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Abstract: Diseases pose significant challenges to the chicken industry, which commonly employs preventive 

measures to combat them. However, recently, molecular breeding for disease resistance has presented an 

opportunity for sustainable chicken production. Disease resistance in chickens is a complex trait influenced by 

genetic factors, host-pathogen interactions, and environmental stressors. Poultry has shown genetic resistance to 

various pathogens, necessitating an understanding of the genetic basis of disease resistance in chickens. Recent 

molecular biology and genotyping technologies have facilitated the identification of disease-resistance genes and 

the development of marker-assisted and genomic selection strategies. This review synthesized the genes and gene 

regions that code for disease resistance explored so far in chickens and their potential applications in breeding 

programs to enhance the disease resistance of chickens. Promising candidate genes for disease resistance include 

myeloid leukaemia factor 2, Natural Resistance Associated Macrophage Proteins-1, interferon regulatory factor 1, 

myxovirus resistance 1, transferrin, and MHC class II antigen B-F minor heavy chain. These genetic markers can be 

incorporated into breeding programs to enhance disease resistance and overall productivity in chickens. However, 

it presents challenges in collecting sufficient genomic and phenotypic data from small populations of indigenous 

chicken ecotypes in developing countries. 
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1. Introduction 

Disease resistance in chickens refers to their ability to 

prevent infection or control the life cycle of 

pathogens when exposed to pathogens (Zanella, 

2016). Disease resistance is a complex trait due to the 

complex interplay of biological networks, host-

pathogen interactions, and susceptibility to 

environmental stressors (Cheng et al., 2013). The 

poultry industry is facing a constant threat of 

infectious diseases caused by bacterial, viral, and 

protozoal pathogens, leading to reduced growth yield 

and profitability. Conventional control strategies, 

such as vaccination and antibiotics, have limitations 

of access and cost, necessitating the exploration of 

alternative approaches (Pinard-van Der Laan et al., 

2009; Gogoi et al., 2022). The misuse of antibiotics 
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has also resulted in the emergence of antimicrobial 

resistance, posing a global challenge. Consequently, 

poultry producers are adopting antibiotic-free (ABF) 

and organic practices, including the use of probiotics 

and essential oils, to address this issue. However, 

still, the impact of ABF and organic practices on 

antimicrobial resistance profiles in the poultry gut 

microbiome is not well understood (Mak et al., 2022; 

Panyako et al., 2022). In addition, recently, selective 

breeding based on genomic data offers a promising 

approach to enhance chicken resistance to infectious 

diseases (Cheng et al., 2013).  

Disease resistance in chickens is influenced by 

multiple genes that code for immune components, 

such as major histocompatibility molecules, immune 

globulins, cytokines, and T and B cells (Gul et al., 

2022; Miyumo et al., 2023). These genes encode 

antibodies, microRNAs, and other factors that 

contribute to the host's ability to resist pathogen-

induced damage (Dar et al., 2018). Recent advances 

in molecular biology have led to the discovery of 

numerous disease-resistant genes, providing valuable 

insights for molecular breeders (Dar et al., 2018). 

Genomic selection for disease resistance is a 

sustainable strategy, although it presents challenges 

in collecting sufficient genomic and phenotypic data 

from small populations of indigenous chicken 

ecotypes (Hearn and Cheng, 2023). It is pointed out 

that the joint analysis of data from different ecotypes 

could improve the accuracy of genomic selection for 

disease resistance (Hearn and Cheng, 2023). 

Genetic factors play a significant role in chicken 

disease resistance, as the breed's genome contributes 

to its unique characteristics and the transmission of 

desirable traits across generations (Mak et al., 2022). 

Understanding the genetics of disease resistance, 

epigenetic mechanisms, and quantitative trait loci 

enables the identification of resistance markers and 

the development of disease-resistant breeds (Banos et 

al., 2020). According to Dar et al. (2018), recent 

advancements in genotyping technology and genomic 

selection approaches have brought about significant 

advancements in animal breeding. Moreover, the 

availability of the chicken genome, transcriptome, 

and proteome has provided valuable insights into the 

genetic mechanisms that contribute to susceptibility 

and resistance to various diseases. Understanding 

these mechanisms is crucial for genetic enhancement 

of the immune response, which has the potential to 

improve vaccine efficacy and reduce drug residues in 

food. To achieve breeding success in chickens with 

enhanced disease resistance, marker-assisted 

selection utilizing indicator traits or genetic markers 

is essential (Dar et al., 2018). 

Numerous candidate genes associated with disease 

resistance in chickens have been identified, providing 

valuable information for molecular breeders. This 

review aims to summarize and document the major 

candidate genes and their role in disease resistance in 

chickens, contributing to the development of 

effective chicken breeding strategies. 

2. Major Chicken Diseases and Their Genetic 

Bases 

The poultry industry is highly vulnerable to 

infectious diseases caused by bacterial, viral, and 

protozoal pathogens, leading to decreased growth, 

productivity, and profitability (Gul et al., 2022). 

Avian coccidiosis, an important parasitic disease 

caused by apicomplexan parasites, has a detrimental 

effect on the reproductive ability and growth 

performance of poultry birds (Mumtaz et al., 2021). 

This infectious disease is primarily transmitted by 

Eimeria species, a type of protozoa with various 

species. It is a major contributor to reduced efficiency 

in chicken production (Chapman, 2014). Economic 

losses in chickens are attributed to seven host-

specific Eimeria species: E. acervulina, E. maxima, 

E. tenella, E. brunetti, E. necatrix, E. praecox, and E. 

mitis (Blake et al., 2020). Globally, this parasitic 

disease is estimated to cause annual economic losses 

ranging from 2.4 to 3 billion dollars (Kadykalo et al., 

2018; Gordillo Jaramillo et al., 2021; Rizwan et al., 

2022; Zhang et al., 2023). Although their success 

rates vary, the main approaches for preventing and 

controlling the disease include the use of 

anticoccidials and vaccinations (Khater et al., 2020). 

These approaches, however, raised concerns 

regarding the emergence of drug-resistant strains, 

high vaccine costs, and the presence of drug residues 

in meat and eggs, leading to a growing interest in 

alternative control strategies (Awais et al., 2011). 

Salmonella is another significant infectious disease in 

poultry that leads to substantial economic losses in 

terms of mortality and morbidity, particularly in 
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countries with inadequate vaccination programs (Dar 

et al., 2023). Salmonella infections pose a threat to 

both the poultry industry and public health (Wang et 

al., 2023). While spontaneous Salmonella spp. 

infection may not cause a significant number of 

chicken deaths, but it has a profound negative impact 

on poultry production capacity and health. Moreover, 

as a Zoonotic disease, it poses a significant risk to 

public health and safety (Dar et al., 2023). It is found 

that the resistance to Salmonellosis varies greatly 

among different chicken lines (Calenge et al., 2010). 

Newcastle disease (NCD) is a highly destructive viral 

disease that affects chickens, particularly in low- and 

middle-income countries where backyard production 

systems are prevalent (Mpenda et al., 2019). NCD is 

a significant concern due to its endemic nature in 

tropical regions and the substantial production and 

economic losses it causes in the industry (Alders et 

al., 2018). Although bio-security measures and 

vaccinations have proven effective in controlling 

NCD, their impact can be temporary and heavily 

influenced by environmental factors (Zanella, 2016). 

Conversely, the use of antimicrobial drugs for control 

purposes is beneficial but often leads to concerns 

about product safety due to misuse (Lamont, 2010). 

Marker-assisted selection of chickens resistant to 

Newcastle disease virus (NDV) holds promise as a 

strategy worth exploring (Mpenda et al., 2019). 

Another viral disease in chickens is the influenza 

virus, which can lead to severe illness or mortality in 

these birds (Alam et al., 2022). The selective 

breeding of chickens that are resistant to avian 

influenza virus would be advantageous for both the 

chicken industry and public health. 

Marek's disease (MD) is a viral disease that poses a 

substantial worldwide challenge, impacting both the 

economy and animal well-being. It results in an 

estimated annual economic loss of 2 billion USD for 

the global poultry sector (Smith et al., 2020). The 

causative agent, Marek's disease virus (MDV), is an 

α-herpes virus that initially infects B-cells, undergoes 

a latency period, and can subsequently develop into 

an oncogenic disease upon infecting T-cells (Nair, 

2005). Vaccinated flocks were found to harbor both 

vaccine and pathogenic strains of MDV, leading to 

the emergence of increasingly virulent strains (Read 

et al., 2015). Consequently, the effectiveness of 

vaccine treatments is diminishing as more virulent 

strains arise (Boodhoo et al., 2016). In addition to 

vaccination, an alternative approach for controlling 

Marek's disease is the selection and breeding of 

chickens with genetic resistance (Churchil, 2023). 

Infectious Bursal Disease (IBD), also known as 

Gumboro disease, is a highly contagious acute 

disease that affects chickens worldwide. It is 

primarily transmitted by two serotypes, Serotype 1 

and Serotype 2 (Azli et al., 2021). The Infectious 

Bursal Disease Virus (IBDV) possesses a bi-

segmented, double-stranded RNA genome and its 

lack of a lipid envelope contributes to its high 

resistance to environmental conditions (Guzmán et 

al., 2022). Currently, vaccination is the primary 

method for controlling the disease, but researchers 

are also exploring alternative measures, such as 

breeding for enhanced genetic resistance (Smith et 

al., 2015). 

Preventive measures, such as vaccination, antibiotic 

use, disinfectants, and culling are implemented to 

control infections in poultry (Gogoi et al., 2022). 

However, existing vaccines often lack comprehensive 

protection against multiple strains of different 

pathogens. Moreover, the mutagenic nature of viruses 

has resulted in the emergence of highly virulent 

strains (Mountford et al., 2022). To address the 

challenge posed by emerging pathogens, it is crucial 

to develop genetically resistant breeds that can 

prevent outbreaks, ensure sustained economic 

viability, and maintain consumer confidence in 

poultry products. The genetic makeup significantly 

affects a bird's disease resistance, although limited 

genome-wide studies exist due to controlled disease 

challenge requirements in molecular genetics 

research (Deist et al., 2017; Churchill, 2023). 

3. Methods Used in the Identification of 

Candidate Genes 

Various methods have been employed to identify 

disease-resistance genes in chickens, including deep 

RNA sequencing, whole genome sequencing, 

amplicon sequencing, signature of selection analysis, 

and genome-wide association studies (Bedier et al., 

2022; Gul et al., 2022; Kim et al., 2022; Dar et al., 

2023). These methods involve analyzing genetic 

variations, such as single nucleotide polymorphisms 
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(SNPs) and other genetic markers, across different 

chicken breeds to identify genes associated with 

disease resistance. RNA sequencing enables the 

detection of SNPs and insertion-deletion mutations 

(INDELs) in genes linked to disease resistance 

(Smith et al., 2020). Whole genome sequencing 

provides a comprehensive view of the entire genome, 

facilitating the identification of genetic variations 

associated with disease resistance (Gul et al., 2022). 

Amplicon sequencing is utilized to identify genetic 

polymorphisms in specific genes, such as the shadow 

of the prion protein gene (SPRN) (Kim et al., 2022). 

Genome-wide association studies (GWAS) involve 

analyzing genetic variations across multiple chicken 

breeds to identify genomic regions associated with 

disease resistance (Dar et al., 2023). These methods 

contribute to a deeper understanding of the genetic 

foundation of disease resistance in chickens and can 

assist in the development of disease-resistant breeds. 

4. Candidate Genes Coding for Disease 

Resistance in Chicken 

Various scholars have investigated potential 

candidate genes associated with the resistance of 

chickens to protozoal, viral, and bacterial pathogens 

(Table 1). 

4.1. Avian coccidiosis 

A statistically significant association was found 

between myeloid leukaemia factor 2 (MLF2) SNP 

and faecal oocyst shedding, a major indicator of 

coccidiosis resistance (Kim et al., 2010). The MLF2 

SNP is associated with body weight which further 

supports the genetic link between MLF2 and 

coccidiosis resistance. Another candidate gene, zyxin 

(ZYX), located on chromosome 1, is associated with 

increased resistance to coccidiosis in birds (Hong et 

al., 2009). Zyxin encodes a protein that plays a role 

in focal adhesion complexes, regulating actin 

filament assembly and promoting attachment of 

epithelial cells to the extracellular matrix (Zaidel-Bar 

et al., 2003). It is speculated that one of the host 

responses to Eimeria infection involves the up-

regulation of genes like zyxin, which mediate focal 

adhesion, thereby enhancing the formation of the 

intestinal epithelial barrier against parasite invasion. 

4.2. Salmonellosis 

The IL18 (interleukin-18) gene has been identified to 

have high-impact SNPs associated with Salmonella 

disease resistance in chickens (Dar et al., 2023). 

Genetic variations in IL18 have been linked to an 

increased risk of atopy and asthma (Izakovicova 

Holla, 2003; Imboden et al., 2006). Additionally, 

IL18 polymorphism has been associated with either 

an increased or decreased progression of 

hepatocellular carcinoma (Bakr et al., 2018). 

Through the integration of gene function and 

RNAseq data, Li et al. (2019) identified the FBXW7 

(F-box and WD repeat domain containing 7) gene as 

a candidate gene potentially responsible for 

resistance to Salmonella pullorum. Intriguingly, this 

gene has been reported to participate in the NF-κB 

signaling pathway (Fukushima et al., 2012), 

suggesting the involvement of this pathway in the 

host's resistance to Salmonella infection. NF-κB is a 

major transcription factor that regulates numerous 

genes involved in both the innate and adaptive 

immune response (Zhang et al., 2017). 

The natural resistance-associated macrophage protein 

1 (NRAMP1) gene influences host innate immunity 

against intracellular bacteria by transporting divalent 

cations in late endosomes/lysosomes (Liu, 2002). 

Exploring the association between the NRAMP1 

gene and the chicken's innate immune response to 

Salmonella enteritidis might contribute to 

understanding and enhancing genetic resistance to 

Salmonella enteritidis in chickens. The Ser379 

position SNP of the NRAMP1 gene has been 

associated with spleen bacterial load following 

exposure to pathogenic Salmonella enteritidis, as 

well as antibody production in response to 

Salmonella enteritidis vaccination (Liu, 2002). The 

transforming growth factor-beta 2 gene (TGF-β2) 

belongs to the cytokine gene group (Akramullah et 

al., 2020). The same author reported that based on 

molecular and biological testing, Tolaki chickens of 

all genotypes were found resistant to Salmonella 

pullorum, and the TGF-β2 gene could potentially 

serve as a genetic marker for resistance to Salmonella 

pullorum bacterial infection in these chickens. Wang 

et al. (2023) identified an extracellular fatty acid 

binding protein (EXFABP) gene as a potential 

candidate gene and transcript (co-) factor for 

resistance to Salmonella infection. Hu et al. (2022) 
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found that Salmonella enteritidis infection in 

chickens leads to increased transcription of EXFABP, 

which sequesters siderophores produced by enteric 

bacteria and Gram-positive bacilli like Escherichia-

Shigella and Enterococcus, resulting in a decrease in 

their abundance. 

4.3. Newcastle disease 

The NRAMP-1 gene has been associated with 

defense mechanisms against bacterial and viral 

infections, and its genotype has shown an association 

with immunoglobulin Y (IgY) concentration and 

specific antibodies against Newcastle disease 

(Ardiyana et al., 2020). According to Ardiyana et al. 

(2020), the NRAMP-1 SacI exon 1124 in SenSi-1 

Agrinak chickens exhibited polymorphism, with a 

higher frequency of the C allele compared to the T 

allele in relation to immunoglobulin Y (IgY) 

concentration and antibody titers against Newcastle 

disease. The interferon regulatory factor 1 (IRF1) 

gene has also been identified as a candidate gene for 

Newcastle disease resistance, as it inhibits the 

replication of Newcastle disease virus (Liu et al., 

2018). 

4.4. Avian influenza 

The role of the Mx protein in conferring resistance to 

the Avian Influenza virus has been extensively 

studied (Benfield et al., 2008; Sironi et al., 2008; 

Susanti et al., 2017; Alam et al., 2022). Multiple 

single-nucleotide polymorphisms (SNP) variations in 

the Myxovirus resistance (Mx) gene have been 

reported to influence susceptibility to avian influenza 

(Sironi et al., 2008). Alam et al. (2022) identified 

three genotypes of the Mx gene, with homozygous 

genotypes AA being resistant and GG being sensitive 

to avian influenza. Fulton et al. (2014) demonstrated 

that the antiviral activity of the Mx protein is 

attributed to structural variations in exon 14 of the 

Mx gene. Sartika et al. (2011) observed slightly 

better age at first egg, egg weight, body weight of 

hens at first laying, and egg production in the 

susceptible genotype (Mx-) compared to the resistant 

genotype (Mx+). 

4.5. Marek’s disease 

Recent studies utilizing genome-wide chicken 

genotyping arrays have identified genes like the 

SRY-box 1 (SOX1), present in regions of 

homozygosity, that contribute to immunology and 

survival against Marek's disease (Xu et al., 2018). 

The transferrin gene, located on chromosome 9, has 

also been shown to possess antiviral properties 

against Marek's disease (Giansanti et al., 2002; Gul et 

al., 2021). Furthermore, Thy-1 cell surface antigen 

(THY1) has been implicated in Marek's disease 

resistance, as reported by Liu et al. (2001). Other 

genes previously associated with Marek's disease 

resistance include GH1 (growth hormone) and 

CD79B (B-cell antigen) (Smith et al., 2020). 

4.6. Infectious bursal disease 

The involvement of the major histocompatibility 

complex (MHC) in resistance to IBDV has been a 

subject of debate, but it does seem to play a role 

(Juul-Madsen et al., 2002). In studies conducted on 

61 Brown Leghorn chicken lines, the BLB1 gene 

(MHC class II antigen B-F minor heavy chain) and 

TLR2B gene (toll-like receptor 2, type 2) were 

identified as potential candidate genes for infectious 

bursal disease resistance (Smith et al., 2015). 
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Table 1: The candidate genes for disease resistance in chicken  

Gene 

ID 

Gene 

symbol 

Gene Name Identified 

disease 

resistance 

Chromosomal 

Location 

Approaches References 

418300 ZYX Zyxin Coccidiosis  Chromosome1 SNP Hong et al. (2009) 

418284 MLF2  myeloid leukemia 

factor 2 

Coccidiosis  Chromosome1 SNP Kim et al., (2010); Hong 

et al., (2011) 

422481  FBXW7 F-box and WD repeat 

domain containing 7 

Salmonella  Chromosome4 GWAS Li et al. (2019) 

396393 EXFABP extracellular fatty acid 

binding protein 

Salmonella  Chromosome17 Transcriptome Wang et al. (2023) 

395312 IL18 interleukin-18 Salmonella  Chromosome24 SNP Dar et al. (2023) 

 395811 NRAMPl Natural Resistance 

Associated Macrophage 

Proteins-1 

Salmonella  Chromosome7 PCR-RFLP  Liu (2002) 

421352 TGF-β2 Transforming growth 

factor-beta 2 

Salmonella  Chromosome3 PCR-RFLP Akramullah et al. (2020) 

395811 NRAMPl Natural Resistance 

Associated Macrophage 

Proteins-1 

Newcastle 

Disease  

Chromosome7 PCR-RFLP Ardiyana et al. (2020) 

396384 IRF1 interferon regulatory 

factor 1 

Newcastle 

Disease  

Chromosome13  Liu et al. (2018) 

395313  Mx1  myxovirus (influenza 

virus) resistance 1 

Avian Influenza 

Virus  

Chromosome1 PCR-RFLP Benfield et al., (2008);  

Sironi et al., (2008); 

Susanti et al., (2017); 

Alam et al.,(2022) 

396241  TF transferrin Marek’s Disease  Chromosome9 Proteome Giansanti et al., (2002); 

Gul et al., (2022) 

378897 THY1 Thy-1 cell surface 

antigen 

Marek’s Disease  Chromosome24 PCR-RFLP Liu et al. (2001) 

374240 SOX1 SRY-box 1 Marek’s Disease  Chromosome1 GWAS Xu et al. (2018) 

378781 GH1 growth hormone-1 Marek’s Disease  Chromosome27 GWAS Smith et al. (2020) 

41994 CD79B CD79b molecule Marek’s Disease  Chromosome27 GWAS Smith et al. (2020) 

693256 BLB1 MHC class II antigen 

B-F minor heavy chain 

Infectious Bursal 

Disease  

Chromosome16 Transcriptome Smith et al. (2015) 

769014 TLR2B toll-like receptor 2, type 

2 

Infectious Bursal 

Disease  

 Chromosome4 Transcriptome Smith et al. (2015) 

5. Roles of Candidate Genes in Chicken 

Breeding Strategy 

Disease resistance in chickens arises from the 

interplay of genetic factors, the environmental 

conditions in which the birds are raised, and the 

dynamic interaction between these elements. 

Understanding the genetic foundation of disease 

resistance and integrating this knowledge into 

breeding programs is critical for enhancing chicken 

production. This approach reduces dependence on 

antibiotics and vaccinations, contributing to more 

sustainable farming systems (Smith et al., 2020). 

Integrating genetic information related to disease 

resistance has far-reaching benefits, not only 

improving disease resilience but also supporting 

growth rates, feed efficiency, egg production, and 

overall productivity. The following strategies are 

pivotal to improve the overall performance of 

chickens by incorporating them in the breeding 

program: 

1. Marker-Assisted Selection (MAS): This 

technique uses specific genetic markers linked 

to disease resistance traits, allowing breeders to 

select individuals with desired genetic profiles. 

2. Genomic Selection (GS): Genomic selection 

evaluates the entire genome's contribution to 

traits of interest, enabling precise identification 

of resilient individuals. 
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3. Crossbreeding: By combining genetic traits 

from different breeds, crossbreeding enhances 

disease resistance and maintains heterozygosity, 

which can improve robustness. 

4. Functional Genomics: Functional studies like 

gene knockouts and expression analysis provide 

direct evidence of candidate genes' roles in 

disease resistance. These insights help refine 

breeding strategies. 

While targeting disease resistance, it is essential to 

maintain genetic diversity to avoid inbreeding and its 

associated risks. Breeding programs must balance 

health-related traits with productivity traits like 

growth and reproduction, ensuring long-term 

sustainability. Epigenetic factors, such as 

environmental stressors, also play a role and should 

be considered in breeding strategies. 

Studies by Lamont and Kaiser (2001), Kaiser et al. 

(2006), Granevitze et al. (2007), Abasht et al. (2009), 

and Hickey and Gorjanc (2012) underlined the 

importance of candidate gene integration and 

functional validation in advancing these goals. 

 

6. Conclusion 

Understanding the genetic basis of disease resistance 

in chickens is essential for developing strategies to 

improve poultry health and productivity. The MHC, 

TLRs, AvBDs, IFITMs, NRAMP1, and various 

cytokines and chemokines represent key components 

of the chicken's immune system, each contributing to 

resistance against specific pathogens. Ongoing 

research in this field aims to identify new resistance 

genes and elucidate their mechanisms of action, 

providing valuable insights for breeding programs 

and disease management in poultry. The integration 

of genetic insights into breeding strategies represents 

a powerful tool for improving disease resistance in 

chickens. Recent advancements in genotyping 

technology and genomic selection approaches offer 

promises to produce disease-resistant chickens, 

contributing to more sustainable and efficient poultry 

production systems. Further research, however, is 

needed on local ecotypes to advance our 

understanding of the genetics of disease resistance 

and develop effective breeding strategies to ensure 

the long-term health and productivity of poultry. 
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