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Abstract 

T cells have an important immunoregulatory and effector function through cytokine release. They are 

involved in the responses to Gram-negative bacterium. In this study, the status of T cell-dependent 

cytokine gene expressions in the acute phase (3-day post-infection and 5-day post-infection) of heat 

inactivated pseudomonas culture and live attenuated culture with adjuvant given in SPF chicken of 

seven-day age was evaluated. The birds were divided into four groups, each having six birds. Each group 

of birds was inoculated with the prescribed dose of pseudomonas vaccine canditure at 7 days of age. 

Blood was collected before inoculation (uninfected), at the 3rd and 5th day post-inoculation. Presence of 

pseudomonas culture in peripheral blood confirmed by real-time reverse-transcription PCR assay and 

quantitation of cytokine was performed in peripheral blood by real time PCR assay. It was observed that 

the infection with live attenuated pseudomonas culture modulates cytokine expression in order to elicit 

antibacterial immune responses with respect to killed culture. Live attenuated pseudomonas culture 

markedly up-regulate IL-4, IL-2 whereas prolonged up-regulation by IFN-γs genes. 
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Introduction  

Pseudomonas aeruginosa is a gammaproteo bacterium, Gram-negative opportunistic pathogen 

capable of infecting humans and animlas and causing severe pulmonary disease. It grows in a 

biofilm, which is similar to intracellular bacteria like mycobacteria and may be thought of as a 

protective multicellular survival strategy. Th1-class cytokines, such as IFN-γ and TNF-α, are 

induces of a good immune response to intracellular bacteria; on the other hand, Th2-type 

cytokines, such as IL-4, iniate B cells to produce antibodies. al phagocytic response through 

cytokine release (Antonakos et al., 2017) [1]. T cells have been described as important inducers 

of TNF-α production by LPS-stimulated macrophages (Lenka et al., 2023) [8]. 

According to Bhuyan et al. (2021) [14], chickens can induce an immune response to a viral 

infection by Th1-cell-mediated immunity or Th2-dependent humoral immunity. However, 

these cells' release of cytokines has been linked to adaptive immune responses against several 

bacteria. Consequently, the goal of the current investigation was to ascertain the degree of Th1 

dependent (Cell-mediated immunity) cytokine expression (IFN-γ) genes) and Th2 dependent 

(Humoral immunity) cytokines (IL-4, IL-5, IL-10 and IL-13 genes.) during the acute phase of 

infection against pseudomonas vaccine culture. 

 

Materials and Methods 

Chickens and Pseudomonas culture in adjuvant: Zero-day old specific pathogen-free (SPF) 

white leghorn chickens (Gallus gallus domesticus) purchased from Kewal Ramani hatcheries 

private Ltd. Ajmer (Rajasthan) were housed in the Rajasthan University of Veterinary and 

Animal Sciences, Bikaner (Rajasthan) poultry farm isolators with water and feed freely 

available. Pseudomas strain ATCC 27853 was culturre in microbiology lab and treated with 

heat inactivation of bacteria. Then this inactivated bacterial culture mixed with adjuvant and 

given to birds group for cytokine evaluation. The birds were divided into four groups, each 

having six birds. Each group of birds was inoculated with the prescribed dose as mentioned 

above of pseudomas culture canditure at 7 days of age.  
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Blood was collected before inoculation (uninfected) and at the 

3rd or 5th-day post-inoculation (dpi). 

RNA isolation and cDNA synthesis: Total RNA was extracted 

from the blood by using the Trizol method (Sigma chemicals 

Pvt Ltd Mumbai India) as per the manufacturer protocol. The 

extracted RNA was checked for its concentration and purity 

by bio-spectrophotometer (Nenodrop, Thermo Scientific Pvt. 

Ltd, Mumbai, India). 

The purified RNA was stored at -20°C for further use. The 

cDNA was synthesized from the isolated RNA using the 

RevertAid™ First Strand cDNA Synthesis kit (Thermo 

Scientific Pvt. Ltd, Mumbai, India) as per the manufacturer 

protocol. 

 

Results and Discussion 

In the present study, we evaluated the status of Th2 dependent 

(Humoral immunity) cytokine (IL-4, IL-5, IL-10 and IL-13) 

and Th1 (Cell-mediated immunity) cytokine (INF-gamma, IL-

2 and IL-12) in chick during 3rd and 5th-day post-infection of 

the pseudomonas culture canditure. 

Th1-cytokines expression during the acute phase of heat 

inactivated pseudomonas culture canditure. The Infection 

resulted in transcriptional changes of mRNA encoding, IL-2 

and IFN-γ during the acute phase. Differences in cytokine 

expression were given as fold-change using the chicken 

GAPDH gene for normalization. 

 

IL-2 gene expression: No significanca change at 3 dpi 

whereas at 5dpi Up-regulated the expression of IL-2 gene and 

induced a increase in IL-2 mRNA transcripts level from 3dpi. 

In contrast to it down-regulated the expression of gene in 

uninfected birds (Table 2). IL-2 stimulates the proliferation of 

chicken T lymphocytes and NK cells, which trigger responses 

and decreased titers in different organ secretions on 5-7 dpi 

(Calum et al., 2020) [4]. 

 

IFN-γgene expression: Following inoculation of heat 

inactivated pseudomonas culture canditure up-regulated the 

IFN-γ gene expression at 3 dpi but down regulate at 5 dpi. In 

contrast, live vaccine culture induced a strong response at 3 

dpi which got stabilize. Production of INF-gamma and IL-12 

is essential for host defence against intracellular infections 

(Gurjar et al., 2023) [6], suggesting that INF-gamma can be 

shown to be upregulated simultaneously. 

 

Th2-cytokine expression during pseudomonas culture 

canditure infections: Temporal expression patterns of IL-4, 

IL-5, IL-10, and IL-13 genes were evaluated in the peripheral 

blood of chickens infected with pseudomonas inactivated 

culture in comparison with live culture and uninfected birds. 

 

IL-4 gene expression: The up regulation of IL-4 

geneexpression following infection with pseudomonas at 3dpi 

(Table 1) was observed. It has been demonstrated that IL-4 

stimulates B cells to production of anti-allergen IgE, 

suppresses Th1 cell activity, and stops the synthesis of IL-2, 

IL-12, and INF-gamma, which are essential for the growth of 

cytotoxic T cells (Becker 2004) [2]. Moreover our research 

revealed that Th1 cytokine transcriptional activity was 

suppressed. 

 

L-5 gene expression: live pseudomonas infection up-

regulated the IL-5 gene expression at 3dpi, contrary to it in 

heat inactivated, it did not up-regulated (Table 1) In previous 

reports, expression levels of IL-5 were significantly up-

regulated in pneumonic infection (Tiringer et al., 2013) [12], 

whereas it was markedly decreased in allergic inflammation 

(Tan et al., 2013) [11]. 

 

IL-10 gene expression: IL-10 gene expression was up-

regulated following inoculation with live pseudomonas 

infection at 3 dpi. In contrast it down-regulation in heat 

inactivated at 3dpi and (Table 1). According to Penaloza et al. 

(2016) [10], IL-10 is a strong NK cell stimulator. This function 

may aid in the pathogen's removal and make it easier for 

antigen to be acquired from dead cells for cross-priming 

activated antigen-presenting cells (APCs), establishing a 

connection between the innate and adaptive immune 

responses (Garcia et al., 2018) [5]. This is in line with the 

finding that IL-10 has a dual function in infectious disorders 

(Murphey & Sherwood et al., 2008) [9] and supports a recent 

observation that pseudomonas could induce macrophage to 

senescence during the infection (Zhao et al., 2021) [13]. 

 

IL-13 gene expression: Following inoculation with live 

strain of pseudomonas the expression of IL-13 genes was up-

regulated and peaked at 3dpi. In contrast in heat inactivated 

pseudomonas culture canditure was down-regulated in IL-13 

gene expression at 3dpi (Table 1). Previously, expression 

levels of IL-13 have significantly up-regulated in anti-tumor 

activity (Kioi et al., 2004) [7]. 

 
Table 1: Th1 cytokine expression during acute phase of immune 

response 
 

S no Gene Heat Inactivated Live 

  3 dpi 5dpi 3dpi 5dpi 

1 IL-4 3.32±0.68 1.59+-.11 1.35±7.73 0.5±6.73 

2 IL-5 0.23±0.28 0.2±0.72 5±0.88 3.36±0.68 

3 IL-10 1.57±0.23 1.23±0.73 2.17±0.18 1.27±0.18 

4 IL-13 0.58±.40 0.2±0.36 3.38±0.50 0.23±0.28 

 
Table 2: Th2 cytokine expression during acute phase of immune 

response 
 

S no Gene Heat Inactivated Live 

  3 dpi 5dpi 3dpi 5dpi 

1 IFN-γ 5±0.68 2.29±0 2.75±3.73 1.37±5.73 

2 IL-2 0.2±0.16 0.25±0.33 3.77±0.43 2.47±0.18 

 

Conclusion 

It was observed that inoculation with different pseudomonas 

culture canditure in poultry induce up-regulation and down 

regulation of several Th1-cytokine expression (IFN-γ, IL-2 

genes) and Th2-cytokines expression (IL-4, IL-5, IL-10, and 

IL-13 genes). In heat inactivated pseudomonas culture 

markedly up-regulated IL-2, IFN-γ whereas, live culture 

induced prolonged up-regulation of IL-4, IL-5 and IL-13, IL-

10 genes. Through the cytokines up-regulation and down-

regulation are closely associated with mRNA replication, 

pathogenesis, and immunity, yet, further studies are necessary 

to elucidate their exact function in host-induced pathogenesis 

and immunity. 
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