CRITICAL REVIEW NE-60 PROJECT

October 1, 1998 – September 30, 2003

OBJECTIVE 1. Identify and characterize genes and their relationships to disease resistance in poultry with an emphasis on the major histocompatibility complex as well as other genes encoding alloantigens, communication molecules and their receptors and other candidate systems.

1.  Work accomplished under the original project.

Several NE-60 stations (CA, IA, NC, NH, NYC, NIU, ARS-ADOL) maintained important genetic resource populations despite budgetary constraints. These lines, which have been genetically-selected for defined combinations of genes and/or well-characterized immune functions, have advanced the research in the area of genetic resistance to disease. Additional progress has been made in the development of new genetic stocks of chickens that will provide insights into the role of newly-identified gene systems, such as Rfp-Y, alloantigen systems other than MHC, and microsatellite markers.  

The IA Station maintained its many long-term (10 to 100 generations) genetic lines of chickens that have been characterized for specific genes or features of immune responsiveness. There are four sublines of the S1 partially inbred line, differing in the MHC region (B1 or B19 by serological typing, and Ir-GAThigh or Ir-GATlow by antibody measurement).  A set of six MHC-congenic lines (including the two original B types, B6 and B13) resulted from backcrossing the four different S1 MHC haplotypes onto the G-B background. There are also 14 other inbred lines of homozygous MHC types, including several MHC-congenic pairs (Pisenti et al. 2001). All of the individuals of the inbred lines are blood-typed each generation as chicks and again later before mating, to ensure pedigree purity. Approximately 15,000 birds were produced and blood-typed during the current project period. (IA)  

Major histocompatibility complex congenic lines 6.6-2 (B2B2) (10 G12) and 6.15-5 (B5B5) (10 G12) on the line 61 background genome were developed and are maintained (NH) separately after completing ten backcrosses. Other congenic lines containing major histocompatibility (B) complex recombinants (R1-R6) at NH have Line UCD 003, (B17B17) as the genetic base. These 6 lines are now homozygous for each recombinant.  A new recombinant, tentatively designated R13 (BF17-G23), was found in 2001 (BC10).  This female was backcrossed to Line UCD 003 to increase the number of chickens bearing the recombinant.  These progeny were then mated inter se to produce homozygous recombinant R13 progeny.  Five additional recombinants: R7 (BF2-G23), R9 (BF24-G23), R10 (BF23-G2), R11 (BF21-G21a, 23b), and R12 (BF8-G21a, 23b), from Northern Illinois University were crossed to Line UCD 003 to place them on that common genetic background.

Two Y haplotypes, Y1.2 and Y6, found in the Modified Wisconsin Line 3 x White Leghorn cross were introduced into Lines 6.6-2 (B2B2) and UCD 003 (B17B17) at NH. These Y types will be backcrossed to their respective inbred parent lines to produce congenic lines.  The lines have reached 3 backcross generations. The various congenic lines are useful to test effects of Rfp-Y on immune responses.  

Line UNH 193 trisomic chickens (B19B19B19), which originated from Line FCT-15 chickens (B15B15B15), are maintained at NH. These chickens are valuable for studies of gene dosage effects of the B19 haplotype. 

NH crossed congenic Line 6.15-5 (B5B5) chickens with the Arkansas Regressor (AR) Line followed by a backcross to the AR Line. A second backcross of the B5 heterozygous birds (75% AR genome) to the AR Line produced B5B5 chickens with 87.5% of the AR Line background genome. These B5B5 chickens are important to test non-MHC background gene effects on immune responses.

The NIU station has developed parental stocks of Ancona and White Leghorn origin that are mated to produce line-cross chicks segregating the B complex and non-MHC alloantigen systems. These chicks have been evaluated in Marek’s disease, coccidiosis and Rous sarcoma challenges (collaborative studies with CA and NH). These parental stocks are important because they have been designed for evaluating some of the non-MHC alloantigen systems (A, E, C, H, I, L and P) and their interaction effects with specified chicken MHC genotypes.

Breeder stocks for Cornell K-strain (B15B15), G-B1 (B13B13), and G-B2 (B6B6) were maintained at NC. Three genetic strains N2a (B21B21C2C2, Marek’s disease resistant), P2a (B19B19C2C2, Marek’s disease susceptible), and S13 (B13B13C2C2, Marek’s disease susceptible) were maintained at NYC. These 3 strains are kept as closed flocks in colony cages in a filtered-air, positive pressure house and are free of Mycoplasma species and all known avian viruses except chicken infectious anemia virus (CIAV). Each generation is tested at 8 weeks of age for the correct BG antigens using red blood cell agglutination assays.  

Under this objective, the analyses of major histocompatibility complex genes as well as non-MHC linked genes remained as main focus of several participating stations. These efforts resulted in the characterization of MHC class I (1 and (2 domains sequences of several inbred lines (Fayoumi, Spanish and Leghorn G-B1 and G-B2) by both direct sequencing and by Base Excision Sequence Scanning. Polymorphism analysis detected differences in regions predicted to be important in antigen-binding. Previously unidentified nucleotide mutations were found (IA). 

While White Leghorn chickens have been the main focus of MHC analysis, attempts were made to identify MHC haplotypes in commercial broiler lines. A major focus of the project was to characterize MHC (B) haplotypes from commercial broiler breeder lines, which had not been incorporated into the universal nomenclature system that was developed for leghorn lines.  Antisera directed against MHC haplotypes in commercial broiler breeder lines (Line A, Line C and Line E) had already been developed by L. Warren Johnson at Auburn University. However, these B system reagents were specific only within the lines in which they were produced such that the relationship between the broiler haplotypes and standard haplotypes was not known. Genotyping was done using restriction fragment length polmorphism (RFLP) for B-G, and RT-PCR followed by cloning and nucleotide sequence determination for B-L and B-F genes (AL). From 1998 to 2003 in the previous project, eight haplotypes were characterized in Line C, and two haplotypes in Line E (AL). In combination with the 10 haplotypes previously characterized in broiler breeder Line A, seven haplotypes were identified that encoded novel B-F and B-L( alleles not previously reported in Leghorns (AL). Other haplotypes in broiler breeder lines matched known leghorn haplotypes in their B-F and B-L sequences. Variable exons of B-F and B-L( alleles were amplified from genomic DNA of unique broiler haplotypes in Lines A and C, to determine sequences of less well-expressed B-F and B-L( loci. 

The influence of two MHC haplotypes (BA4 and BA5) on disease resistance in broiler breeder Line A was also tested (AL). Chicks used for infection were from families segregating for BA4 and BA5 haplotypes. Broiler haplotype BA4 has the same B-L( and B-F alleles as standard B21 haplotype, but a different B-G RFLP pattern. Broiler haplotype BA5 matches standard B13 haplotype in both B-G RFLP and B-Lb/B-F nucleotide sequence. Collaborative studies demonstrated that BA5 haplotype was associated with relative resistance to cellulitis induction by an E. coli isolated from a cellulitis case, by comparison with BA4 haplotype. The reverse was seen in collaborative studies (AL and DE) in which chicks were challenged with RB-1B strain Marek’s disease virus (MDV). The BA4 haplotype was associated with resistance to MDV tumor induction by comparison with BA5 haplotype. No difference in resistance to infectious bursal disease virus was observed between BA4 and BA5 haplotypes (in collaboration with Fred Hoerr, AL). Finally, MHC haplotypes were evaluated in additional broiler breeder lines for which no serological reagents had been developed (AU). Using serological reagents developed for broiler lines A, C and E, three more commercial broiler breeder lines (Lines D, F and G) were screened. The various serotypes were then evaluated by B-G RFLP (Line D only) and by B-L(II family PCR-SSP (AL). DE has characterized the molecular MHC genotypes in a commercial broiler population. At least 4 class II and 8 class IV RFLP genotypes were discovered whose frequencies varied among three lines within the population. Limited DNA sequencing identified at least one more class II allele that was not previously reported. 

An MHC gene, B11, that appeared to confer a significant degree of MDV resistance was studied by CA. Resistance against MD in unvaccinated birds bearing the B11 gene either as homozygotes or heterozygotes ranged from 83-96% as compared with 13-20% of commercial type White Leghorn chickens. To evaluate the B11 haplotype further, B11 was compared to the known resistant haplotype, B21. Birds were vaccinated at hatch with HVT/SB-1. Birds bearing the B11 haplotype had resistance to MD tumor development equivalent to the B21 haplotype.  In addition, the protection conferred by HVT/SB-1 vaccine was similar with both haplotypes. 

CA sought to determine if additional gene systems influence MDV resistance. Overall, alloantigen systems C, D, H and I did not show any significant effect on development of MD. Statistically significant differences were observed only within the P system. Birds having a B19B19P1P1 haplotype had a significantly lower incidence of MD when compared with birds bearing the B19B19P4P4 haplotype.  In chicks with the B19B21  background, there was a significantly higher incidence of MD in both the P1P1 and the P4P4 haplotypes when compared with the P1P4 chicks. 

The influence of non-MHC alloantigen systems on immune performance was of collaborative interest among several stations. Eight non-MHC alloantigen systems were examined for their effects on chicken mononuclear phagocytic system cells (NC). These studies were conducted in collaboration with NIU who produced chicks segregating for these non-MHC allotypes. Chicks of P allotype carrying P13 and P1 allele were high responders for LPS-induced nitric oxide synthase (iNOS) expression and activity where as macrophages from I8 allotype chicks produced highest levels of IL-6. These studies suggested that alloantigen systems can exert significant influence on immune endpoints independent of the B complex (NC).  

Non-MHC alloantigen systems had significant effects on Rous sarcoma virus (RSV) tumor outcome in a progeny of matings between B2B5 sires and B5B5 dams derived from a cross of Modified Wisconsin Line 3 and Line NIU 4 White Leghorns. The B2B5 birds had significantly lower mean tumor profile index (TPI) and lower mortality than did B5B5 birds.  B5B5 D1+ birds had a significantly lower mean TPI than did B5B5 D1- birds. Likewise, B5B5 I8+ birds had significantly lower mean TPI compared to that of B5B5 I8- birds. In the B2B5 genotype, tumor size, TPI and mortality rate were lower in L1L1 chickens than in L1L1 and L1L2 chickens. Mortality and tumor size scores were lower in the B5B5 L1L1 population compared to B5B5 L1L2 birds (NH).  

Chickens of the B2B2 and B2B5 genotypes (NH) segregating for 8 different alloantigen systems were used to determine the influence of these genes on resistance and susceptibility to Eimeria tenella. Birds were inoculated with 30,000 E. tenella oocysts. Weight gain differed significantly between B genotypes. Subsequent analysis was performed separately on the B2B2 and B2B5 genotypes. The L alloantigen system had a significant effect on cecal lesion score in B2B2 chickens. Birds of the B2B2 L1L1 genotype had higher lesion scores than either B2B2 L1L2 or B2B2 L2L2 birds. No other alloantigen effects were noted in either B2B2 and B2B5 chickens. 

These positive results led to further NH studies of alloantigen L effects on immune responses. Modified Wisconsin Line 3 x Line NIU 4 White Leghorn sires B2B2 L1L2 were crossed to inbred Line 6.15-5 dams (B5B5 L1L1) to produce the parental stock consisting of 50% inbred Line 6.15-5. Pedigree matings of B2B5 L1L2 sires to B2B5 L1L2 dams produced experimental progeny segregating for all possible combinations of B and L genotypes. In the B5B5 genotype, L type had an effect on tumor size, TPI and mortality rate. Tumor growth differed over time for the three L genotypes within B5B5 chickens. The L1L2 genotype’s TPI was significantly lower than the TPI of L1L1 but not L2L2 chickens. The results indicate that the L1L2 genotype reduced the progressive effect of the B5B5 genotype and did so significantly compared to the L1L1 genotype.

Progeny from the same mating (NH) segregating for all possible combinations of B and L haplotypes were tested for antibody responses to SRBC and BA. For B5B5 chickens, the L1L2 genotype had significantly lower total primary anti-SRBC titers than either L1L1 or L2L2 birds. In the B2B5 genotype, total and ME-resistant secondary anti-SRBC titers were significantly lower in L1L1 birds compared with L1L2 and L2L2 birds. The L genotype significantly affected total and ME-resistant secondary titer to BA within a B2B5 genotypic background.  The L1L1 genotype had the highest total secondary titer to BA that differed significantly from L2L2 birds but not L1L2 birds.  The ME-resistant secondary titer to BA was also significantly higher in the B2B5 L1L1 genotype than in the B2B5 L2L2 but not the B2B5 L1L2 genotype. The data indicate that the L alloantigen system or closely linked genes affect the anti-SRBC and anti-BA responses in different B genotypes.

The influence of B and L haplotypes on immunity to E. tenella was evaluated. Progeny segregating for combinations of both systems were immunized with 500 E. tenella oocysts/day for 5 days followed by a 30,000 oocyst challenge. B5B5 chickens had lower lesion scores than did B2B2 chickens. Weight gain 6 days post-challenge was not different.  The L genotype did not affect weight gain or lesion scores. These results support prior studies showing lower lesion scores in the B5B5 genotype compared to B2B2 chickens (NH).

Another NH study examined non-MHC genetic influences on Rous sarcoma growth.  Chickens containing 25% inbred Line 6.15-5 and 75% Line TK showed differential growth of Rous sarcomas. TPI were not significantly different among progeny from a B5B15 x B5B15 mating.  In the progeny from a B5B21 x B5B21 mating, B5B5 chickens had the highest TPI, B5B21 chickens had intermediate TPI, and B21B21 had the lowest TPI. No significant TPI differences were found in B5B5 chickens from each mating were compared to Line 6.15-5. Among four sire families of B5B5 chickens having 25% of the 6.15-5 genes, one family had a higher incidence of v-src tumor metastasis than two of the other three families. 

Line UCD 003 (B17B17) was crossed to other chickens including UCD 001 (BQBQ), Line TK (B15B21), Line UNH 105 New Hampshires (B24B24), Line 6.15-5 (B5B5), Ottawa Line 7, Brown Leghorns, and Araucanas at NH. F1 chickens were mated inter se to produce B17B17 progeny having 50% Line UCD 003 and 50% of the other parent type for further study of non-MHC genetic influences on RSV tumor growth. Among 9 families, one family (208) had progressive RSV tumor growth. Eight other families had regressive or a plateau tumor growth.  This result suggests that this family has other background genes that may influence tumor growth negatively. These birds are no longer maintained.

Two lines of chickens having the B21B21 genotype were used to examine the effect of ev3 on the growth of Rous sarcomas. Line EV-O has no endogenous viral genes whereas Line EV-3 has only the ev3 gene. Line EV-0 chickens had a lower mean TPI and thus a greater response to Rous sarcomas than EV-3 chickens. This effect is due to ev3 lowers the response to subgroup A RSV through tolerance because of gag and env products (NH). 

Identification of candidate genes for response to Salmonella enteritidis (SE) was of interest to the IA station. Several such genes were identified in a resource population generated by crosses of broiler sires with multiple, inbred dam lines (Leghorn and Fayoumi).  Measures of SE response included antibody levels to vaccination, and bacterial burden after challenge with pathogenic SE. The candidate genes were identified as comparative candidates from Salmonella-response studies in other species, or from studies in chickens of other genetic populations. Gene fragments of the parental Lines were amplified and sequences, then analyzed for DNA polymorphisms that could be used to type alleles the resource generations. Genotyping was then done by PCR-RFLP. Associations of the following genes were found with one or more traits of SE response: MHC class I, NRAMP, IAP1, caspase, and prosaposin (IA). 

Several groups also examined additional gene systems with possible involvement in immunocompatence of chickens. A chicken genomic DNA clone was found to contain a region of chicken chromosome 1 and it was syntenic with human chromosome 22 (DE). This clone was determined to contain the genes, Synapsin 3 and FBX07. The chromosome 1 region has been of interest because it was demonstrated to contain at least 1 Kb of DNA that was originally identified in the 5’ region of a MHC class II (B-L(II) promoter. Additional genes that affect cell growth and tumor progression (i.e. tumor suppressor genes) and Marek’s disease viremia have been mapped to the same region. To identify other non-MHC genes that affect MD resistance in broilers, DE established an F2 population, challenged it with RB1B, a very virulent strain of MDV and recorded MD clinical signs, gross lesions and mortality.  Ongoing research is using a DNA marker approach to identify broiler genotypes that are MD-resistant and MD-susceptible.  

Related to the same project is a collaborative project between (DE) and ARS-PBESL sought to identify genes affecting coccidiosis resistance. At least one quantitative trait locus (QTL) was identified on chromosome 1. Furthermore, a genetic component was identified (DE) that influences body weight during a MDV challenge in broilers; progeny from specific families became severely stunted during challenge and never recovered. The genetic basis is not understood, but may be related to specific cytokines (similar to cancer-induced cachexia) or other physiological mediators. 

Other studies compared the iNOS expression and activity between B15B15 (Cornell K-strain), B6B6 (G-B2) and B13B13 (G-B1) genotypes (NC). These studies demonstrated that macrophages from these chicken lines can be hyper (i.e., K-strain) or hypo (G-B1 and G-B2) responders for iNOS gene expression and activity regardless of the source of bacterial lipopolysaccharide. The iNOS gene was transcriptionally regulated. The macrophages from hyper-responder genotypes expressed significantly more CD14 and TLR-4 receptors as well as bound NFkB more efficiently than the macrophages from hypo-responder genotypes suggesting that iNOS hyporesponsiveness may be due to inferior LPS-mediated signal transduction mechanism(s) operative in low responder chickens. The involvement and/or role of IL-1 was found not be defective in low responder genotypes. 

NH studied major histocompatibility (B) complex effects. The outcome of Rous sarcomas was assessed in second backcross generation BQB17 chickens with a genomic composition of 87.5% inbred Line UCD 003 and 12.5% inbred Line UCD 001. The mating produced genotypes BQBQ, BQB17, and B17B17. The TPI of the three genotypes inoculated with 30 pock-forming units (pfu) RSV did not differ significantly. Among chickens inoculated with 15 pfu RSV, BQB17 chickens had the lowest TPI that was significantly different from the highest TPI found in B17B17 chickens. This suggested complementation between the BQ and B17 haplotypes.

B complex gene dosage effects on the outcome on Rous sarcomas were examined in a trisomic model. Line UNH 193 trisomic chickens that carry B19B19B19 were used. Matings between B19 trisomic parents produced progeny having B19B19 (disomic), B19B19B19 (trisomic) or B19B19B19B19 (tetrasomic) doses of the MHC chromosome. B19B19 disomic chickens had a significantly lower TPI than B19B19B19 (trisomic) but not B19B19B19B19 (tetrasomic) chickens. These data indicated that MHC dose alterations, at least to the trisomic level, affect Rous sarcoma outcome (NH). A second related study used regressive (B19) and progressive (B5) haplotype combination. Matings between Line UNH 193 (B19B19B19) trisomic dams and a Line 6.15-5 (B5B5) sire produced B5B19 (disomic) and B5B19B19 (trisomic) MHC chromosome dose progeny. B5B19B19 trisomic chickens had significantly lower RSV tumor growth over time and TPI than did B5B19 chickens. Two B19 haplotype doses produced more Rous sarcoma regression than one B19 haplotype dose when combined with the B5 progressive haplotype (NH). 

The MHC-like system, Rfp-Y, influenced Rous sarcoma growth in B2B5 progeny derived from a cross of Modified Wisconsin Line 3 and Line NIU 4 White Leghorns. Rfp-Y type Y6Y6 had the highest TPI that was significantly different from Y1.1Y1.2, Y1.2Y1.2 and Y1.2Y6 birds. Reciprocal matings of B2B2 Y1.2Y6 x B2B5 Y1.2Y6 parents having 50% Line 6.15-5 produced progeny segregating for 2 B genotypes and 3 Rfp-Y genotypes. No significant Rfp-Y genotype effect was found using this common genetic background (NH).

The presence of CIAV in the Cornell lines NYC was discovered in 1997. Two key findings were made that are important in the context of objective 1. First, it was found that CIAV DNA could be detected by nested PCR in gonadal tissues from chickens that had been CIAV antibody-positive for 50 weeks and in antibody-negative chickens. CIAV DNA could also be detected by nested PCR in embryonal tissues obtained from eggs produced by antibody positive hens. Interestingly, not all tissues from a given embryo were positive, suggesting that CIAV is not transmitted through the germ-line. The second key finding was that chickens remained seronegative until at least 16 weeks of age or afterwards, while all birds were kept from day one in the CIAV-contaminated building. Seroconversion of individual birds within a flock would commence, in general, at the start of sexual development and would continue until 60 weeks of age. Since that time, all birds have been monitored at 16, 26, 36, and 60 weeks of age. Flocks sometimes fail to seroconvert or do so in the middle of egg production thus resulting in chicks that may have subclinical infections. Commercial producers of SPF eggs have reported similar data on seroconversion informally. The data suggest that viral replication may be controlled by hormones involved in sexual maturation and/or egg production. 

Subclinical CIAV infection can cause a lack of development of antigen-specific cytotoxic T cells (CTL) for other pathogens, when chicks are undergoing active CIAV replication while challenged with the pathogen of interest (see objective 2 for details). This finding is very relevant for in studies related to objective 1 when candidate genes are examined for links to immune responses. It will be important to determine if CIAV is replicating using quantitative real-time PCR or RT-PCR when candidate genes are examined for their importance for CMI responses NYC. The station is in the process of developing a small nucleus of chicks that are free of CIAV DNA. Current work includes testing offspring from the third generation.  The methodology being developed is currently the subject of a patent application to be filed in the near future.

For enteric diseases such as salmonellosis and coccidiosis, cell-mediated immunity (CMI) plays a major role. T lymphocytes are the major effector cells mediating CMI and various cytokines have been associated with signaling pathways involved in the lymphocyte activation. Interleukin (IL)-2 is synthesized and secreted primarily by T lymphocytes in response to activation by mitogens or following specific interaction of processed peptide antigen bound to a major histocompatibility complex molecule with the T cell receptor complex. Following its secretion, the biological activities of IL-2 are mediated by its interaction with a multi-subunit receptor (IL-2R) expressed on the surface of variety of cell types, predominantly T, B, and natural killer (NK) cells.
The IL-2R is composed of 3 ligand-binding polypeptide chains: IL-2R(, IL-2R(, and the common (c chain. While the IL-2R( chain is specific for IL-2, the IL-2R( and IL-2R(c chains are shared with cell surface receptors for other interleukins, i.e. IL-2R( with IL-15R and IL-2R(c with the receptors for IL-4, -7, -9, and –15. Whereas IL-2R( alone binds to IL-2 with low affinity, all 3 polypeptide chains are required for high affinity binding and subsequent intracellular signaling. There is very limited information on the molecular structure of chicken IL-2 receptor genes. Recently, ARS-PBESL produced monoclonal antibodies that detect IL-2R( and IL-2R(c chains.
2.  Degree to which objective 1 has been accomplished.

Understanding of the structure, function and disease-resistance relationships of both MHC and other genes has seen substantial progress during the current project period. Examination of inbred, non-inbred and congenic populations further defined MHC and non-MHC effects on specific diseases including MD, Rous sarcomas, Salmonella enteritidis, Eimeria tenella, E. acevrvulina, and CIAV. In addition, genetic influences on basic immunological functions were defined. Use of unique MHC region recombinants has helped to define the role of specific MHC regions in disease resistance. Other genes including the Rfp-Y, NOR, erythrocyte alloantigens, and ev genes, have been examined for their specific effects on immune competence and disease resistance. The effects of these genes are part of ongoing studies. Poultry resource population development, maintenance and characterization have continued. The spectrum of these populations includes inbred, congenic, recombinant congenic and non-inbred populations selected for characteristics such as multitrait immunocompetence or responses to specific antigens. The genetic resources, defined pathogens, and specialized reagents represent valuable collaborative resources that enhance the organized and cooperative nature of project stations.

3.  Incomplete work or areas needing further investigation.

While significant progress has been made during the current period, several research areas require further effort. The influence of the MHC and non-MHC genes on other specific diseases must be examined. Other non-MHC cellular antigens, receptors and additional genetically determined systems must be identified and characterized for associations with modulation of immunity. Understanding regulatory expression mechanisms for MHC and non-MHC genes and how their gene products modulate disease resistance should be pursued in both layers and broilers. The role of both MHC and non-MHC genes in vaccinal immunity must be expanded to diseases in addition to MD. Emerging technologies including microsatellites, microarrays, or proteomic approaches must be adapted to relevant investigations. New applications for evaluating immunity should be developed. Preservation and further development of unique genetic stocks must continue for immunogenetics research to be most effective.  

OBJECTIVE 2. Identify and characterize environmental, dietary and physiologic factors that modulate immune system development, optimal immune function and disease resistance in poultry genetic stocks.

1.  Work accomplished under the original project.

Poult enteritis and mortality syndrome (PEMS) is a multifactorial disease of turkeys that is characterized in part by immune dysfunction.  Collaborative efforts between NYC and NC have resulted in the isolation of a novel reovirus (ARV-CU98). Inoculation of ARV-CU98 into susceptible poults resulted in significantly smaller livers than in control hatchmates with altered liver functions and bursal growth. In vitro studies (NC) with purified ARV-CU98 showed that this virus does not affect lymphocyte or macrophage viability but replicates nicely in primary or transformed liver cell lines. Another novel viral agent, PEMS-associated astrovirus, was isolated from fecal material of PEMS poults (NC in collaboration with Ohio State University). This astrovirus induced significant growth suppression, diarrhea, thymic and bursal atrophy and altered B-, T-, and macrophage functions. 

The finding that chicken infectious anemia virus (CIAV) was present in SPF chicken flocks (see also objective 1) had a major impact on NYC research. It was noted that the chromium release assays (CRA) to study cell-mediated immune (CMI) responses to Marek’s disease virus (MDV) (see objective 3) failed in 4- to 5-week-old chickens that were hatched from CIAV antibody-positive flocks suggesting an impact of CIAV on the generation of cytotoxic T cells (CTL). In contrast, natural killer cells did not seem to be affected. In order to generate quantitative data on the effects of experimental infection with CIAV on CTL generation, NYC developed quantitative methods for the detection of viral DNA and RNA using real-time, Taqman-based, PCR and RT-PCR assays. These assays can also differentiate between two CIAV strains, Cux-1 and CIA-1. 

To examine the impact of CIAV infection on CTL development, NYC infected chickens that were either negative or positive for maternal antibodies to CIAV between 10 and 17 days of age with CIAV, reticuloendotheliosis virus (REV), or REV+CIAV at 10-15, 30 and 45 days of age. At 7 and 14 days post infection (dpi) the replication of CIAV was measured using real-time PCR and RT-PCR. Experiments also determined the effects of infection on IL-2, Il-1(, and interferon (IFN)-( at 7 and 14 dpi and the CTL responses to REV transformed lymphocytes at 7 dpi. Chickens that were antibody positive at 10-17 days of age were resistant to CIAV replication when challenged between 10 and 30 days of age. CTL against REV transformed cell lines were generated in these chickens after infection with CIAV+REV. However, CIAV replicated in maternal antibody negative chickens when challenged with CIAV and REV-specific CTL were not detected in chickens infected with CIAV+REV. The maternal antibody status had no influence when chickens were challenged at 45 days of age. In this group dual infection with RIAV+REV caused a reduction in CTL activity compared to chickens infected with REV alone. 

NYC found that infection with CIA, REV, or CIAV+REV did not alter IL-2 or IL-1( expression. REV was a strong inducer of IFN-( and even in maternal antibody-negative chickens CIAV+ REV caused a highly significant IFN-( increase compared to control and CIAV-infected chickens at 7dpi. CIAV alone also caused an IFN-( increase compared to control chickens independent of the maternal antibody status. These results clearly show that concurrent infection of CIAV with another virus results in a lack of CTL development to the second pathogen. The most likely reason for the lack of CTL development is that CIAV replicates and causes apoptosis in precursor CTL that are responding to the antigenic stimulation by the second pathogen. Thus, CIAV can be an important immunosuppressive agent that can modulate immune responses.

Polychlorinated biphenyls (PCB) are important environmental contaminants. To determine if in ovo exposure to polychlorinated biphenyls would affect immune responses, eggs from Line UNH 105 were injected with 2,2(-dichlorobiphenyl, 2,2(,4,6-tetrachlorobiphenyl, or 2,2(,5,5(-tetrachlorobiphenyl) diluted in corn oil. Chickens treated in ovo with 0.39 ng/g 2,2’-dichlorobiphenyl (2,2(-DCB) had significantly lower primary antibody titers against SRBC compared with the vehicle-treated and control chickens (NH).

Dietary factors were shown to have significant impact on performance and immunocompetence of chickens. Mycotoxins such as aflatoxin and diacetoxyscripenol were shown to significantly suppress several immune parameters in direct-fed chickens or in progeny chicks (NC). Dietary addition of other compounds such as beta-glucans, (-hydroxy-(-methylbutyrate, spirulina and vanadium improved various immune endpoints in chickens (NC).

AR also conducted several studies on nutritional supplements and their role on immune system development and function in chickens and turkeys, demonstrating beneficial immunomodulatory effects of dietary supplementation with vitamin E or bacterial cell wall products from both Gram + and Gram- bacteria.

FRAMINGHAM studied the effects of dietary probiotics on immunity. Results have revealed that including mannanoligosaccharide in poultry diets increases levels of both natural and acquired antibody. The observations have included both research and commercial poultry suggesting that mannanoligosaccharide will be effective under field conditions. Mannanoligosaccharides affect immunity by several distinct mechanisms, they absorb mycotoxins and attach to the pili of some bacteria both of which could aid in protection from infection, but there are additional mechanisms by which they appear to affect antibody levels. 

The importance of nitric oxide (NO) as a modulating factor for Marek’s disease was examined. The addition of LPS + recombinant (r)IFN-( to chicken embryo fibroblasts (CEF) caused the induction of inducible nitric oxide synthase (iNOS) and NO. Interestingly, aging of the cultures increased the level of NO and CEF from the MD resistant N2a line produced higher levels of NO than CEF from P2a susceptible line. The most likely cells producing NO are macrophages or their precursors present in the CEF cultures. It was also learned that NO production in this system or by release from SNAP, a NO-producing component would inhibit replication of HVT or MDV in a dose-dependent fashion (NYC). 

The Cornell station (NYC) then examined if there was a difference in NO production between N2a and P2a lines in vivo after infection with the JM strain of MDV. In most experiments, N2a chickens showed an increase in plasma NO levels at 7 dpi compared to the susceptible lines. Interestingly and unexpectedly, the very virulent (vv)+ strains of MDV caused significant higher levels of NO in the plasma than the less virulent strains suggesting perhaps that there is an optimal level of NO production for protection. An increase in production beyond the optimal levels may cause pathology associated with the brain lesions seen in genetically resistant and susceptible birds infected with the vv+ strains of MDV.  

NYC also examined the importance of rIFN-( for the activation of natural killer (NK) cells by inoculating chickens with rMDV- IFN-( or by feeding rIFN-( in the drinking water. In both instances IFN-( caused a decrease in NK cell activity in spleen cells.

AR focused studies on the mutant Smyth line chicken which exhibits genetically controlled spontaneous autoimmune vitiligo. Typically, vitiligo incidence in this line is between 60 and 95% of individuals. Using Smyth line and MHC-matched (B101/101) control lines of chickens (i.e., parental Brown line which is genetically vitiligo-susceptible but less than 2 % of individuals will express vitiligo, and Light Brown Leghorns which are vitiligo-resistant), AR has demonstrated that pigment cell death in Smyth line chickens involves an inherent melanocyte defect (especially in the form of abnormal melanosomal membranes), an environmental factor (e.g., turkey herpesvirus), and immunological factors (primarily cell-mediated immunity).  

One study evaluated primary and secondary antibody response to BA and SRBC in eight different genetic groups consisting of four different MHC types on two different line backgrounds. This design allowed assessment of the effects of the MHC complex, the non-MHC (background) genetics and the interaction of these two factors. Several instances of main effects and interactions of these factors on different facets of antibody response were found. The overall results indicate complex interactions between specific MHC alleles and the non-MHC background of the lines in which they were studied (IA).

Other experiments utilized a specially designed resource population F2 cross of two genetically distinct and highly inbred lines to identify genomic regions and specific genes controlling antibody kinetics in adult hens. Primary, secondary and equilibrium levels of antibodies to BA and SRBC were measured in adult hens. A non-linear regression equation was used to model the parameters of level and time of response for the secondary phase of antibody production. A genomic scan using 66 widely spaced microsatellite markers identified several regions associated with different facets of the antibody kinetics. Several candidate gene fragments were sequenced from the inbred lines to identify DNA polymorphisms that could be used to identify line-specific allele inheritence in the F2 resource population.  These genes were associated with one or more traits of antibody response in this population: MHC class I and II, IgL, IAPI, ZOV3, IFN-(, TGF-(2 and (3 (IA).

Thyroid hormone and thymulin were studied extensively by NYC. The station found that low level (0.1 ppm) thyroid hormone (i.e., triiodothyronine or T3) supplementation enhances both IL-2 activity from culture supernatants and IL-2R expression while higher levels (1.0 ppm) decrease the expression of both of these activities. It remained unclear, however, whether this was mediated directly by thyroid hormone or by the ability of thyroid hormone to stimulate thymulin production. Examination of this question has now demonstrated that thymulin treatment alone can directly modulate IL-2R expression.

Thymulin appears to have a differential effect on the CD4+ and CD8+ peripheral T-cell populations.  Thymulin was found to modulate both the percentage of CD4+ and CD8+ cells and the mean fluorescence intensity (MFI) of these co-receptors. In the non-thymulin treated K and SLD, the numbers of CD4+ cells were similar. After thymulin treatment, the numbers of CD4+ cells in the functionally hypothyroid SLD strain were increased while they were reduced in the naturally euthyroid K strain. The numbers of CD8+ cells were also changed following thymulin treatment. The K strain had greater numbers of CD8+ cells than did the SLD, both before and after activation with mitogen. The number of small non-activated CD8+ cells in the SLD were increased after thymulin treatment to levels not different from the untreated K (NYC).

The initial thyroidal status of a strain or of an individual appears to correlate with baseline natural killer (NK) cell activity. NK cell activation by recombinant chicken interferon ( (rcIFN() was investigated using the euthyroid control K and the T3-deficient sex-linked dwarf (SLD) chicken strains. Splenocyte preparations from the untreated K strain consistently had significantly higher NK-mediated cytolysis than did samples from the untreated SLD at both 50:1 and 15:1 E:T ratios. In vivo T3 treatment alone had no effect on NK activity in cell preparations from the K strain but did significantly enhance that activity in the T3-deficient SLD. Treatment with IFN( alone enhanced NK activity in both strains. The combined T3 and IFN( treatments resulted in a greater enhancement of NK cytolytic activity in both strains than any separate treatment and eliminated differences in NK cell responsiveness between the K and SLD strains. These data demonstrate that T3 supplementation may enhance NK cell activity, particularly in the T3-deficient SLD and this appears to be at least partially due to an enhanced responsiveness of NK cells to IFN( (NYC). Work with the rcIFN( has been through collaboration with Dr. Peter Staeheli, University of Freiburg, Federal Republic of Germany.

The effect of initial thyroidal status on baseline macrophage activity was also examined. The effect of T3 on the responsiveness of avian macrophages to IFN( was examined along with the effect of this treatment on the production of IFN( by stimulated splenocytes. Dietary T3 supplementation significantly increased abdominal exudate cell (AEC) responsiveness to rcIFN( in the hypothyroid SLD strain while not affecting AEC responsiveness in the K strain (NYC). 

NYC also assayed splenocyte IFN(production. Supernatants from concavalin A (Con A)-stimulated cultures were assayed for IFN( activity by incubation with the HD11 macrophage cell line to induce NO production. Within the euthyroid K strain, T3 treatment depressed IFN( activity from Con A-stimulated splenocyte supernatants. These same treatments had no significant effect in the T3-deficient SLD strain. These data demonstrate that T3 levels affect avian IFN( activity by influencing both the responsiveness to and the production of IFN(. 

Direct in vitro exposure of chicken splenocytes to thymulin results in a dose-dependent enhancement in NK cell activity. Splenocytes incubated overnight with levels of thymulin ranging from 0.5-50 pg/ml of culture media at 15:1 and 50:1 effector to target ratios. Low levels of thymulin (5-10 pg/ml) significantly enhanced NK activity while 50 pg/ml produced no further elevation in NK activity (NYC). There was synergistic activity that results when the cell preparations were exposed in vitro to both rcIFNgamma and thymulin. This suggests that one function of thymulin is to enhance the responsiveness of these cells to IFN(, perhaps by enhancing the expression of IFN( receptors as has been demonstrated for IL-2.

Previous studies by NYC had suggested that acute, low dose in vivo thymulin treatment may affect abdominal exudate cells (AEC - predominately macrophage) responsiveness to rcIFN(. This was further examined to characterize the effects of thymulin on responsiveness to rcIFN(. Thymulin treatment resulted in a significant increase in nitric oxide (NO) production at both the 0.1 U and 1.0 U doses of rcIFN(. There were no significant differences in NO production among treatment groups not exposed to rcIFN(. AEC from both treatment groups showed a dose-dependent increase in NO production in response to rcIFN(.

To better characterize the effects of thymulin treatment on AEC responsiveness to rcIFN(, the effect of different in vivo thymulin doses on responsiveness to rcIFN( were examined. Both the 10 ng and 100 ng thymulin treatments resulted in significant increases in NO production when 1.0 U of rcIFN( was added to the culture. Neither treatment resulted in a significant increase in NO production at 0.1 U rcIFN( (NYC). 

The effect of varying durations of thymulin treatment on AEC responsiveness to rcIFN( was examined (NYC). One, two and four-day in vivo thymulin treatments resulted in a significant increase in NO production at the higher dose of rc IFN( regardless of the duration of treatment. There were no differences in NO production among treatment groups at the lower dose of rcIFN(. Those treatment groups not supplemented with rcIFN( had no significant differences in NO production and there was a dose dependent increase in NO production in response to different levels of rcIFN(.

The ability of thymulin to act directly on macrophages was examined by testing the effect of in vitro thymulin treatment on HD-11 (a macrophage cell line) responsiveness to rcIFN( (NYC). rcIFN( treatments alone consistently increased NO production in a dose-dependent manner. In vitro thymulin treatments in the range of 5-200 pg/ml did not increase responsiveness to rcIFN( significantly.

The cell population that is directly modulated by thymulin, resulting in enhanced NK activity, was examined by NYC. To examine the ability of thymulin to directly enhance NK cell-mediated cytotoxicity, specific T cell populations were depleted from splenocyte preparations. These preparations were treated with anti-CD4, anti-CD8, or anti-CD3 antibodies and complement to determine the effect of the elimination of populations bearing these surface markers. Initial results suggested that the CD8 T cell population may be critical to the enhancement of NK cell responsiveness following thymulin treatments but further experiments demonstrated that this was not the case. When the splenocyte populations were treated with anti-CD3, there was no effect on the ability of thymulin to enhance NK cell activity. The depressed NK activity resulting from the anti-CD8 treatments was due to the fact that avian NK cells are not a homogeneous population and a significant percentage (but not all) of NK cells express the CD8 α/α variant of the CD8 molecule.

Thymulin’s ability to modulate the production of or responsiveness to avian IFN( was examined. At present, there are three different hypotheses as to the mechanisms involved. The primary hypothesis is that thymulin may enhance the expression IFN( receptors, thereby making the NK cells more responsive to the activating capabilities of this cytokine. This hypothesis cannot be directly examined since there are no antibody reagents that recognize this receptor within the chicken. The second hypothesis is that thymulin may directly stimulate IFN( production by the NK cell and in this way serve as an autocrine stimulator of cytolytic activity. The technique of intracellular staining was used to examine the question as to whether thymulin might stimulate intracellular IFN( production. Dr. Bernd Kaspers (University of Munich, Munich, Germany) made this possible by the provision of anti-avian IFN( antisera. In vitro ConA stimulation was used as the positive control for the induction of IFN-γ and indeed approximately a 20% increase in CD8 cells positive for IFN-γ was observed following ConA stimulation. Little change was seen in CD4 positive cells following ConA treatment.  Thymulin treatment, however, produced no change when compared to the media control treatment (NYC). 

The final hypothesis of NYC was that thymulin may serve to simply stimulate the release of preformed IFN(, thus making increased IFN( available. This was examined by determining the ability of in vitro thymulin treatments to increase the level of IFN( present within the media of splenocyte cultures. Again, this was compared to treatments with ConA that served as the positive control. IFN( concentrations were determined by measuring the ability of these media samples to stimulate nitric oxide (NO) production within the HD-11 cell line. As above, ConA treatments were a strong stimulus for the induction of NO production. Thymulin treatments, however, had no stimulatory effects on NO production and thus were interpreted to have no effect on the release of IFN( from the cultured splenocytes.

NYC most recent work has focused on the ability of thymulin to stimulate in vivo NK responsiveness to a viral infection.  Our work to date supports the conclusion that we can enhance the resistance to infection with avian infectious bronchitis virus (IBV) with short-term thymulin supplementation.

Matrix metalloproteinases (MMP) were examined in RSV tumors from NH congenic lines 6.6-2 (B2B2) and 6.15-5 (B5B5). Anti-chicken polyclonal antibodies against MMP-2, MMP-9, or MMP-13 were used to stain tumor sections. B5B5 birds had significantly higher mean tumor profile index (TPI) than did B2B2 chickens. Congenic Line 6.15-5 tumors had significantly more RSV tumor sections that stained positively for MMP-2 and MMP-9 than did congenic line 6.6-2 tumors. MMP-13 staining did not differ significantly between the two genotypes. MMPs-2 and 9 may contribute to the differential tumor growth of the B2B2 and B5B5 genotypes. 

To continue studying mechanisms involved in the initiation of humoral immunity, using lipopolysaccharide (LPS) [T-independent antigen] and bovine serum albumen (BSA) [T-dependent antigen], PA investigated the role of cytokines and hormones. Interleukin-1 (IL-1) activity and tumor necrosis factor-( (TNF-() were increased following LPS but not following BSA injection. Interleukin-2 (IL-2) activity was decreased post LPS and increased post BSA injection. In addition, corticosterone levels were increased and triiodothyronine (T-3) levels were decreased following LPS. No change occurred following BSA injection. It was concluded that although LPS and BSA injection can induce a humoral antibody response in chickens, the mechanism of antibody response initiation involving cytokine network and neuroendocrine system activation are different for each antigen. Our results also confirmed earlier studies that LPS endotoxin triggers immune functions by enhancing the secretion of inflammatory cytokines.

PA found a possible recirculation of lymphocytes from circulation to different lymphoid compartments during septic response and to the local site of injection during the cutaneous hypersensitivity response. These data were based on studies of the cellular changes in the blood and spleen during the development of the septic response and during the early phase of cutaneous hypersensitivity in chickens.

In studying the role of the photoperiod and melatonin on broiler performance and on the immune responses, PA demonstrated that using intermittent lighting (increasing the dark period), is advantageous over using 23 hrs of light for enhancing both production performance and immune responses. The work also concluded that melatonin in vivo is important in enhancing not only circulating WBCs, but also by activating B-and T-lymphocytes of immature male chickens. Melatonin is secreted during the dark period implying that the advantages of using extended dark period are probably due to the increase in melatonin secretion during dark periods.

2.  Degree to which objective 2 has been accomplished.

Characterizing environmental and physiologic factors that affect the immune system progressed in the current project period. Immunosuppressive effects of PEMS and CIAV pathogens were studied. Exogenous administration of thyroid hormone, thymulin, and IFN-( had immunomodulatory effects. Thymic-endocrine interaction and endocrine function of the thymus were studied. An inherent melanocyte defect, an environmental factor, and immunological factors were identified as important in chickens exhibiting autoimmune vitiligo. Dietary additives including beta-glucans, (-hydroxy-(-methylbutyrate, spirulina, vanadium, mannanoligiosaccharide, and vitamin E improved immune responses. Mycotoxins in poultry diets suppressed immune function. Initiation mechanisms for antibody responses differed depending on the specific antigen. Intermittent lighting enhanced production performance and immune responses. F2 crosses of highly inbred lines revealed genes that were associated with one or more traits of antibody response in this population. Evaluation of antibody responses in different inbred lines detected complex interactions between specific MHC alleles and the non-MHC background of the lines in which they were studied.

3.  Incomplete work or areas needing further investigation.
The immunologcial influence of dietary components must be investigated further. These ingredients should include vitamins, minerals, fats, dietary probiotics and competitive exlcusion agents. Other dietary compounds should be analyzed for their effects on immune cell populations, antibody responses, cytokines and response to specific diseases. Genetic variation in the response to these additives should be gauged. Lines of chickens that show different immune responses (i.e. high vs low antibody to an antigen or differential response to disease) should be profiled for cytokine production. These profiles should also be assessed in birds on diverse dietary treatments. Ubiquitous environmental compound must be examined for immunosuppressive effects. Immune system development, immune function and disease resistance should be evaluated in existing and newly developed resource populations. These studies will reveal genetic and environmental factors affecting immunity. Studies on the NO production should be extended to diseases in addition to MD. Additional information on the mechanisms, which initiate antibody immunity, is needed. More data on immune modulation by altered photoperiods must be evaluated. Environmental factors that affect the progress of autoimmune diseases should be explored. 

OBJECTIVE 3. Develop and evaluate methodologies and reagents to assess immune function and disease resistance to enhance production efficiency through genetic selection in poultry.

1.  Work accomplished under the original project.

Non-gene-specific genetic factors related to the response to Salmonella enteritidis (SE) in young chicks were investigated. In one experiment, using layer chicks, the effect of genetic line on survival and on level of bacterial burden was investigated. Line was demonstrated to be highly significant on survival. In surviving chicks, the genetic line effect was significant on cecal SE burden but not on spleen, and these two measures were not correlated indicating that they are under independent genetic control (IA).  

Broiler breeder chick response to SE was also studied. Sibling chicks were either vaccinated against SE, or they were challenged with pathogenic SE and the bacterial burden was evaluated in spleen and cecum. A significant negative correlation of vaccine antibody response and bacterial burden in cecum indicated that chicks with greater genetic potential to respond to vaccine are better able to control and eliminate the pathogenic bacteria (IA). 

Genomic regions associated with vaccine or challenge response to SE were identified in a resource population formed by crossing broiler sires and inbred (Leghorn or Fayoumi) dams. Microsatellites were used as the marker system. Associations of four microsatellites were confirmed for vaccine response and SE bacterial burden in spleen and cecal content. These studies help to focus future investigations on areas of the genome most likely to hold major genes for Salmonella response (IA). 

The AL station developed a PCR with sequence-specific primers (PCR-SSP) to type alleles of the B-LbII locus. Serological reagents to identify new haplotypes discovered in broiler breeder chicken lines were produced. Another project was development of quantitative measures of bursal damage and viral load in chickens challenged with infectious bursal disease virus, for the purpose of assessing MHC associations with disease resistance. Finally, analysis demonstrated that broiler MHC haplotypes varied dramatically in expression of MHC class I molecules on lymphocyte cell surface; furthermore, MHC class I expression correlated with proliferative response to Concanavalin A.

DNA marker technology was used to identify quantitative trait loci (QTL) controlling disease resistance against avian coccidiosis. This technique makes it easier to select individual animals with superior genetic resistance to particular diseases of commercial importance. Whole genome scanning with microsatellite markers and variance-component linkage analysis identified QTL associated with growth and resistance to avian coccidiosis in commercial broiler chickens. To map quantitative trait loci (QTL) associated with disease resistance to avian coccidiosis and growth, two commercial broiler lines with different degrees of resistance to the disease were crossed to generate F1 generation that were intercrossed to produce 314 F2 generation offspring (ARS-PBESL). The F2 offspring were inoculated with sporulated oocysts of Eimeria maxima. Five disease-associated traits were measured post-infection as described (Zhu et al., 2000). Inter-trait comparisons revealed that oocyst shedding was a good parameter for evaluating disease resistance/susceptibility. One hundred and nineteen microsatellite markers, covering 80 % of the chicken genome with an average marker interval of 25 cM, were used for genotyping of F1 parents and F2 offspring. Statistical analysis based on the data of four families revealed a locus on chromosome 1 associated with oocyst shedding (LOD = 3.46). The genetic mechanism of this locus appeared additive. The genomic scan also identified three potential growth QTL on Chromosomes 1, 6, and 8 (ARS-PBESL).  

Cell-mediated immune (CMI) responses by antigen-specific cytotoxic T lymphocytes (CTL) are an important part of the defense against viral infections (NYC). The detection of CTL requires the use of MHC class I-matched and mismatched effector and target cells, so that syngeneic responses can be detected in the absence of allogeneic responses. The lysis of antigen-expressing target cells by syngeneic effector cells is usually examined in chromium release assays (CRA). The paucity of chicken cell lines expressing known MHC class I antigens has limited the application of CRA to the study of a few virus infections.  The best characterized system has been the use of reticuloendotheliosis virus (REV)-transformed lymphoblastoid cell lines and effector cells obtained from REV-infected chickens.

NYC developed an approach to study CMI responses to MDV using the REV-based system. MHC-defined REV cell lines that can be lysed by syngeneic REV-sensitized CTL were stably transfected with MDV genes and used as target cells for the detection of MDV-specific CTL recognizing gB, pp38, meq, and ICP4 epitopes, although the latter one was only detected using CTL from the resistant N2a line. The effector cells were characterized as CD8+CD4- CTL expressing TCR((1. During the current NE-60 project period, NYC found that REV cell lines expressing the immediate early protein ICP27 are lysed by syngeneic effector cells from both P2a and N2a chickens. More recently a large study was completed in which CTL responses to MDV glycoproteins gC, D, E, H, I, K, L, and M were examined. Cell lines expressing gI were lysed by effector cells from N2a and P2a chickens, while N2a-derived CTL also lysed cell lines expressing gC and gK and to a lesser extent gH, gL, and gM. P2a-derived effector cells did not lyse cell lines expressing these glycoproteins, but did lyse cell lines expressing gE. 

The importance of these studies is that the differential recognition of MDV proteins by CTL from chickens with different MHC genes contributes to the understanding of differences in genetic resistance to MDV. The availability of sequence information for all MDV proteins and the increased sophistication of modeling of avian MHC molecules will be important for the definition of the actual epitopes that are recognized. NYC has identified within gB a 100 amino acid fragment that contains the gB epitope. Based on this information and in collaboration with Dr. Kaufman (Institute for Animal Health, Compton, UK), a number of putatitive epitopes consisting of octa- or nonapeptides have been generated. Unfortunately, when these epitopes were added to REV-transformed cell lines, we did not detect significant lysis. This could be because it is difficult to replace endogenously produced epitopes in the MHC class I cleft, or because the epitopes were incorrect. 

2.  Degree to which objective 3 has been accomplished.

Genomic regions as well as non-gene-specific genetic factors related to the response to Salmonella enteritidis were described for layer and broiler breeder chicks. Whole genome scans using microsatellite markers and variance-component linkage analysis identified QTL associated with production and disease resistance. This analysis found one QTL for resistance to coccidiosis and three QTL affecting growth. A PCR test was developed to type B-LbII alleles. Lymphocyte MHC class I expression was found to vary widely among broiler MHC haplotypes. Cell lines stably transfected with MDV genes detected MDV-specific CTL. Certain epitopes were recognized by CTL from MD-resistant but not MD-susceptible chickens. Putative octa- or nonapeptides presumed as epitopes for CTL recognition were tested.

3.  Incomplete work or areas needing further investigation.
Identification of QTL associated with disease resistance and production efficiency need expansion. Work to identify these QTL in layer and broiler chickens should continue. Transfected cells lines expressing potential immunogenic proteins should be developed for other viral, bacterial and parasitic diseases. Peptides from these pathogens should be examined for their role in disease resistance or immunity. New tests to distinguish MHC haplotypes are needed. Lines that differ in their disease resistance should be studied with existing methods to identify for QTL, MHC gene expression, and cell surface markers. New assay techniques will be needed to characterize immune function and disease resistance in diverse populations.
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