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1-SS
Genetic Basis of Leonberger Polyneuropathy

Schwartz, Diana¹,  Ekenstedt Kari J.2, Minor, Katie M.¹, Patterson, Edward  E.², and Mickelson, James R.¹
University of Minnesota  Department of Veterinary and Biomedical Sciences¹and Veterinary Clinical Sciences²

Leonberger polyneuropathy (LPN) is an inherited neuromuscular disease that results in peripheral limb muscle 
atrophy and laryngeal paralysis and presents a significant health concern within the small breeding population 
of Leonberger dogs. Following a whole genome association scan using polymorphic DNA markers we detected 
potential LPN loci on CFA 16 and CFA 7. Candidate genes for sequencing were selected based on proximity 
to regions of significant association from genome association scan as well as physiological function. Previous 
work had identified a causative mutation in gene ARHGEF 10 on CFA 16. Here we sequence gene FAM5B on 
CFA 7 to search for causative polymorphisms. We also sequence ARHGEF 10 in Newfoundland dogs, one of 
the founding breeds for Leonbergers, to search for carriers. The aim of this study is to develop DNA tests for 
susceptibility to LPN to reduce disease incidence, and to direct development of therapies to treat LPN and simi-
lar neuropathies in related breeds.

2-SS
Porcine Circovirus 2 Prevalence in the Farrowing Environment

Lilla, Michael; Dvorak, Cheryl; Murtaugh, Michael
Department of Veterinary and Biomedical Sciences 

Porcine circovirus 2 (PCV2) infection, which is necessary for PCV-associated disease (PCVAD), is widespread 
in swine herds throughout the United States. Pigs are typically vaccinated at weaning, which is effective in pre-
venting PCVAD and reducing the level of PCV2 in serum, but does not eliminate infection. Because most pigs 
in the US are vaccinated and still harbor virus, we are creating a selective pressure for new strains of virus that 
can thrive, and potentially cause disease, in vaccinated animals. Improving vaccine efficacy requires a better 
understanding of exposure to PCV2 virus. The majority of finishers become viremic around 10 to 15 weeks of 
age, suggesting that gilts and sows are infected as well. PCV2 is known to be shed in colostrum, milk, and feces 
and is stable in the environment. Therefore, we hypothesized that piglets are infected with PCV2 while in the 
farrowing environment. We examined 11 sows, pre-suckling piglets, and the farrowing environment of a healthy 
1700 sow farm for PCV2 virus and PCV2-specific antibodies. In sows, PCV2 DNA was observed in serum, oral 
fluids, feces, and colostrum, despite high antibody levels in serum and colostrum. PCV2 DNA was detected in 
serum from 89% of the pre-suckling liveborn piglets sampled, indicating that piglets can be infected with PCV2 
in utero. However, PCV2 DNA was only detected in 40% of stillborn piglets. PCV2 DNA was detected on the 
skin of sows and piglets, as well as from farrowing crate surfaces, suggesting that PCV2 is widespread through-
out the environment. After washing and disinfecting a farrowing room, PCV2 DNA was still detectible, sug-
gesting that washing can decrease, but not eliminate PCV2 from the environment. We found PCV2 to be present 
in sows, pre-suckling piglets, and the farrowing environment. The presence of high levels of antibodies does 
not resolve infection in sows, but may suppress infection in piglets since the absence of viremia is commonly 
observed in nursery-age pigs.



3-SS
Nicotinic Receptor Expression and Activation in Metastatic Canine Hemangiosarcoma Cells

Korpela, Derek; Kassie, Fekadu; Scott, Milcah; Duckett, Megan; Modiano, Jaime. 
Department of Veterinary Clinical Sciences, College of Veterinary Medicine and Masonic Cancer Center,

University of Minnesota.

The diagnosis of hemangiosarcoma (HSA) in canine companion animals carries an extremely poor prognosis, with a median
survival time of six months due to the highly aggressive nature of this cancer (Fosmire et al).  It has been noted that nicotine promotes 
angiogenesis, increased survival, and apoptosis-resistant tumor cells.  Nicotine is an activator of Nuclear Factor of Activated T Cells 
(NFAT), which has been proven through previous experimentation to modulate expression of the vascular endothelial growth factor 
gene in canine hemangiosarcoma cells.  Nicotine acts through nicotinic acetylcholine receptors, however their presence and ability to 
modulate biological responses conferring metastatic behaviors in hemangiosarcoma cells is unknown.

The hypothesis is that canine hemangiosarcoma cells express low and high affinity nicotinic receptors, and when activated, these 
receptors induce calcium mobilization and alterations in expression of select target genes such as VEGF, MMP-2 and 9, and adhesion 
molecules, that confer motility and invasive abilities.  It is predicted that these effects are due to activation of NFAT transcription
factors that are controlled by acetylcholine receptor activation. 

To test the hypothesis, it was first necessary to confirm, using novel primers and RT-PCR analysis, the presence of genetic sequences 
for nicotinic receptors α3, α5, α7, β2, and β4 of three established hemangiosarcoma cell lines (Dal-4, DD-1, and Emma).  Once
validated, the ability of the receptors to mobilize calcium by nicotine activation was performed with fluorescence analysis. 
Furthermore, alterations in cell population morphologies were observed after treatments with nicotine, cobalt, and EDTA.

Genetic PCR analysis confirmed the presence of both high affinity (α7nAChR) and low affinity (α5 and β4 nAChR) receptors in both 
Emma and DD1 canine hemangiosarcoma cells.  Likewise, previous studies have shown through IHC staining that α3, α7, β2, and β4 
are expressed in both Dal-4 and DD1 cells.  During this study, cellular expression was then verified as there were related increases of 
intracellular calcium mobilization after increasing nicotine treatments.  Although objectively recorded, slight morphological patterns 
of cellular grouping and assembly occurred after nicotine exposure when compared to control.

4-SS
Influence of Multiple Genetic Risk Factors in Equine Recurrent Uveitis

Felice M. Cuomo1, Krista L. Fritz2, Julie A. Hendrickson2, Heather J. Kaese2, Kaitlyn M. Dynes2, Michelle A. 
Lucio1, Candice L. Brinkmeyer-Langford3, Loren C. Skow3, Stephanie J. Valberg1, James R. Mickelson2, Mark S. 

Rutherford2, and Molly E. McCue1

1 Department of Veterinary Population Medicine University of Minnesota
2 Department of Veterinary and Biomedical Sciences University of Minnesota

3 Department of Veterinary Integrative Biosciences Texas A&M University

Equine Recurrent Uveitis (ERU) is a common cause of blindness in horses and has nearly an eight times greater probability of af-
fecting Appaloosa horses.  This autoimmune disease may cause inflammation of the eye, cataract formation, edema, and irreversible 
blindness.  Previous work has suggested that ERU is associated with genes responsible for Appaloosa coat color on equine chromo-
some 1 (ECA1) and the major histocompatiblity complex (MHC), a genomic region located on equine chromosome 20 (ECA20) that 
has been implicated in most autoimmune conditions.  A total of 57 Appaloosas with severe cases of ERU and 43 Appaloosa controls 
were genotyped on 12 ECA1 microsatellites, two ECA1 restriction fragment length polymorphisms, and 13 ECA20 microsatellites.  
The Pearson’s chi-square statistic (χ2) tested individual marker associations for all markers genotyped across the genomic regions of 
interest, and significant p values (p<0.05) were observed among three genetic markers spanning ~ 7.5 Mb on ECA1 and five microsat-
ellites spanning ~ 3.5 Mb of the MHC on ECA20.  Haplotypes were generated with PHASE for all markers on ECA1 and ECA20 to 
evaluate any possible haplotypic association with ERU.  Two different ECA20 haplotypes appeared twice as many times in ERU cases 
than controls, and a smaller ECA1 haplotype near TRPM1, a candidate gene for Appaloosa coat color, displayed a significant associa-
tion with ERU (χ2 p value = 0.0095).  An additional fifteen genome-wide microsatellites were genotyped to control for relatedness 
among the horses in our study, and relationship values were determined with consideration to inbreeding in the program DyadML of 
Coancestry.  Relationship values will be used in conjunction with genotype data from ECA1 and ECA20 to confirm association with 
disease susceptibility despite genetic relationships in the sample cohort.  Confirmed markers will be used to develop a genetic model 
to predict risk for ERU in Appaloosa horses.

Research supported by Morris Animal Foundation



5-SS
Validation of Endothelin Type A Receptor in Canine Hemangiosarcoma 

Searcy, Kari1 Gorden, Brandi1 Frantz, Aric1 Robinson, Sally2 Modiano, Jaime1,3 Dickerson, Erin1,3

1 Department of Veterinary Clinical Sciences, College of Veterinary Medicine, University of Minnesota, St. 
Paul, MN, USA; 2Department of Veterinary Population Medicine, College of Veterinary Medicine, University of 

Minnesota, St. Paul, MN, USA; 3Masonic Cancer Center, University of Minnesota, Minneapolis, MN, USA 

Canine hemangiosarcoma (HSA) is one of the most difficult and challenging diseases within veterinary medi-
cine.  Current treatment modalities have been unsuccessful for cure or long-term survival.  Thus, there is a need 
for collaborative research to find a more promising treatment for canine patients afflicted with this devastating 
tumor.  Recently, it was shown that endothelin type A receptor (ETAR) is more highly expressed by HSA when 
compared to non-malignant endothelial cell controls.  Stimulation of ETAR by its ligand, endothelin-1 (ET-1), 
initiates a molecular cascade that promotes tumor growth and survival, angiogenesis, invasion and metastasis, 
and inhibition of apoptosis.  Thus, inhibitors of ETAR signaling may be beneficial in cancer treatment.  The 
current study was designed to validate ETAR expression by several canine HSA cell lines and determine if 
ZD4054, a known ETAR antagonist, could be used as a possible treatment for HSA.  We used qPCR to deter-
mine expression levels of ETAR in several HSA cell lines, and the effect of ZD4054 on the cell viability was 
determined using a MTS assay.  Finally, we examined the ability of ZD4054 to increase chemosensitivity of 
cells to paclitaxel.  Our qPCR data demonstrate variable levels of ETAR expression in HSA cell lines.  Although 
one cell line ‘Grace’ expressed high levels of ETAR while another line ‘Emma’ showed little or no expression 
of ETAR, ZD4054 did not appear to diminish HSA viability or increase sensitization to paclitaxel treatment.  
Overall, canine HSA expresses ETAR at variable levels, but further studies are needed to define the potential 
benefit of ZD4054 as a novel treatment for canine HSA.

6-SS
Evaluation of Anthelmintic Resistance and the Deworming Protocols at Two Minnesota Zoos

Aylesworth, Laura; Trent, Ava M.; Stromberg, Bert
Veterinary Population Medicine and Veterinary and Biomedical Sciences

Parasitic resistance to anthelmintic compounds is becoming prevalent in hoofstock throughout the United States and 
there is growing concern that anthelmintic resistance will affect animals in zoos. Given the importance of anthelm-
intics in the treatment of zoo animal collections, we evaluated the type of parasites present, their prevalence, anthel-
mintic usage, and the efficacy of the currently used anthelmintics at removing parasites from each hoofstock species 
at the Minnesota Zoo in Apple Valley, MN and Como Park Zoo and Conservatory in Saint Paul, MN.  

This was a prospective study.  Species involved in this study included a wide variety of hoofstock, including: Grant’s 
zebra, reticulated giraffe, lesser kudu, Dall’s sheep, Bactrian camel, goitered gazelle, pronghorn, and Asian wild 
horse.  A Fecal Egg Count Reduction Test (FECRT) was performed for each species of hoofstock with an ultimate 
goal of determining the efficacy of the anthelmintic used to treat parasites in that species. An efficacy of less than 
90% is considered as possible resistance.

Based on the results, the Dall’s sheep at the Como Zoo as well as the goitered gazelle and Asian wild horse at the 
MN Zoo had the largest numbers of strongyle-type ova post treatment (12, 27, and 47 average eggs per gram of 
feces, respectively). The efficacies for the anthelmintics used to treat these animals were as follows: Dall’s sheep 
(71%), goitered gazelle (86%), and Asian wild horse (77%). This suggests that anthelmintic resistance may be a 
concern in these animals and needs to be addressed with the choice of anthelmintics for future dewormings.  Due to 
the small collections of various species kept at the zoos, further research is needed before anthelmintic resistance can 
be accurately reported.



7-SS
Epidermal Growth Factor and Urokinase Target Therapeutic Toxins to Ontogenetically Distinct Tumor 

Cells Expressing Cognate Receptors
Schappa, Jill, Frantz, Aric, Vallera, Daniel A., Modiano, Jaime

Veterinary Clinical Sciences and Masonic Cancer Center, University of Minnesota
 
Novel cancer treatments, including ligand targeted toxins (LTT), comprise a rapidly growing area of research. 
Previous work has shown that LTTs exhibit potent and specific activity against human breast cancer, brain 
cancer, and blood-derived tumors with acceptable safety profiles in laboratory animals. However, the efficacy 
of LTTs against other tumor types and in other species remains undefined. We hypothesized that a bispecific 
LTT composed of a modified, deimmunized Pseudomonas (PE) exotoxin conjugated to recombinant epidermal 
growth factor (EGF) and urokinase (uPA), henceforth called EGFuPA_BST, would specifically kill ontogeneti-
cally distinct tumors expressing one or both cognate receptors (i.e., EGFR and uPAR). EGFuPA_BST showed 
dose dependent cytotoxicity (IC50 in the pM range) against a feline mammary carcinoma cell line (K12) and 
three canine hemangiosarcoma (HSA) cell lines, with K12 cells showing ~10-fold greater sensitivity than HSA 
cells. Monospecific targeted toxins (MST) showed differential efficacy to kill these cells. EGF_MST was more 
effective than uPA_MST in K12 cells, whereas uPA_MST was more effective in HSA cells. The cytotoxic 
activity of the toxins was correlated with the apparent magnitude of cognate receptor expression; and experi-
ments using unlabeled ligands or anti-ligand antibodies as competitive inhibitors of LTT or MST binding to the 
cognate receptors support the conclusion that these compounds act through highly specific, receptor-mediated 
interactions. Together, our results reveal differences in tumor sensitivity to LTTs, indicate that susceptibility is 
based on the expression of cognate (targeted) receptors, and support the potential to develop therapeutic appli-
cations for LTTs in naturally occurring tumors of companion animals.

8-SS
Evidence of Positive Selection for the GYS1 Mutation in Equine 

Polysaccharide Storage Myopathy
Megan A. Slamka, Jessica L. Petersen, Stephanie J. Valberg,  and Molly E. McCue

University of Minnesota, Department of Veterinary Population Genetics

Polysaccharide Storage Myopathy (PSSM) is a myopathy effecting more than 25 horse breeds. PSSM is caused by 
a dominantly inherited mutation in the GYS1 gene that results in a gain of function in skeletal muscle glycogen syn-
thase causing horses to accumulate excess glycogen.  Previous studies have found a conserved haplotype surround-
ing the GYS1 mutation in all breeds and have estimated the mutation to be approximately 1,200-1,500 years old. 
These data suggest that despite the strong association with disease, the GYS1 mutation has been perpetuated in the 
domestic horse population for many generations.  Historically horses were worked daily and food sources may have 
been scarce making it advantageous to store more glycogen. We hypothesize that the GYS1 mutation was maintained 
in domestic horse populations due to positive selective pressures. However, husbandry practices have significantly 
changed for modern horse breeds and many horses are now fed high starch diets and have little turnout, resulting in 
disease in individuals with the mutation.  Positive selection for a locus can be detected by analyzing the surrounding 
genetic variation. Over time recombination erodes the haplotype surrounding a new mutation; however, if positive 
selective pressure exists, haplotype frequency and length increase.  This can be statistically evaluated with the Ex-
tended Haplotype Homozygosity (EHH) test and can then be visualized with the computer program SWEEP.  1,534 
previously phased chromosomes from Belgian, Quarter Horse and Percheron breeds showed a high frequency and 
EHH of the core haplotype including the GYS1 mutation supporting our hypothesis that there was selection for the 
GYS1 mutation. In the Belgian and Quarter Horse breeds, resequencing of 2000bp surrounding the mutation further 
supports the hypothesis as chromosomes surrounding the wild-type allele at GYS1 contain multiple SNPS while 
chromosomes with the PSSM mutation are invariant.



9-SS
Evaluation of Clinical Cases of Equine Lameness Using the Force Plate

Benson, DM; Trumble, TN, DVM, PhD; Ernst, N, DVM, MS; Swaab, M, DVM; Groschen, D, RVT
Department of Veterinary Population Medicine

Equine practitioners have historically assumed that horses compensate for lameness in one limb by using their other 
limbs differently. This, however, has not been measured on a force plate with clinical cases of unknown lameness. 
The objective of this study was to determine how routine subjective and force plate evaluations of clinical cases 
compare and whether obvious compensation patterns can be identified using the force plate compared to sound 
controls.  Horses presenting for referral lameness that demonstrated < grade 3/5 lameness were used (n=13). Seven 
sound horses were included as controls. Peak vertical force (PVF) was obtained for each individual limb in all trials 
and was standardized to weight (N/kg). For each forelimb and hindlimb the average PVF was obtained for each of 
the clinical and control horses.  Forelimb symmetry and hindlimb symmetry percentages were calculated.  In ad-
dition, to determine whether there was compensation between the hindlimbs and forelimbs, a hindlimb to forelimb 
percentage was calculated for each clinical case, and were compared to control horses. In 38.46% of the cases did 
the traditional subjective lameness examination agree with the lameness identified using force plate data. Based 
upon symmetry analyses between the respective contralateral limbs, the average (mean ± SD) forelimb symmetry 
for the controls was 98.13 ± 1.22%, and was 96.00 ± 3.23% for the clinical cases. The average hindlimb symmetry 
for the controls was 98.12 ± 1.53%, and 95.08 ± 4.21% for the clinical cases. The control horses had lower average 
hindlimb/forelimb ratio (84.4 ± 6.85%) than the baseline clinical cases (92.9 ± 14.63%).  In clinical cases involv-
ing multiple limbs, evaluating PVF alone may be insufficient. Traditional methods of using the contralateral limb to 
evaluate compensation were inconsistent in multi-limb lameness in the clinical setting.  The more accurate compari-
son may be the ratio between PVFs in the hindlimbs and forelimbs, but further research is required.

Research supported by Morris Animal Foundation

10-SS
Heat-Treatment of Bovine Colostrum Decreases Maternal Leukocyte Viability

Koewler, Nathan
Veterinary Population Medicine

The primary objective of this study was to describe the effect of heat-treatment of colostrum at 60 °C for 60 min 
on colostral leukocyte viability.  Secondary objectives were to describe the effect of heat-treatment, when using 
a prototype model of a colostrum pasteurizer, on colostrum IgG concentration and bacterial counts.  Colostrum 
was collected from cows and heifers within 1 hour post-parturition and the fresh colostrum from individual 
cows was stored at 4 °C for no more than two days post-collection.  Prior to and post processing, colostrum was 
mixed and three 30 mL aliquots were collected using aseptic technique.  Two samples were frozen to be tested 
for IgG concentration and bacterial counts, while the third aliquot was kept at 4 °C for WBC viability testing.  
The heat-treatment protocol used here followed a previously validated method (McMartin et al 2006; Godden 
et al 2006) for temperature and time, 60 °C for 60 minutes.  After pasteurization colostral leukocyte viability 
was significantly reduced in heat-treated samples (log living cells = 2.19 ± 2.63; percent viable cells = 0.79 ± 
1.31%) as compared to fresh samples (log living cells = 6.31 ± 0.42; percent viable cells = 39.19 ± 23.01%; p < 
0.0001).   As expected, log transformed colostral bacteria counts were also significantly reduced in heat-treated 
samples (log TPC = 0 ± 0; log TCC = 0 ± 0) as compared to fresh samples (log TPC = 4.48 ± 1.08; log TCC = 
3.80 ± 1.41, p < 0.0001).  One unexpected result, colostral IgG concentrations were significantly lower in heat-
treated samples (73.8 ± 21.1 mg/ml) as compared to fresh samples (89.4 ± 24.4 mg/ml, p = 0.022).  The mean 
percentage loss in a given batch was 16.7 ± 11.0%. The latter finding may be attributed to temperature fluctua-
tions above 61 ºC.  Heat-treatment of colostrum using a prototype model colostrum pasteurizer resulted in a 
significant reduction in colostral leukocyte viability, colostral IgG concentrations and colostral bacteria counts.



11-SS
A Comparison of Diagnostic Sampling Procedures for Detection of  PRRSV Infected Wean

Pigs in Endemically Infected Farms
Schlueter, Elissa

Department of Veterinary Population Medicine, University of Minnesota College of Veterinary Medicine

Veterinarians have successfully developed methods to eliminate porcine reproductive and respiratory syndrome 
from sow farms. To validate that elimination is successful it is important that veterinarians can accurately deter-
mine the status of a farm following intervention.  The objective of this experiment was to compare the sensitiv-
ity of two sampling methods, tonsil swabbing and serum testing for the detection of PRRSV infected weaned 
piglets in herds undergoing PRRSV elimination procedures.  Samples collected from the tonsil is not a regular 
practice in weaned pigs at this time; however, it is non-invasive and may be more sensitive than assessing serum 
for the presence of virus as it is a well documented site of persistence. For the purpose of this study, 3 endemi-
cally infected farms, undergoing PRRSV elimination were chosen. Samples were collected from 60 weaned pigs 
(tonsil and serum) and tested by PCR on each farm. In addition, an acutely infected population was selected as 
a positive control while a naïve farm was selected as a negative control. Across the 3 farms, a total of 2 PRRS-
positive pigs were detected by PCR out of 180 pigs sampled, and both were positive in serum and tonsil.  In 
contrast, > 30% of pigs tested from the positive control site were PCR positive in serum and tonsil while all 
samples from the negative control farm were PCR negative. Under the conditions of this study, tonsil swabbing 
proved to be of equal sensitivity to that of serum for the detection of PRRSV in weaned pigs originating from 
endemically infected farms; however, more data are required to validate this conclusion. 

12-SS
Candidate Gene Analysis of Regions of Newfoundland DNA Associated with

Cranial Cruciate Ligament Rupture
Lundberg, Alycen P., Wilke, Vicki L. DVM, PhD, DACVS
University of Minnesota, College of Veterinary Medicine

Cranial cruciate ligament rupture is the leading cause of lameness in dogs making it a medically and economi-
cally important condition. Of these breeds, Newfoundlands are one of the most common dogs diagnosed with 
CCLR every year.  Previous work with Newfoundlands via microsatellite based whole genome scan identified 
a region between 55.0 Mb to 68.7 Mb on CFA3 strongly associated with the condition, and additional analy-
ses with a SNP chip based whole genome scan identified the region between 32.1 Mb and 32.5 Mb on CFA31 
also as significantly associated with the condition.  This study focuses on candidate gene analyses of these two 
regions.  Six genes were chosen based on their location and function (FGFBP1, HAPLN3, TTC3, PIGP, SIM2 
and CPEB2), and eight SNPs were chosen from these genes.  The first part of the study consisted of sequencing 
around these SNPs on 20 Newfoundlands (10 cases and 10 controls).   Chi square analysis was used to deter-
mine which SNPs were significant.  The SNPs that were positively correlated with CCLR affected dogs were 
then analyzed on a larger population of 85 Newfoundlands (39 cases and 46 controls).  Results from this study 
to date have shown a positive correlation between the SNP studied in PIGP and CCLR affected dogs.



13-SS
Mississippi Metagenome Project

Mueller, Starke; Johnson, Tim

Microbial communities in the environment are key players in a variety of diverse global processes — including 
human infections, the treatment of chemical contamination, and the cycling of the elements that are most critical 
to maintaining life on the planet. It is now becoming evident that the complexity of human and animal
functioning are inextricably linked to the interacting metagenomes in the environment.  The Mississippi River is 
a huge biome affected by both natural and human processes including agriculture, urban runoff, industrial
discharge and many more. All of these processes have influence on the microbial populations present in the
water and the sediment. To date no studies have been published in the literature on the microbial populations 
in the sediment of the Mississippi River. We hypothesized that mobile genes allowing bacteria to adapt to the 
human contaminate influences present nearby will be of higher prevelance in those specific areas. Results on 
populations of E.coli in the river suggest this is the case.

14-SS
Porcine Reproductive and Respiratory Syndrome (PRRS) Regional Surveillance at Collection Points

Maggie Boerner, BSc*; Cesar Corzo DVM, MSc; Montserrat Torremorrell DVM, PhD;
Scott Dee DVM, PhD; Robert Morrison DVM, PhD

College of Veterinary Medicine, University of Minnesota, St. Paul MN

Porcine Reproductive and Respiratory Syndrome disease (PRRS) is economically significant world-wide, and 
is estimated to cost the United States Pork Industry $560 million per year.  In attempts to eliminate the virus, 
several regional control projects have been initiated around the United States and Canada.  Regions with a lower 
density swine population have proven to be challenging to survey.  This study focused on oral fluid sampling at 
collection points in the N212 control region in Minnesota.  Six buying stations were contacted for participation 
in a PRRS surveillance study, four agreed to participate.  Rope sampling was performed to collect oral fluids 
from groups of pigs weekly at each station for a period of five weeks.  ELISA antibody tests will be performed 
on all samples once the assay is available.  Maps were generated incorporating the origin and destination of 
the pigs at each station depicting potential transportation routes for viral spread.  Exhibition pigs at the Stevens 
County Fair in Morris, MN were also surveyed.  Fair participants were contacted during the first day of showing 
for permission to obtain oral fluids via rope sampling.  Out of all swine exhibitors, approximately 90% agreed to 
participate.  A total of 21 samples were obtained.  PCR tests for PRRS virus are being run and ELISA antibody 
tests will be run once available.  Oral rope sampling at collection points provides a unique and convenient way 
to achieve surveillance of a region, allowing sampling of several producers on a single visit.  Sampling at col-
lection points also allows the compilation of information pertinent to PRRS epidemiology and regional control 
projects.

 



15-SS
Evaluation of an Infrared Camera for the Detection of Fever and Infection in Swine Populations

D. Goede*, M. Allerson, C. Corzo, and R. Morrison
Dept. of Veterinary Population Medicine, University of Minnesota, St. Paul, MN.

Infrared thermography (IR) temperature measurements of pigs reveal a convenient means in barns to identify 
pigs with fever. One application would be to sample pigs with fever for detection of pathogens such as influenza 
virus or Porcine Reproductive and Respiratory Syndrome virus. The purpose of this study was to determine if 
pigs with fever, as assessed by thermography, were more likely to be PRRS viremic than pigs without fever. 
Convenience-sampled pigs from various production sites and stages of growth were observed under the infrared 
spectrum for maximum temperatures at the ear pinnae. The pigs’ rectal temperatures were also taken to help 
establish IR temperatures at which fever is expected. Separately, pigs sampled with hanging cotton rope in each 
pen were observed under infrared as a group for maximum temperature found in the pen. Blood/oral fluids were 
collected for PCR detection of PRRS virus. Data analysis is pending as additional data are collected.

16-SS
Temperature-based Models for Predicting Timing of West Nile Vector Development

and Extrinsic Incubation Period
Wood, Mary and Moon, Roger

College of Veterinary Medicine and School of Public Health, and Department of Entomology, College of Food, 
Agricultural and Natural Resource Sciences, University of Minnesota 

Vector surveillance generally indicates that one mosquito, Culex tarsalis, is the principal West Nile virus vector 
in the upper Midwest. The purpose of this study was to determine C. tarsalis generation times and extrinsic in-
cubation periods for multiple locations in Minnesota.  Data from 7 published papers allowed us to estimate that 
development time from mosquito egg to adult requires 216 degree days above 6.5 °C, and the first gonotrophic 
cycle requires an additional 61 degree days above the same base for a generational total from egg to egg of 277 
degree days.  One paper on viral replication in female C. tarsalis showed the extrinsic incubation period of 
West Nile virus in an infected mosquito requires 109 degree days above 14.4 °C.  We next assembled historical 
records of C. tarsalis abundance and geographically matching weather records to analyze generation times and 
extrinsic incubation periods over two years in northern, east central and southwestern locations in Minnesota.  
Results indicated that 6-8 generations of C. tarsalis were possible each year, and 6-9 extrinsic virus incubation 
periods were possible.  These results will be useful for setting deadlines for equine vaccinations, public health 
alerts, and understanding weather driven population dynamics of the vector mosquito in Minnesota.



17-SS
Signaling Inputs to Progesterone Receptor Action in Feline Mammary Cancer

Baum, Carla T, University of Minnesota, College of Veterinary Medicine, Class of 2012
Mentor: Dr. Carol Lange, Dr. Jaime Modiano 

Mammary cancer is a relatively common, incurable, malignant disease that accounts for almost 20% of tumors 
in middle aged to older female cats. These tumors seem to be driven to grow and spread aggressively by the 
hormone progesterone; however, the pathogenesis of the disease remains poorly understood. It appears that 
both endogenous and exogenous progestins influence risk, and possibly progression, of feline mammary cancer. 
A gap in knowledge remains regarding signaling pathways that are modulated by progesterone receptors, and 
specifically which among these promote malignant behavior of feline mammary tumors. It is known that Pro-
gesterone and EGF work synergistically with respect to cell growth, survival, and proliferation. In this experi-
ment, feline mammary cancer cells from the K12 line were stimulated under six different conditions with both 
Progesterone and EGF and the expression for various cell cycle markers and growth factors including GH, EGF, 
EGFR, p27, p21, CDK4, and Cyclin D1 were measured using qRT-PCR. No consistent changes were identified, 
however, the experiments performed have never been done for feline mammary cancer and a lot was learned 
with respect to modifications that can be made in the future. 

18-SS
Leptospirosis: Reducing the Global Burden
Myhre, Kaylee1 and Abela-Ridder, Bernadette2

1College of Veterinary Medicine, University of Minnesota and 2World Health Organization

The World Health Organization has become increasingly aware of the global burden of leptospirosis, and has 
stated that it is a major, yet under recognized threat to Public Health. However, the disease is treatable and pre-
ventable. Therefore the World Health Organization has initiated a leptospirosis Burden Epidemiology Reference 
Group (LERG). As a part of this group I have been analyzing the global burden of leptospirosis. The informa-
tion we are receiving from countries is being used to assess the current disease burden. This information will 
help increase the awareness of the disease, while assisting developing countries with disease assessment and ef-
fective control measures. Research and education will allow the effective implementation of strategies to mini-
mize the risk of infection, as well as provide effective diagnostics and disease treatment for at risk populations.
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Leptospirosis is an important bacterial zoonosis that can be transmitted directly or indirectly from animals to humans.  
Human and animal infection with Leptospira occurs in both developed and developing countries, but is more common 
in tropical climates than temperate regions. Many serological tests exist for the detection of Leptospira antibodies, each 
with their own advantages and drawbacks.  Most evaluations of performance of diagnostic assays for leptospirosis have 
been focused on detection of clinical cases; however, epidemiological studies often require an estimate of sero-prevelance 
attributable to past exposure among a population.  The objectives of this study were 1) to evaluate the performance of the 
MAT and 2 commercial (Serion and IVD Research Inc.) ELISA tests in detecting Leptospira-specific IgG antibodies in 
humans, 2) to estimate the sero-prevalence of Leptospira in a population from a non-tropical area. 

A total of 611 samples from children, ages 1 through 18 years, who resided in farms as well as urban areas in Wisconsin 
were tested using MAT (using a L. biflexa serovar patoc) and 2 commercial (Serion ELISA Classic Leptospira IgG, Serion 
Immundiagnostica GmbH, Germany, and IVD Research Inc., United States) ELISA tests in detecting Leptospira-specific 
IgG antibodies in humans. Preliminary analysis of the data showed that 1.6% (10/611) children tested positive by patoc-
MAT and 6.4% (39/611) were positive by Serion IgG ELISA test.  Only 344 samples had valid results by IVD IgG ELISA 
of these 3.8% (13/344) were positive. 
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Chronic enterocolitis in captive primates has long been a problem in both zoo settings and research colonies. The most 
common clinical symptom observed with chronic enterocolitis is diarrhea, making it a public health concern as well as an 
animal health and welfare concern.  Management of chronic enterocolitis is confounded by its complexities, including the 
lack of a consistently identifiable causative agent.

A pilot study was performed during the summer of 2009 in collaboration with a local zoo in Saint Paul, MN, which was 
experiencing an increased incidence and severity of diarrhea among their nonhuman primate collection. Fecal samples 
were collected on a weekly basis from 33 animals representing 8 different species within the primate collection and 
Escherichia coli was isolated using previously published techniques. We recorded the fecal consistency of each sample, 
noting when abnormally watery diarrhea or bloody diarrhea occurred.

Suspect E. coli were assessed for phylotype, virulence genotype and drug susceptibility and these data were combined 
with observational data in an effort to identify genetic or phenotypic traits that correlated with disease.  Our findings
suggest that a pathogenic strain of E. coli could be contributing to the incidences of enterocolitis observed in this
nonhuman primate collection.  Overall, our results suggest that the manifestation of enterocolitis in this nonhuman primate 
collection is indeed complex and likely involves multiple microbial agents in combination with environmental causes.
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This study took place at an animal shelter that takes in hundreds of pit bulls annually and follows a program 
designed to increase the adoptability of pit bulls; this program currently does not include a pre-adoption training 
component. Previous studies of shelter dogs documented that increased cortisol levels were correlated with the 
presence of behavioral indicators of stress including circling, pacing, panting, self-licking, and excessive vocal-
ization (behaviors that may result in decreased adoptability). This study developed and utilized an ethogram to 
document behaviors such as position in cage, vocalization, activity levels, and behavioral indicators of stress in 
pit bulls available for adoption; all dogs in the study were observed for two 20-minute sessions daily. Additional 
studies have suggested that behavioral intervention, in the form of positive-reinforcement based training, can 
reduce the frequency of stress-related behaviors in shelter dogs. A further aim of this study was the development 
and implementation of a positive-reinforcement based training protocol focused on sitting when asked. Twelve 
dogs met study criteria (minimum of six months of age, not receiving treatment for kennel cough, and not 
transferred to another organization during the study period), and each dog was observed for two twenty-minute 
periods daily. The dogs were randomly assigned to one of three groups: a positive-interaction group (daily 10-
minute walks), a training group (daily 10-minute training sessions), and a control group (no walks or training). 
The data are currently being analyzed to determine if there were any correlations between participation in the 
training program with the presence or absence of certain behaviors.

Research supported by Morris Animal Foundation
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The purpose of this study was to determine whether there are polymorphisms in the TERT gene that vary by dog 
breed, as a preliminary assessment of the potential role of TERT in breed-associated lifespan. The TERT gene 
was identified, and then divided into 500-nucleotide long segments. Corresponding primers were then designed, 
and tested for functionality using a control dog. The working primers were then used to run PCR on five dif-
ferent dogs from four distinct breeds (two large and two small). The PCR products were tested for success 
by running them through gel electrophoresis. The working products were sent to the University of Minnesota 
sequencing core and the results compared within individuals of the same breed, and then between breeds as a 
whole. Thus far it has been found that 64 of the 74 primer sets were functional, and that 1,245 out of 1,380 PCR 
products are usable. We also have documented the presence of distinct polymorphism in the TERT gene. Ongo-
ing and future work will allow us to determine if polymorphisms in the TERT gene correlate with dog breed, 
size, and/or life expectancy.
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Leonberger polyneuropathy (LPN) affects the peripheral nervous system of Leonberger dogs, causing exercise intoler-
ance, gait abnormalities and muscle atrophy of the pelvic musculature, as well as laryngeal paralysis and dyspnea. The 
clinical and pathological abnormalities of LPN are strikingly similar to those of human Charcot-Marie-Tooth (CMT) 
disease, a heterogenous mix of inherited sensory and motor neuropathies. A genome-wide case-control association study 
for LPN with DNAs from 53 cases and 42 controls on 170K canine SNP arrays revealed a significantly associated region 
on canine chromosome (CFA)16 (Praw = 2.36 x 10-10, Pgenome = 1.00 x 10-4). An additional region on CFA7 was less 
significantly associated (Praw = 4.64 x 10-7, Pgenome = 0.0147). A plausible positional CFA16 candidate gene known to 
be expressed in the peripheral nervous system was identified, and sequencing of this gene revealed a deletion that alters an 
exon-intron junction, resulting in a frame shift and premature stop codon. Significance at the CFA7 locus increased when 
cases carrying the CFA16 mutation were removed from the analysis (Praw = 6.44 x 10-8), suggesting that a mutation at 
this site may result in a second disease with characteristics indistinguishable from classical LPN. Several positional candi-
date genes with neural functions located in the CFA7 region have yet to be further investigated. Thus, LPN appears to rep-
resent either a neuromuscular disease syndrome in which two loci likely contribute to disease severity and pathogenesis or 
two genetically distinct, but clinically similar diseases. These findings have high potential to lend insights into molecularly 
unsolved CMT disease in humans; additionally, genetic testing for the CFA16 mutation will now allow veterinarians to 
specifically diagnose this cause of LPN so that Leonberger breeders can work to decrease the incidence of this disease.
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Recurrent exertional rhabdomyolysis (RER) is a heritable skeletal muscle disorder that results in painful muscle cramping with exer-
cise in as many as 10% of all Thoroughbred racehorses.  Previous work has demonstrated that muscles from horses with RER have 
an increased susceptibility to halothane- and caffeine-induced contractures and has suggested that RER is a novel disorder of muscle 
contractility.  In a genome-wide search for RER causal loci, 45 Thoroughbred RER cases and 36 Thoroughbred controls were geno-
typed on 60,000 marker EquineSNP50 BeadChips and analyzed with the PLINK software package.  A total of 48,239 single nucle-
otide polymorphism DNA markers (SNPs) were retained after excluding those with genotyping rates below 90%, minor allele frequen-
cies below 1.0%, differential case/control missingness with p<0.01, and Hardy-Weinberg equilibrium tests with p<0.001.  Analysis of 
allele frequencies in cases and controls, followed by 10,000 permutations, identified multiple SNPs on ECA16 with suggestive RER 
association among both genders and multiple SNPs on ECA14 with suggestive RER association only in females.  A subset of ECA14 
and ECA16 SNPs from the whole genome analysis was chosen for genotyping in a larger population of Thoroughbreds, raising the 
total number of samples to 39 male cases, 35 female cases, 63 male controls, and 82 female controls.  The suggestive association on 
ECA16 in both genders was confirmed within the larger population and increased in significance by two orders of magnitude to p = 
0.0002.   A logistic regression analysis modeling for additive allelic effect of ECA14 SNPs in the larger population was performed in 
males and females separately.  The ECA14 SNPs among the males ranged in p values from  0.099 to 0.814, while the females had p 
values ranging from 0.004 to 0.023.  A preliminary search for positional candidate genes at these loci did not reveal genes of known 
association with skeletal muscle disease.  We hypothesize that the causative mutations of RER can be identified within the genomic 
regions of ECA16 and ECA14, and an overall risk model can be developed for their individual and combined effects with gender.  
Our study should provide new insights into the molecular basis of this non-mendelian muscle disease in a highly athletic large animal 
model.  



25-PD
A Lymphoid Progenitor Population in Canine Non-Hodgkin Lymphoma 

Daisuke Ito1,2, Anne Avery3,4, Nicola Mason5,6, Timothy O’Brien2,7,8, and Jaime Modiano1,2,8

1Department of Veterinary Clinical Sciences, University of Minnesota, 2Masonic Cancer Center, University 
of Minnesota, 3Department of Microbiology, Immunology, and Pathology, Colorado State University, 4Animal 
Cancer Center, Colorado State University, 5Departments of Pathobiology and Clinical Studies, University of 
Pennsylvania, 6Abramson Cancer Center, University of Pennsylvania, 7Department of Veterinary Population 

Medicine, University of Minnesota, 8Stem Cell Institute, University of Minnesota

Cancer stem cells (CSCs) are etiologically important cells that contribute to the initiation, maintenance, and 
relapse of tumors. CSCs have been proven in several types of cancer; however, the presence of CSCs in non-
Hodgkin lymphoma has not been conclusively established. The objective of this study was to evaluate the 
existence of lymphoid progenitor cells (LPCs) in dogs with spontaneous lymphoma. We used a flow cytometry 
to prospectively identify cells in lymph nodes (LNs) that express hematopoietic progenitor markers CD34, c-
Kit, and/or CD133. We demonstrated the existence of LPCs, which harbors progenitor markers and lymphoid 
differentiation marker found within the malignant population (CD22 in B-cell lymphoma). Furthermore, these 
cells appear to have clonal antigen receptor gene rearrangements that are related to the principal rearrangement 
found in the bulk of tumor cells. The number of progenitor marker- and CD22-positive cells was significantly 
greater (P=0.0022) in lymphoma samples as compared to LNs from unaffected control dogs, where cells with 
this phenotype were present in vanishingly small numbers. Together, our results suggest that LPCs in malignant 
LNs may represent the CSC compartment for this disease (i.e., “lymphoma-initiating cells”). Finally, we have 
adapted an in vitro culture system and a xenotransplantation model that will allow us to expand and serially 
transplant primary canine B-cell lymphomas for the detailed CSC study.
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Horse populations provide a unique opportunity to study how intense selective pressures applied over a short 
period of time impact the genome while also allowing for the identification of specific genes that have been 
targeted by selection.  Bred for athletic ability and metabolic efficiency, and subject to inbreeding, horses are 
an ideal model system for the identification of genes and genetic pathways underlying those phenotypes.  In 
this study, 20+ horses from each of 16 breeds were genotyped at over 54,000 loci using the Illumina Equine 
SNP50 beadchip.  Signatures of selection were indentified using an FST-based statistic (di) calculated in sliding 
windows across the genome.  This statistic detects locus specific deviation in population structure (indicative of 
selection) for each breed relative to the genome-wide average of pair-wise FST summed across breeds.  While 
numerous potential targets of selection were identified, one region each in the French Trotter and American 
Quarter Horse was particularly interesting.  Each of these regions showed striking signals of selection over sev-
eral continuous genomic windows and also prove to show significant extended haplotype homozygosity.  DNA 
sequencing is underway to determine the baseline diversity of these loci and to evaluate candidate genes for 
mutations that may be conferring a phenotype upon which selection was/is acting.  Data analyses will continue 
with the addition of other horse breeds, by the grouping individuals into phenotypic categories of interest, and 
by targeted resequencing.  Mapping signatures of selection in the modern horse will not only assist in the identi-
fication of genes important in the domestication and specialization of modern horse breeds, but also serves as a 
powerful model system in which to study phenotypes of importance to human health and medicine.
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Natural killer (NK) cells are lymphoid cells of the innate immune system that kill without previous priming. NK 
cell killing relies on recognition of normal MHC I expression on target cells as an important inhibitory signal. 
In humans, NK cell therapy is a promising new avenue for cancer therapy that has reached clinical trial stage. 
Spontaneous canine cancer models could be useful to inform design and implementation of this therapy; how-
ever current characterization of canine NK cells is incomplete. The study aimed to characterize canine NK cells 
from peripheral blood by morphology, phenotype, and ability to kill tumor cells in an MHC I dependent manner. 
Nine healthy dogs were enrolled; peripheral blood mononuclear cells were depleted of CD5+ cells using immu-
nomagnetic separation and cultured for 14 days in IL-2 and IL-2 + IL-15-enriched media. Cultured cells were 
large lymphoid cells without granules, in contrast to previous reports of canine “NK” cells as granular lympho-
cytes. CD5-depleted cells expressed CD11/18, CD45, MHC I and MHC II, but had low expression of T cell, 
B cell and human NK cell markers. Functional killing assays were performed with cells from five dogs against 
canine thyroid adenocarcinoma cell (CTAC) targets. Moderate killing efficiency was noted (mean 44% and 35% 
for the two groups, respectively). Killing efficiency against CTAC cells with and without addition of MHC I an-
tibodies was tested in one dog; addition of antibodies increased killing efficiency from 20% to 56%. The study 
found a non-B, non-T lymphocyte population from peripheral blood with moderate killing efficiency that may 
be a canine NK cell population. Further study to confirm the role of MHC I in increasing killing efficiency and 
to develop antibodies to positively identify canine NK cells is planned.
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Aurora kinases (AKs) play key roles in mitosis and are highly conserved among species. They are overexpressed and as-
sociated with poor prognosis in various human cancers, but have not previously been investigated in spontaneous tumors 
of other species. Recent data showed a correlation between overexpression of mitosis-associated genes, including AKs, 
and poor outcome in canine osteosarcoma. We thus examined if AK inhibition would show differential antiproliferative 
effects in canine osteosarcoma cell lines using an AKB specific inhibitor (AZD1152) and a ‘pan-AK’ inhibitor (VX680). 
Cell proliferation and viability were assessed using the MTS and Cyquant assays and apoptosis using the FLICA Caspase 
assay. Gene and protein expression were examined using quantitative RT-PCR and immunocytochemistry, respectively.  
AZD1152 and VX680 inhibited proliferation and viability of osteosarcoma cell lines in a dose-dependent fashion, con-
comitant with an increased rate of apoptosis. However, the concentrations required to achieve this effect were ≥1 mM. 
Intriguingly, there was an inverse correlation between AKB gene and protein expression, and a trend toward increased 
sensitivity by cell lines with low (or undetectable) protein expression. Gene expression of at least two of three ABC trans-
porters was seen in every cell line, and verapamil reduced the half-maximal inhibitory concentration (IC50) of AZD1152, 
especially in one highly resistant cell line. The data show that AK inhibitors promote cell death and reduce proliferation of 
canine osteosarcoma cells in a dose dependent fashion. However, the effective concentrations are probably not clinically 
achievable. Resistance could be a reflection of the steady state levels of AKB protein in the cells, or it might be mediated 
by ABC drug efflux transporters, a known mechanism with small molecule AK inhibitors. Additional work is needed to 
define resistance mechanisms and to assess if AK inhibition has clinical potential in osteosarcoma or other dog tumors.

Research supported by CVM Small Companion Animal Grant, AKC CHF ACORN Grant 0153-A.
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Subsets of tumor cells that possess the ability to initiate and maintain tumors have been identified in numerous 
cancers.  These cells are termed ‘cancer stem cells’ (CSCs) based on their resemblance to normal stem cells.  
Some of these shared features include expression of cell surface markers, increased resistance to chemothera-
peutic agents and sphere-forming ability in vitro.  Identifying and characterizing CSCs may enable the design 
of selective-targeting strategies aimed at eliminating the cells responsible for tumorigenesis rather than simply 
reducing the tumor bulk.  Because an exact surface phenotype defining CSCs is controversial and may not be 
sufficient, more rigorous methods of identification including in vivo serial transplantation and other functional 
assays are needed.  To determine whether or not a putative CSC exists for canine hemangiosarcoma (HSA), we 
enriched a population of cells from the canine HSA cell line, SB-HSA, using an in vitro non-adherent culture 
system.  The resulting hemangiospheres express cell surface markers found on CSCs defined from other can-
cers.  The SB-HSA spheres also showed increased expression of genes responsible for differentiation and self-
renewal in comparison to the parental line.  Additionally, the hemangiospheres were more invasive and showed 
increased chemotherapeutic resistance.  Based on these data, we demonstrate that hemangiospheres display 
CSC-like characteristics in accordance with the current literature suggesting that CSCs exist in HSA.  This 
provides a useful model to study CSC behavior and function.  Further characterization including in vivo serial 
transplantation assays will further define the HSA CSC population, allowing the design of novel therapeutic 
targeting strategies.
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The use of Fas ligand (FasL) gene therapy has shown promise in laboratory animal models.  The mechanism by 
which this treatment works appears to be through induction of tumor inflammation and anti-tumor immunity. 
However, the efficacy of FasL to treat spontaneous tumors of dogs is unknown.  To investigate this, 56 dogs 
were treated with FasL gene as neoadjuvant to standard of care therapy.  Previous work also showed a hierarchi-
cal clustering of genes forming two subset signatures of dogs with osteosarcoma that were predictive for out-
come. For this study, we used tumor derived cell lines from 10 dogs selected randomly among the clinical trial 
participants to measure expression of selected genes within the predictive subsets. Our goal was to assess re-
producibility of the gene signature in this independent cohort and assess its relationship to outcomes with FasL 
therapy. Our results show that the 10 samples segregated into two predictable groups based on gene expression 
patterns, recapitulating the previously established inverse relationship between “cell cycle” associated genes and 
“microenvironment” associated genes. These signatures, however, were not predictive for outcome, suggesting 
this population was different. To explore this in greater detail, we examined Fas (receptor) expression in the tu-
mor cell lines. Interestingly, the data show an inverse correlation between Fas expression and survival, suggest-
ing FasL may influence response to therapy, and may be most effective in dogs whose tumors fail to express Fas 
receptor, thus allowing FasL to exert its pro-inflammatory effects on the tumor microenvironment.



32-PD
Allergen-induced Airway Remodeling is Impaired in Galectin-3-deficient Mice

Xiao Na Ge*, Nooshin S. Bahaie*, Bit Na Kang*, Reza M. Hosseinkhani*, Sung Gil Ha*,
Elizabeth M. Frenzel*, Fu-Tong Liu†, Savita P. Rao*, P. Sriramarao*‡

*Dept. of Veterinary & Biomedical Sciences and ‡Dept. of Medicine, University of Minnesota, MN 55108 and 
†Dept. of Dermatology, University of California Davis, Sacramento, CA 95816

The role played by the beta-galactoside-binding lectin galectin-3 (Gal-3) in airway remodeling, a characteristic 
feature of chronic allergic airway inflammation that leads to airway dysfunction and poor clinical outcome in 
humans and animals, was investigated in a murine model of allergic asthma. Wild-type (WT) and Gal-3 knock-
out (KO) mice were subjected to repetitive allergen challenge with ovalbumin (OVA) up to 12 weeks and evalu-
ated for cellular features associated with airway remodeling. Compared to WT mice, chronic OVA challenge in 
Gal-3 KO mice resulted in diminished remodeling of the airways with significantly reduced mucus secretion, 
subepithelial fibrosis, smooth muscle thickness, and peribronchial angiogenesis. The higher degree of airway re-
modeling in WT mice was associated with higher Gal-3 expression in the bronchoalveolar lavage fluid (BALF) 
as well as lung tissue. Cell counts in BALF and lung immunohistology demonstrated that eosinophil infiltration 
in OVA-challenged Gal-3 KO mice was significantly reduced compared to WT mice. Evaluation of cellular me-
diators associated with eosinophil recruitment and airway remodeling revealed that levels of eotaxin-1, IL-5, IL-
13, found in inflammatory zone 1, and TGF-beta were substantially lower in Gal-3 KO mice. Leukocytes from 
Gal-3 KO mice demonstrated decreased trafficking (rolling) on vascular endothelial adhesion molecules and 
bone marrow cultured eosinophils from Gal-3 KO mice displayed reduced migration towards eotaxin-1 com-
pared with WT cells. These studies demonstrate that Gal-3 promotes airway remodeling via airway recruitment 
of inflammatory cells, specifically eosinophils, and the development of a Th2 phenotype as well as increased 
expression of eosinophil-specific chemokines, pro-fibrogenic and angiogenic mediators.
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Swap 70 is a signaling molecule with a known role in B cell and mast cell activation and function. However, its expres-
sion and function in eosinophils is unknown. Our studies demonstrate for the first time that human as well as murine 
eosinophils express Swap 70. Further, eosinophils deficient in Swap 70 demonstrated decreased trafficking on endothe-
lial cells and vascular endothelial adhesion molecules such as VCAM-1, altered cytoskeletal rearrangement in response 
to stimulation with eotaxin-1, a potent chemoattractant for eosinophils, and diminished migration towards eotaxin-1. 
The potential involvement of Swap 70 in promoting allergic airway inflammation was investigated in a murine model of 
ovalbumin (OVA)-induced acute (28 days) airway inflammation. Allergen-challenge resulted in recruitment of Swap 70-
expressing inflammatory cells to the airways in WT mice. Bronchoalveolar lavage fluid (BALF) and lung tissue collected 
from allergen-challenged wild type (WT) and Swap 70 knock-out (KO) mice were evaluated for cellular features associ-
ated with airway inflammation. Compared to WT mice, OVA-challenged Swap 70 KO mice demonstrated a significant 
reduction in inflammatory cells, predominantly eosinophils and lymphocytes, but not macrophages or neutrophils, in the 
BALF and in lung tissue. Reduced eosinophil recruitment in Swap 70 KO mice was associated with diminished BALF 
Th2 cytokine (IL-4, IL-5, IL-13) and TNF-α levels as well as mucus secretion and expression of FIZZ1 and intelectin-1 
that are known to be associated with airway inflammation. Overall, these findings suggest that Swap 70 plays an important 
in the development of allergic airway inflammation through regulation of eosinophil trafficking and migration. 
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Phosphoinositide 3-kinase (PI3K) p110d plays a pivotal role in the recruitment and activation of inflammatory cells. The role of 
PI3K p110d in mediating allergic airway disease was investigated in a mouse model of cockroach antigen (CRA)-induced al-
lergic airway inflammation using IC87114, a selective p110 d PI3K inhibitor. BALB/c mice exposed to CRA developed airway 
eosinophilia associated with increased IL-4, IL-5 and IL-13 levels in bronchoalveolar lavage fluid (BALF) as well as increased 
expression of these cytokines in lung tissue. Increased levels of the pro-inflammatory chemokines eotaxin-1 and MCP-1 were 
also detected in BALF. Further, these mice demonstrated airway hyperresponsiveness (AHR) to inhaled methacholine and 
exhibited allergen-induced inflammatory responses such as mucus secretion, and expression of molecules such as FIZZ1 and 
intelectin-1. Oral administration of IC87114 significantly attenuated CRA-induced influx of inflammatory cells, specifically 
eosinophils, in the BALF and lung tissue and suppressed allergen-induced AHR. IC87114 treatment also inhibited CRA-induced 
mucus secretion, FIZZ1 and intelectin-1 expression in the airways. Moreover, levels of IL-4, IL-5 and IL-13 in BALF as well as 
lung tissues were substantially reduced in these mice. Interestingly, inhibition of PI3K p11d had no affect on allergen-induced 
eotaxin-1 and MCP-1 levels in the BALF. In vitro trafficking studies demonstrated that IC87114 significantly inhibits eosinophil 
trafficking (rolling) under conditions of flow on endothelial cells and VCAM-1. In addition, treatment of both human and mu-
rine eosinophils with IC87114 significantly inhibited eotaxin-1-mediated eosinophil migration and prevented eotaxin-1-induced 
cytoskeletal rearrangement. Taken together with the reduced airway inflammation observed in IC87114-treated CRA-exposed 
mice, our findings suggest that inhibition of the PI3K p110d signaling pathway may have therapeutic potential for the treatment 
of allergic airway inflammation by inhibiting eosinophil recruitment to the airways.
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Follicular thyroid carcinoma (FTC) is a highly aggressive tumor that occurs spontaneously in dogs, with up 
to 62.5% presenting with evidence of invasion or metastasis.  It is likely that genetic changes leading to inva-
sion occur early in tumor formation, even before the tumor is detected by palpation.  However, the molecules 
involved in this process have not been previously described.  Our preliminary microarray analysis revealed 
that osteopontin was highly expressed in dogs with FTC compared with very low to no detectable expression 
in clinically healthy dogs.  Vascular endothelial growth factor (VEGFA) was also overexpressed.  Induction of 
these two genes has been described with respect to promotion of invasion in aggressive human tumors.  The 
objective of the present study was to examine and compare the expression of osteopontin and VEGFA in healthy 
controls and dogs with FTC using quantitative PCR and a larger number of cases determined by sample size 
analysis.  The FTC samples were also compared by their degree of invasion; tumors were considered to be non-
invasive if they had capsular invasion only, and invasive if they had capsular and/or vascular invasion.  Groups 
were compared with two-sample t-tests (α = 0.05).  Differences between microarray analysis and quantitative 
PCR were observed in the level of variation among samples, the fold changes between groups, and the degree of 
statistical significance.  Knowledge of the gene expression profile of canine FTC is a first step in understanding 
the pathogenesis of this condition.   
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Calcium Oxalate Urolithiasis in Dogs : Role of Enteric Oxalate-degrading Bacteria 

Gnanandarajah Josephine, Abrahante J, Lulich JP, Murtaugh MP
Veterinary and Biomedical Sciences and Veterinary Clinical Sciences, University of Minnesota

Supersaturation of calcium and oxalate ions in the urine leads to calcium oxalate (CaOx) urinary stone formation in dogs. 
Presence of enteric bacteria that metabolize oxalate in the intestine is correlated with absence of hyperoxaluria and/or 
CaOx urolithiasis in humans and laboratory animals. Therefore, we hypothesize that decreased colonization of  enteric 
oxalate-degrading bacteria is a risk factor for CaOx urolithiasis in dogs. Fecal samples were collected from dogs with 
CaOx uroliths (n=20), clinically healthy, age, breed and gender matched-dogs (n=20) and healthy non-stone forming 
breed dogs (n=20). The fecal samples were screened for the presence of three potential oxalate-degrading bacteria (ODB), 
Oxalobacter formigenes, Lactobacillus acidophilus, and Bifidobacterium animalis by quantitative PCR to detect the 
species-specific oxalyl CoA decarboxylase (Oxc) genes of these bacteria. Oxalate degrading activity also was measured in 
fecal cultures using biochemical methods.  We found that the presence of Oxc genes of O. formigenes, L. acidophilus, and 
B. animalis was significantly higher in healthy non-stone forming breed dogs than in the dogs with calcium oxalate stones. 
However, there was no significant difference in the presence of Oxc genes between dogs with CaOx stones and their 
matched controls. Further, the dogs with calcium oxalate stones and the matched controls showed comparable levels of 
oxalate-degrading activity in oxalate-supplemented fecal culture. In this study, we also isolated O. formigenes, L. acido-
philus, L. reuteri, B. animalis and B. pseudolongum from canine fecal cultures that showed higher oxalate degradation.  In 
addition, the fecal samples were analysed to determine the differences in the enteric bacterial populations between healthy 
and CaOx stone-forming dogs. We are currently co-expressing the proteins that are essential for efficient oxalate metabo-
lism in probiotic E.coli Nissle 1917 strain to explore the methods to generate a probiotics with oxalate degrading activ-
ity.  In conclusion, enteric colonization of ODBs may have a preventive effect on CaOx urolithiasis and present a novel 
therapeutic approach to prevent urinary stones in dogs. 

Research supported by Morris Animal Foundation Fellowship
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Comparison of in vitro Immunomodulatory Effects of Rhesus Bone Marrow-derived

MSC and MapC, and Dermal Fibroblasts 
Sindberg, Greg, Lindborg, Beth, Bansal-Pakala, Pratima, O’Brien, Tim

Departments of Surgery and Veterinary Biomedical Sciences and the Schulze Diabetes Institute

In the transplant community, much attention has been placed on utilizing natural suppressive cells derived from animals 
rather than the traditional chemical immunosuppressive agents that have very harsh side effects on both the transplant and 
the patient.  The bulk of this research has focused on T regulatory cells (Tregs), given their known role of quelling and 
suppressing immune responses to natural infection.  However other cells, such as mesenchymal stem cells (MSC), have 
also been observed to exert suppressive capabilities.  As therapeutic immunomodulatory cells, MSCs have an advantage 
over Tregs in that they are much less immunogenic.  Thus, MSCs can potentially be used from allogenic derivations 
whereas Tregs require patient specific development in the form of autogenic isolations from blood which greatly limits 
the available supply. Fibroblasts and MAPCs, which express phenotypic markers similar to MSC, were also included in 
this study to compare the suppressive efficacy of these similar lineages.  Fibroblasts have been previously noted to have 
immunomodulatory capacity but the mechanisms involved are poorly understood.  Immunomodulatory functions of 
multipotent adult progenitor cells (MAPCs) which have similar phenotype and derivation methods to MSCs have not been 
previously reported.  Using Rhesus bone marrow-derived MSC and MAPC and dermal fibroblasts we showed that all 3 
types of cells strongly (80-90%) inhibited proliferation of (αCD3 stimulated) CD4 and CD8 T-lymphocytes in an in vitro 
assay.  Suppression was maximal with 1:1 cell ratios and effects diminished with serial dilution of test cells.  The findings 
suggest that all 3 lineages have potential as an alternative to Tregs for immunosuppression in organ transplantation.
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Extended Sequence of the Turkey MHC B-Locus and Sequence Variation in the

Highly Polymorphic B-G Loci
Miranda M. Bauer and Kent M. Reed

Department of Veterinary and Biomedical Sciences, College of Veterinary Medicine 

Genetic variation in the major histocompatibility complex (MHC) is directly correlated to differences in disease 
resistance.  Immunity is greatly dependent on highly polymorphic genes in the MHC, such as class I, class II 
and other less well defined class III complement genes.  Preliminary population studies of wild turkeys show 
extreme polymorphisms in a family of genes exclusive to the avian MHC, the class IV or B-G genes.  Sig-
nificance of this variation is unclear as there are few and conflicting studies of the expression of these genes.  
Confounding understanding of B-G variation is the lack of a complete delineation of the number of loci in the 
turkey genome. Direct 454 sequencing of a clone from the CHORI-260 BAC library was used to extend the tur-
key MHC B-locus sequence, identifying two additional B-G genes in the species. Phylogenetic analysis shows 
species-specific gene evolution supporting a birth-death model of evolution for the B-G gene family.  Analysis 
of variation within the signal peptide sequence (exon 1) found two clusters of polymorphism among the turkey 
B-G genes. Resequencing of exon 1 in groups of wild, heritage and commercial turkeys confirmed multiple 
haplotypes at each gene except BG2.  Future studies aim to correlate B-G variation with group and individual 
immunological differences. 

Research supported by USDA National Needs Fellowship
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Force Plate and Molecular Biomarker Correlations in Naturally-occuring Equine Osteoarthritis

Swaab, ME1; Trumble, TN1; Ernst, N1; Groschen, D1; Merritt, K2; Brown MP2
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The relationship between kinetic (force plate) data and biomarkers of osteoarthritis (OA) in horses is unknown. The objec-
tive of this study was to determine whether correlations exist between kinetic data and biomarker concentrations from 
normal horses and horses with naturally-occurring OA in the metacarpophalangeal (MCP) and distal intertarsal/tarsometa-
tarsal (DIT/TMT) joints. It was hypothesized that as lameness severity increased biomarkers of OA would corresponding-
ly increase. Horses presenting for referral lameness that demonstrated < grade 3 lameness, and were diagnosed with OA 
based on radiographs and response to intra-articular anesthesia were used. Eight sound horses were included as controls. 
All horses had force plate examinations and synovial fluid samples obtained from MCP (clinical n=11 from 6 horses, 5/6 
bilateral; control n=16 from 8 horses) or DIT/TMT (n=15 from 6 horses, 3/6 bilateral). ELISAs were used to analyze 
synovial fluid for molecules indicative of inflammation (HMBG1), osteosynthesis (BAP), cartilage synthesis (CPII) and 
degradation (C2C, and C1,2C). Data were analyzed for correlations between force plate data and biomarker concentra-
tions using Spearman’s correlation coefficient.  Percent of hindlimb to forelimb peak vertical force (PVF) significantly 
correlated to biomarkers from the MCP joints: BAP (R=0.691, P=0.001) C2C (R=0.487, P=0.029) and C12C (R=0.598, 
P=0.031). No significant correlations were found in horses with hock OA or for front or hind limb symmetry scores com-
pared to MCP biomarker concentrations. 

These findings indicate that lame horses with MCP joint OA compensate by shifting weight onto the hind limbs; the 
amount of this compensation is correlated to some molecular changes occurring within affected joints.
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Unexpected suppressive effect of IL-8 on proliferation of canine hemangiosarcoma cells

Robinson SR1, Scott MC2, Dickerson EB2, Sharkey LC2, Modiano JM2. 
1Veterinary Population Medicine, 2Veterinary Clinical Sciences, College of Veterinary Medicine, UMN

IL-8 is a proinflammatory chemokine utilized by tumor cells to provide survival advantages through multiple 
effects including proliferation, motility and angiogenesis. Canine hemangiosarcoma (HSA) is a tumor arising 
from blood vessel forming cells. We recently demonstrated in silico IL-8 is represented in multiple pathways 
that differentiate HSA from non-malignant endothelial cells. However, a functional role for IL-8 has not been 
elucidated. The purpose of this study was to further investigate expression of IL-8 and its receptor in canine 
HSA, and determine the effect of IL-8 on canine HSA cell proliferation. We hypothesized that IL-8 would be 
expressed and secreted at high levels by HSA cells and tissues, and would induce growth of HSA cells in vitro.
Average expression of IL-8 mRNA was greater for canine HSA than splenic hematoma, but quite variable be-
tween HSA samples. ELISA verified IL-8 protein is secreted at variable levels by HSA cells. In contrast, IL-8 
receptor mRNA was expressed at constitutive levels across sample types. Unexpectedly, recombinant human 
IL-8 (rhIL-8) consistently suppressed proliferation of canine HSA cell lines in a dose-dependent manner. Lower 
levels of rhIL-8 inhibited proliferation; an effect that was released with increasing dose, and was independent of 
the level of endogenous IL-8 secretion.
Although the mechanism of suppression it is not yet clear, further investigation will determine whether the 
inhibitory effect is specific to rhIL-8, if it signals through alternate receptors or antagonizes the canine IL-8 re-
ceptor. If this paradoxical effect on HSA cell proliferation exists with canine IL-8, it may indicate that the high 
level of IL-8 produced by canine HSA cells represents an important signaling mechanism to other cells in the 
tumor microenvironment, rather than an autocrine growth factor.

Research supported by NIH T32 Comparative Medicine and Pathology
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Many cancers may consist of at least two functionally distinct cell types. For these tumors, only one type, called tumor-
initiating cells (TIC), hold the capacity to initiate and maintain disease. Phenotypic and epidemiological heterogeneity 
have necessitated the use of in vitro culture systems for the isolation and enrichment of TIC. Though lost to differentiation 
in standard serum-containing monolayer cultures, TIC form multicellular spheres when cultured in serum-free nonadher-
ent conditions. Here, we establish a shared culture condition capable of maintaining spheres from spontaneous ontogeneti-
cally and histologically distinct tumors of the dog. Sphere cultured cells are shown to possess increased chemoresistance, 
capacity for serial in vitro culture propagation, and elevated expression of genes (SOX2, TWIST, IL8) expected of cells 
with tumor-initiating properties. The ability of TIC from these distinct tumors to propagate in a shared culture condition 
hints at the potential shared properties of these cells. Using microarray GEP, we aim to isolate a minimal shared gene 
expression signature of TIC by eliminating both culture- and tissue- specific gene expression signatures from our analysis. 
If we find a shared signature, it would provide supporting evidence for a common pathway that is accessed during trans-
formation and acquisition of TIC properties. This in turn could help generate a ‘short-list’ of therapeutic targets potentially 
common to any tumor with a TIC. Alternately, the absence of a shared signature would suggest that acquisition of stem 
cell properties is tumor or tissue specific, directing future work toward tumor-specific therapies, and provide a novel op-
portunity for comparative studies between dog and human TIC. 

Research supported by Morris Animal Foundation Fellowship
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Sex Differences in Cancer Pain

Jennifer L. Triemstra and Alvin J. Beitz
University of Minnesota, Department of Veterinary Medicine, St. Paul, MN 55108

Animal experiments as well as observations in humans have shown that somatosensory perception and pain 
sensitivity are influenced by gonadal hormones. While mechanisms and consequences of hormones effects on 
the brain have been investigated with respect to mating behavior, the mechanisms underlying the influence of 
gonadal hormones on pain are less well understood. Although it would seem that gonadal hormones should be 
the prime candidates that would account for sex differences in pain, their complexity has made it difficult to 
examine in chronic pain states. Previous work in our laboratory has shown sex differences in pain perception 
within a mouse model of hindpaw bone cancer.  The purpose of this work is to determine if sex differences in 
bone cancer pain are due in part to the effects of sex steroid hormones on peripheral (DRG) neuronal compo-
nents of the nociceptive pathways that transmit tumor-induced pain.

Research supported by Pharmaconeuroimmunology Training Grant
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Results of Double Blind, Placebo-Controlled Study of Levetiracetam for the Emergency Treatment of 

Seizures in Canine Clinical Patients
Hardy BT1, Patterson EE1, Cloyd JC1, Craig A1, Hardy RM1, Rarick J2, Leppik IE2 

1Veterinary Clinical Sciences; 2Experimental and Clinical Pharmacology

There are only a limited number of marketed intravenous antiepileptic drugs, of which only a few have been 
studied for status epilepticus (SE). Performing human studies in the current regulatory environment is almost 
impossible without some evidence that the new agent may be effective. Epilepsy and SE occur naturally in dogs 
with prevalence, presentation, and percentage of refractory cases similar to human epilepsy. 

Informed consent was obtained from the owners of dogs with SE or acute repetitive seizures. Dogs who failed 
initial benzodiazepine (BZD) treatment were randomized to an IV infusion of 30 mg/kg (n=5) or 60mg/kg (n=4) 
of the human formulation of levetiracetam (LEV) or to saline placebo. If seizures continued for more than 5 
minutes, additional IV BZD or IV phenobarbital was administered per the standard of care for veterinary pa-
tients.  Dogs were observed for 24 hours in a veterinary ICU and LEV plasma levels were measured. 

Nineteen dogs were randomized (9 to LEV and 10 to placebo). In the LEV group 55.6% had no more seizures 
compared to 10.0% in the placebo group (p=0.0573).  In-hospital mortality was 2/9 in the LEV group vs. 4/10 in 
the placebo group.  There were no statistically significant differences in adverse events between the groups.

This proof of concept study provides the first evidence that LEV is safe and effective in canine SE/acute repeti-
tive seizures. Further, naturally occurring canine SE may provide a proof of principle platform for translating 
drug studies in rodent models to human SE trials. 
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Identification of Distinct Molecular Signatures and Pathways That Segregate

Canine Lymphoma by Type and Grade
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Canine non-Hodgkin lymphomas display a broad range of clinical behavior from relatively indolent to rapidly lethal. Despite 
pathological stratification into multiple subtypes, disease progression and response to treatment are still variable. Thus, the 
prognostic value of pathological subtyping is still a matter of considerable debate. To explore potential molecular variation un-
derlying the clinical heterogeneity of canine lymphoma subtypes, we profiled the gene expression of 36 prospectively collected 
primary tumors using Affymetrix Canine 2 cDNA microarrays. Tumors were classified according to modified World Health 
Organization (WHO) standards. Gene expression profiles were analyzed using standard bioinformatic approaches. Unsupervised 
hierarchical clustering readily distinguished tumors originating from B or T cell lineages, and further identified distinct sub-
classes of T cell disease which were consistent with microscopic classification of disease severity (pathological grade). Mo-
lecular profiles of B cell disease did not segregate according to morphology or WHO classification. Supervised clustering and 
pathway analysis applied to these samples revealed distinct molecular profiles related to short versus long term survival when 
standard-of-care CHOP chemotherapy was employed. We propose that canine lymphoma consists of molecularly distinct sub-
types that may show distinct biological behavior.  Additionally, prognostic utility in obtaining pathological subtyping for at least 
T cell disease is supported, but additional work is needed to better understand differences among subtypes of B cell disease.

Research supported by Morris Animal Foundation Fellowship
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Relationship Between Dynamin-1 Mutation Status and Phenotype in

244 Labrador Retrievers with Collapse During Exercise
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Exercise-induced collapse (EIC) in Labrador retrievers is a neurological disease manifested by limb weakness and collapse during 
strenuous activity.  We previously documented that EIC is strongly associated with an autosomal recessive dynamin 1 gene (DNM1) 
G767T mutation.  While EIC is the most common cause of collapse in exercising Labrador retrievers, it does not account for all cases.

Our objective was to compare characteristics of collapsing Labradors based on DNM1 genotype.  We hypothesized that dogs clear of 
or carriers for the mutation would have different characteristics from homozygous dogs.

Surveys were obtained from 244 Labradors with repeated collapse during exercise; 186 (76.3%) were homozygous for the mutation 
(genotype EE) and 58 (23.7%) were clear (NN) or carriers (EN).  Surveys were reviewed blinded to genotype.

Several significant differences were found.  The EE dogs were a fairly homogenous population typically exhibiting flaccid weakness/
collapse originating in the pelvic limbs.  Collapse confined to the pelvic limbs was present in 41% of EE dogs and had a high specific-
ity (95%) for this genotype.  In contrast, NN and EN dogs formed a diverse group with more variation in muscle tone, limb origin, and 
extent of collapse.  Additionally, 52% had an abnormal mentation during collapse compared with only 18% of EE dogs. 
 
This study demonstrates that most Labrador retrievers homozygous for the DNM1 mutation have a characteristic collapse during exer-
cise. We propose that the term d-EIC (dynamin associated EIC) be used for collapsing DNM1 EE dogs. Collapsing Labrador retriev-
ers clear of or carriers for the DNM1 mutation have atypical and variable features and likely suffer from a range of other metabolic, 
cardiac, neurologic and myopathic disorders.

Research supported by O’Brien/Hanlon Research Fellowship
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Osteoarthritis (OA) is a progressive, debilitating disease that can often result after acute joint injury. Therapeutic interven-
tion is hampered by the inability to diagnose changes in the joint until they become advanced and irreversible. Biomark-
ers that reflect quantitative and dynamic variations in joint tissue remodeling can help define the incipient stages of OA. 
Our central hypothesis is that that biomarker changes resulting from an acute osteochondral (OC) injury in an equine joint 
will reflect the onset and progression of OA. The hypothesis will be tested by: 1) Validating that OC injury in the equine 
metacarp-ophalangeal (fetlock) joint mimics the clinical and morphological onset and progression of OA; 2) Validating 
that OC injury in the equine fetlock joint will result in biomarker changes reflective of OA.

Twenty age, breed, and sex-matched horses will be used for a 16 week study period. Ten horses will have an OC frag-
ment created in 1 fetlock joint (group 1), and 10 horses will serve as exercise matched controls (group 2). Fluid collection 
(synovial fluid, serum, and urine), and subjective and objective clinical evaluation will be performed on both groups every 
2 weeks. OC fragments will be removed at week 16 from group 1 and articular cartilage and synovial samples will be 
evaluated histologically. Specific aim 1 will be tested using clinical, radiographic, arthroscopic, and histological evalua-
tion of the joint. Specific aim 2 will be assessed using direct biomarkers that represent synthesis and degradation of type II 
collagen, bone, and aggrecan, and indirect biomarkers that represent inflammation.    

Preliminary findings from 7/10 (group 1) and 5/10 (group 2) horses suggest clinical and morphological progression of 
OA in group 1. Evidence of early OA was present arthroscopically (score lines, synovial hypertrophy), and histologically 
(synovial hyperplasia, chondrocyte death). We expect biomarker changes in synovial fluid will correlate to clinical and 
morphologic changes.

Research supported by NIH T32 Comparative Medicine and Pathology
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Maternal Folic Acid Supplementation and Risk of Medulloblastoma in

Offspring: An Interdisciplinary Approach
Allaei R, Johnson KJ, Largaespada DL, Ross JA, Masonic Cancer Center, Pediatrics,

Genetics Cell Biology and Development, School of Public Health.

Interdisciplinary studies are useful in facilitating our understanding of brain tumor causes. Several studies have indicated 
that prenatal vitamins, particularly folic acid, may protect against childhood brain tumors, including medulloblastoma. 
We are currently testing the hypothesis that low intake of folic acid during the peri-gestational period increases the risk of 
medulloblastoma in offspring using a well-defined transgenic mouse model of Gorlin syndrome that is characterized by an 
autosomal dominant mutation in the PTCH1 gene. Heterozygous C57BL/6 strain Ptch1+/- mice have a reported incidence 
of medulloblastoma of ~25% by one year that can be modified by neonatal radiation exposure, making this transgenic 
model highly suitable for childhood brain cancer etiologic studies. A total of 120 female wild-type C57BL/6 mice will be 
randomized to one of three amino acid defined folic acid diets: 1) 0.3 mg/kg (low), 2) 2.0 mg/kg (control), and 3) 8.0 mg/
kg (high), one month prior to mating with Ptch1+/- heterozygous C57BL/6 males and maintained on their respective diets 
until weaning of their pups. Red blood cell (RBC) folate levels in the dams at weaning are measured using a lactobascillus 
assay to determine their association with the assigned dietary folic acid level using one-way ANOVA. The offspring are 
genotyped and heterozygotes are being tracked for tumor development for nine months. To date, 108 females have been 
randomly assigned to the diets. Of 32 litters that have been genotyped, 37% of weanling offspring are heterozygous for 
the mutant Ptch1 allele. The mean RBC folate concentration increased significantly with assigned dietary folic acid level 
(p=0.001). To date, 21 tumors have developed among 73 heterozygous offspring (low (n=6/24), control (n=9/26), high 
(n=6/26)) with a mean follow-up time of ~5 months. This model may be a very useful tool for understanding the effect of 
environmental and genetic exposures on human brain tumor etiology.



47-GS
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Injecting corticosteroids into the distal interphalangeal joint (DIPJ) is a commonly performed treatment for navicular 
syndrome (NS). However, disease processes of the navicular region may hamper diffusion. We hypothesized that triam-
cinolone acetonide (TA) would diffuse locally from the DIPJ into the navicular bursa (NB) in lower concentrations from 
horses clinically affected with NS compared to  clinically normal (CN) horses.  Eleven clinically normal and eleven adult 
Quarter Horses with bilateral forelimb lameness, and radiographic signs of NS that improved with palmar digital perineu-
ral anesthesia were used. One (CN) or both (NS) front DIPJs were injected with 10 mg of TA and 1 ml of lactated Ringer’s 
solution. At 6 hours post injection, fluid samples were collected from both front navicular bursae (group 1) and one hind 
navicular bursa (group 2). Navicular bursography of both forelimbs was performed and radiographs were scored based 
on disease severity in the NS horses. Bursal fluid samples were analyzed with high-performance liquid chromatography/ 
tandem mass spectrometry for the presence of TA. Mean TA concentrations in groups 1 and 2, and comparisons between 
CN and NS horses were performed using t-tests. Spearman’s Correlation Coeffiecient was used to analyze radiographic 
scores and TA concentrations. In both CN and NS horses, group 2 TA concentration was significantly less than group 1 
TA concentration. NS horses had significantly less group 1 TA concentrations than the CN horses (p=0.005), but were not 
significantly less than group 2 TA concentrations (p=0.06). Radiographic scores did not correlate with TA concentrations.  
TA locally diffused from the DIPJ into the NB in NS horses in greater concentrations than systemic diffusion alone, but in 
lesser concentrations than found in CN horses.
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Assessment of Intramyofiber Lipid Content in Healthy Horses and Horses with Rhabdomyolysis
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In humans, a subset of defects in lipid metabolism are characterized by abnormal intramyofiber lipid accumu-
lation and called lipid storage myopathies (LSM).  LSM may have a clinical presentation of rhabdomyolysis, 
a common clinical disorder in horses. Our hypothesis is that LSM are potential causes of rhabdomyolysis in 
horses. However, since myofiber lipid storage is not well characterized even in healthy horses, our objectives 
were: 1) to determine the range of myofiber lipid storage in muscle of healthy horses and 2) to identify poten-
tial cases of LSM from biopsies of horses with exertional (ER) and non-exertional rhabdomyolysis (nonER) of 
unknown origin. 

Frozen sections of semimembranosus and/or gluteal biopsies stained with Oil Red O for lipid were examined 
from > 100 healthy horses and foals and from from >100 horses with exertional rhabdomyolysis. Biopsy sam-
ples were scored (0 to 3) for 1) number of fibers containing lipid droplets, 2) density of lipid droplets within the 
fibers and 3) size of the lipid droplets. The sum of the biopsy score (0-9) was calculated for each horse. 

Oil red O screening of frozen muscle sections was a good means to evaluate myofiber lipid storage in horses.  
Lipid content of skeletal muscle fibers was higher in mares than geldings and higher in gluteal than semimem-
branosus muscles but was unaffected by age and 3 weeks of high dietary fat.  Excessive myofiber lipid storage 
was found in foals and adult horses with nonexertional rhabdomyolysis (22-25%).  Histories indicate that illness 
or infection may trigger sudden recumbency, myoglobinuria or weakness in these animals in a fashion similar to 
human LSM.

                                                 Research supported by Pfizer Animal Health-Morris Animal Foundation Fellowship
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Breed-specific reference intervals were established for serum concentration of  total thyroxine (T4) and free T4 us-
ing equilibrium dialysis (FT4D) for golden retriever (GR), keeshond (KS), Alaskan malamute (AM), Siberian husky 
(SH), samoyed (SAM), English setter (ES), and collie (COL) breeds. Serum thyrotropin (TSH) concentration and 
thyroglobulin autoantibody (TGAA) status were also determined. For 695 reference individuals, 8% of T4, and 6.2% 
of FT4D concentrations were less than the lower reference limit guideline for our laboratory (1 µg/dl, 13 nmol/L T4; 
0.6 ng/dl, 8 pmol/L FT4D). Of the 695 animals, 1.7%  and 0.3% had T4 and FT4D concentration above the upper 
reference limit of 3.5 µg/dl (45 nmol/L) and 3.1 ng/dl (40 pmol/L), respectively. Four percent of TSH concentration 
measurements were above the upper refernce limit (0.6 ng/ml) guideline. By breed, percentage of samples containing 
less than 1 µg/dl T4 were: K:1.0%, AM:2.0%; COL:4.0%, SAM: 5.9%; SH:11%; GR: 11%; ES: 20%.  For FT4D, 
the percentage of samples containing less than 0.6 ng/dl for each breed was K: 1%; SAM: 1%; COL: 4.0%, AM: 6%; 
SH: 6%;  GR: 8.2%; ES: 18%. For TSH, the percentage of samples exceeding the standard upper limit (normal < 0.6 
ng/ml) were: AM,ES:0%; GR,SH:1%; KS:5%; SAM:9%; COL:13%. 

For reference intervals established at the 95% confidence interval level, variability of 2.5% at each limit is expected 
in a normal distribution. In this study, 8% of all dogs had T4 values below the lower limit and in the English setter 
breed, this prevalence reached 20%. The increased numbers of healthy dogs with T4 and FT4D concentrations less 
than the laboratory reference interval limit suggests the need for breed-specific reference intervals for evaluating 
thyroid function in purebred dogs.
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Thoroughbred and Quarter Horse crosses
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Diets high in NSC can be deleterious due to resultant high blood glucose and insulin secretion, which may cause chronic 
insulin resistance or excessive glycogen storage, depending on the horse’s genetic predisposition. Hay may be high in 
water soluble sugars, such as mono and disaccharides and fructans, but low in starch. We hypothesized that high NSC 
content of hay may not produce a glycemic/insulinemic response in horses due to prolonged consumption and a portion 
of NSC may be digested in the large intestine (fructan), rather than absorbed as glucose in the small intestine (mono- and 
di-saccharides). Hay with low (LC), medium (MC), and high (HC) NSC content was fed to 6 Quarter Horse-related breed 
(QH) and 5 Thoroughbred (TB) horses. The rate of intake was highest for HC hay and the QHs ate more quickly than the 
TBs. There was a significant correlation between slower consumption and lower peak insulin.  When grouped together, 
there was a significant effect of breed and hay type found, with significantly different insulin response, peak and AUC 
with TBs having a lower response when compared to QHs, but no difference in glucose response, peak or AUC to fed 
hays.   When comparing the response to difference NSC contents within breeds, a significant difference was detected with 
the glucose response to HC hay>LC hay for TBs, and the insulin response significantly greater when the QHs ate the HC 
compared to the LC hay.  More work is needed to determine other factors that affect the glycemic/insulinemic response to 
hay with variable NSC content when comparing different breeds.
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Anna Romagosa, Marie Rene Gramer, Han Soo Joo, John Deen, Montserrat Torremorell
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Limited information is available on transmission and spread of influenza virus (flu) within pig populations. The objective of this study 
was to determine transmission rates of flu in non-immune populations and in populations of pigs vaccinated with homologous or 
heterologous vaccines and to assess how vaccination may affect transmission. Ten groups of ten 3 week-old pigs each were housed in 
separated isolation rooms and distributed in 4 different replicates as follows: a) Control group (3 replicates): negative non-vaccinated 
pigs; b) Heterologous vaccinated group (4 replicates): pigs vaccinated with a commercially available swine vaccine containing one 
H3N2 and two H1N1 strains; and c) Homologous vaccinated group (3 replicates): pigs vaccinated with a homologous vaccine contain-
ing the challenge strain. In separate rooms, 10 negative pigs were challenged with a triple-reassortant H1N1 strain (A/Sw/IA/00239/04 
H1N1) which was genetically different from the strains present in the commercial vaccine. Two days post challenge, one infected pig 
(confirmed by nasal PCR) was moved into each replicate of the treatment groups and transmission evaluated by collecting nasal swabs 
from all pigs on a daily basis and up to 14 days post contact (dpc). Nasal swabs were tested by RT-PCR. Transmission rates were cal-
culated using a generalized linear modeling (GLM) method using a complementary log-log link function.

All pigs in the control group became flu PCR positive by an average of 4.3 dpc. Pigs in the homologous vaccinated group remained 
uninfected for the duration of the study. Pigs in the heterologous vaccinated group showed intermediate transmission rates. Although 
flu virus transmission was identified in all replicates, not all pigs became positive and transmission was delayed in comparison to 
transmission in the control group. Transmission rates were estimated at 9.6 (confidence interval 7.97-9.65), 2.5 (C.I 1.41-3.8) and 0 
for the control, heterologous vaccinated and homologous vaccinated groups respectively.  Results indicate differences in transmis-
sion rates for influenza virus in populations of vaccinated and non-vaccinated pigs. Moreover differences were also observed between 
populations of pigs vaccinated with either a homologous or heterologous vaccine. Flu spread rapidly in non-immune populations but 
its transmission was prevented in homologous vaccinated populations. Interestingly, transmission in the heterologous vaccinated popu-
lation occurred but was variable. Transmission in pig populations is slower in groups with heterologous immunity and non-detectable 
in groups with homologous immunity.

52-GS
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PRRS virus
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The purpose of this study was to evaluate the ability of a Needle-Free Injection Device (NFID), AcuShotTM, to reduce or
eliminate the hematogenous transmission of Porcine Reproductive and Respiratory Syndrome virus (PRRSv). A total of 88, 
four-week-old, PRRSv-negative gilts were divided into four replicates of 5 groups. Group #1 (PRRSv source population)
consisted of 10 pigs which were intramuscularly inoculated on day 0 with 2 ml of the MN-184 PRRSv isolate at a concentration 
of 104 TCID50/ml. Group #2 (NFID), Group #3 (conventional needle/syringe or positive control), Group #4 (sham-inoculated), 
and Group #5 (negative control), each consisted of 3 pigs. All pigs in Group #4 were intramuscularly inoculated with 2 ml of 
virus-free media. On days 5, 6 and 7 post-inoculation (PI) of Group #1, pigs from Groups #1, #2 and #3 were vaccinated with 
a Mycoplasma hyopneumoniae (M. hyo) bacterin. The same NFID and needle/syringe used to initially M. hyo-vaccinate the 
PRRSv source pigs (Group #1) on opposite sides of the neck were used to subsequently M. hyo-vaccinate pigs in Groups #2 and 
#3, respectively. At arrival (day 0), all pigs tested negative by PRRS ELISA and PCR. All Group #1 pigs tested PRRS PCR
positive by day 2 PI. All 12 pigs injected with the conventional needle/syringe tested PRRS PCR-positive by day 12, while 3 out 
of 12 pigs (1 replicate) injected by NFID tested PRRS PCR-positive by day 19 PI. The proportion of PRRS PCR-positive
animals was significantly lower in the NFID group compared with the needle/syringe group (P≤0.05). On day 22 PI, the final 
day of the study, all PRRSv source pigs tested PRRS ELISA-positive, as did the 12 animals injected with conventional needle/
syringe. Three of 12 animals treated using NFID and none of the negative controls or sham-inoculated pigs tested ELISA
positive on day 22 PI. The results of this study indicate that hematogenous transmission of PRRSv occurs from infected pigs 
to susceptible pigs via repeated use of the same needle and that needle-free systems reduce the hematogenous transmission of 
PRRSv.

Research supported by USDA National Needs Fellowship



53-GS
Description of Influenza in Minnesota Swine Herds by Veterinarian Survey: 2007-2009

Amanda Beaudoin*, Steve Johnson§, Peter Davies*, Jeff Bender*, Marie Gramer**
Department of Population Medicine, College of Veterinary Medicine, University of Minnesota 

Influenza A virus infections are the cause of frequent and significant respiratory morbidity in the North American swine 
industry. Influenza A viruses can be transmitted from people to pigs and vice versa, thereby presenting a human source of 
influenza within a herd, as well as a consideration for human health. The goals of the current study were to characterize 
influenza infections in Minnesota swine herds and assess the use of personal protective equipment (PPE) and
biosecurity measures by swine production facilities. Veterinarians submitting influenza-positive swine samples to the
Minnesota Veterinary Diagnostic Laboratory between October 2007 and April 2009 were contacted and surveyed
regarding disease-related information for each herd, as well as the PPE-use and biosecurity procedures at each farm. 
A small subset of producers was similarly surveyed. Influenza-positive samples were submitted year-round, with peak 
influenza isolations during March-April and September-November. In the study herds, H1N1 was the most commonly 
isolated subtype (52%), followed by H3N2 (13%) and H1N2 (13%). Most positive submissions were associated with 
illness in growing pigs, with a median age of infection of 8.5 weeks. Mean morbidity and mortality were 32% and 2.8%, 
respectively. Vaccination of sows and growing pigs was conducted at 71% and 7.9% of the swine facilities, respectively. 
The vaccination rate of sows in this study is consistent with national data from 2006, though that of growing pigs is lower 
than the national average. The seasonal prevalence and knowledge of the most commonly affected age group may provide 
guidance for diagnostic decision-making when groups of young pigs break with respiratory disease. This study also
reveals that the use of PPE and employee vaccination varies among Minnesota swine facilities, a finding which may 
stimulate discussion between veterinarians and producers about the biosecurity benefits of such measures.
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Tank Milk in Minnesota Dairy Farms
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Staphylococcus aureus, is a major cause of mastitis in dairy cattle and is frequently associated with antibiotic 
use on farms. The current study was undertaken to determine the prevalence of methicillin resistant S. aureus 
(MRSA) in dairy farms around Minnesota. Farm prevalence of S. aureus, including MRSA, was estimated from 
bulk tank milk (BTM) samples and isolates were characterized genotypically and phenotypically. A total of 150 
pooled BTM samples from 50 farms spanning the 3 seasons (spring, summer and fall of 2009) were collected. 
The prevalence of any S. aureus was: 62% while that of MRSA was: 5.3%. All 101 isolates were subjected to 
antibiotic susceptibility testing using the Kirby Bauer method. Of these 54 were pansusceptible, 2 were resis-
tant to a single antibiotic, 37 MSSA were resistant to >2 antibiotics. All the 8 MRSA isolates were multidrug 
resistant. Staphylococcal protein A or spa typing identified that spa types t529 and t034 were most prevalent 
among MSSA and types t034 and t359 among MRSA. All MRSA isolates were also genotyped using MLST 
and PFGE profiling. Of the 8 MRSA, one isolate had a composite profile of - ST 5-USA 100-spa 2 type which 
has been reported among HA MRSA,while a second carried - ST 8-USA 300- t121 type commonly identified 
amongst CA-MRSAs. The third had: ST 398- untypable by PFGE-t034, reported for LA-MRSA particularly of 
porcine origin. Four other isolates carried genotype combinations similar to those reported for CA-MRSA. This 
suggests that MRSA associated with hospitals, community and livestock can all be found in dairy farms. Large-
scale studies on MRSA are needed to understand factors associated with their emergence and persistence in 
dairy environments.
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The objective of this study was to estimate the probability of two tests (bacterial culture of feces and serum ELISA) to 
correctly identify cattle that shed high, low, and no fecal concentrations of Mycobacterium avium subsp. paratubercu-
losis (Map) into the environment. The results of 12,957 simultaneous bacterial culture (HEY media) and serum ELISA 
(IDEXX) from 8 dairy herds enrolled in the Minnesota Johne’s Disease Demonstration Herd Program over a 9 year 
period were used for this study. A Latent-class analysis using a Bayesian Markov-Chain Monte Carlo approach was used 
to estimate the conditional probabilities that test results indicate high, low, and no fecal shedding, given the true Map 
shedding status of the animal, P(test results|true status). This approach assumed that both test are imperfect, and they are 
conditionally independent. Shedding levels using bacterial culture were categorized as high (greater than or equal to 50 
colonies/slant), low (0 < colonies/slant <50), and no fecal shedding (no growth). Likewise, levels for serum ELISA were 
established based on S/P values, with greater than or equal to 1.0 (high), greater than or equal to 0.25 and <1.0 (low), and 
<0.25 (negative). Informative prior of the conditional probabilities were given by one of the co-authors (SJW). The prob-
ability of the serum ELISA to correctly identify high fecal shedders (P(High| High)) was 69%, while the same probability 
for bacterial culture was 59%. The false negative rate for high fecal shedders, (P(No shedding| high) ) was 10% for serum 
ELISA and 3% for bacterial culture. Test Specificities (P(No shedding|no shedding)) were 99.8% for serum ELISA and 
98.9% for bacterial culture. This approach can be used to understand diagnostic test performance in diseases with multiple 
stages. In this case, these results improve the understanding of the bacterial culture and serum ELISA performance on the 
diagnosis of Map negative, infected and infectious animals.
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Absence of Antimicrobial Resistance in Emerging Salmonella Newport Isolates in Argentina From 2001-2007
Mayer, A. and Singer, R.

VBS—University of Minnesota; Pichel, Mariana, INEI, Argentina.

Salmonella Newport has been identified as an emerging pathogen of concern over the last 15 years due to its increasing 
prevalence and alarming rate of multidrug resistance among isolates. The objective of this study was to determine the 
genetic diversity, antimicrobial resistance profiles, and distribution of virulence genes of S. Newport isolates circulating 
among diseased individuals in Argentina during the period of 2001-2007 and to compare these isolates to those of emerg-
ing strains in the United States during the same time period. Given the global distribution of multidrug resistant S. New-
port, we hypothesized that the strains from Argentina would also exhibit a similar multidrug resistance profile, potentially 
including the plasmid-borne third generation cephalosporin resistance gene cmy-2. We analyzed 126 S. Newport strains 
that had been isolated from diseased individuals in Argentina during the years 2001-2007. All isolates were fingerprinted 
by PFGE using the enzymes XbaI and BlnI. The presence of the virulence genes avrA, pefA, and sefD was assessed 
by PCR. The susceptibility of each isolate to a panel of 13 antibiotics was tested using disk diffusion methods. All 126 
isolates had the same virulence gene pattern: avrA(+), pefA(-), sefD(+). 116 of the 126 isolates were identified as pan-sus-
ceptible to the 13 antibiotics tested. Of the 10 isolates demonstrating resistance, eight isolates were resistant to one or two 
antibiotics and two were multidrug resistant. PFGE fingerprinting identified 62 different patterns, 40 of which were unique 
and 22 of which fell into clusters with 1-14 other identical isolates. The isolates in this study were genetically diverse with 
almost complete absence of resistance against the antibiotics tested. The resistance trends among these samples over the 
course of the 7 years tested do not parallel those observed among emerging US isolates. Given the global distribution of 
multidrug resistant S. Newport and the extensive distribution of the multidrug resistance plasmid among various serotypes, 
the lack of resistance among S. Newport from Argentina warrants further investigation.
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Antibiotics have been used extensively as growth promoters (AGPs) in agricultural animal production. However, the 
specific mechanism of action for AGPs has not yet been determined. Following early demonstrations that oral
antibiotics do not have growth-promoting effects in germ-free animals, studies of the mechanism for growth
promotion have focused on interactions between the antibiotics and the gut microbiota. Therefore, we hypothesized 
that the effects of AGPs are mediated by influencing compositional changes of the pig distal gut microbiota. Fecal 
samples from tylosin (40mg/kg) treated (n=10) and tylosin-non-treated pigs (n=10) were collected 5 times at 3-week 
intervals starting when the pigs were 10 weeks of age. The sequences of the V3 hypervariable region of 16S rRNA 
were generated using massively parallel pyrosequencing. Sequences were quality assessed. A phylogenetic
assessment was conducted using RDP classifier, and richness and diversity indices were generated using Mothur with 
an OTU definition at a similarity cutoff of 97%. Sequencing generated over half million sequence reads. The pig 
distal gut bacterial communities of both groups were dominated by the phyla Firmicutes and Bacterioidetes
accounting for > 80% of total sequences, and showed highly diverse community structure (Shannon > 4.3, and 
Simpson 1-D > 0.9). Most of the sequences ( > 95% of the total sequences) were shared by pigs in the two treat-
ment groups. While there were no differences at the phylum between groups, at the genus differences were observed. 
Tylosin treated pigs contained more Fibrobacter and Parasporobacterium, whereas Collinsella and Olsenella were 
present more in tylosin-non-treated pigs. These results also provide us with a reference of the pig distal gut
microbiota profile and fundamental knowledge for later studies to design new strategic approaches to replace AGPs 
in the future.
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Colonization patterns of Mycoplasma hyorhinis in Endemically Infected Swine Herds

Clavijo, Maria Jose, Oliveira, Simone
Veterinary Population Medicine 

The objective of this study was to characterize for the first time the colonization patterns of M. hyorhinis infection in an 
endemically infected swine herd with high nursery mortality associated with systemic infection by this pathogen.

A sow farm with a clinical history and diagnostic confirmation of high mortality due to M. hyorhinis systemic infection 
was selected for sampling. The ideal sampling site to characterize colonization patterns was initially defined by testing 
nasal and tonsil swabs from 30 7 week-old pigs by real-time PCR. PCR for detection and quantification of M. hyorhinis 
was performed in nasal swabs collected from sows (n=60), piglets at 0, 7, 14 and 21 days of age (n=60 per age group) and 
pigs at 1 to 8 weeks post-weaning (n=30 per week). 

Mycoplasma hyorhinis was detected in 26/30 (86.6%) nasal swabs and 20/30 (66.6%) tonsil swabs. Nasal swabs were se-
lected for further investigation of colonization patterns. M. hyorhinis was detected in the nasal cavity of 5/60 sows (8.3%), 
6/60 (10%) pigs at day 0, 5/60 (8.3%) at day 7, 0/60 (0%) at day 14, 4/60 (6.6%) at day 21, 26/30 (86.6%) at day 28, 
27/30 (90%) at day 35, 29/30 (96.6%) at day 42, and 30/30 (100%) at days 49 to 77 (4 to 8 weeks post weaning). 

This study demonstrates that M. hyorhinis is an early colonizer that can be detected as early as day 0 of age. The low 
pre-weaning colonization levels are likely associated with intensive antibiotic treatments administered at the farrowing 
house, whereas the high levels of colonization in the nursery are likely associated with mixed sources of pigs and decay of 
maternal immunity. These hypotheses will be further investigated in future studies.

Research supported by the Swine Disease Eradication Center
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Our objective was to evaluate the impact of vaccination against Johne’s disease (JD) on lactation performance: 
milk production, reproductive outcomes and overall culling rate. Three dairy herds in the state of Wisconsin 
previously identified with Mycobacterium avium subsp. paratuberculosis (MAP) infection were enrolled in 
this study. Within each herd, heifer calves at birth were systematically allocated to a vaccination or control 
group, until two cohorts p/herd were formed, establishing an overall sample size across herds of 307 animals 
(vaccinated=162 vs. control=145). Vaccination was performed up to 35 days of age. From each of the study 
cows a fecal sample was collected at first freshening, at 90 days of pregnancy in all lactations and at time of 
culling to assess MAP infection. Milk production, reproductive performance and culling data, from the year 
2005 until 2009, were obtained from the dairy herd records and fecal culture results from the laboratory. Ani-
mals were classified positive for MAP if the TREK fecal culture score was ≥1. Mixed modeling was used to 
analyze differences in total milk production per lactation between the two groups. Cox regression was used to 
estimate days in milk (DIM) to conception and days from birth until culling. Vaccination against JD had no ef-
fect on total milk production across lactations, on DIM to conception and also had no effect on overall culling, 
although time to test positive for MAP was statistically significantly longer in vaccinates than controls. In this 
study, vaccination against JD had no improvement on overall lactation performance.
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Objectives were to compare body condition score (BCS), body weight (BW), metabolite concentration, and innate im-
munity of Holstein (HO) and Montbeliarde sired crossbred dairy cows (MS). Cows (HO=47; MS=44) were enrolled in 
the study 45 d pre-partum (DPP). Milk yield and composition during the first 3 mo postpartum were recorded and yield 
of energy corrected milk (ECM) was calculated. BCS and BW were assessed 45 and 14 DPP, 24 h after parturition, and at 
28 and 56 d postpartum (DIM). Blood was sampled weekly from 45 DPP until 56 DIM for determination of non-esterified 
fatty acids (NEFA), β-hydroxybutyrate (BHBA) and glucose concentrations. Blood was collected weekly starting at 7 
DPP until 21 DIM and at 42 DIM for determination of polymorphonuclear cells (PMNC) phagocytic and oxidative burst 
capacity ex vivo and expression of CD18 and L-selectin. HO cows had smaller BCS (P<0.01) throughout the study, but 
no differences in BW (P=0.70) and yield of ECM (P=0.36) were observed. Average NEFA concentration was not (P=0.49) 
different between breeds, but breed by study day interaction affected (P=0.02) NEFA concentration. Average BHBA 
concentration was not (P=0.56) affected by breed, but breed by study day interaction tended (P=0.08) to affect BHBA 
concentration. Average glucose concentration (P=0.67) was not different between breeds. PMNC phagocytic and oxida-
tive burst capacity was not (P=0.37) different between breeds. There was no (P=0.70) difference in percentage of PMNC 
producing only oxidative burst and, although throughout the study percentage of PMNC producing only phagocytosis was 
not (P=0.37) different between breeds, breed by study day interaction affected (P=0.02) percentage of PMNC producing 
only phagocytosis. Expression of CD18 was (P=0.04) greater for MS cows but expression of L-selectin was not (P=0.87) 
different between breeds.
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Timely and accurate diagnostics are crucial for proper intervention against PRRSv. The appropriate sample collection, handling, shipping 
and laboratory processing is critical for maximizing test sensitivity and specificity. FTA cards consist of a cellulose-based matrix paper 
containing chemicals that lyse all the cells in the sample while preserving the nucleic acids. Therefore, FTA cards can be used for safe 
transfer of diagnostic samples and shipped in a single non-biohazard labeled envelope. Data from our previous study has shown that under 
laboratory conditions, the analytical sensitivity of PRRSv detection by RT-PCR from serum and oral fluids embedded in FTA cards stored 
for 14 days was 101 TCID50/ml. (Linhares et al, 2010a). The objective of this study was to evaluate the feasibility of using FTA cards for 
detecting PRRSv from serum, oral fluids, blood and tissues collected from pigs experimentally infected with PRRSv.

Eight 4-wk old piglets were experimentally inoculated intramuscularly with 2 ml of PRRSV isolate MN-184 at 104.5 TCID50/ml and 4 
cohort piglets served as non-infected control pigs. Pigs were held in isolation rooms for 5 weeks and were sampled prior to inoculation 
and at 1, 2, 3 and 4 weeks post inoculation. At each time point, one control pig and two inoculated pigs were necropsied and sampled. At 
necropsy, samples were taken from blood, lung, tonsil, inguinal lymph node. In addition, oral fluids were taken on additional days for a 
total of three times per week. Fuid samples were transferred to FTA cards shortly after collection. A fragment of each tissue sample was 
transferred to the FTA card in the form of: a) directly imprinting approximately 1 cm2 of the tissue in the card, and b) by means of swab-
bing the interior of the tissue and then transfer it to the card. The fluids and tissues were also tested in the “fresh” form by qRT-PCR.

Preliminary data indicate that the sensitivity of PRRSV RT-PCR conducted in fresh is similar to that from FTA embedded samples col-
lected from experimentally infected pigs and stored at room temperature or at 4˚C, and tested overnight or at 14 days. Sensitivity of 
PRRSV RT-PCR is slightly lower in oral fluid samples embedded in FTA cards compared to fresh samples and differences increase as the 
infection progresses in time. In addition, PRRSV RT-PCR specificity is similar for samples tested as fresh compared to samples embed-
ded in FTA cards at 4ºC or 25ºC and tested overnight or at 14 days. Data suggest that the FTA cards are a sensitive and specific method to 
process PRRSV infected samples.
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Porcine Circovirus type 2 (PCV2) is a small, non-enveloped virus with a single-stranded DNA genome. It causes a variety 
of disease syndromes collectively referred as Porcine Circovirus Associated Disease (PCVAD) and has been identified 
in most swine producing countries worldwide. The mechanism of pathogenesis is unclear, though it is believed that high 
viral loads contribute to histological lesions. PK-15 and ST cells are widely used to grow PCV2, but the virus does not 
grow to high titer in either cell line, thus complicating the study of cellular pathogenesis. R1BL, a cell line, obtained from 
porcine fetal retinal tissue, also is permissive to PCV2. We hypothesize that R1BL cells support efficient PCV2 replica-
tion, and thus will serve as a model to study PCV2 cellular biology. As a first step, we report here the comparative growth 
characteristics of PCV2, both genotypes A and B, in PK15 and R1BL cell lines by quantitative PCR, TCID50 and immu-
nofluorescence. Our results reveal that PCV2 growth is significantly higher in R1BL compared to PK15 cells. Although, 
the pattern of PCV2 capsid distribution is similar in both cell lines, 96 h after infection there was fragmentation of nuclei, 
which was co-localized with PCV2 capsid, in R1BL cells but not in PK15 cells. The growth characteristics of both cell 
lines were analyzed by monitoring the amount of DNA at different time points. Our results show that R1BL cell line 
grows slowly and that a high density of cells is necessary at the time of seeding compared to PK15 cells. Although R1BL 
cells grow slowly, DNA content during first 48 h is higher than PK15 cells. Since PCV2 is a DNA virus and depends on 
the host cell for replication, early cell cycle events could influence its replication. R1BL cells are considered as mesen-
chymal in origin and permissive cells for PCV2 in pigs include lymphocytes, which are also mesenchymal in origin. We 
conclude that R1BL cells are a good model for elucidation of PCV2 growth and cellular pathogenesis in vivo.
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Our laboratory has recently discovered a highly immunogenic and species-specific antigen in Haemophilus parasuis (OppA). The ob-
jective of this study was to develop and validate an OppA-based ELISA test for detection of antibodies against Haemophilus parasuis.  

The specificity and cross-reactivity among H. parasuis serovars of the OppA protein was confirmed by western blot analysis prior 
to the development of the ELISA. The OppA antigen was cloned and expressed in Escherichia coli and the highly purified (>90%) 
protein was used as the coating antigen in the ELISA test. The ELISA conditions were optimized by using known positive and known 
negative serum samples based on western blot analysis. Once the ELISA was optimized, serum samples obtained from pigs that 
survived an outbreak (convalescent) (n=10), pigs from a naturally exposed non-vaccinated swine herd at 3 weeks (n=30) and 8 weeks 
(n=30) of age, and sows (n=30) and pigs (n=60) from herd vaccinated twice with an autogenous bacterin were tested. 

Using a S/P cut-off of 0.2, all convalescent pigs that survived a H. parasuis outbreak were positive for anti-OppA antibodies. Pigs 
from the non-vaccinated herd were negative at 3 weeks of age, with  24/30 (80%) seroconverting at 8 weeks of age (after peak of H. 
parasuis-related mortality). Anti-OppA antibodies were detected in 10/10 vaccinated parity 1, 9/10 parity 2, and 7/10 parity 3 sows. 
Antibody titers obtained from pigs vaccinated at 4 and 21 days of age differed considerably within and between ages, with 9/20 (45%) 
being positive pre-vaccination, 0/20 positive 11 days post the first vaccination, and 7/20 (35%) being positive 2 weeks after the second 
vaccination. 

Anti-OppA antibodies are developed in pigs that have either survived a systemic infection or were vaccinated against H. parasuis. 
Healthy pigs colonized with H. parasuis do not develop anti-OppA titers. We hypothesize that anti-OppA antibodies are a good marker 
to predict protective immunity against H. parasuis.
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Y145Stop of PRNP is Sufficient to Induce Prion Misfolding

Abdallah, Ahmed; Sreevatsan, Srinand
Veterinary Population Medicine, University of Minnesota

A C-truncated Y145Stop mutant of the prion protein gene is associated with an inherited human prion disease 
named Gerstmann-Sträussler-Scheinker syndrome. This disease-related mutation suggests that the N-terminus 
of the molecule (PrP23-144) plays a critical role in prion misfolding as well as in protein-protein interactions. 
Furthermore, this region is highly conserved region across different species. Previous studies have shown that 
the efficiency of in vitro conversion of normal PrP to protease-resistant PrP correlates with interspecies prion 
transmission. Here we show, utilizing protein misfolding cyclic amplification (PMCA), that the recombinant 
polypeptide corresponding to the Y145Stop variant in sheep and deer prions can be in vitro converted in pres-
ence or absence of preexisting prions. In contrast, none of the purified recombinant protein corresponding to 
PrP-full length protein showed a propensity for conformational conversion to protease resistant isoforms. In 
addition, we found that spontaneously converted PrP145Stop can induce efficient conversion of extracted and 
purified mammalian prions. These results show that spontaneously converted PrP145Stop (PrP23-144) protease 
resistant isoforms are sufficient to induce efficient seeding of mammalian prions.
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Department of Veterinary and Biomedical Sciences, College of Veterinary Medicine, University of Minnesota

The major histocompatibility complex (MHC) is a highly polymorphic region of the genome essential to the im-
mune response. In the turkey (Meleagris gallopavo), the MHC is divided into two genetically unlinked regions 
on microchromosome 18.  The “classical” MHC region or B-locus includes genes involved in antigen process-
ing and presentation, encompassing both class I and class II loci plus other class III genes such as the TAPs.  
The close proximity of these genes (~100kb), their tight genetic linkage and potential for co-evolution led to 
the concept of the B-locus as a “minimal essential” MHC. While many B-locus genes are involved in different 
aspects of immunity, some have non-immune or unknown functions.  Expression of these genes is likely to vary 
among different immune or non-immune tissues.  Given the compact nature of the B-locus, it is possible that 
some of these genes are co-regulated. To better understand expression of MHC genes, we examined the expres-
sion profiles of B-locus genes in bursa, heart, liver, pectoralis major, and spleen tissues of commercial turkeys.  
We used PCR of cDNA templates to identify transcription in 29 genes (KIFC, the Blecs, the Bzfps, the TRIMs, 
44G24.1, LAAO, Hep21, GNB2L1, the BTNs, TAPBP, BRD2, DMA, the DMBs, the TAPs, C4, and CenpA).  
Our goal is to characterize qualitative differences in expression to provide insight into the varied functions of 
the MHC genes.
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Viral Hemorrhagic Septicemia Virus in Fish

Phelps, Nicholas
Veterinary Diagnostic Laboratory, University of Minnesota – Twin Cities

Emerging fish diseases are an important factor threatening already at risk wild fish populations and limiting 
the growth of regional aquaculture industries.  These diseases have resulted in increased regulatory and man-
agement action by state and federal agencies, a significant drain on resources and have become limiting factor 
for fish movement.  One emerging disease of importance is viral hemorrhagic septicemia (VHS), a notifiable 
pathogen by the World Organization for Animal Health (OIE).  This rhabdovirus can cause a variety of clinical 
signs depending on the host species and environmental conditions, however as the name suggests, internal and 
external hemorrhaging is common.  In recent years, a new strain VHS-IVb, has spread through the Great Lakes 
region, causing numerous mass mortality events and the loss of millions of fish.  Susceptible species include 
many of the region’s most ecologically and economically important species, such as walleye, muskellunge, yel-
low perch, trout, and baitfish.  Current diagnostic standards require 28 days for virus isolation, with a gel-based 
RT-PCR assay for confirmation.  Without a rapid, high-throughput diagnostic assay, regulatory testing is logisti-
cally difficult and surveillance monitoring had been limited.  Therefore, a one-step real-time RT-PCR assay was 
improved from a Canadian protocol for use in the Minnesota Veterinary Diagnostic Laboratory.  This assay has 
been shown to detect 50 viral copies, with a 88.0% efficiency over eight logs, and sensitive to all known geno-
types of the VHS virus.  This new broad-range VHS assay has been ideal for the use in our surveillance efforts 
of Minnesota waters.  To date, more than 7,500 fish, representing 125 waterbodies, have tested negative for the 
virus.  Future work includes continued surveillance and a collaborative validation effort to gain acceptance by 
regulatory officials and the aquaculture industry.

Research supported by Minnesota Agriculture Response Fund, USDA-APHIS Cooperative Agreement
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Regulation of Proinflammatory Responses to Avian Influenza Virus by the MAP Kinase Phosphatases 

(MKP) in Chicken Macrophages
Ghosh Arpita, Nagaraja Kakambi V., and Xing Zheng 

Department of Veterinary Biomedical Sciences, College of Veterinary Medicine,
University of Minnesota, Saint Paul, MN 55108

Numerous Avian Influenza outbreaks caused by both high and low pathogenicity avian influenza viruses (AIV), have imposed significant 
economic and social impact and are devastating to poultry industry worldwide in the past decades. While virulence factors in various AIV 
subtypes and strains can be identified easily, little has been known about host responses to AIV and pathogenesis of the disease in birds. 
We have previously characterized the host responses to a low pathogenicity AIV H9N2 in chicken respiratory tissues and immune cells. 
In this study, we aim to further understand how ERK MAP kinase is involved in the regulation of host responses in AIV-infected birds. 
Using an Affymetrix microarray, we identified a group of protein phosphatases, which were upregulated, in AIV H9N2-infected chicken 
lungs. Among these phosphatases was MAP kinase phosphatase-1 (MKP-1), a member of a unique and evolutionarily conserved family 
called dual specific phosphatases (DUSP) or MKP, which can specifically dephosphorylate serine/threonine MAP kinases.

We have identified four MKP, MKP-1, -2, -3, and -5, in chickens from the NCBI database and there is about 50 to 75% homology be-
tween chicken and mammalian MKP counterparts at the protein level. In chicken macrophages, we could detect all four MKP by real-
time RT-PCR. Interestingly, upon AIV infection, expression of MKP-1 and -5 were upregulated up to 30 and 17 fold, respectively, while 
MKP-2 and -3 remained unchanged. We have designed siRNAs targeting chicken MKP-1 and -5 and transfected chicken macrophages to 
knock down the corresponding MKP. We will examine and compare phosphorylation levels of ERK MAP kinase in infected cells, with or 
without MKP knocking down. Furthermore, using specific primers with a realtime RT-PCR approach, we will compare transcript levels of 
IL-1b, IL-6, and IL-8 in infected cells, which are either treated with or without siRNA. 
Our hypothesis is that MKP-1 and -5 may serve as a check-and-balance mechanism to be induced upon AIV infection in chicken im-
mune cells. Induced MKP-1 and -5 could dephosphorylate ERK MAP kinase, which is at hyper-active form and promotes the induction 
of proinflammatory cytokines as a result. We postulate that differential induction of certain MKP may be part of host response to reduce 
pathological effect in AIV-infected chickens and play an important role in AI pathogenesis in birds.

68-GS
Immune Response of Pigs Against Swine Influenza H3N2 Hemagglutinin

Oliveira, Amanda; Sreevatsan, Srinand; Gramer, Marie; Reddivari, Muralidhar; DuBois, Rebecca
 Veterinary Population Medicine, University of Minnesota

Epitope mapping of the hemagglutinnin (HA) of influenza virus is expected to aid in understanding viral mi-
croevolution, cross reactive immunity, and direct optimal vaccine design. To date HA epitope maps are gener-
ated for human influenza viruses using human monoclonal antibodies. Whether pigs recognize the HA epitopes 
described for human antibodies is not known. Thus we set out to produce an epitope map using swine specific 
monoclonal antibodies. Recombinant hemagglutinin from H3N2 SIV was produced using insect cells and re-
combinant baculovirus. The purity of the recombinant protein was confirmed by Western blots and mass spec-
trometry. In future studies, the purified HA and the live virus will be used to immunize/infect SPF pigs and the 
spleen of these animals will be harvested and used to isolate B cells. Expression and screening of swine mono-
clonal antibodies against HA will be performed in a yeast display system. The antibodies produced will be used 
to map the SIV H3N2 hemagglutinin and comparisons between the pig and human immune response will be 
performed.

Research supported by MCIERS
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An Alternative Protocol for Cultivation of Lawsonia intracellularis

Vannucci, Fabio; Wattanaphansak, Suphot; Gebhart, Connie 
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The aim of this study was to describe an alternative protocol for cultivation of L. intracellularis in cell
monolayers providing necessary growth conditions without Tri-gas incubators. The isolate PHE/MN1-00 was 
previously grown in murine fibroblast-like cells and stored until use. The infected cells were incubated in two 
different conditions. For the conventional protocol, the cells were placed in the Tri-gas incubator with 83.2% 
N2, 8.8% CO2 and 8% O2 at 37oC. For the alternative protocol, the flasks were placed in a plastic bag which was 
inflated with a mixture of gas containing 10% H2, 10% CO2, and 80% N2 and incubated at 37oC for eight days. 
The CyQuant® cell proliferation assay was used to monitor the growth rate of infected and non-infected cells in 
both incubation protocols. L. intracelluaris growth and infection monitoring were performed by
immunocytochemistry and quantitative PCR. In the alternative protocol, the daily CO2 and O2 levels were 
between 7.0-8.0% and 5.5-6.5%, respectively. Non-infected and infected cells had similar growth rates in both 
incubation protocols. There was no significant difference in the numbers of heavily infected cells between the 
two protocols. Quantitative PCR showed similar growth curves during incubation. This approach can be used 
for cultivation of bacteria without requiring a Tri-gas incubator. The flexibility of this protocol allows testing of 
various environmental conditions for L. intracelluaris cultivation and development of diagnostic techniques.
Additionally, this affordable technology gives an opportunity to engage more research institutes in this area.

70-GS

Identification of Unique Antigens in Porcine Enterotoxigenic E. coli Using Reverse Vaccinology
Shepard, Sara, and Johnson, Tim

Department of Veterinary and Biomedical Sciences

Enterotoxigenic Escherichia coli (ETEC) is a leading cause of porcine scours and swine industry losses, par-
ticularly in young pigs just after weaning.  Previous efforts to develop an effective vaccine against ETEC in 
weaned pigs have been unsuccessful.  The objective of this project was to use a global “reverse vaccinology” 
approach to identify vaccine candidate proteins that could be used to prevent porcine post-weaning diarrhea.

To accomplish this, the entire genomes of two representative ETEC strains isolated from pigs with post-wean-
ing diarrhea were sequenced.  ETEC-specific proteins were identified in silico by comparing ETEC and com-
mensal strains, and predictive protein software was used to assess their antigenic potential.  Finally, screening 
was done for the most promising ETEC-specific proteins among three different populations of E. coli: samples 
isolated from pigs with post-weaning diarrhea, samples isolated from pigs with neonatal diarrhea, and samples 
isolated from healthy pigs.  Proteins that were most often identified in the post-weaning samples and most often 
absent from the other samples were identified as the strongest vaccine candidates.

Research supported by USDA National Needs Fellowship
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Multilocus Sequencing Typing System for Lawsonia intracellularis

Kelley, Molly1, Gebhart, Connie1, Oliveira, Simone2.
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College of Veterinary Medicine, University of Minnesota, Saint Paul, MN

L. intracellularis is an obligate intracellular bacterium and is the causative agent of proliferative enteropathy in 
pigs, horses, and a variety of other species. Isolation and cultivation of this organism is extremely difficult due to its 
intracellular nature.  For this reason very few isolates exist in pure culture making traditional strain typing techniques 
difficult.  Previous analyses of L. intracellularis isolates using  variable number tandem repeat (VNTR) sequencing, 
demonstrated a clear distinction between the isolates obtained from porcine and non-porcine species.  The objective 
of this study was to develop a multilocus sequence typing (MLST) system for L. intracellularis based on genetic 
variation in seven housekeeping genes to determine genetic relationships among isolates and confirm the strain dif-
ferences found with VNTR sequencing.  The MLST system was established using six L. intracellularis pure culture 
isolates of porcine, equine, and rodent origin.  Primers were designed for the seven loci and specificity was ensured 
by PCR with other enteric bacteria and closely related species.  The allelic profiles or sequence types, generated 
from these sequences showed that L. intracellularis is genetically diverse.  While the porcine isolates had identical 
sequence types, the equine and rodent isolates were distinctly different from both the porcine isolates and from each 
other.  Application of this sequencing approach to further field isolate collections may create a universally accepted 
nomenclature and a more global picture of the epidemiology of this organism.

72-GS
Glycan Analysis of GP5 on Porcine Reproductive and Respiratory Syndrome Virus

Li, Juan1*; Tao, Shujuan2; Orlando, Ron2 and Murtaugh, Michael1.
1Dept. of Veterinary and Biomedical Sciences, University of Minnesota, St. Paul, MN

2Complex Carbohydrate Research Center, University of Georgia, Athens, GA

Porcine reproductive and respiratory syndrome virus (PRRSV) is the etiologic agent of porcine reproductive 
and respiratory syndrome, which is the most severe infectious disease facing the swine industry worldwide. 
Understanding the molecular structure of PRRSV is expected to facilitate the study of viral infection
mechanism and the development of disease prevention strategies. PRRSV is a RNA virus and has a smooth 
spherical envelope embedded with major envelope proteins (GP5/M heterodimer) and minor envelope proteins 
(E, GP2a, GP3, GP4), most of which are highly glycosylated. In particular, GP5/M have been shown to be
involved in viral binding and entry into the permissive cells. GP5 has two short ectodomains outside of the
envelope; the molecular weight of GP5-linked glycans exceeds that of its ectodomain amino acid sequences. 
Thus the broadly distributed viral glycans are likely to cover the virion surface, or even stretch out as antennae, 
suggesting a potential role in virus-cell interactions and possible targets for virus neutralization in virucidal
design. Herein, PRRSV was purified by iodixanol self-generated gradient ultracentrifugation and the viral
proteins were separated by running through SDS-PAGE. The GP5 bands were then cut and trypsinized in gel. 
After ID confirmation using mass spectrometry (MS/MS), the glycopeptide products were treated with PNGase 
F to release all the N-glycans. After glycan extraction and purification, the N-glycan products were finally
analyzed by LC-MS/MS to obtain the potential glycan compositions and structures on PRRSV GP5. 
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Single Nucleotide Polymorphisms (SNPs) in the Mycobacterium bovis Genome – A Tool to Study

Population Genetic Frameworks
Joshi Deepti1, Srinand Sreevatsan1,2  

 1Department of Veterinary Population Medicine
 2Department of Veterinary Biomedical Sciences

University of Minnesota

Mycobacterium bovis (MBO) the causative agent of bovine tuberculosis has one of the widest host ranges of all pathogens 
with a complex epidemiological pattern of occurrence involving domestic animals, wild animals and humans. MBO has 
a restricted unselected allelic variation in its structural genes which hinders study of strain-disease phenotype correlations. 
Genotyping techniques like spoligotyping and VNTR analysis only provide anonymous biallelic information which is 
insufficient to develop MBO phylogeny. On the other hand, SNPs provide the ability to unravel phylogenetic relationships 
enabling study of trait-allele interactions in a wide variety of pathogens. We genotyped 350 genome-wide SNPs discovered 
by comparative genomics of the sequenced MBO strain AF2122/97 and the BCG-Pasteur vaccine strain. A collection of 88 
MBO isolates associated with bovine TB outbreaks in USA between 1990-2009 and isolated from a variety of
mammalian hosts like cattle, deer, elk, elephant, swine, etc including human (n=11) were used for the study. Sixty M. 
tuberculosis (sensu stricto) isolates from human, primate, birds, and elephants were included in the analysis. Five major 
clusters were identified indicative of related genotypes for the isolates within a specific cluster as was evidenced by their 
epidemiologic and strain-typing data. All the MTB s.s isolates clustered within one unique clade. The SNP-based
phylogenetic tree provides evidence for introduction of MBO into USA herds from multiple MX strains which over time 
have localized and evolved independently within the cattle and deer population of USA. The evolution of MBO appears 
to be host-driven. Besides assisting phylogenetic studies, SNPs provide for studying population genetic frameworks for 
examining biomedically relevant traits such as virulence of this important zoonotic pathogen.

74-GS
Molecular Characterization of Influenza a Viruses From Swine for Potential Virulence 

Susan Detmer1, Daniel Darnell2, Srinand Sreevatsan1 and Marie Gramer1

1Department of Veterinary Population Medicine, University of Minnesota, St. Paul, MN
2Department of Infectious Diseases, St. Jude Children’s Research Hospital, Memphis, TN

As influenza A viruses continue to emerge and evolve through reassortment and antigenic drift in the US swine population, 
novel strains have arisen over the last decade that have resulted in changes in influenza epidemiology and persistence within 
endemically infected populations of pigs. The hemagglutinin (HA) gene of all influenza viruses that were detected in samples 
submitted from one endemically infected farm system (farm M) have been sequenced since 2005. In 2008, a two amino acid 
(AA) insertion first appear at position 156 using the H1 numbering system and this unique insertion has been repeatedly de-
tected in this farm system over the last two years. The viruses with the insertion were isolated from pigs in specific barns in 
a multi-site rearing system from farm M that experienced increased piglet mortality. To better understand how this insertion 
relates to the pathogenicity of these influenza viruses, five viruses with the insertion and three potential ancestral viruses without 
the insertion were sequenced at St. Jude Children’s Research Hospital in Memphis, TN. The sequences were analyzed using 
MEGA 4 with Clustal W alignment. Phylogenetic analysis of the viruses revealed that the isolates clustered tightly together with 
the highly pathogenic virus A/Sw/OH/51145/2007 (H1N1) in the SwH1 gamma clade. Analysis of the protein sequence revealed 
that the two AA insertion at position 156 disrupted the Sb and Sa antigenic sites which are proximal to the HA receptor binding 
pocket in the three-dimensional protein structure. This was the only variation in the antigenic sites for two of the five viruses. 
One virus also had one AA change at position 70. Two other viruses also had AA changes at 74, 139, 162 and 168.   The viruses 
that contain this two AA insertion has been associated with severe clinical disease and histopathological lesions.  This insertion 
has only been detected within this large multi-site rearing system, but it has been found in 17 of the viruses sequenced from this 
farm system.  The analysis of these 8 viruses will provide a benchmark for evaluating how the virus evolves in swine. Further in 
vitro and in vivo evaluations of these viruses may provide additional understanding critical to the epidemiology of the disease 
caused by influenza viruses within a farm or production system.                                                      Research supported by MCEIRS
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Role in Resistance to Phagosomal Acid Stress
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Pathogenic mycobacteria successfully survive in the acidic micro-environment of the phagosome. We
hypothesize that Mycobacterium avium subspecies paratuberculosis (MAP) expresses a membrane associated 
serine protease (MAP0403) in response to phagosomal acidification and is important for intracellular survival. 
Expression of serine protease by MAP K-10 was studied at 10, 30, and 120-min. post infection of bovine
monocyte derived macrophages treated with or without bafilomycin to block phagosomal acidification. MAP 
serine protease was significantly up-regulated exclusively in the acidified phagosomes. Highest level of 
MAP0403 expression coincided with the timing of peak phagosome acidification in the macrophages. Inasmuch 
as Mycobacterium smegmatis mc2 155 cannot resist and persist in the acidified phagosome, we cloned the open 
reading frame of MAP0403 via a pSM417 vector into M. smegmatis mc2 155. Compared with controls, M. 
smegmatis mc2 155 transformants carrying the MAP serine protease show a temporal survival advantage during 
the in vitro acid stress for 30 and 120min. Our studies suggest that MAP serine protease is critical in resisting 
the phagosomal acid stress by MAP. 
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Characterization of the Interaction of the Two Essntial Putative Glycoproteases in 

Staphylococcus aureus
Ting Lei, Li Zheng, and Yinduo Ji

Department of Veterinary and Biomedical Sciences, University of Minnesota, MN 55108

In previous studies, we have demonstrated that a putative glycoprotease (Gcp) is essential for survival of
Staphylococcus aureus, suggesting that Gcp is a potential target for developing novel antibacterial agents.  
However, the molecular mechanism behind the essentiallity of Gcp remains unknown.  In this study, we found 
that the gcp gene was co-transcribed with its paralog yeaZ, another essential gene for S. aureus survival, and 
sa1855 and sa1857 using a reverse-transcription PCR, indicating these genes may be located in one operon. 
We also revealed that Gcp and YeaZ interact using a yeast two hybrid (Y2H) screening system.  However, no 
interaction was detected between other proteins encoded by the above genes located in the same operon.  The 
interaction of Gcp with YeaZ was further confirmed by in vitro pull down assays.  In order to identify residues 
critical for Gcp binding to YeaZ and/or residues required for Gcp’s essentiality, we employed alanine scanning 
mutagenesis on the C-terminal segment of Gcp. Alanine mutagenesis of amino acids 317-322 abolished the 
capacity of Gcp to interact with YeaZ.  In addition, the expression of the Gcp alanine scanning mutants of the 
amino acids 317-322, 324-329, or 332-336 in trans failed to complement the down-regulated wild-type Gcp.  
The results suggest that the C-terminal segment of Gcp may play an important role in the interaction of Gcp 
with YeaZ, which in turn may be associated with their indispensability for bacterial growth.
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Veterinary Population Medicine1, Department of Veterinary Biomedical Sciences2, Veterinary Diagnostic Lab3, 
University of Minnesota, National Animal Disease Center4, USDA-Agricultural Research Service, Ames, Iowa, 
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Mycobacteria are able to enter into a state of non-replication or dormancy, which may result in their chronic 
persistence in soil, aquatic environments, and permissive hosts.  Stresses such as nutrient deprivation and 
hypoxia provide environmental cues to enter dormancy; however, a clear definition of the mechanisms that 
mycobacteria employ to achieve this remains elusive.  While the concept of sporulation in mycobacteria is not 
novel, it continues to spark controversy and challenges our definition of a non-replicative state. We investigated 
the potential role of sporulation in one-year old broth cultures of Mycobacterium avium subsp. paratuberculo-
sis (MAP).  We show that dormant cultures of MAP contain intermediate stage spores and once incubated in 
sporulating agar form fully mature endospores.  Furthermore, purified MAP spores display enhanced infectivity 
as well as maintain acid-fast characteristics upon germination in a well-established bovine macrophage model.  
These data suggest that sporulation may be a viable mechanism by which MAP accomplishes dormancy in the 
host and/or in the environment.  Thus, our current understanding of mycobacterial dormancy, pathogenesis, 
epidemiology and rational drug and vaccine design may need to be reevaluated.  

78-GS
Determining Risk Factors for Influenza Infections in Turkeys: 

Results of a Regional Surveillance Study of Minnesota Turkey Flocks, 2007 – 2008
C. Corzo, C; Gramer, M; Davies, P.

Department of Veterinary Population Medicine
College of Veterinary Medicine, University of Minnesota, Saint Paul, MN.

Influenza has become one of the most important viruses worldwide due to its impact on human and animal health. Its 
ability to cross the species barrier1,2  increases the probability of reassortment and may lead to the emergence of  novel 
influenza viruses. In turkeys, influenza may be mild to severe depending on the pathotype (high pathogenicity vs. low 
pathogenicity). Information regarding the regional epidemiology of the disease in turkeys is scarce. Therefore, the purpose 
of this study is to investigate risk factors for influenza (H1N1, H1N2, H3N2) infection in turkey flocks including pig herd 
proximity. Data from the Minnesota Board of Animal Health (MBAH) poultry and swine division were used. Longitudi-
nal and latitudinal coordinates for all available turkey farms and swine herds in Minnesota were obtained and plotted on a 
map using ArcGIS 9.3™. Additionally, influenza antibody testing dates and results for turkey flocks during 2007 and 2008 
were obtained from the University of Minnesota Poultry Testing Laboratory. One, 2, 3, 4 and 5 kilometer buffers were 
created around each flock location on the map. The number of pig farms within each buffer was recorded for influenza-
negative and positive flocks as well as these additional data: (a) the distance to the nearest pig farm, (b) distance to the 
nearest major road, (c) flocksize, (d) number of tests performed, (e) number of lakes and rivers within 1km and (f) gender 
of birds in each location. Data were analyzed through logistic regression univariate methods by first screening each vari-
able at once. Variables that had a p-value less than 0.25 were considered for the multivariate model which was constructed 
through a process of backward elimination. In the multivariate model, pig farm proximity, number of tests per flock and 
flock size, were associated with seropositivity to H1N1 and H3N2 subtypes. The association between pig farm proximity 
and influenza-positive turkey flocks suggests regional transmission between pig farms and nearby turkey flocks.
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Turkey Cellulitis
Anil J. Thachil *, Arpita Ghosh, David A. Halvorson, and Kakambi V. Nagaraja
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Turkey Cellulitis is an acute infectious disease, which has contributed to significant economic losses in the 
US turkey industry, particularly in Minnesota and Wisconsin, for the last decade. Clostridium perfringens has 
been consistently isolated from cases of cellulitis in turkeys. The objective of our study was to characterize the 
secretory components of Clostridium perfringens that causes cellulitis in turkeys. In brief, C. perfringens type A 
isolates that appear to be potent in causing cellulitis and those which did not produce cellulitis were included in 
this study. The culture supernatant from these isolates was subjected to SDS-PAGE analysis and
two-dimensional gel electrophoresis to separate the proteins. A western blot was performed using convalescent 
sera from the birds exposed and non-exposed to C. perfringens toxins. The reactive toxin components were 
identified by MALDI-TOF mass spectrometry. Our results suggest involvement of different toxins of
Clostridium perfringens type A other than alpha-toxin that may play a role in the cause of cellulitis in turkeys. 

80-RC
Methicillin-resistant Staphylococcus aureus Isolated From

Therapy Dogs and Handlers Within a Hospital Setting
Johnston, A, Pylka, S, Olsen, K, Sreevatsan, S, Bender J

University of Minnesota College of Veterinary Medicine St. Paul, Minnesota  55108

There are cited medical benefits regarding pet ownership and animal-assisted interventions (e.g., therapy dogs).  These interactions are 
positive, contributing to the overall health and happiness of hospitalized patients. However, there is a potential for zoonotic disease 
transmission, especially with vulnerable patients.  One agent of concern is methicillin- resistant Staphylococcus aureus (MRSA). 
MRSA is endemic in United States’ hospitals causing skin abscesses and invasive, life threatening infections. Our objective was to 
document the occurrence of MRSA in therapy dogs and their handlers who visited a local hospital.

Weekly nasal and rectal swabs were collected from 10 dogs involved in a local hospital program. Samples were collected from han-
dlers on weeks 1, 5, and 10.  Isolates were tested for the presence of the mecA gene using previously published protocols. Isolates 
were characterized by spa type and PFGE.  Weekly surveys were conducted to document handler and dog activities. Results: Primary 
locations that were visited by the therapy dogs were Surgery (37%), Oncology (34%), Breast Health Center (29%), and Emergency 
(26%) waiting areas.  Other areas included Rehabilitation and Neurology (22%), Intensive Care (14%), and Physical Therapy (14%). 
156 canine nasal and rectal swabs were collected. 26 handler nasal swabs were collected. 13 samples were positive for the mecA gene.  
Six of the 13 samples were identified as Staphylococcus aureus. Five isolates were confirmed as MRSA. MRSA was isolated from two 
handlers and three therapy dogs. Handlers who were colonized with MRSA also had therapy dogs colonized with MRSA (two dog-
handler pairs). Dogs and humans were transiently colonized with detection of one dog-handler pair on week 1 and the other pair with 
evidence of colonization on week 1 (both dog and handler) and week 4 (dog).  PFGE results of the five isolates were indistinguishable 
(USA100 strains) and new spa types were identified.

Therapy dogs may acquire MRSA.  It is unclear as to their role in on-going transmission in the hospital environment. However, 
colonization appears to be transient in handlers and dogs. Measures to reduce interspecies transmission in hospital setting should be 
encouraged.
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Infection Control and MRSA Infections at a Veterinary Teaching Hospital
Bender J, Hiber L

College of Veterinary Medicine, University of Minnesota

Methicillin-resistant Staphylococcus aureus (MRSA) is recognized as an important human pathogen and is the leading cause of suppurative
infections in humans, including superficial skin infections such as boils and furuncles as well as more serious infections such as bloodstream
infections, pneumonia, osteomyelitis and endocarditis. Until recently, most human infections were acquired after hospitalization.  Within the past 
decade the emergence of community-associated strains have been recognized.  Methicillin-resistant Staphylococcus aureus (MRSA) infections from 
dogs, horses, pigs, cattle, and cats are increasingly being reported.  Our veterinary teaching hospital has seen an increasing number of infections in 
our companion animal referrals.  These recent MRSA infections in animals have created diagnostic, treatment, and infection control challenges for 
staff veterinarians.  Our objective is to summarize the clinical cases and the associated infection control issues.

Routine laboratory surveillance identified MRSA cases.  Case follow-up was done with clients regarding potential MRSA risk factors.  Infection 
control interventions were established for each hospitalized case.  Isolates were sent to the Minnesota Department of Health for confirmation,
antimicrobial susceptibility testing, and subtyping by pulsed-field gel electrophoresis (PFGE).  Results: From 2003 through 2008, 29 MRSA
infections were identified at the University of Minnesota, Veterinary Medical Center.  Isolates were obtained from 20 dogs, 7 cats, and 2 horses. 
Fourteen PFGE subtype patterns were identified from 24 isolates.  The majority of isolates were characterized as clonal group USA100, representing 
health-care associated strains.  Five temporal/clonal clusters were observed suggesting nosocomial transmission.  MRSA was also recovered from 
environmental surfaces and a veterinary surgeon. Most clients of infected pets had been recently hospitalized or had on-going severe illnesses (i.e. 
chemotherapy), or were health care providers.

With the identification of MRSA in animals, appropriate precautions are important to prevent continued transmission to animals or people.  This 
includes both employee and owner education about potential risks, precautions, and the need for good hand hygiene.  With the identification of
temporal/clonal clusters of MRSA infections, it is important to incorporate “standard precautions” to protect staff, clients, and pets to prevent
continued transmission of MRSA. This includes appropriate isolation and disinfection protocols.
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An Interdisciplinary Approach to Highly Pathogenic Avian Influenza Outbreak Response: 
A New Paradigm in Foreign Animal Disease Management

Voss, Shauna, Hueston, Will D.; Goldsmith, Timothy J.; Lee, Brendan; Shiferaw, Girum;
Hennessey, Morgan; Wagstrom, Elizabeth; Halvorson, David A.

University of Minnesota, Center for Animal Health and Food Safety

Systematic knowledge of the relationship between potential Foreign Animal Diseases (FAD) and agriculture systems is critical in the de-
velopment of a comprehensive preparedness and response plan.  Historically, highly pathogenic avian influenza (HPAI) outbreaks involved 
extensive movement prohibitions of poultry, eggs and egg products, imposed over geographic areas, as part of an effort to control and eradi-
cate the disease.  Egg production facilities have limited storage capacity for eggs and egg products hence even a brief disruption in movement 
could result in devastating impacts to the industry as well as a serious shortage of eggs to consumers.  Since 2006, representatives from the 
egg industry, state and federal government agencies, the University of Minnesota and Iowa State University joined to form a collaborative 
effort (Egg Sector Working Group) to enhance preparedness in HPAI planning.  The University of Minnesota, Center for Animal Health and 
Food Safety has played an important role as a member of this group by bridging the knowledge gap between the different roles of industry 
and government.  University faculty and Veterinary Public Health Residents have helped facilitate industry input into USDA-AHPIS preven-
tion and response strategies by educating industry on the important roles of the government and by educating government on the operations 
of egg production systems. The involvement of academia has provided a neutral environment facilitating frank discussion of comprehensive 
but practical approaches to outbreak control. Together, we have developed the Secure Egg Supply (SES) Plan which provides transpar-
ent guidelines for the movement of eggs and egg products during a HPAI outbreak without endangering the health of uninfected flocks and 
providing a high degree of confidence that there is no HPAI virus in eggs or egg products for human consumption.  The SES Plan includes 
a series of science based pro-active risk assessments and the Egg Movement Control Plan which outlines specific surveillance, biosecurity, 
and cleaning and disinfection practices for moving different types of eggs and egg products within, out of and into a HPAI Control Area.  The 
development of the SES Plan and the working relationships formed between multiple disciplines and stakeholders creates a unified approach 
to a foreign animal disease response and would not have been possible without leadership and understanding. This novel methodology of in-
volving industry, regulatory agencies and academia in a proactive approach to disease response sets the foundation for future control efforts.
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Risk Assessment for Movement of Washed and Sanitized Shell Eggs During a
Highly Pathogenic Avian Influenza Outbreak
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In the event of a highly pathogenic avian influenza (HPAI) outbreak in the United States, permit requests to move eggs and 
egg products must be supported by risk assessments. However, industry holding capacity for egg products is exceeded within 
48-72 hours at most premises. Proactively evaluating risk before an outbreak enables timely movement permitting decisions 
and supports market continuity. This proactive approach is especially important if the outbreak occurs in a densely poultry 
populated area because it reduces the demand placed on outbreak control resources. We evaluated the risk that moving washed 
and sanitized shell eggs from an infected but undetected flock within the control zone would cause HPAI transmission to other 
susceptible poultry. We considered existing shell egg regulations and industry biosecurity measures as well as outbreak specific 
preventive measures in our evaluation. We used a stochastic disease transmission model to estimate the HPAI disease preva-
lence, disease mortality and the fraction of internally contaminated eggs at various time points post infection of the flock. The 
transmission model results were then utilized to estimate the time to detect HPAI infection while following an active surveil-
lance protocol based on daily real time reverse transcription polymerase chain reaction (RRT-PCR) testing which would only 
allow movement of eggs after a negative RRT-PCR test, We also evaluated the HPAI virus inactivation on contaminated egg-
shell surfaces when sanitized with a 100-200 ppm chlorine solution. We estimated a 1000 factor reduction of HPAI virus on 
contaminated eggs via washing and sanitizing. Our simulation results indicate that the number of internally contaminated eggs 
that might be moved from an HPAI infected but undetected flock of 100,000 layers is 11 (90 percent C.I. 0-44).  We conclude 
that the risk of HPAI spread to susceptible poultry due to the movement of washed and sanitized shell eggs from an infected but 
undetected flock to a premises without poultry is  negligible.
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Good Agricultural Practices of Small Produce Farmers in Minnesota
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Produce is considered an important component of a healthy diet; however, because produce is grown in a natural environment, it is suscep-
tible to a variety of contaminants.  According to the Centers for Disease Control and Prevention, an estimated 76 million cases of foodborne 
disease occur each year in the United States. Between 1996-2008, the Food and Drug Administration (FDA) reports there were 82 foodborne 
illness outbreaks associated with the consumption of fresh produce. To improve the safety of fresh produce, the FDA created the Good 
Agricultural Practices (GAPs) Guide in 1998. It has been over 10 years since the guide was published and food safety education began in 
Minnesota.

To better understand barriers to incorporation of GAPs and behaviors that lead to application or avoidance of GAPs, we surveyed Minnesota 
vegetable farmers in 2008. We also validated a subset of the farms with site visits in 2009 to determine the extent to which actual practices 
matched perceived practices.  Compost samples were collected and tested for Salmonella and E. coli O157.

246 farms completed a standard mailed questionnaire.  Twenty-seven farms agreed to a follow-up visit. The majority of farms kept their tools 
and containers clean, provided drinking water and clean restrooms for their employees, and kept sick employees away from produce.  Sixty-
seven percent of the farms visited had animals and the majority kept the animals a safe distance of over 100 feet from both the crop fields and 
the water sources. Because many of the farms visited were smaller family farms, they typically did not keep records of employee training as 
employees were often family members.  They often did not have required signs or disposable/one-use towels in the restrooms either because 
it is the house restroom.   E. coli O157 was recovered from 1 of 19 compost samples tested.  

Overall, we found that most farmers had incorporated GAPs into their farming practices and frequently actual practices matched perceived 
practices.  However, continued educational efforts need to be directed toward appropriate handling and use of animal manure and compost.
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