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SAES-422 Multistate Research Activity Accomplishments Report 
 
Project/Activity Number: NC1180 
Project/Activity Title: Control of Emerging and Re-emerging Poultry Respiratory Diseases in the 
United States 
Period Covered: October 1, 2015 to September 30, 2016 
Date of This Report: December 15, 2016 
Annual Meeting Date: October 20, 2016 
 
Brief summary of minutes of annual meeting:  
 
The annual meeting was held on Thursday, October 20, 2016, in conjunction with the USAHA 
annual meeting at the Sheraton Greensboro Hotel, Greensboro, NC, Blue Ashe room.  
 
Dr. Mary Pantin-Jackwood, Chair of NC 1180, opened the meeting at 8:10 am.  She welcomed the 
station representatives and participating scientists.  The list below shows the attendees. 
 
Name Affiliation State Representative 
Mazhar Khan Connecticut CT 
Chang Won Lee The Ohio State University (OSU) OH 
Michael Abundo OSU   
John Ngunjiri OSU  
Mary Pantin-Jackwood Southeast Poultry Research Laboratory, ARS, 

USDA (SEPRL) USDA 
David Suarez SEPRL   
Patti Miller SEPRL  
David Swayne SEPRL  
Haroldo Toro Auburn University (AU) AL 
Rodrigo Gallardo University of California, Davis (UC-Davis) CA 
Mazhar Khan Univ. CT (UCT) CT 
Timothy Johnson Univ. MN (UM) MN 
Sanjay Reddy Texas A&M    
Calvin Keeler University of Delaware (UD) DE 
Tsang Long Lin Purdue University (PU) IN 
Mark Jackwood University of Georgia (UGA) GA 
Maricarmen Garcia UGA   
Brian Jordan UGA   
Naola Ferguson-Noel UGA  
 
Due to scheduling issue, the advisor, Dr. Jeff LeJeune, was unable to attend the meeting.  The Chair 
proposed to approve the meeting minutes of 2015 NC1180 meeting. The minutes were approved by 
the participating station representatives and members unanimously. 
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The meeting venue and time for annual NC1180 meeting in 2017 was discussed.  The 2017 annual 
NC1180 meeting will be held in conjunction with USAHA and PRD-CAP again at the Town and 
Country Hotel, San Diego, CA during the week of October 16, 2017. 
 
The Department of Labor’s “Overtime Rule” takes effect on December 1, 2016 and the Rule raises 
the salary level to over $47,476 per year, such change has a significant impact on research budget 
and operation, especially on hiring post-doctoral scientists and laboratory technicians for the 
projects.  Station representatives and members raised and discussed the issues and concerns.  
Nevertheless, the execution of the “Overtime Rule” will be determined by each institution. 
 
Dr. Chang-Won Lee talked about expanding NC1180 by recruiting additional state/station members 
to join NC1180.  The states/stations mentioned and discussed were University of 
Arkansas/Arkansas, North Carolina State University/North Carolina, University of 
Maryland/Maryland, University of Missouri/Missouri, Iowa State University/Iowa, Pennsylvania 
State University and University of Pennsylvania/Pennsylvania, Western University/California, 
USDA/ARS Poultry Research Unit at Mississippi State, and others. 
 
Dr. Pantin-Jackwood, the Chair, reminded station representatives to send her the station reports, 
including the impact statements, as directed by the official format, immediately after the annual 
meeting.  Dr. Chang-Won Lee also emphasized the importance for each station to include not only 
the impact statement but also publications and grants in the report to the Chair for the annual report 
to be uploaded to NIMSS.  
 
The presentation of annual progress report from each participating station began immediately after 
the business meeting.  Dr. Toro/Alabama was the first to give the report and followed by station 
representatives and members from California, Connecticut, Delaware, Georgia, Indiana, Minnesota, 
Ohio, SEPRL-USDA, and Texas, respectively. 
 
All members were actively engaged in the discussions on surveillance, pathogenesis, new 
diagnostics tools, and vaccine/immunology of various poultry respiratory and immunosuppressive 
diseases.  Research findings and new knowledge were freely communicated among the 
participating members. 
 
The annual NC1180 meeting adjourned at 12:15 pm, October 20, 2016. 
 
 
Accomplishments: 
 
Objective I: Identify reservoirs of infectious respiratory disease agents in wild birds and 
poultry.    
 
- Avian influenza virus (AIV) was not detected in LBM and domestic birds in Connecticut, 
however was detected in wild birds (CT).  
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-The survival of avian influenza virus (AIV) in chicken feed and the effectiveness of a 
commercially available disinfectant (Termin-8) in feed were determined. The disinfectant quickly 
inactivated the virus (AU).  
 
- Phylogenetic analysis of the HA gene segment from an avian-origin H3H9/N2 AIV 2013 isolate 
indicated that the virus was related to a wild bird lineage H3 AIV. Avian-origin H3 introductions to 
turkeys appear to be rare events (UM). 
 
- The origins and within outbreak evolutionary changes of the highly pathogenic (HP) AIV H5N2 
that caused the outbreaks in U.S. in 2015 were determined with samples from turkeys and their 
environment collected at different time-points of the outbreak in poultry (UM).  
 
- Study of the persistence of low (LP) and highly pathogenic (HP) AIV in bedding material and 
feces obtained from different turkey, broiler and egg layer commercial productive units showed that 
HPAIV (H5N8) was more persistent than LPAIV (H6N2) (UC-Davis). 
 
- The effectiveness of footbaths using different disinfectants, as a tool to inactivate HPAI and LPAI 
on rubber boots was determined. Quaternary ammonia and phenol + Glutaraldehide based footbaths 
were not able to eliminate HP and LPAI live viral particles on boots, while a chlorine based 
granulated disinfectant was able to destroy the virus at contact. The results make clear that 
footbaths are only one piece of a biosecurity program and we cannot exclusively rely on them in the 
prevention of pathogen introduction into commercial flocks (UC-Davis). 
 
- Major histocompatibility complex effect on genetic resistance to infectious bronchitis virus (IBV) 
was investigated. All tested chicken lines, inbred and commercial, were susceptible to IBV 
infection; however mortality was detected in only a few lines (UC-Davis). 
 
- Epidemiological analyses of IBV cases in California demonstrated two major IBV outbreak peaks 
affecting broiler chickens. IBV types CA1737 and Cal 99 were the most prevalent genotypes during 
the analyzed period (UC-Davis). 
 
-An IBV-like coronavirus was detected from the intestines of a flock of broiler chicks showing 
typical clinical signs of runting stunting syndrome. Sequencing of the S1 gene showed 93.8% 
similarity to IBV California 99 and 85.7% to IBV Arkansas. The results suggest a broader tissue 
tropism of this isolate (UC-Davis). 
 
- Surveillance for viruses in wild birds related to the H5 HPAI virus strains that caused the 2014-
2015 outbreak in the U.S. demonstrated that the viruses were present in relatively high levels in 
wild waterfowl at nearly the same time that outbreaks occurred in domestic poultry in the Pacific 
flyway. Genetic analysis of the wild bird viruses provided additional epidemiologic data to support 
the role of wild birds as the source of the poultry outbreaks (SEPRL). 
 
- Phylogenetic analysis of 32 H5 HPAI viruses determined the H5N2 reassortant viruses emerged in 
November 2014, and the H5N1 and H5N8 reassortant viruses emerged in December 2014 through 
reassortment with North American low-pathogenicity avian influenza viruses (SEPRL). 
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- Sequencing the genomes of circulating strains of ILTV from the backyard flock in the US 
identified novel wild type strains of ILTV (SEPRL).  
 
- Variant and emerging Newcastle disease viruses (NDV) were identified through international 
collaborations Mexico, Nigeria, Bulgaria, Ukraine, Indonesia, Pakistan, Egypt, Russia and U.S. 
generating important epidemiological information on the movement and evolution of the NDV 
strains (SEPRL).  
 
- Repeated isolation of virulent NDV (vNDV) of sub-genotype VIId from backyard chickens in 
Bulgaria and Ukraine between 2002 and 2013 (SEPRL).  
 
- IBV was frequently detected from sick commercial broiler chickens. Vaccine related genotypes 
were the most commonly detected.  NDV was detected in 47 samples but none were virulent 
vNDV. ILTV detections from commercial broiler flocks were numerous in 2016. Concurrent 
infections with IBV and NDV, IBV and ILTV or IBV, NDV and ILTV were detected in 36, 96, and 
8 submissions, respectively. Avian influenza was not detected in poultry, commercial or non-
commercial, or exhibition/show bird in Delaware in 2016 (UD).   
  
 
Objective II.  Develop improved diagnostic capabilities including real time PCR as well as 
other rapid on-farm tests for economically important respiratory diseases. 
 
- A duplex reverse transcriptase loop-mediated isothermal amplification (dRT-LAMP) assay has 
been developed and evaluated for simultaneous detection of H6 and H9 AIV subtypes.  The assay 
exhibited high specificity and sensitivity (CT).  
  
- Based upon the comparative analyses of circulating Ornithobacterium rhinotracheale (ORT) 
isolates, a clade-specific PCR based was developed. This primer set is being used to screen 
incoming ORT isolates following implementation of a change in vaccine strategy (UM). 
 
-Two diagnostic platforms, dynamic light scattering (DLS) and surface-enhanced Raman 
spectroscopy (SERS) are being developed for rapid detection of AIV. The DLS platform has 
potential for a rapid, simple AIV subtyping assay and the SERS platform has excellent potential to 
move forward with subtype specific, multiplexed assay development (UI). 
 
- Variation in the level of antibiotic resistance was shown with different Mycoplasma synoviae 
(MS) isolates. Sequencing of the 23SrRNA of these isolates identified point mutations associated 
with tylosin resistance. PCR protocols were developed to amplify the domains containing the point 
mutations and tested on tracheal swabs for MS infected poultry. Determining the antimicrobial 
resistance profile of MS strains in a timely way provides a therapeutic guide for antibiotic selection 
and judicious use of antibiotics (UGA). 
 
- Studies validate the use of the choanal cleft as an appropriate sampling site for sensitive detection 
of avian mycoplasmosis by PCR. This will allow producers and field personnel options for routine 
sampling that require less skill and personnel, as well as reduce trauma to the poultry during 
sampling increasing bird welfare (UGA). 
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- Increased virulence of a Mycoplasma synoviae (MS) outbreak strain from Northeast Georgia 
indicates that avirulent MS strains may progress into more virulent phenotypes after circulating in 
the poultry population. These results emphasize the benefit of eradicating MS regardless of 
immediate clinical impact (UGA). 
 
 
Objective III. Investigate the pathogenesis and polymicrobial interactions of specific 
infectious agents associated with poultry respiratory diseases (this includes interactions with 
underlying immunosuppressive agents).   
 
- Studies indicated the first H5 HPAIV that caused the outbreaks in U.S. in 2014-15 were poorly 
chicken adapted, and had delayed appearance of lesions, longer mean death times, and reduced 
replication in endothelial cells as compared to historical Eurasian H5N1 HPAIV (SEPRL).  
 
- Previous infection with virulent strains of Newcastle disease virus reduces highly pathogenic 
avian influenza virus replication, disease, and mortality in chickens (SEPRL).  
 
- NDV strains with epizootic characteristics that emerged in the Middle East and Asia were 
confirmed to be highly virulent and behaved as velogenic viscerotropic NDV strains (SEPRL). 
 
- The HN protein of NDV is a crucial determinant of thermostability and the HN gene from a 
thermostable NDV could be engineered into a thermolabile NDV vaccine strain for developing a 
novel NDV vaccine (SEPRL). 
 
- Chicken embryo origin (CEO) vaccine strain of ILTV is composed of a mixed population of virus 
as defined by sequence and pathogenicity. Five unique CEO vaccine derivatives were created which 
differ in sequence and pathogenicity (UD).  
 
- A first generation Metagenomics protocol has successfully been used to determine the bacterial 
and DNA virus composition from tracheal swabs collected from poultry (UD).  
 
- Classification of new NDV isolates (taxonomy) was conducted focusing on epidemiological and 
evolutionary studies. While some genotypes of NDV appear to be globally widespread, others have 
more regional geographic ranges within continents (SEPRL).   
 
- The phylogenetic network analysis on the full-length S1 sequence of IBV using date-of-isolation 
information helped determine the genetic trajectory and time-scaled spread of specific IBV types 
currently circulating in the U.S. (UGA). 
 
Objective IV. Develop new prevention and control strategies for poultry respiratory diseases. 
 
- Current influenza vaccines should be improved by the addition of universal influenza vaccine 
antigens in order to protect against multiple virus strains. Self-assembling protein nanoparticles 
(SAPNs) were used to display the two conserved influenza antigens M2e and Helix. The TLR5 
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agonist flagellin was incorporated into the SAPNs to generate self-adjuvanted SAPNs. The vaccine 
was tested in chickens and mice (CT). 
 
- Novel IBV vaccines using self-assembled peptide nanoparticle (SAPN) have been generated and 
tested in chickens (CT). 
 
- Chicken nucleotide-binding oligomerization domain like receptor pyrin domain containing 3 
(NLRP3) is ubiquitously expressed in chicken tissues and functions as a cytosolic sensor for LPS 
and ATP and production and activation of mature chicken IL-1β is chicken NLRP3 dependent (IN). 
 
- Kidney cell-adapted IBV ArkDPI vaccine is stable and confers effective protection against 
challenge. The spike protein of this virus shows a reduced host cell binding spectrum. These results 
suggest that replication of the CEK-adapted vaccine strain in chickens might be restricted to fewer 
tissues than the original vaccine strain. Such restriction might be beneficial as it would reduce 
adverse reactions but still elicit immunity in the upper respiratory tract (AU). 
 
- Effective protection by vaccination with IBV S ectodomain recombinant protein. All measures 
indicated more effective protection in the group vaccinated with S1+S2 compared to the group 
vaccinated with S1 alone. The level of protection after only two applications of a subunit vaccine, 
without live-virus priming, was remarkable (UA) 
.  
- Infectious bronchitis virus S2 protein expressed from recombinant virus shows that cross-
protective capabilities of IBV do not reside in the S2 protein (AU and SEPRL). 
 
- Development of a recombinant vaccine against infectious laryngotracheitis virus (ILTV). (Auburn 
University & Alabama State University).  
 
- The ectodomain of the influenza virus matrix protein 2 (M2e), which is a highly conserved 24 
amino acid protein, has been an attractive target for the development of universal influenza 
vaccines. Chimeric norovirus p-particle containing consensus M2e sequence of AI viruses (M2e-
PP) is highly immunogenic and can provide partial cross protection against challenge with different 
AIV subtypes. The ability of antibodies induced after M2e-PP vaccination in chickens to bind the 
M2e and their role in inhibiting AIV replication was dependent on the concentration of M2e-PP 
antibodies (OSU).  
 
- Application of NS1-truncated variant as live attenuated influenza vaccine (LAIV) for early 
protection and its complementary use with inactivated vaccine (IV). Priming birds with LAIV at 1 
day of age, and boosting with IV three weeks later induced the high antibody titers and provided 
total protection from heterologous virus challenge (OSU).  
 
- Different humoral immune responses were obtained after one in-ovo vaccination with inactivated 
NDV and Diatomaceous Earth (DE) used as novel poultry vaccine adjuvant, followed by two 
subcutaneous boosters on days 21 and 29 of age (UC-Davis). 
  
- Recombinant herpes virus of turkeys (HVT) vaccine expressing an H5 gene against HPAI 
provided high levels of protection against H5N1 HP virus challenge in chickens. These studies 
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further our knowledge of the requirements of vaccine formulation during HPAI outbreaks and were 
used to support inclusion of this vaccine in the U.S. National Veterinary Vaccine Stockpile for AI 
(SEPRL). 
 
- Poor efficacy of a recombinant herpes virus of turkeys (HVT) vaccine expressing an H5 gene 
against HPAI in protecting domestic ducks against different H5N1 highly pathogenic avian 
influenza (HPAI) viruses was demonstrated (SEPRL).  
 
-Novel virus-like particle (VLP) vaccines that contain the antigenic sites of several different viruses 
protected against AI viruses of HPAIV H5 subtype viruses (SEPRL).  
 
- The negative impact of long-term vaccination on genetic changes in avian influenza field viruses 
was demonstrated with H9N2 viruses from South Korea. The H9N2 low pathogenic avian influenza 
(LPAI) virus is common in poultry across North Africa, the Middle East and Asia, and vaccine is 
commonly used for control. This supports that field viruses must be monitored to detect genetic and 
antigenic drift and when the field viruses diverge from the vaccine, the vaccines need to be updated 
to match the emerging field viruses (SEPRL). 
 
-Expression of chicken interleukin-2 by a highly virulent strain of NDV leads to decreased systemic 
viral load but does not significantly affect mortality in chickens (SEPRL).   
 
- vNDV can replicate in the reproductive tract of hens and contaminate internal components of eggs 
and eggshell surface, but vaccination was able to prevent internal egg contamination, reducing 
eggshell surface contamination, and reducing shedding from digestive and respiratory tracts in 
vNDV challenged hens (SEPRL). 
 
-  The ability of a newly developed chicken-induced pluripotent cell line, BA3, to support 
replication and growth of NDV LaSota vaccine strain was determined to be an excellent candidate 
for vaccine production due to its highly desirable industrially friendly characteristics of growing to 
high cell density and capability of growth in serum free medium (SEPRL). 
 
- Mutations in S1 associated with the a nephropathogenic IBV strain does not prevent binding to 
tracheal tissue, indicating that the initial site of infection for the this strain is likely to be the upper 
respiratory tract (UGA) 
 
- When applied properly, gel administration of IBV vaccine was not statistically better or worse 
than conventional spray vaccination (UGA). 
 
- In evaluating hatchery spray IBV vaccination it was found that the process of spray application 
generated a loss in virus titer. Recommendations were developed for application volume and spray 
nozzle flow rate and size to achieve effective vaccination of one-day old chicks (UGA). 
 
-Safety and protection efficacy of cell line adapted infectious laryngotracheitis virus (ILTV) 
B∆ORFC strain following in ovo vaccination was demonstrated (UGA).  
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-Innate immune responses were induced by ILTV virulent strain and chicken embryo origin (CEO) 
vaccine when administered via the ocular or oral routes. Understanding the timing and effects of 
innate immune responses in sites of viral replication will help in the development of safer more 
effective ILTV vaccines (UGA). 
 
- Cold adaptation or heat-treated methods were used to attenuate the variant IBV genotype 
DMV/1639/11 IBV. Preliminary testing in young chickens showed the experimental vaccines to be 
safe in laboratory research. the heat-treated vaccine provided better protection based on virus 
reisolation following challenge (UGA).  
 
- The DMV/1639/11 heat treated vaccine reduced nephropathogenic IBV associated with mortality 
and airsacculitis condemnations (UD). 
- Protection conferred by an AIV subunit vaccine and duration of immunity was superior to the 
recombinant AIV oil emulsion inactivated vaccine.  Modern subunit vaccines may represent 
efficacious tools for high path avian influenza disease control (UD).  
 
- Application of an ILTV CEO vaccine by drinking water at a dose greater than 1X appeared to 
limit the back passage of vaccine virus and the associated side effects (UD). 
 
- Opportunistic infections that typically follow an immunosuppressive disease like infectious bursal 
disease are usually bacterial. Thus, immune suppression has become a significant concern due to 
the discontinued use of antibiotics in commercial poultry operations. Control of IBD is 
accomplished using vaccination. Studies showed that amino acids in the hvVP2 projection 
structures continue to change and contribute to antigenic drift among IBDV strains including the 
vvIBDV, confounding control efforts.  
 
 
Impacts: 
 
Objective I 
 
- Genetic analysis of wild bird viruses provided additional epidemiologic data to support the role of 
wild birds as the source of the poultry H5 HPAI outbreaks. 
 
- Contaminated feed doesn’t appear to represent a significant method in which AIV is transmitted in 
or between houses and farms.  
 
- The high persistence of a HPAI strain in footbaths and the fact that most of the tested footbaths 
don’t eliminate infective viral particles is an alert call to revise, re-evaluate and strategize 
biosecurity measures in order to prevent the introduction of exotic and also endemic diseases inside 
poultry premises. 
 
- Understanding the effects of the MHC and innate immunity on IBV virus infection provides 
substrate for investigation in the control of this endemic pathogen. 
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- Cal 99 and CA1737 IBV show a moderate level variability compared to the most variable Ark 
type viruses, which could aid in the development of effective type-specific attenuated vaccines. 
 
 
Objective II 
 
- A duplex reverse transcriptase loop-mediated isothermal amplification (dRT-LAMP) assay has 
been developed and evaluated for simultaneous detection of H6 and H9 AIV subtypes.   
 
- A clade-specific PCR based was developed for Ornithobacterium rhinotracheale (ORT) which is 
being used to screen ORT isolates following implementation of a change in vaccine strategy. 
 
- Two diagnostic platforms, dynamic light scattering (DLS) and surface-enhanced Raman 
spectroscopy (SERS) have been developed for rapid detection of AIV. 
 
- PCR protocols were developed that help determine the antimicrobial resistance profile of 
Mycoplasma synoviae (MS) strains in a timely way, providing a therapeutic guide for antibiotic 
selection and judicious use of antibiotics. 
 
- The use of the choanal cleft as an appropriate sampling site for sensitive detection of avian 
mycoplasmosis by PCR allows producers and field personnel options for routine sampling that 
require less skill and personnel, as well as reduce trauma to the poultry during sampling increasing 
bird welfare. 
 
 
Objective III 
 
-Successful efforts have been made to determine the bacterial and DNA virus composition of the 
trachea of birds exhibiting signs of respiratory disease. 
 
- The lack of adaptation observed in chickens with the first H5 HPAIV that caused the outbreaks in 
U.S. in 2014-15 helped in understanding the unique pathobiology of this virus.  
 
- The HN protein of NDV is a crucial determinant of thermostability and the HN gene from a 
thermostable NDV could be engineered into a thermolabile NDV vaccine strain for developing a 
novel NDV vaccine. 
 
- A first generation Metagenomics protocol has successfully been used to determine the bacterial 
and DNA virus composition from tracheal swabs collected from poultry.  
 
- The phylogenetic network analysis on the full-length S1 sequence of IBV using date-of-isolation 
information helped determine the genetic trajectory and time-scaled spread of specific IBV types 
currently circulating in the U.S. 
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Objective IV 
 
- Self-adjuvanted, self-assembling protein nanoparticles (SAPNs) have been shown to be an 
promising universal avian influenza vaccine. 
 
- Chicken NLRP3 has the potential to serve as an effective molecular adjuvant to harness the 
linkage between innate and adaptive immunity and enhance the immunogenicity of vector vaccines 
for providing protection against poultry respiratory pathogens. 
 
- Ark-DPI vaccine adaptation to CEK improves this type of vaccine as it likely reduces the 
emergence of vaccine-derived IBV Ark-like strains. 
 
- Inactivation of AIV in AIV-contaminated chicken feed is feasible with approved disinfectants.   
 
- Restricted replication of CEK-adapted Ark IBV vaccine in chickens could be beneficial as it 
would reduce adverse reactions but still elicit immunity in the upper respiratory tract. 
 
- M2e-PP antibodies are capable of recognizing the native M2e epitopes exposed on the surface of 
influenza virus-infected MDCK cells and whole virus. It also shows that M2e antibodies have a role 
in blocking viral replication.  
 
- Studies demonstrate that pc4-LAIV can provide protection in young chickens and the live-priming 
and IV-boosting can enhance antibody response and protection efficacy. 
 
- Diatomaceous Earth (DE) can serve as a potential adjuvant for vaccines against poultry diseases. 
 
- Application of ILTV CEO vaccine by drinking water at a dose greater than 1X, limited the back 
passage of vaccine virus and the associated side effects. 
 
 
Publications: 
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E., Kapczynski, D.R., Suarez, D.L., Swayne, D.E., Pantin Jackwood, M.J. 2015. Previous infection 
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	- Genetic analysis of wild bird viruses provided additional epidemiologic data to support the role of wild birds as the source of the poultry H5 HPAI outbreaks.
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	- A duplex reverse transcriptase loop-mediated isothermal amplification (dRT-LAMP) assay has been developed and evaluated for simultaneous detection of H6 and H9 AIV subtypes.
	- A clade-specific PCR based was developed for Ornithobacterium rhinotracheale (ORT) which is being used to screen ORT isolates following implementation of a change in vaccine strategy.
	- Two diagnostic platforms, dynamic light scattering (DLS) and surface-enhanced Raman spectroscopy (SERS) have been developed for rapid detection of AIV.
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	- The HN protein of NDV is a crucial determinant of thermostability and the HN gene from a thermostable NDV could be engineered into a thermolabile NDV vaccine strain for developing a novel NDV vaccine.
	- A first generation Metagenomics protocol has successfully been used to determine the bacterial and DNA virus composition from tracheal swabs collected from poultry.
	- The phylogenetic network analysis on the full-length S1 sequence of IBV using date-of-isolation information helped determine the genetic trajectory and time-scaled spread of specific IBV types currently circulating in the U.S.
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	- Self-adjuvanted, self-assembling protein nanoparticles (SAPNs) have been shown to be an promising universal avian influenza vaccine.


