension.
Post-challenge, the birds were monitored daily for 10 days for clinical signs of infection, including lethargy,
loss of appetite, body weight changes, and mortality.

Sample Collection: Blood Samples: Blood was collected from the wing vein on days 10 and 20 using a sterile

25G needle and vacutainer tubes. The collected blood was allowed to clot at room temperature for 30 min
before being centrifuged at 3,000 x g for 10 min to obtain serum for antibody analysis.
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On day 30, all birds were humanely euthanized by cervical dislocation following Institutional Animal Ethics
Committee (IAEC) guidelines. The intestinal and spleen tissues were harvested for histopathological analysis
and cytokine expression profiling respectively.

Cytokine Expression Analysis (IL-4, IL-10, IL-17) using RT-PCR

Total RNA was extracted from spleens using TRIzol reagent (Invitrogen, USA) following the manufacturer’s
protocol. RNA purity and concentration were assessed using a NanoDrop spectrophotometer (Thermo
Scientific, USA). For cDNA synthesis, 1 pg of RNA was reverse transcribed into cDNA using the RevertAid
First Strand cDNA Synthesis Kit (Thermo Fisher, USA). The expression levels of IL-4, IL-10, and IL-17 were
quantified using a SYBR Green-based real-time PCR assay (Applied Biosystems, USA), with GAPDH serving
as the housekeeping gene. Relative cytokine expression levels were analysed using the 2724 method, allowing
for a comparative assessment across different treatment groups.

Histopathological Examination

The spleen and intestinal tissues were fixed in 10% neutral buffered formalin for 48 hours, embedded in
paraffin, and sectioned at 5 um thickness using a microtome (Leica RM2235, Germany). The sections were
stained with haematoxylin and eosin (H&E) and examined under a light microscope (Olympus BX53, Japan).
A blinded pathologist assessed tissue sections for inflammation, necrosis, and bacterial lesions.

Statistical Analysis

Data were analysed using GraphPad Prism. Statistical comparisons were performed using one-way ANOVA
followed by Tukey’s post-hoc test for multiple group comparisons and unpaired t-test for two-group
comparisons. A p-value < 0.05 was considered statistically significant. Results are presented as mean =+
standard error of the mean (SEM).

Ethical Approval

All experimental procedures involving animals were reviewed and approved by the Institutional Animal Ethics
Committee (IAEC) of SKUAST-Kashmir. The study was conducted in strict compliance with CPCSEA
guidelines for the care and use of laboratory animals in research.

Results

Mortality and Clinical Observations

Following the Sa/monella Gallinarum challenge, mortality rates varied across the experimental groups. The
double-dosed Lactobacillus plantarum NC8 groups (Groups 1, 2, and 3) exhibited the lowest mortality.
Specifically, Group 1 recorded 2 deaths, Group 2 had 3 deaths, and Group 3 reported 1 death. Groups receiving
a single dose of Lactobacillus plantarum NC8 (Groups 4, 5, and 6) showed a higher mortality rate, with each
group experiencing 3 deaths. The PBS control groups (Groups 7, 8, and 9) exhibited the highest mortality rates:
Group 7 had 4 deaths, Group 8 had 5 deaths, and Group 9 reported 3 deaths (Figure 1).
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Figurel: Survival curve of experimental groups following Salmonella Gallinarum challenge.
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Cytokine Expression (IL-4, IL-10, IL-17)

Cytokine profiling of serum samples taken on day 20 post-challenge showed a significant upregulation of IL-
4, IL-10, and IL-17 in the double-dosed groups. All Ct values were normalized using GAPDH as the
housekeeping gene (Table 1).

Table 1: Mean Ct values (+ SD) for IL-4, IL-10, and IL-17.
Group Type 1L-4 I1L-10 I1L-17

Double Dose 245+0.5 [ 247+04 | 25.8+0.6
Single Dose 26.0+0.6 | 26.5+0.5 | 26.2+0.5
PBS Control |27.5+04 |27.0+0.3 | 28.8+0.4

IL-4 levels were significantly elevated in the double-dosed groups compared to the single-dosed and PBS
control groups, suggesting a shift towards a Th2-type immune response. IL-10, an anti-inflammatory cytokine,
was also significantly elevated, indicating enhanced immune regulation. IL-17 levels were notably higher,
indicating potential involvement in mucosal immunity and enhanced protection against Sa/monella (Figure 2).
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Figure2: qPCR Ct Values for IL-4, IL-10, and IL-17 Across Groups

Histopathological Analysis

Histopathological examination of intestinal tissues revealed notable variations in tissue damage across the
treatment groups. The double-dosed Lactobacillus plantarum NCS8 groups exhibited minimal lesions, with
preserved mucosal architecture and no significant signs of inflammation or necrosis. In contrast, the single-
dosed and PBS control groups demonstrated moderate to severe histopathological changes, including marked
infiltration of inflammatory cells, necrosis, and haemorrhage as shown in figure 3. These findings suggest that
the double-dose regimen of Lactobacillus plantarum NC8 effectively reduced both mortality and the
pathological impact of Salmonella Gallinarum infection.
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Figure 3: Hlstopathologlcal examination of mtestlnal tissues. (a) Double dose Lactobaczllus plantarum
group: minimal lesions. (b) Single-dose group: moderate inflammation and necrosis. (¢) PBS control

group: severe tissue damage with extensive inflammation and heterophil infiltration.
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Discussion

This study demonstrates the immunomodulatory potential of Lactobacillus plantarum NC8 in protecting
poultry against Salmonella Gallinarum infection. The findings indicate significant improvements in cytokine
expression, histopathological outcomes, and mortality rates with a double-dose regimen of L. plantarum NCS8.
The upregulation of IL-4, IL-10, and IL-17 in the double-dosed groups suggests enhanced immune regulation
and protection. IL-4 elevation reflects a shift towards a Th2-type immune response, promoting antibody-
mediated immunity—a critical defence mechanism against extracellular pathogens like Salmonella (Choi &
Reiser, 1998). The increased IL-10 expression indicates strong anti-inflammatory effects, helping to mitigate
excessive immune responses that could lead to tissue damage (Ng et al., 2013). Notably, IL-17 upregulation
suggests enhanced mucosal immunity, crucial for preventing Salmonella colonization and systemic
dissemination.(Ruiz de Morales et al., 2020)

Histopathological analysis revealed minimal tissue damage in the spleen and intestines of the double-dosed
groups, highlighting the protective effects of L. plantarum NC8. In contrast, control and single-dose groups
exhibited severe lesions, including inflammation, necrosis, and haemorrhaging. These results underscore the
dose-dependent role of L. plantarum NC8 in mitigating Salmonella-induced pathology and align with the
cytokine expression data, supporting a balanced immune response that limits both infection severity and
collateral tissue damage

The reduced mortality rates in the double-dosed groups further demonstrate the effectiveness of this probiotic
regimen(Kazemifard et al., 2022). By enhancing systemic immunity and reducing tissue injury, L. plantarum
NC8 may limit bacterial dissemination and improve overall survival in Salmonella-challenged birds. Given
concerns over antimicrobial resistance due to the overuse of antibiotics, probiotics such as L. plantarum NC8
present a promising alternative for disease control in poultry. The observed immunomodulatory effects suggest
that L. plantarum NC8 could be integrated into poultry management programs to reduce antibiotic reliance,
improve flock health, and lower the risk of Salmonella outbreaks.

This study provides strong evidence for the protective effects of L. plantarum NCS8, but certain limitations must
be acknowledged. The sample size was relatively small, and only one breed of poultry was tested. Long-term
effects of continuous L. plantarum NC8 administration were not evaluated. Future studies should explore its
effects across different poultry breeds, age groups, and environmental conditions. Additionally, investigating
the molecular mechanisms underlying its immunomodulatory effects could further clarify its role in immune
regulation. Research into its potential interactions with other probiotics or antibiotics may also provide insight
into more comprehensive disease control strategies.

Lactobacillus plantarum NC8 demonstrates significant potential as an immunomodulator for protecting poultry
against Salmonella Gallinarum. By reducing the reliance on antibiotics, this approach offers a sustainable and
effective solution for managing poultry infections. Beyond Salmonella protection, these benefits may extend
to promoting overall gut health and immune function in poultry. Further research is needed to explore broader
applications and fully elucidate the mechanisms driving these effects.
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