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Science in Service to Animals”
34th Annual Report

July 1, 2009 to June 30, 2010

OVERVIEW, MISSION, & OBJECTIVES

The VMES mission is to coordinate research on animal disease problems of present and potential
concern to Georgia's livestock and poultry industries.

The Veterinary Medical Experiment Station (VMES) was established as a budgetary entity by the state legislature in July 1976
following approval by the University of Georgia Board of Regents in 1973.
Specific VMES objectives are:

e To improve the health and productivity of domestic livestock, poultry, fish, and other income-producing animals and
wildlife through research;

e To assist in preventing disease epidemics by providing laboratory resources and highly skilled scientific personnel;
e  To assist in protecting human health through the control of animal diseases transmissible to man;
e To improve the health of companion animals, which serve to enrich the lives of humankind,;
e To train new scientists in animal health research in order to provide continuity and growth in this vital area
of veterinary medicine.
The Veterinary Medical Experiment Station is committed to enhancing animal

production, profitability, and well-being by improving animal health.

All programs and activities of the Veterinary Medical Experiment Station are conducted without
regard to race, color, national origin, age, sex, or handicap.
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TOM tLe 'rrector Financial Tables

Research Dollars Leveraged
$20,000,000
$15,000,000
These are challenging times for veterinary research. Despite the importance of animal $10,000,000

agriculture to the State of Georgia and our nation, funding for both basic and applied research

related to animal health and food safety is diminished, or at best remains flat. Nevertheless, 5510001000

research expenditures have continued to rise at the College of Veterinary Medicine over the last $0 - - [

5 years. How is this possible? Research at the University of Georgia College of Veterinary 2006 2007 2008 2009 2010

Medicine (CVM) is supported by funding from various sources. The state appropriations for the
Veterinary Medical Experiment Station (VMES) is an integral component of this research support
with its major function aimed at investigation and elimination of animal diseases affecting the [ |

citizens of Georgia and Georgia’s economically essential livestock and poultry industries. The VMES Dollars Invested

majority of research projects are supported by federal, and private sector competitive grants and | Research Dollars Leveraged
contracts. The diversity of our faculty’s research combined with our investigators’ excellent

research training, dedication and hard work have allowed the research enterprise of the CVM

to develop and progress even in these tough economic times where garnering of extramural

research funds is highly competitive. For example, many of our clinical scientists have expertise

that is sought after by private industry and whose research is recognized and supported by private .
donations. Likewise, federal agencies such as USDA and NIH often put out requests for proposals in specific areas of interest or importance to that Research Expendliu res
agency. Our research faculty is well-poised to take advantage of these opportunities and our researchers have had success in getting these research
grants. Research Budgets for VMES research projects are on file in the College of Veterinary Medicine and expenditures are made in accordance with 22843594
these budgets and University of Georgia fiscal policies. 22,496,830 22,039,209 m

Fiscal Year

17,458,316 17,621,156

The cover story of this year’s annual report highlights the research of Dr. Ray Kaplan and Dr. Adrian Wolstenholme on the protection of
livestock against parasitic worms. As they state in the article: “...the threat that gastro-intestinal nematodes (roundworms) pose to the health and
productivity of livestock such as cattle, horses, sheep and goats, is greater than it has been for more than fifty years since the first modern dewormers, or
anthelmintics, were introduced.” The basic and applied research carried out by the Wolstenholme and Kaplan labs is a great example of the relevance
and importance of veterinary research to our state and the nation as a whole. 2006 2007 2008 2009 2010

Fiscal Year

This 34" VMES Annual Report provides an overview of peer-reviewed, competitive projects and new faculty start-up projects conducted
during fiscal year 2010 (July 1, 2009 — June 30, 2010). Additional information on any of these projects can be requested by contacting the VMES
office by phone, email or website, or directly from the investigators themselves. A list of publications is provided as well. These peer-reviewed papers
represent a selection of VMES supported work and other scholarly research originating at the College of Veterinary Medicine.

Expenditures by Category

IX‘»\“J- D;"“‘M o Budget Category Amount % of Budget
Personnel - Researchers/Techs/Research Staff $1,962,704 68.8%
Research Materials & Equipment $533,882 18.7%
Personnel — Research Administration & Accounting $354,315 12.4%
Travel $2,240 0.1%

A summary of the College’s research funding is provided above. Over the past year approximately
five research dollars were leveraged for each VMES dollar invested. Expenditures are from all
sources including State Appropriations, Extramural Research Funding, Donations - Includes all
expenditures including personnel costs.
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Millions of people have been entertained and informed about parasites that infect humans by the TV show, ‘Monsters Inside Me’. Part of the vicarious
pleasure of watching the show is the knowledge that these infections are mostly very rare in the United States, and the chance that any one of us will fall
victim to these horrible diseases is remote. However, the situation is very different for our companion and livestock animals and infection with one or
more parasites is a daily threat that we all - owners, veterinarians and researchers - need to be aware of and to guard against. In particular, the threat that
gastro-intestinal nematodes (roundworms) pose to the health and productivity of livestock such as cattle, horses, sheep and goats, is greater than it has
been for more than fifty years since the first modern dewormers, or anthelmintics, were introduced. The familiar and somewhat depressing reason for
this increased threat is the emergence and spread of resistance to these drugs, caused by overuse and misuse. With only limited prospects that affordable
new compounds will reach the US market in the short to medium term, it is essential that farmers, veterinarians and agricultural advisors are aware of
the current best practice in parasite management and how to use the drugs we have available today.

Itis estimated that, left untreated, GI nematodes will steal more than 20% of the productivity
of infected animals, and the more pathogenic species like Haemonchus contortus (goats
& sheep), Ostertagia ostertagi (cattle) and the small strongyles (horses) can cause serious
health problems and even death. For the last fifty years we have been able to control these
infections using excellent anthelmintics such as thiabendazole (introduced in the early
60s), levamisole (introduced in the ‘70s) and ivermectin (introduced in the ‘80s). These
drugs all had better than 90% efficacy against the common parasites, sometimes 100%,
and their enormous success essentially prevented development of any new compounds for
decades. In agriculture, nearly all farm animals were treated several times a year, sometimes
even once a month. The consequences were, in hindsight, predictable and inevitable — the
worms evolved to become resistant and the drugs became less effective. Resistance to
thiabendazole was first reported in 1964 and by the mid-70s resistance to benzimidazole
anthelmintics was common in nematode parasites of both sheep and horses throughout the
world. The same pattern was repeated after the introduction of levamisole and ivermectin,
and by the early 1990s worms resistant to all three drug classes were appearing in

small ruminants.

Today, resistance is widespread to all anthelmintics on the market. Locally, a survey
of resistance we performed from 2002-2006 in the southern US found resistance to
benzimidazole, levamisole, ivermectin, and moxidectin on 98%, 54%, 76%, and 24%,
respectively, of sheep and goat farms. Resistance to all 3 major classes of anthelmintics
was detected on half the farms, and resistance to all 3 classes plus moxidectin (total
anthelmintic failure) was detected on 17% of farms. Furthermore, ongoing surveillance
indicates that the problem continues to worsen; 97% of goat farms we tested from 2007-
2009 had resistance to ivermectin and 55% to moxidectin; 6 of 6 large goat farms in
Georgia (>100 goats) tested in 2010 had resistance to both ivermectin and moxidectin.
Stated boldly, anthelmintics can no longer be relied upon to control parasites of goats and
this situation threatens the viability of the goat industry in the southern US.

The situation in horses is also very serious. A study we led in 2001 found extremely high levels of anthelmintic resistance on horse farms in the
southern US. Small strongyles (Cyathostomins) resistant to fenbendazole, oxibendazole and pyrantel were present on 100%, 54%, and 41% of farms,
respectively. Ivermectin resistance was not detected, but recent reports suggest that it is now emerging. Furthermore, resistance to ivermectin and
moxidectin in roundworms (Parascaris equorum) of foals is highly prevalent, and reports of resistance in pinworms (Oxyuris equi) are increasingly
common. Anthelmintic resistance in cattle parasites is not as severe, but evidence suggests the problem is rapidly escalating.

Given this rather bleak scenario, what alternatives for worm control on farms do we have? Despite considerable effort, no vaccines are available for GI
nematodes, nor can we expect any in the near future. No new anthelmintics have been developed for the livestock market in the US in the last 30 years,
thus we are left trying to preserve the effectiveness of a very few drugs that remain efficacious. Some new drugs are being commercialized, but these are
not licensed for livestock in the US, and their approval is not guaranteed. For some years at least, we will need to use the drugs we have now in a more
focused and ‘smarter’ way than in the past, integrating their use with other novel, non-chemical methods of control. In addition, because resistance is so
prevalent, it is essential for each farm to know which drugs will be effective against the parasites present in their animals. This can be tested ‘on-farm’
by measuring the number of worm eggs in the feces of animals both before and after treatment, but this is very laborious. An alternative is laboratory
tests for measuring drug resistance, but these are technically demanding. The Kaplan lab at UGA CVM is the only US laboratory currently offering this
service (contact Sue Howell for more information).

4 www.vet.uga.edu/research/vmes/

Parasite infections are overdispersed, meaning
that a small proportion of the infected animals
harbor most of the worms — the majority carries a
relatively light infection that has little impact on
welfare or productivity. This can be exploited by
using targeted selective treatments (TST) of only
those animals that actually need treating. This
strategy has several huge benefits; fewer treatments
mean reduced drug and labor costs, plus the worms
in the untreated animals are not exposed to the
drugs and are not selected for resistance. These
untreated parasites form a refugium of susceptible
parasites, which greatly dilutes any resistant worms
that are present. Thus, when animals become
infected, the infecting worms are less likely to
carry genes for drug resistance, and any treatment
needed is more likely to be successful. A method
for implementing a TST strategy in sheep and
goats called FAMACHA® was developed in South
Africa, and the validation and use of FAMACHA®
in the US has been pioneered by the Kaplan Lab
at UGA. Distribution of FAMACHA® to farmers
is linked with educational programs on integrated
parasite management. Since 2003, farmers in 47
states have received this training and more than
20,000 FAMACHA® charts have been distributed.
The success of this program has been immense;
94% of farmers surveyed felt that it improved their
ability to control parasites, 74% reported reduced
parasite problems, and 88% felt that they had saved
money (For more information contact Bob Storey
in the Kaplan lab, Manager of the

US FAMACHA® Program).

Research efforts in the Wolstenholme lab are

concentrating on understanding genetic changes

causing parasites to become resistant. These

changes can be used to develop rapid and sensitive

molecular tests for resistance and, potentially,

ways of reversing it. Drug resistance is often

associated with a change in the drug target, or in

the biochemical processes that destroy or remove

it from the target animal. In parasitic nematodes,

many drugs affect components of the nervous

system, causing paralysis, so we are studying the

receptors that regulate worm movement. Recently,

we have identified the receptors targeted by levamisole in Ascaris suum, an important parasite of pigs with close relatives that infect humans and
horses. We also identified a receptor from H. contortus that is directly stimulated by low concentrations of ivermectin, and is likely to be a key target
of this very important drug. Knowing how the drugs work can be a first step to understanding resistance, but changes in target molecules are not the
only possible mechanism. Changes in the way that parasites metabolize or transport drugs within their tissues may also cause resistance — if the drug
never reaches its target then it cannot paralyze the worm. We are also looking for changes in the expression of proteins that protect parasites from toxic
substances; these changes may be constitutive, present continuously, or may be induced by the drug itself. One family of drugs for which we know
which genetic changes cause resistance is the benzimidazoles, the oldest of the major anthelmintic families. Unlike other anthelmintics, these drugs do
not affect neurotransmission, but microtubules, part of the internal ‘skeleton’ inside all cells. They specifically affect worm microtubules and resistance
is associated with a change in the B-tubulin protein (a major component of microtubules) that makes it more like the mammalian form and less able
to bind the drugs. We have produced a molecular test for this change and shown that we can detect the resistance mutation when it is at a very low
frequency within the population, before resistance is obvious as treatment or control failures. We aim to develop such tests for the other drugs on the
market, with the hope that they will form an important part of future integrated control strategies for parasitic worms

of livestock.

On television, once the parasite is identified treatment with the correct drug is almost always successful, often very quickly — there is a happy ending to
the story. In our fields and on our farms, drug resistance is threatening such positive outcomes and with them, the future prosperity of livestock farming.
We are working to introduce practical and effective ways of combating this threat, and to educate the community in their use. Only by taking a rational
evidence-based approach to parasite control with sustainability as a goal can the livestock industry ensure that the few anthelmintic drugs we have
available will remain efficacious into the future.

Adrian Wolstenholme & Ray Kaplan
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Epizootic Papillomatosis in the Bluegill Sunfish Lepomis machrochirus

The objective of this project was to investigate the potential
role of a viral agent as the cause of an outbreak to skin tumors,
benign papillomas, in the bluegill sunfish. A high incidence
of proliferative skin growths was observed in a managed
population of bluegill for a period of 3 years and served as the
basis for this study. Tumors occurred most commonly on the
lips and infrequently on the fins and body surface. Indigenous
to eastern North America, this popular gamefish is produced
by private, state and federal hatcheries for stocking purposes
on public and private lands.

Skin tumors are well known in fish and have been recognized
by laymen and scientists for centuries. Although the
causes of epizootic neoplasia in fish skin are varied and
debated, electron microscopy and virological methods have
demonstrated virus or virus-like particles in over half of
the outbreaks examined. Tumor associated virus particles
tentatively identified by electron microscopy only, include
herpesviruses, adenoviruses, papovaviruses, and retoviruses.
However, oncogenicity, or the ability to produce tumors,
has only been clearly demonstrated for herpesviruses, most notably Herpesvirus salmonis type 2 and Herpesvirus cyprini. These viruses cause
mortalities in young masou salmon Oncorhynchus masou and common carp Cyprinus carpio, respectively. Survivors develop papillomas on the lips
or skin 4-12 months later. Tumor induction has been demonstrated for additional herpesviruses and two retoviruses identified by molecular means,
but not isolated in culture.

It was hypothesized that a herpesvirus was responsible for the outbreak of papillomatosis in these fish. Working with collaborators at the University
of California, this hypothesis was investigated by: 1) transmission electron microscopy for the demonstration of viral particles in tumors, 2)
attempted isolation in appropriate fish cell cultures, 3) use of generic herpesvirus and other viral primer sets in the polymerase chain reaction, and 4)
transmission studies using cell free tumor filtrates potentially harboring infectious virus by injection and waterborne challenge in juvenile bluegills.
To date, all attempts to visualize viral particles by electron microscopy or identify viral genetic sequences in tissue by molecular methods have
been negative. While these initial results are disappointing, the project is on-going and fish exposed to tumor filtrates will be observed for tumor
development for a period of 1 year. Identification of a viral agent would add significantly to the body of knowledge regarding oncogenic viruses in
fish and potentially limit its spread in a gamefish distributed throughout Georgia.

Principal Ivestigator: Alvin C. Camus,
Co-Principal Investigators: Tom Waltzek, Ron Hedrick

Mycoplasma Research

Mycoplasma synoviae (MS) has been identified as the cause of recent significant
production losses in the state of Arkansas, primarily due to increased processing
plant condemnations and mortality related to respiratory disease. Although at
least three strains of MS have been identified by v/h4 sequencing of recent MS
isolates from Arkansas, the strain that was the primary cause of the outbreak
was designated “S-10”. Based on field reports, it appeared that the S-10 strain is
considerably more pathogenic and transmissible than other MS strains from the
area. We evaluated the pathogenicity and transmissibility of an isolate of the S-10
genotype and compared it to another recent MS isolate from Arkansas of the
S-17 genotype, as well as to a virulent MS reference strain (K1968). We showed
that the S-10 strain was significantly more virulent and highly transmissible.
The shift in MS infection from strains of low virulence that are not of major
concern to the industry to strains that are highly virulent and transmissible has
had a significant impact on the approach to MS control in the United States as
evidenced by the introduction of a live MS vaccine. We have also conducted
preliminary studies evaluating MS strains of low virulence for potential as live
vaccines and evaluated challenge methods for MS trials.

Principal Investigator: Naola M. Ferguson-Noel
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The ciliate Ichthyophthirius multifiliis (Ich) is an obligate parasite of freshwater fish that infects epithelia of the skin and gills. Ich infects all
fresh water fish and has a world-wide distribution. In closed systems, such as hatcheries, or aquaculture ponds, /. multifiliis infections can rapidly
overwhelm naive fish and cause mortality of the entire population. Infection is initiated through invasion of the skin and gills by free-swimming
theronts, which rapidly differentiate into ameboid-like trophonts that burrow into the epithelial tissues of the skin and gills. Trophonts feed on
epithelial tissue leading to extensive damage of the skin and gill, and grow to 0.8 mm in diameter. At this point they are visible as white spots; hence
the name, “white-spot disease”. After feeding for seven to ten days, trophonts leave the fish, proceed through approximately 10 cell divisions, and
differentiate into infective theronts to complete the life cycle.

DNA sequencing of the 1. multifiliis genome at the J. Craig Venter Institute revealed unexpectedly that bacterial DNA sequences were present in
1. multifiliis DNA preparations. Intracellular, or endosymbiotic bacteria, are commonly found in ciliates, and this sequence data suggested that
Ich also contained endosymbionts. Our subsequent sequence analysis of PCR products amplified from /. multifiliis DNA, using primers that bind
conserved sequences in bacterial 16S rRNA genes, demonstrated that 16S rRNA gene sequences from an Alphaproteobacteria (Rickettsiales) and a
Sphingobacteria were present. Fluorescence in situ hybridization showed that these bacteria are cytoplasmic endosymbionts of /. multifiliis. The I.
multifiliis Sphingobacteria is a novel and previously uncharacterized species. The role that these endosymbiotic bacteria play in the life history of
1. multifiliis is not clear, however. It is not known if the endosymbionts contribute to the growth of 1. multifiliis or influence its pathogenicity. It also
remains to be determined if they provide their host with any selective advantage, or if they influence the immune response of fish infected

with 1. multifiliis.

Principal Investigator: R. Craig Findly
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Infectious laryngotracheitis (ILT) is a very serious widespread respiratory disease of poultry that produces devastating losses to the chicken industry
world-wide. The disease is caused by the Gallid herpesvirus I infectious laryngotracheitis virus (ILTV). In the past four years, the broiler industry
of the US has experienced long and costly outbreaks of the disease. Field and experimental evidence strongly indicate that the unrestricted use of live
virus vaccines and poor mass vaccination practices have allowed virulent revertants of current live-attenuated ILTV vaccines to persist in the field
causing severe, long lasting outbreaks of the disease. The long-term goal of this project is to develop safer live-attenuated ILTV marker vaccines
that can be administered in ovo while providing robust protection. Two ILTV glycoprotein J (gJ) deletion mutants were derived from the United
States standard challenge strain (USDA-ch): a gJ deletion mutant with a GFP-expression cassette inserted into the viral genome (ADgJ4.1) and a gJ
deletion mutant void of any foreign DNA (BDgJ3.2). As experimental control, a gJ rescue mutant (gJR4.3) with restored gJ expression was generated
and characterized in vitro and in vivo. The replication efficiency of ADgJ4.1 and BDgJ3.2 in the chorioallantoic membranes (CAMs) of 9-day-old
chicken embryos was diminished when compared to USDA-ch and the gJR4.3 rescue mutant. However, titers of mutant ADgJ4.1 in CAMs increased
after serial passages whereas replication of BDgJ3.2 resulted in low viral titers. Cell entry kinetics of gJ deletion mutants ADgJ4.1 and BDgJ3.2
into LMH cells were comparable to USDA-ch and gJR4.3, indicating that gJ does not play an important role during viral entry. Two-step replication
kinetics were performed to determine if the absence of gJ expression influenced the in vitro replication of the viral mutants. While cell associated
titers of USDA-ch and gJR4.3 were of the same magnitude as titers in the supernatants of infected cells, cell-associated viral titers of the gJ deletion
mutants were approximately a thousand fold higher than viral titers in the supernatants. The same phenomenon was also shown for replication in
embryonated chicken eggs. While titers of CAM extracts of USDA-ch or gJR4.3 infected chicken embryos were of the same magnitude as viral titers
in the allantoic fluid (AF), titers in CAM extracts of ADgJ4.1 infected chicken embryos were a thousand fold higher than viral titers in the AF. From
these data it can be assumed that viral egress is impaired by the lack of gJ expression. Thus, it can be speculated that gJ might be involved in viral
morphogenesis and release from cells. In summary, ILTV deletion mutants were generated and characterized in vitro. The ability of the ILTV gJ
deletion mutant ADgJ4.1 to replicate efficiently in CK cells and CAMs makes it worthwhile to further evaluate this genetically defined strain as a
potential live-attenuated ILTV marker vaccine.

Principal Investigator: Maricarmen Garcia
Co-Investigators: Alice Mundt, Sylva M. Riblet, Egbert Mundt
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We proposed the pet trade, particularly the conditions under which wildlife is imported, has the potential to influence the rate of antimicrobial resistance
development. Through experimental manipulations, using the Tokay gecko as a model for the pet trade, we investigated 1) the antimicrobial resistance
of Enterobacteriacae isolates, and 2) how the conditions by which reptiles are imported, for the pet trade, impact antimicrobial resistance.

The objectives of the project were to 1) describe the community of enteric bacteria isolated by culture from imported tokay geckos under varying
housing conditions, 2) to describe the prevalence and serotypes of Salmonella cultured from imported tokay geckos under varying housing conditions,
and 3) to describe the antimicrobial resistance patterns of commensal and potentially pathogenic bacteria of the family Enterobacteriaceae isolated
from imported tokay geckos under varying housing conditions.

Wild Tokay geckos living in peridomestic environments were imported from their native range in Indonesia, housed individually after collection,
and during import. We collected fecal samples while individually housed, and then placed animals in four treatments groups of varying densities
(control, low, med, high) and collected feces again. Using standard microbiology techniques, we cultured lactose fermenting bacteria in the family
Enterobacteriacae and determined the phenotypic antimicrobial resistance using Minimum Inhibitory Concentration (MIC) plates.

Our data demonstrated that: 1) the community composition of Enterobacteriacae shifted such that some genera, which predominated in individually
housed or low density groups were replaced by other genera in the high density groups, 2) the prevalence of antimicrobial resistance of commensal
bacteria isolated from varying density groups was usually less than that of individually housed geckos, 3) the prevalence of Salmonella sp. isolated
increased from 40% in the groups of individuals to 58% in groups of the geckos with higher densities, 4) in addition to serogroups associated with
reptiles, Salmonella sp typically associated with livestock (Serogroups D, E, F) represented 41% and 45% of the isolates cultured from the two groups
of individuals and 10.5% of the isolates from geckos living in low and high densities.

A surprising number of Citrobacter sp. and Enterobacter sp. isolates showed intermediate resistance to chloramphenicol, to which these bacteria should
be susceptible. Approximately 14% of the Klebsiella sp. isolates were resistant to tetracycline, which is contrary to previous studies. Three isolates of
Enterobacter sp., one isolate of Klebsiella sp. and one isolate of Citrobacter sp were resistant to streptomycin. While this drug is infrequently used in
humans in the USA, it is commonly used in Indonesia, and is a common veterinary drug worldwide. Two isolates of Enterobacter sp., and two isolates
of Citrobacter sp. were resistant to multiple antibiotics.

Conclusions: We concluded that tokay geckos could be used as a model to demonstrate that the stressful conditions under which reptiles are imported
for the pet trade can result in a shift in fecal bacteria community composition (which may directly affect their health), an increase in shedding of
pathogenic bacteria in these animals (ie; Sa/monella), and the introduction and development of antimicrobial resistance. These findings could prove to
be extremely significant for people who purchase these animals as pets, often for children. The US currently imports more than 200 million live animals
for the pet trade per year and almost 70 % of wildlife imported into the US for the pet trade originates from Southeast Asia.

Principal Investigator: Sonia Hernandez
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The dairy industry has the problem that many cows are not easy to get pregnant. To have a
profitable dairy business, each cow must reliably become pregnant within about 3-4 months
after her calf is born. This provides for optimal milk production and the best use of input
resources. Unfortunately, even with modern tools to enhance ovulation and the use of artificial
insemination, many dairy cows require many attempts at establishing pregnancy to achieve
the goal. It appears that most of these cows ovulate under the protocol and that the semen
is good. What appears to be the problem is that the developing blastula does not effectively
implant in the uterine wall and allow the pregnancy to develop. Prior work indicated that
the presence of cells associated with inflammation, neutrophils, in uterine mucus indicated a
poorer chance of successful pregnancy.

In this study, we flushed the uterus of 32 cows with sterile saline and evaluated the flush
fluid for the presence and number of neutrophils and other white blood cells, for the growth
of coliform bacteria, for the growth of common pathogens, for the level of IgG and IgA
antibodies, and for the level of prostaglandin E2. We found that cows had a wide distribution
of these measurements in uterine flush fluid. They ranged from no white cells to many, low
levels of antibody to very high, and low levels of prostaglandin to very high levels. We found
a clear correlation among these values, in that those cows with high numbers of uterine white
blood cells also had high levels of uterine IgG and IgA. These same animals had the highest
levels of prostaglandin E2. Many of these same cows had detectable numbers of bacteria that
are associated with uterine infections.

We have sampled a number of cows that did not become pregnant after several tries a second time. All of these cows had high levels of IgG antibody,
high levels of prostaglandin E2, yielded bacterial isolates consistent with pathogens, and most had white blood cells in the uterine flush sample.
Our working model for how these immune and inflammatory factors impact pregnancy is that infectious agents colonize the uterus after birth
and establish an ongoing inflammatory and immune response. We plan to assess the specificity of the antibodies in uterine mucus in an attempt to
determine which pathogens are associated with the immune and inflammatory response.

Principal Investigator: David J. Hurley
Co-Investigators: Michael W. Overton, Jakob Scherzer, Isaiah J. Smith and Stephen C. Nickerson

Avian salmonellosis among wild birds: Strain specificity and natural history

We have diagnosed avian salmonellosis among 11 species of passerine birds. Pine siskins and gold
finches are the most numerous of our accessions, particularly during periods of population incursions in
the southern United States. Northern Cardinals are the next most numerous species of those associated
with feeders. Various species of blackbirds are also commonly affected but the epidemiologic pattern
focuses on outbreaks among large flocks of usually single species in agricultural settings as opposed to
the mixed flocks of songbirds associated with feeders.

We examined 92 passerine isolates by PFGE (Pulsed Field Gel Electrophoresis). PFGE clonal group

A represented 86% of the avian isolates. Subtypes of this group showed a strong association with

avian species. Type A2c was responsible for the majority of cases involving pine siskins and American

goldfinches. Type Alc was closely associated with disease in Northern cardinals, even when outbreaks

were nearly simultaneous with mortality among siskins and goldfinches. We continue to assess prevalence

of Salmonella typhimurium from birds in backyard settings. This year we have seen no mortality but
have sampled birds from a variety of taxa. We were able to collect 1,118 samples including 129 from birds previously sampled. These are currently
being analyzed by culture and PCR to assess prevalence in birds in the absence of clinically apparent disease.

Two of the most common PFGE types were also identified among human isolates described in the CDC PulseNet database. Type Alc was matched
511 PFGE patterns of the total 61,594 S. typhimurium isolates in the CDC database. Type A2b, matched the PFGE patterns of 196 of the

human isolates.

Principal Investigator: Kevin Keel
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Effect of BRSV-Infected Bovine Bronchial Epithelial Cells on T Cell Responses

In a variety of species, disease syndromes are recognized that are caused by co-infection by viral and bacterial pathogens with morbidity that is more
severe or persistent than that caused by the individual pathogens alone. The mechanisms by which viral-bacterial co-infection leads to enhanced
disease are poorly characterized for most recognized pathogen combinations in all species. In cattle, a preeminent syndrome caused by viral-
bacterial co-infection and leading to extensive morbidity and mortality is the Bovine Respiratory Disease Complex (BRDC). The BRDC is known to
be caused by co-infection by viral and bacterial pathogens, and exacerbated by a variety of management practices. Viral infection is nearly always
the primary infectious insult in the BRDC, with subsequent infection by opportunistic bacterial organisms which exacerbate the resulting lung
pathology. Although much research has been carried out to determine the means by which single pathogens contribute to the morbidity and mortality
of the BRDC, very little is known about the mechanisms by which viral and bacterial pathogens interact to cause this disease.

Epithelial cells which line airways are the first line of defense against respiratory infection. Bronchial epithelial cells (BEC), which have long been
recognized to provide a mechanical barrier to respiratory infection, have in recent years been identified as key players in the initiation of the host
immune response to respiratory infection. BEC express many of the same cell surface markers and cytokines as dendritic cells and other “professional
antigen presenting cells” that activate naive T helper (TH) lymphocytes and direct their differentiation into TH effector subtypes that influence the
outcome of many infectious diseases, or which may drive a harmful immunopathologic response. Recently, we have developed a primary cell culture
system that allows culture bovine bronchial epithelial cells (BBEC) from living cattle. Utilizing bronchial brushings of epithelial cells and an air/
liquid interface (ALI) culture system, we can successfully grow primary bronchial epithelial cells in their fully differentiated state into secretory and
ciliated cells which reflect the mucociliary structure and function of differentiated epithelium as seen in vivo. This system provides our laboratory
the opportunity to investigate the influence of airway epithelial cells on the outcome of infectious bovine respiratory disease by revealing the
pathways operative in the earliest phase of respiratory infection and provides a platform for evaluation of treatments to mitigate BRDC through
modulation of inflammatory mediators expressed by the airway epithelium.

The most promising treatments identified with this in vitro system can then be selected for in vivo confirmation. The validation of this model of
interaction between BBEC and cells of the immune system will support our long-term goal to discover how airway epithelial cells influence the
immune response of cattle to polymicrobial respiratory infection, and to determine how these responses can be modulated to improve the resistance
of cattle to respiratory disease.

Principal Investigator: Thomas Krunkosky
Co-Investigator: Amelia Woolums

Figure 1: Scanning electron micrograph of normal bovine bronchial epithelial (BBEC) cells grown in the air-liquid
interface system and differentiating media showing both (a) ciliated cells by scanning electron microscopy and (b) goblet
cells by transmission electron micrograph illustrating goblet cells containing electron-dense “cores”

Figure 2: Confocal of normal bovine bronchial epithelial (BBEC) cells grown in air-liquid interface system, showing:A. cellular archecture (Purple, F-actin) with nuclear detail (blue,
DAPI), B. ciliated cells (green, beta tubulin) with nuclear detail (blue, DAPI), C. merged panels.
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Worldwide outbreaks of Runting Stunting Syndrome (RSS)
have been reported in broiler companies with an intense
production program. The outbreaks are seasonal and occur
in the winter and spring. RSS is a transmissible disease of the
digestive tract affecting young broilers between 1-2 weeks
of age. Despite reports of RSS dating back to the 1970s, an
etiology has yet to be identified. The disease causes severe
weight suppression during the first few weeks of age, lack
of flock uniformity, diarrhea, distention of the intestines,
and an increased feed conversion. Cystic enteropathy is
consistently observed by histopathological examination of
small intestines from affected chickens.

To study RSS, a reliable challenge model was established as a prerequisite for vaccine development. The clinical disease was reproduced in broilers
using filtered intestinal homogenates from clinically affected broilers, thus implying viral etiologic agents. Several viruses were isolated and used
in experimental challenge studies. While a marked decrease in body weights in virus challenged groups were observed compared to non-challenged
groups, the clinical disease (decreased body weights and cystic enteropathy) was not reproduced. Using Metagenomics, four different viruses which
might be involved in the disease were identified by applying a subtractive approach with bioinformatic tools. Since most of the enteric viruses
cannot be isolated in vitro, the protective immunogens were expressed in a recombinant baculovirus system. The recombinant proteins were purified
and used for the establishment of ELISA systems. To verify that viruses which encoded for these proteins might be involved in RSS, specific-
pathogen-free chickens were infected with the filtrate and the immune response was analyzed. The data showed that three of the four proteins were
detected specifically in the indirect ELISA from the serum of infected chicken while the non-infected controls showed no reactivity. Furthermore,
experiments using in situ hybridization showed clearly that three of the four viruses were involved in the etiology of the disease. The hybridization
probes used in these studies did not show any signal and this correlated with a lack of immune response for the same virus in an indirect ELISA. In
parallel studies, broiler breeders were vaccinated with one recombinant protein for each group. Subsequent challenge experiments with the offspring
showed no significant protection. The next experiments will be performed in broiler breeders that will be vaccinated using a cocktail that consists
of the four recombinant proteins. The offspring will be challenged using our challenge model.

Principal Investigator: Egbert Mundt
Co-Investigator: Holly S. Sellers

Mpycobacterium tuberculosis (Mtb), the causative agent of tuberculosis (TB), infects
macrophages, a type of white blood cell that is critical in the initial response to bacterial
infections. After being taken up by macrophages, Mtb manipulates this cell to inhibit the
normal pathway of bacterial degradation. The process by which this occurs is still unclear.
One of the Mtb cell wall components, trehalose dimycolate (TDM), has been shown to interfere
with the degradation pathway when presented to macrophages on the surface of bacteria-
sized particles. Previous work from our laboratory has shown that TDM binds to a type of
receptor on macrophages called MARCO, a class A scavenger receptor. Because MARCO is
specifically expressed on the surface of specific macrophage populations of importance to TB,
such as those in the lungs, we believe that this binding interaction is likely to be significant in
the pathogenesis of TB.

To determine the role of MARCO and other class A scavenger receptors in the response to
Mtb and other mycobacterial species, such as M. bovis Bacille Calmette-Guerin (BCG), the
strain of M. bovis that is used in many countries for vaccination against TB, we have a colony
of mice deficient in these receptors. Macrophages from these mice can be studied in vitro
after infection with mycobacterial species or stimulation with TDM-coated particles and compared to responses by macrophages from wild-type
mice in order to determine the specific role of these receptors. Published data from our laboratory have shown that macrophages from deficient mice
have impaired cytokine responses to TDM and Mtb infection. These mice are also a useful animal model for intratracheal infection, and preliminary
results have shown that early pathologic lesions in response to infection are more severe in the mice that lack these receptors than in the
wild-type mice.

Principal Investigator: Kaori Sakamoto
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Validation of Antibodies and qRT-PCR Primers Required to Assess Epidermal
Growth Factor Receptor Expression in Canine Tissue

Epithelial cancers represent a major disease entity in dogs, and their treatment remains a
significant challenge. Novel therapies are desperately needed. The epidermal growth factor
receptor (EGFR) is a cell membrane bound tyrosine kinase receptor that plays an important
role in cell signaling to promote cell growth and survival. Abnormalities in EGFR are found
in many human cancers and have been implicated in the pathogenesis of these diseases.
Strategies to target EGFR have been developed and have been shown to be beneficial in certain
human tumors with aberrant EGFR expression. Despite these advances in the treatment of
human cancer, little is known about the role of EGFR in normal canine tissue and in

canine cancer.

In order to investigate the role of EGFR in canine neoplasia and its relevance as a therapeutic
target, the objective of this study was to perform the necessary validation steps for canine
EGFR protein detection using commercially-available non-canine antibodies, and gene
expression analysis. In doing so, we examined the profile of EGFR expression in a variety
of healthy canine tissues. Knowledge of the role of EGFR in normal tissues will establish a
baseline against which EGFR expression in canine tumors can be compared in future studies,
and will inform the understanding of adverse events associated with EGFR-targeted therapies.

Western blot analysis of banked normal canine tissue showed that three of the four anti-

human EGFR antibodies that were evaluated are specific for canine EGFR. EGFR expression

was documented in a variety of canine epithelial tissues known to be susceptible to the development of neoplasia including skin, mammary tissue,
bladder, prostate, and lung. Faint EGFR expression was identified in liver, lymph node and spleen. Skeletal and cardiac muscle showed no identifiable
expression by western blot. Use of the antibodies for immunohistochemical detection of canine EGFR has proven challenging due to non-specific
and/or poor antigen binding in formalin-fixed tissues. RT-PCR was performed and produced an appropriately sized amplicon of 76 base pairs in lung
and bladder suggesting successful identification of EGFR mRNA in these tissues. Validation of a real-time RT-PCR protocol for relative quantitative
assessment of canine EGFR gene expression is ongoing.

This study is laying the ground work for future investigations which will aim to describe EGFR expression in canine tumors and its relevance as a
therapeutic target.

Principal Investigator: Michelle Turek
Co-Investigators: Corey Saba, Michel Vandenplas, Jessica Lawrence, Carla Jarrett

Use of retroviral vectors for in vitro expression of
immunogenic proteins of chicken infectious anemia virus

The primary goal of this project was to express immunogenic proteins of chicken infectious anemia virus (CIAV) and other fastidious poultry
pathogens in cell lines of avian origin. The first required and accomplished step was to isolate and clone non-defective endogenous avian leukosis
viruses to be used as vectors for gene delivery. Four of such viruses were isolated and three were fully sequenced. Their complete genomic
sequences were deposited in the public database GenBank. One of such viruses has been cloned into a plasmid vector to be used as an infectious
clone for gene delivery. Subclones of this infectious non-defective ALV clone were produced and were used for gene delivery and expression using
reverse genetics techniques. An additional infectious clone of a non-defective ALV was used to deliver foreign genes using the same approach.
Transfection and co-transfection studies demonstrated that our approach is successful for gene delivery and expression. Green fluorescent protein
(GFP, a reporter protein), was expressed in vitro in the DF-1 avian cell line. Viral protein-coding genes of chicken infectious anemia virus (CIAV),
infectious laryngotracheitis virus (ILTV), and infectious bursal disease virus (IBDV) were cloned into our endogenous ALV plasmid vector system.
Transfection experiments resulted in the successful expression of ILTV proteins in vitro. ILTV protein-expressing DF-1 cells were used to vaccinate
SPF chickens, which produced antibodies against ILTV. These experiments demonstrated that our system can be used for production of immunogenic
proteins and that such proteins can stimulate an immune response. Our most important long-term objective is to develop a system for production of
poultry vaccines that do not require the use of chicken embryos, and a system that would be suitable for production of immunogenic proteins from
fastidious poultry pathogens.

Principal Investigator: Guillermo Zavala
Co-Investigators: Taylor Barbosa, Ying Cheng
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Candidate ivermectin resistance genes in Haemonchus contortus

Haemonchus contortus is a gastrointestinal nematode parasite of small ruminants (sheep and goats) which is prevalent in the South-East United
States. Haemonchosis is treated by drenching animals with anthelmintic drugs, including ivermectin and moxidectin, but parasites resistant to
these drugs are becoming increasingly common. Efforts to identify genetic changes associated with ivermectin resistance are complicated by the
genetic variability of these parasites. This makes it difficult to identify the specific differences between parasite populations that cause the drug
resistance phenotype. We therefore studied an inbred strain of Haemonchus contortus, deliberately selected to be ivermectin resistant in only three
generations. We examined a panel of candidate resistance genes to see if there were any changes associated with the acquisition of resistance. One
fascinating observation was that the ivermectin-resistant worms carried genetic changes associated with resistance to a completely separate class of
anthelmintics, the benzimidazoles.

The chief candidate resistance genes we focused on were the P-glycoproteins. These proteins are efflux pumps which actively remove foreign
compounds from cells, and increases in P-glycoprotein activity have been implicated in drug resistance, not only in parasites but also in human and
animal tumors. We searched the incomplete genome sequence database of Haemonchus contortus for sequences that looked like P-glycoproteins, and
confirmed that they represented real genes by RT-PCR amplification. Nine potential P-glycoprotein genes were identified; these were most similar to
pep-1, pgp-2, pgp-3, pgp-4, pgp-9, pgp-10, pgp-11, pgp-12, and pgp-14 of the model worm, Caenorhabditis elegans.

We then compared the levels of these P-glycoprotein mRNAs in the ivermectin-resistant and -susceptible parasites using quantitative real-time PCR.
Quantitative PCR reactions were optimized for all the P-glycoprotein mRNAs, and the transcript abundance was measured relative to the expression
level of actin, a gene unrelated to drug resistance which is expressed at similar levels in both resistant and susceptible parasites. The findings of
these experiments did not find consistent changes in the expression of any P-glycoprotein genes in the resistant parasites, but it remains possible that
these genes may be upregulated in the short-term in direct response to ivermectin. Although this project has not identified the cause of ivermectin
resistance in this particular isolate of H. contortus, it has optimized a robust assay for P-glycoprotein expression levels in Haemonchus contortus,
which we can use to further investigate the involvement of these genes in drug resistance.

Principal Investigator: Adrian Wolstenholme
Co-Investigator: Sally Williamson
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Factors Interfering with the Control of Infectious Laryngotracheitis
(ILT): Vaccine Interference, Persistence of ILTV in the Field, and
Relative Virulence of Recent ILTV Isolates.

The principal objectives of this research included (not exclusively); a) determination of the influence of simultaneous vaccination against ILTV and
IBV (Infectious Bronchitis Virus) and/or NDV (Newcastle Disease Virus) on protection vs. ILTV; b) comparison of the virulence of a reference
ILTV (USDA challenge strain) and a field strain of ILTV currently circulating in North Georgia (PDRC 63140); and c) a survey of the North Georgia
poultry industry to determine possible undetected ILTV circulating in the field.

Several experiments were designed and conducted to examine protection against ILTV when broilers were vaccinated with ILT vaccine alone or in
combination with IBV and/or NDV vaccines. TCO and CEO virus titers in the trachea of vaccinated broilers were reduced 3-5 days post-vaccination
when ILT vaccine was given in combination with IBV and/or NDV vaccines. However, protection against ILTV was compromised only in the case
of TCO vaccine combined with NDV and/or IBV vaccines. Protection against ILTV was not compromised when CEO was given in combination
with IBV and/or NDV vaccines. Although chickens were not challenged experimentally with IBV or NDV, the concentration of such vaccine viruses
in the trachea was reduced when given in combination with ILT vaccines, particularly with CEO.

A comparison of the virulence of a reference ILTV (USDA challenge strain) and a recent field strain of ILTV was done by using a biological titration
in unprotected broiler chickens. The Georgia field strain 63140 induced clinical signs at an earlier age in comparison with the USDA ILTV strain;
clinical signs were more severe in broilers infected with the field strain 63140 in comparison with the USDA challenge strain; when administered
at a low dose, the field strain 63140 persisted in the trachea longer than the USDA challenge train, and longer than in broilers receiving a high dose
of the same virus. These results suggest that under certain circumstances, the USDA challenge strain may not be optimal for vaccine performance
evaluations. In addition, our results confirmed indirectly the importance of vaccinating chickens with a high titer vaccine to prevent prolonged
persistence of vaccine virus in the trachea.

Examination of the persistence of ILTV in the field was originally intended using molecular methods in vaccinated and non-vaccinated flocks within
and outside ILT vaccination zones. Increased cost of reagents and the cost of in vivo trials forced us to utilize a serological approach. All (100%)
of the broiler flocks sampled for AI monitoring and processed during one week in the Spring of 2009 were tested to detect antibodies against ILTV.
Such broiler flocks represented all Georgia broiler flocks being processed in a single week during the Spring of 2009, at a time when the prevalence
of clinical ILT in broilers was significant in North East Georgia but not in the rest of the state. A second similar testing involving 100% of the broiler
flocks being processed in Georgia during one week of December 2009 was conducted. Our results reflected the field situation in the spring of 2009;
that is, ILTV antibodies were detected exclusively in broilers raised in the ILT-affected zone, with the exception of one area in North West Georgia
where a few flocks tested positive.

Principal Investigator: Guillermo Zavala
Co-Investigator: Maricarmen Garcia
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