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The chicken immune system has provided an immense contribution to basic immunology knowledge by establishing major

landmarks and discoveries that defined concepts widely used today. One of many special features on chickens is the

presence of a compact and simple major histocompatibility complex (MHC). Despite its simplicity, the chicken MHC

maintains the essential counterpart genes of the mammalian MHC, allowing for a strong association to be detected

between the MHC and resistance or susceptibility to infectious diseases. This association has been widely studied for

several poultry infectious diseases, including infectious bronchitis. In addition to the MHC and its linked genes, other non-

MHC loci may play a role in the mechanisms underlying such resistance. It has been reported that innate immune

responses, such as macrophage function and inflammation, might be some of the factors driving resistance or

susceptibility, consequently influencing the disease outcome in an individual or a population. Information about innate

immunity and genetic resistance can be helpful in developing effective preventative measures for diseases such as

infectious bronchitis, to which a systemic antibody response is often not associated with disease protection.
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1. Introduction

The avian immune system has been studied for decades and has provided immense knowledge on fundamental concepts

in basic immunology that are widely accepted today. Despite numerous similarities to the mammalian immune system ,

avian species have unique immunological structures and mechanisms. For example, the serendipitous discovery of the

bursa of Fabricius as the site for B cell antigen-specific repertoire development led to the differentiation between B and T

cells, which are now identified as the two arms of adaptive immunity . Unlike mammals, lymph nodes are absent in the

chicken, although lymphoid tissue aggregates are distributed in several organs and systems. Some examples of these

lymphoid tissues include lymphoid nodules in the walls of lymphatic vessels, the gut-, mucosa-, bronchial- and

conjunctiva-associated lymphoid tissues (GALT, MALT, BALT, and CALT), cecal tonsils, Meckel’s diverticulum, Peyer’s

patches, and Harderian glands . These specific features of the chicken immune system and the importance of improving

health in poultry production have turned the chicken into an important animal model for research, aiding the understanding

of several aspects of basic immunology . A special landmark of avian immunology was the unforeseen attenuation of a

pathogen, later named Pasteurella multocida, by Louis Pasteur when studying fowl cholera in the late 1800s. His

breakthrough led to the discovery of the first attenuated vaccine . Some vaccine delivery systems that are inconvenient

or inappropriate for mammalian livestock are widely used in poultry. These systems include mucosal vaccination via post-

hatch spray and eye drop vaccines, which stimulate local innate and adaptive immune responses originating in the

Harderian glands and local MALT, and in ovo vaccination, which enables easy automation and early stimulation of

adaptive immune responses during embryonic development .

In addition to humoral responses elicited by natural infections and vaccination, cell-mediated adaptive immune responses

in birds play an important role in minimizing disease outcome and preventing reinfections. For example, cytotoxic cluster

of differentiation 8-positive (CD8 ) T cells play a major role in eliminating infectious bronchitis virus (IBV) . In addition,

helper CD4  T cells become activated by IBV antigens displayed on the surface of antigen presenting cells. After

activation, CD4  T cells interact with other T and B cells, amplifying cytotoxic and humoral responses to IBV . Moreover,

innate cellular responses also assist in fighting early stages of viral infections. The rates of macrophage differentiation and

activation have been shown to be greater in relatively IBV-resistant cells than in IBV-susceptible cells, suggesting that

disease resistance might be linked to a vigorous innate immune response . Cytokine production and

proinflammatory responses induced by IBV might also affect the severity of the disease and the development of

appropriate adaptive immune responses .

Another remarkable feature of the chicken immune system is the major histocompatibility complex (MHC). Unlike the

MHC of mammals, the chicken MHC is compact and simple, while still maintaining the essential counterpart genes. The

chicken MHC contains about 46 genes in a region of about 209 kb of the chicken genome , whereas the human MHC
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contains over 200 genes spanning a region of approximately 4000 kb . Moreover, there is a single dominantly

expressed chicken MHC class I antigen, which allows detection of a strong association between the chicken MHC and

resistance or susceptibility to infectious diseases (Figure 1) . The genetic makeup of the host determines how the

immune system will respond to infectious challenges and, ultimately, if the response will be protective or not. Within a

population, the genetic variability of the MHC and other related genes leads to a wide range of immune responses and

disease outcomes, varying from mild clinical signs to mortality. This variability is partly due to the polymorphic nature of

genes that regulate the expression of components of the immune system .

Figure 1. Schematic representation of an antigen presenting cell internalizing pathogens in the process of phagocytosis

and subsequent antigen presentation through major histocompatibility complex (MHC) molecules (A). In humans, there

are six MHC class I molecules occurring in three heterozygous loci (B). In chickens, there are two MHC class I molecules

occurring in one heterozygous locus (C), which allows for stronger associations with disease resistance than the human

MHC class I. Adapted from Kaufman, 2013 .

To study disease resistance in chickens, MHC congenic chicken lines that share the same genetic background with

differences exclusively in their MHC B locus have been developed . Using these chicken lines as animal

models, associations between MHC haplotypes and disease resistance or susceptibility have been described for several

infectious pathogens, including coccidia , pathogenic bacteria , oncogenic viruses 

, and other viruses including IBV . The main focus of the present review is IBV.

Disease prevention and control are of major concern in commercial poultry production. Vaccination, in addition to

management and biosecurity measures, is widely used to prevent disease and control pathogen loads when eradication is

not possible. Vaccines, however, rarely provide 100% protection against infectious diseases . With some diseases,

such as infectious bronchitis, high serum antibody levels elicited by vaccination do not necessarily correspond to

protection . Studying the genetic resistance to IBV determined by the chicken MHC is essential to better understand

the mechanisms underlying resistance and, consequently, to use this knowledge to improve IBV prevention .

This review summarizes the significance of the chicken MHC and its impact on poultry disease resistance, particularly in

IBV infections, and the future of IBV genetic resistance research using MHC inbred and congenic chicken lines.

2. The Chicken MHC

The MHC is a well-studied genomic region of many animal species. It was first described in mice as the genetic locus

responsible for rapid tissue allograft rejection and for encoding highly polymorphic alloantigens on cell surfaces . In

addition to its relation to graft rejection and autoimmunity, the MHC is also responsible for antigen presentation to T cells,

representing an important bridge between the innate and the adaptive immune response. MHC class I molecules are

present on nucleated cells and responsible for presenting peptides to CD8  T cells. In contrast, the MHC class II

molecules are only present on antigen presenting cells (dendritic cells, macrophages, and B cells) and are able to activate

CD4  T cells . The mammalian MHC is polygenic, consisting of numerous genes, pseudogenes, and repetitive

paralogous regions located on different chromosomes. The mammalian MHC is also polymorphic, with multiple alleles of

each gene within a population . Thus, the mammalian MHC is large and complex, with distantly related genes that

provide extensive diversity to its antigen-presenting glycoproteins. In contrast, the chicken MHC is small and simple, yet

contains the essential counterparts of genes present in the mammalian MHC. For this reason, the chicken MHC is

considered a minimal essential set of genes, despite the differences from mammalian MHCs in organization and structure

.

Upon discovery, the chicken MHC was classified as the B blood group or B locus, coding for agglutination factors present

on the surface of chicken red blood cells . Subsequently, these genes were associated with skin graft rejection and,

therefore, histocompatibility . Ultimately, it was discovered that the chicken MHC B locus is located on chicken

microchromosome 16 and codes for molecules termed B-F (class I) and B-L (class II), which are closely linked and often

referred to as the B-F/B-L region, and B-G (class IV), which is limited to Aves . In addition to the B locus, a

separate group of nonclassical MHC class I and II genes was identified and named Rfp-Y, which is also on

microchromosome 16 but genetically distant and unlinked to the B locus (Figure 2) .

Figure 2. Schematic representation of the chicken microchromosome 16, indicating the MHC B and Rfp-Y loci. The B

locus contains the B-F/B-L and the B-G regions corresponding to MHC class I, II, III, and IV (B-G) genes. The Rfp-Y locus

contains nonclassical MHC class I and II genes. Adapted from Delany et al. (2009)  and Kaufman (2013) .
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In addition to the MHC, genetic resistance to infectious diseases has been associated with CD1 genes, which are located

near the B locus on microchromosome 16. CD1 glycoproteins are present on the surface of antigen-presenting cells and

are responsible for detecting lipids and glycolipids and presenting them to specific subsets of T cells .

As previously mentioned, the chicken MHC is small and simple while still preserving essential homologous genes present

in the mammalian MHC. Furthermore, a single chicken MHC class I is predominantly expressed, showing a strong

association with relative protection or vulnerability to various infectious diseases . This genetic resistance to disease is

demonstrated with specific MHC B haplotypes and, less frequently, with alleles in particular subregions of

microchromosome 16 [ . For this reason, the chicken is an excellent animal model to study immunology, leading

geneticists to develop genetically defined chicken lines for research purposes. By using inbreeding, congenic chicken

lines that share the same genetic backbone and differ from one another with respect to only the MHC B locus have been

generated. With these chicken lines, scientists have been able to mitigate background effects, isolate and characterize

specific genes, and associate MHC genes with disease resistance.
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