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Melanoma cell resistance to phagocytosis is unrelated to expression of conventional  

“eat-me/don’t eat-me” signals. 
Anderson, Katie L.1,2; Lins, Debra3; Ito, Daisuke1,2; Volkmer, Jens-Peter4; Shimizu, Yoji3,5; Weissman, Irving L4; 

Mescher, Matthew3,5,6 ; Modiano, Jaime1,2,3,5  
1Veterinary Clinical Sciences, 2Animal Cancer Care and Research Center, 3Center for Immunology, 4Institute of 

Stem Cell Biology and Regenerative Medicine, Stanford University School of Medicine, 5Masonic Cancer Center, 
6Laboratory Medicine & Pathology    

 

Blockade of CD47 to disable “don’t eat me” signals and upregulation of calreticulin and phosphatidylserine to 

enhance “eat-me” signals increase phagocytosis and anti-tumor immune responses in various tumors. Melanomas are 

notoriously resistant to apoptotic signals and to other cytolytic mechanisms; however, the effects of modulating pro- 

and anti-phagocytic pathways in this disease are unknown. For this study, we hypothesized that melanoma cells 

would display unique resistance to phagocytosis. Furthermore, we hypothesized that this resistance would be 

mitigated by CD47 blockade, which in turn would promote adaptive anti-tumor, T cell responses. To test these 

hypotheses, we utilized a multi-species approach and examined the phagocytosis of human, mouse, and dog 

melanoma cells in vitro. We observed that the susceptibility of lymphoma and melanoma cells to phagocytosis was 

dramatically different in all three species: whereas lymphoma cells were readily phagocytosed by mouse 

macrophages, melanoma cells were resistant to phagocytosis. Significant increases in lymphoma cell phagocytosis 

were observed upon CD47 blockade while we noted only small increases in melanoma cell phagocytosis. Next, we 

tested whether we could overcome melanoma cell resistance to phagocytosis by increasing expression of “eat me” 

signals. We showed that treatment with doxorubicin increased phosphatidylserine and calreticulin on the outer 

plasma membrane of melanoma cells without altering membrane integrity. Once again, we noted a small increase in 

melanoma cell phagocytosis when we combined chemotherapy and CD47 blockade. However, this did not 

consistently promote enhanced activation of antigen-specific T cells in vitro or in vivo and did not reduce tumor 

burden. Overall, we conclude that melanoma cells display an evolutionarily conserved resistance to phagocytosis, 

which cannot be fully mitigated by CD47 blockade or by chemotherapeutic upregulation of “eat me” signals. 

Additional work will be needed to define this mechanism of resistance.  
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The selection derby: identifying genomic regions undergoing selection in different  

breeds of racehorses 
Avila, Felipe1; Schaefer, Robert2; Mickelson, James3; McCue, Molly1 

1Veterinary Population Medicine Department, University of Minnesota 
2Computer Science Department, University of Minnesota 

3Veterinary and Biomedical Sciences Department, University of Minnesota 

 

There are approximately 850 thousand racehorses in the US, and horse racing has a total impact of 30 billion dollars 

in the US economy. The most popular racehorse breeds are the Quarter Horse, Thoroughbred and Standardbred. 

Intense selective breeding for speed over a relatively small number of generations has resulted in elite athletic 

performance within these breeds. The goals of this study were to: 1) identify the genomic regions undergoing 

selection in these three breeds; 2) investigate haplotype sharing among racehorse breeds; and 3) identify putative 

candidate genes that contribute to the racing phenotype.  

Forty Standardbred, 25 Thoroughbred, and 15 Quarter Horse racehorses were genotyped at 2 million SNP markers 

distributed across the genome. Genomic regions harboring signatures of selection were identified using an FST-

based statistic (di), calculated for 10kb windows across the genome of each individual. Further, local haplotype 

sharing and structure among individuals of each breed was calculated using the hapQTL software. Genomic regions 

of interest (ROIs) were defined as those in which significant di windows (99th percentile of the empirical 

distribution) overlapped with significant SNP markers found by hapQTL (-log10 [Bayes factor] > 5). Seventy-five 

ROIs, distributed across 22 autosomes and the X chromosome, averaging between 10kb and 1.5Mb in length, were 

prioritized for further investigation. A total of 92 equine transcripts were identified within ROIs and retrieved using 

the BioMart software. Candidate genes within these ROIs were investigated for their putative association with 

increased racing ability, and pathway analysis was performed to identify protein-coding genes significantly 

associated with biological functions and main metabolic pathways that might contribute to the racing phenotype.  

Next, whole genome sequencing data from individuals from these three breeds will be used for the discovery and 

annotation of biologically relevant allelic variants that might account for their increased racing ability.  

Comparative Medicine Signature Program 



CM-3 

EPX is a novel histologic marker to detect canine eosinophils and prevalence of IBD in dogs 
Idil Bastan1, Nicholas A. Robinson1, Xiao Na Ge2, Aaron Rendahl3, Savita P. Rao2, Robert J. Washabau4  

and P. Sriramarao2 
1Veterinary Population Medicine; 2Veterinary and Biomedical Sciences; 3School of Statistics 

4Veterinary Clinical Sciences  

 

Background:Eosinophils (Eos) are commonly detected in the gastrointestinal (GI) tract mucosa in both health and 

disease. Diagnosis of eosinophilic GI disorders (EGIDs) is difficult and depends more on a pathologist’s subjective 

interpretation than on objective criteria.Further, it is almost impossible to identify activated (i.e., degranulated) 

eosinophils by routine H&E staining. We evaluated a method to identify Eos (intact and degranulated) in paraffin-

embedded tissue sections from small intestine (SI) of dogs with or without inflammatory bowel disease (IBD) using 

Eos-specific anti-Eos Peroxidase (EPX) mAb. 

Methods:Blocks containing SI tissue from canines submitted for necropsy with a clinical diagnosis of IBD were 

used. Dogs with IBD were divided into two groups; treated with prednisolone (n=7) or untreated (n=11).Dogs (n=8) 

of different breeds with no evidence of GI disease and no immunosuppressive treatment were used as controls.4 µm 

sections were stained with EPXmAb. Stained intact and degranulated Eos in consecutive non-overlapping 

microscopic fields of the villous lamina propria and inter-cryptal lamina propria were counted.  

Results:Intact and degranulated Eos were more prevalent in both the inter-cryptal lamina propria and villous lamina 

propria in the untreated group than the control (p<0.05). Eos were also more prevalent in the untreated group than 

the treated group (p<0.05) in all cases except for degranulated Eos in the villous lamina propria, where the treated 

group was not significantly different from either control or untreated group. In all cases, the control and treated 

groups were not statistically significantly different. 

Conclusion: EPXmAb-based immunohistochemistry produces a prominent granule staining that makes morphologic 

identification of Eos (degranulated and intact) more reliable. This technique also provides a strategy for quantitative 

evaluation of Eos in SI biopsies among different treatment groups, suggesting that EPXmAb can be used as 

diagnostic marker and to evaluate success of treatment for IBD.  
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Itpkb inhibition ameliorates chronic graft versus host disease 

Du, Jing1,2; Flynn, Ryan2; Paz, Katelyn2; Miller, Andrew T.3; Blazar, Bruce R.1,2  
1Comparative and Molecular Biosciences Phd program, College of Veterinary Medicine, University of Minnesota 

2Department of Pediatrics, Division of hematology, ontology and BMT, University of Minnesota 
3The Genomics Institute of the Novartis Research Foundation (GNF), San Diego, California 

 

Chronic graft versus host disease (cGVHD) is a frequent and life-threatening complication of allogeneic stem cell 

transplantation (aSCT). Due to high incidence and mortality rate, cGVHD becomes a major obstacle following aSCT 

and can be as devastating as the primary diseases to the patients. There is a great need to investigate new prevention 

and treatment methods as current strategies do not completely prevent or treat cGVHD. The pathogenesis of cGVHD 

requires the interaction and collaboration between donor T cells and donor derived B cells to produce pathogenic 

autoantibodies; therefore targeting T and B cell receptor (TCR and BCR) signaling is a promising strategy to block 

cGVHD pathogenesis. Inositol 1,4,5-trisphosphate 3-kinase B (Itpkb) is a Ca2+ dependent kinase downstream of 

TCR and BCR signaling that regulates T and B cell homeostasis and function by controlling the intracellular Ca2+ 

level. Itpkb targeting shows great potential in blocking autoimmune diseases such as T cell driven arthritis. In this 

study, I tested the hypothesis that cGVHD can be prevented by disrupting the ITPKb signal pathway. Using a multi-

organ cGVHD mouse model that is characterized by germinal center reactions and bronchiolitis obliterans, I proved 

that ITPKb signaling in donor T cells, but not in donor derived B cells is important for the development of cGVHD. 

In addition, treatment with ITPKb inhibitors significantly reduced cGVHD in mouse model. These data suggests 

ITPKb inhibition is an attractive strategy to target cGVHD.  
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Galectin1: Role in regulation of eosinophilia and allergic inflammation 
Xiao Na Ge, Sung Gil Ha, Idil Bastan, Yana G Greenberg, Amrita Rao, Savita P. Rao,  

Gabriel A. Rabinovich, and P. Sriramarao  

College of Veterinary Medicine 

 

Background: Galectin-1 (Gal-1) is a glycan-binding protein involved in various aspects of inflammation due to its 

ability to act extracellularly and intracellularly and affect cell adhesion, migration, activation, signaling, 

proliferation, differentiation and apoptosis. Studies have indicated an anti-inflammatory/pro-resolution role for Gal-1 

in disease models. However, its role in regulating eosinophil function in the context of allergic airway inflammation 

is unknown. 

Methods: Expression and binding of Gal-1 to bone marrow (BM)-derived murine eosinophils and its effect on cell 

function was examined in vitro. The role of Gal-1 in vivo, was examined in a mouse model of acute allergen-induced 

airway inflammation in wild type (WT) versus Gal-1-deficient (Lgals1-/-) mice.  

Results: Allergen exposure induced expression of Gal-1 in the lungs of WT mice attributable to the recruitment of 

Gal-1-expressing inflammatory cells, including eosinophils, as well as increased Gal-1 in extracellular spaces. In 

vitro, eosinophils express Gal-1 only intracellularly but bind to exogenous Gal-1 in an N-glycan-dependent manner. 

Exogenous Gal-1 exerts varying effects on eosinophils. At concentrations <0.25 µM, Gal-1 inhibited eotaxin-1-

induced migration along with inhibition of ERK1/2 phosphorylation. Exposure to Gal-1 concentrations of 1-5 µM 

resulted in rapid caspase-independent apoptosis and disruption of the F-actin cytoskeleton associated with decreased 

cell surface expression of a4 and CCR3. Allergen-challenged Lgals1-/- mice exhibited significantly increased 

recruitment of eosinophils and CD3+ lymphocytes in the airways as well as elevated peripheral blood and BM 

eosinophils relative to allergen-challenged WT mice. Further, these mice displayed elevated levels of TNF-α in the 

lung tissue and had an increased propensity to develop airway hyperresponsiveness. 

Conclusions: Gal-1 is induced in the lungs in response to allergen challenge and can potentially suppress/resolve 

airway inflammation by controlling/limiting eosinophil recruitment to allergic airways and promoting apoptosis.  
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Stimulation of β3 adrenergic receptors in brown adipose tissue induces musculoskeletal hyperalgesia 

in a murine model 
Goudie-DeAngelis, Elizabeth1; Larson, Alice2; Kissel, Casey3 

 1Anesthesiology & VMED MS program;  2Department of Neuroscience; 3Doctor of Veterinary Medicine Program 

 

Stress and obesity are associated with higher pain scores in human chronic pain patients. Stress induces both pain 

and thermogenesis through catecholamine release and adrenergic receptor stimulation. Within brown adipose tissue, 

metabolism is mediated by an extensive population of β3 adrenergic receptors. We theorized that stimulation of 

these adrenergic receptors may also play a role in stress induced hyperalgesia. To test this hypothesis, three groups 

of adult Swiss Webster mice (20-25 grams) were studied. Group 1 was exposed to a forced swim (15 minutes, 26oC) 

(n=16) or no swim (n=14) followed by grip force measurement. In group 2, a β3 adrenergic receptor agonist [1 mg 

kg-1 SC (n=9)] or saline (n=10)] was injected followed by grip force measurement. In group 3, brown adipose tissue 

was ablated (n=12) or sham ablated (n=9) and grip force was measured following forced swim or SC injection of 1 

mg kg- β3 adrenergic receptor agonist. Student’s t-test was used in all the experimental groups to compare grip force 

measurements between control and test mice. Mean grip force for forced swim mice was significantly lower than in 

controls (144 grams ± 4.5 vs 175 grams ± 3). Mean grip force was lower in β3 adrenergic receptor agonist injected 

mice than in controls (157grams ±10 vs 176 grams ± 4). Prior brown adipose tissue ablation attenuated β3 adrenergic 

receptor agonist and forced swim effects on grip force. In the mouse, it has been shown that lower grip force 

represents musculoskeletal hyperalgesia. The results of this study indicate significant musculoskeletal hyperalgesia 

is induced by direct and indirect stimulation of β3 adrenergic receptors in brown adipose tissue.   
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Adenoviral knob protein induces epithelial T-bet, protects barrier integrity and alleviates  

allergic asthma. 
Ha,Sung Gil1; Ge, Xiao Na1;Kang, Bit Na1; Greenberg, Yana1; Rao, Amrita1; Medina-Kauwe, Lali2;  

Rao,Savita1; Sriramarao, P.1  
1Veterinary and Biomedical Sciences, U of Minnesota 

2Dept. of Biomedical Sciences, Cedars-Sinai Medical Center 

 

Background: Barrier function of airway epithelial cells (EC) against inhaled elements such as allergens is facilitated 

by junction proteins (tight junction [TJ], adherens junction [AJ], etc.) that preserve cell-cell adhesion and barrier 

integrity. Asthma is considered an epithelial disorder caused by altered epithelial physical and functional barrier 

properties which results in the orchestration of a Th2-type inflammatory response. Studies have shown that 

administration of replication-deficient human type 5 adenovirus (RD-Ad5) attenuates airway allergic inflammation, 

but the mechanism of action is unknown.  

Methods: The effect of RD-Ad5 capsid or recombinant knob protein (a component of capsid) on expression of 

various inflammatory mediators, TJ and AJ proteins as well as regulation of barrier integrity was examined in vitro 

using human bronchial EC (Hu-BEC). The effect of knob on TJ and AJ protein expression and allergic inflammation 

was examined in a mouse model of allergic asthma.  

Results: Exposure of Hu-BEC to capsid or knob induced expression of T-bet, a transcription factor which promotes 

Th1 type immune responses in T cells. Induction of epithelial T-bet by knob was associated with induction of 

junction proteins E-cadherin and occludin. Gene silencing confirmed that induction of E-cadherin and occludin is 

regulated by T-bet. Treatment of Hu-BEC with knob enhanced barrier integrity of cell monolayers based on 

transepithelial resistance. Treatment of murine lung EC with knob in vitro inhibited expression of Th2-promoting 

mediators (eotaxin-1, -2, TARC, IL-33 and IL-25). In vivo, administration of knob to allergen (OVA)-challenged 

mice prevented OVA-induced decrease of epithelial E-cadherin and occludin expression and suppressed Th2-type 

immune responses eosinophilia, AHR, IL-5 levels).  

Conclusions: RD-Ad5 knob may serve as therapeutic agent for allergic asthma by preventing breakdown of 

epithelial barrier function and mitigating a Th2-inflammatory response via induction of T-bet.   
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Tumor Metabolic Reprograming by β-adrenergic Signaling 

Korpela, Derek1 and Dickerson, Erin2 

 1CMB Graduate Program, T32 Training Grant 
2Department of Veterinary Clinical Sciences, College of Veterinary Medicine 

 

Background: Tumor cells often hijack metabolic pathways to gain a survival advantage. Recent studies suggest 

canine hemagiosarcomas and human angiosarcomas signal through β-adrenergic receptors (β-ARs) to acquire a 

metabolically plastic phenotype. The ability to transition between glycolysis and fatty acid (beta) oxidation (FAO) 

through β-AR signaling may promote tumorigenesis, and likely reprograms the mitochondria. Specifically, altered 

levels of uncoupling protein 1 (UCP1) may be modulating mitochondrial metabolism.  

Hypothesis: Inhibition of β-AR signaling alters mitochondrial adaptability, reducing hemangiosarcoma and 

angiosarcoma viability.  

Methods: β-AR expression and roles in cell viability were assessed using hemagiosarcoma and angiosarcoma cell 

lines by immunoblotting, and β-AR specific antagonists, respectively. Mitochondrial uncoupling was measured 

using a TMRE assay, and expression of UCP-1 confirmed by qRT-PCR and immunoblotting. Inhibitors for 

glycolysis, fatty acid and glutamine processing were used to identify metabolic programs. 

Results: β-ARs are expressed in hemangiosarcoma and angiosarcoma cells, and receptor antagonism decreased 

viability. Inhibition of the β1- and β2−ARs by propranolol reduced UCP-1 protein expression in a concentration 

dependent manner and partially restored mitochondrial coupling. Propranolol also reduced the expression of 

transcription factors involved in fatty acid transport, and decreased the uptake of a glucose analog, 2-NBDG, by 

cells.  

Conclusions: β-AR signaling regulates several metabolic pathways in hemangiosarcomas and angiosarcomas, 

conferring the ability to quickly adapt to metabolite changes available in the microenvironment. Blockade of beta-

adrenergic signaling may pinpoint an Achilles heel within these tumors, rendering them more susceptible to standard

-of-care treatment. Future studies will establish the receptor(s) needed for metabolic plasticity, and determine the 

relationship of adrenergic signaling within the tumor microevironment.  
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Characterization of age-related neuroimmune response in normal and Alzheimer’s APP/PS1 

transgenic mice 
Divana Krishna, Venkatramana1; Hottman, David2; Gram, Andrea2; Chernick, Dustin2; Low, Walter3;  

Li, Ling2; Cheeran, Maxim1 
1Veterinary Population Medicine, 2Department of Experimental and Clinical Pharmacology,  

3Department of Neurosurgery  

 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by deposition of amyloid β (Aβ) 

plaques and neurofibrillary tangles, accompanied by chronic neuroinflammation (activated microglia), particularly 

adjacent to the Aβ plaques. Emerging evidence suggests that the peripheral immune system, in particular innate 

immune cells, plays a critical role in the development of AD. In addition, aging is associated with low grade 

neuroinflammation coinciding with the increase in incidence of AD with age. The objective of the present study is to 

characterize the neuroimmune response in a transgenic mouse model of AD, APP/PS1 mice, associated with the 

temporal progression of Aβ deposition with age. Mononuclear cells isolated from brains of 12 and 18 month old 

APP/PS1 mice and 3, 12, and 18 months old wild type mice were analyzed by flowcytometry to determine the 

absolute numbers and phenotypes of macrophages, lymphocytes and presence of activated microglia. We found that 

the number of proinflammatory CD86+ CD45(hi) infiltrating macrophages in the brain increase with age. Notably, 

the increase in the numbers of CD86+CD45(hi) macrophages were significantly higher in APP/PS1 mice, compared 

to age-matched wild type littermates. No significant difference was observed in number of CD206+ macrophages, 

CD4+ and CD8+ T cells, regulatory T cells, or B cells between these two groups. Additionally, we observed a 

decrease in the brain CD206/CD86 macrophage ratio in APP/PS1 mice compared to wild type. APP/PS1 mice also 

showed greater number of CD86+ microglia. These findings suggest that macrophages play a role in 

neuroinflammation during aging and in AD like pathology in mice. Future studies to evaluate neuroimmune 

response in APP/PS1 mice before the onset of neuropathology and during AD progression with age are planned. 

These studies may provide insights into the immune processes associated with AD pathogenesis.  
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Characterizing the Functional Microbiome of the Swine Gut in Response to Treatment with Growth 

Promoter Tylosin 

Lopes Leivas Leite, Fernando and Isaacson, Richard 

Department of Veterinary and Biomedical Sciences  

 

Understanding of the swine gut microbiome is important as it relates to health and production. Growth promoters 

have traditionally been used to enhance animal growth yet their mechanism of action remains largely unknown. 

Studies have been carried out to analyze population shifts that occur in bacterial taxa in relation to growth promoter 

treatment, however analysis of functional differences within the microbiome have not yet been performed. In this 

study the microbiome of animals treated with tylosin, an antimicrobial growth promoter, were analyzed with 

PICRUSt (phylogenetic investigation of communities by reconstruction of unobserved states) to predict their 

metagenome and allow for metabolic analyses. Animals used in this study were housed in two independent 

commercial farms. In each farm, 10 animals in one group were fed tylosin (40ppm) in their diet and another group of 

10 animals was given feed without the antimicrobial. From the time pigs reached 10 weeks of age, fecal samples 

were collected from individual animals at three week intervals. Large scale changes in function were not observed 

between the two farms or tylosin treatment. The major functions found in the microbiome of animals were 

carbohydrate metabolism (10.6%), amino acid metabolism (9.4%), membrane transport (13.1%) and DNA 

replication and repair (9.4%). Other studies have also found that differences in gene function of a microbiome 

remain largely the same despite perturbation of microbial populations within the gut. The effect of tylosin may not 

be related to broad changes of microbiome function but instead could be related to detailed metabolic pathways 

which allow for increased growth.  
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Location, abundance, and phenotype of follicular SIV-specific CTL during chronic infection 
Shengbin Li1, Hyeon Kim1, Reece K Wagstaff1, Ryoko Hatsugai1, Eva G Rakasz2,  

Elizabeth Connick3 and Pamela J Skinner1;  
1Department of Veterinary and Biomedical Sciences, University of Minnesota, USA, 2University of Wisconsin-

Madison, USA, 3University of Colorado, USA 

 

The inability of HIV- and SIV-specific CTL to fully suppress virus replication may be due to a deficiency of CTL in 

B-cell follicles. The majority of HIV-1 and SIV replication is concentrated within B-cell follicles in secondary 

lymphoid tissues during chronic disease; whereas HIV- and SIV-specific CTL fail to accumulate in large numbers 

within B-cell follicles. Further, large regions of follicles are often completely devoid of virus-specific CTL. It is not 

known whether virus specific-CTLs can migrate throughout the entire B cell follicle area including germinal centers. 

It is also not known that whether virus specific-CTLs within B cell follicles are functional. We evaluated these 

questions using in situ tetramer and immunohistochemical staining in lymphoid tissues from chronically SIV 

infected rhesus macaques. We found that SIV-specific CTLs were able to migrate into germinal centers at similar 

levels detected in other follicular areas. In addition, we found that subsets of follicular SIV-specific CTL expressed 

the activation and proliferation protein Ki67, and subsets expressed the effector molecules perforin and granzyme B. 

However, we also found some in direct contact with Foxp3+ Tregs. Thus, the inability of SIV-specific CTL to clear 

follicular SIV producing cells is not due to a complete inability of these cells to migrate into germinal centers. In 

addition, although subsets of follicular SIV-specific CTL are activated and capable of dividing, and subsets express 

effector molecules, their relatively low abundance and potential contact with inhibitory Tregs likely prevents them 

from clearing the follicular reservoir of SIV producing cells. Taken together, these findings suggested that a 

functional cure for HIV might include strategies that augment functional virus-specific CTL within B cell follicles.  
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Role of leukocyte ADAM17 in sepsis pathogenesis 
Mishra, Hemant; Johnson, Timothy and Walcheck, Bruce  

Veterinary and Biomedical Sciences 

 

Sepsis is the result of an excessive inflammatory response during infection. It is the most expensive condition treated 

in US hospitals and its incidence continues to increase. A key feature of sepsis is that it promotes excessive cell 

dysfunction, which includes impaired neutrophil recruitment to sites of infection. During sepsis in animal models 

and patients, a number of adhesion molecules and receptors on the surface of circulating neutrophils important for 

their infiltration into infected tissue are greatly down-regulated in expression, and several of these are substrates of 

ADAM17. This membrane-associated metalloprotease cleaves cell surface proteins proximal to the cell membrane, a 

process referred to as ectodomain shedding. We examined whether blocking the activity of ADAM17 in leukocytes 

during sepsis would enhance bacterial clearance. This was performed by using ADAM17 conditional knockout mice 

and selective ADAM17 inhibitors. We induced poly-microbial sepsis in ADAM17-null mice lacking ADAM17 in all 

leukocytes and control mice through cecal ligation and puncture. After sepsis induction, the ADAM17-null mice 

demonstrated significantly reduced mortality. This corresponded with a marked increase in neutrophil recruitment in 

the peritoneal cavity, decreased bacteremia, and reduced systemic levels of various proinflammatory factors when 

compared to control mice. Taken together, our findings reveal that targeting ADAM17 during sepsis increases 

neutrophil infiltration into sites of infection, bacterial clearance, and survival. Therefore, ADAM17 may be a 

useful therapeutic target in the treatment and management of sepsis.  
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High level of follicular Virus-specific CD8 T cells during chronic infection is a key correlate in SIV 

vaccine-induced protection. 
Mohammad, Hadia1,2; Skinner, Pamela1 

1Department of Veterinary and Biomedical Sciences, College of Veterinary Medicine, 1971 Commonwealth Avenue, 

University of Minnesota, St. Paul, MN 55108.  
2Departments of Microbiology and Immunology, Faculty of Pharmacy, Zagazig University, Zagazig, Egypt, 44519  

 

Virus-specific cytotoxic T lymphocytes (CTL) exhibit potent activity in suppressing virus replication during HIV-1 

and simian immunodeficiency virus (SIV) infection. However, they are unable to completely suppress virus 

replication. B-Cell follicles within the lymphoid tissue are the reservoir for virus replication during chronic HIV-1/

SIV infection. The inability of HIV-1-/SIV-specific CTL to fully suppress virus replication may be due to their 

failure to migrate into the B cell follicles in large number. We hypothesized that paucity of virus-specific CTL in 

follicles explains the chronic SIV replication and the failure of vaccine to induce protection and that vaccine-induced 

protection will correlate with the induction of high levels of follicular virus-specific CTL or with the prevention of 

virus seeding into the follicle. In order to test the first two hypotheses, we used in situ tetramer staining combined 

with IHC in tissues from 11 vaccinated and SIV-infected Rhesus Macaques. 10 out of these 11 animals were 

controller. We defined control as Set-point pVL of ≤104 copies/ml. We found that there is a significant inverse 

relationship between the log pVL at both set-point and at the day the animals’ tissues were sampled and F: EF ratio 

of virus-specific CTL. Furthermore, we found a trend toward an inverse relationship between the log pVL of the two 

previously mentioned time points with the follicular concentration of Virus-specific CTL. These results strengthen 

the hypothesis that B-cell follicle is an immune privileged site and propose that CTL-based vaccines that will be able 

to enhance and deliver virus-specific CTL into B-cell follicles will be able to suppress the virus replication at these 

reservoir and result in better control of infection and probably could act as a prophylactic vaccine for HIV.  

CM-14 

Identification of genetic loci underlying equine metabolic syndrome and laminitis risk  

in Welsh Ponies 

Norton, Elaine1, Schultz, Nichol1, Mickelson, James2, Geor, Ray3, and McCue, Molly1 

University of Minnesota, Department of Veterinary Population Medicine1, University of Minnesota, Department of 

Veterinary Biological Sciences2, and Massey University College of Sciences3  

 

Equine metabolic syndrome (EMS), a clustering of clinical signs including insulin resistance and dyslipidemia, and 

is the most common cause of laminitis, a painful and life-threatening disease of the horse’s hoof. In a large across-

breeds study of metabolic variation in horses, our lab has demonstrated that EMS phenotypic variability is 

influenced by both genetic and environmental factors. Further, we have demonstrated that certain features of EMS 

phenotype are different between breeds. Identification of genetic risk factors and key gene-by-environment 

interactions will improve our understanding of EMS pathophysiology, and allow for early detection of high-risk 

individuals and intervention prior to the onset of laminitis. The objective of this project is to identify genomic 

regions contributing to EMS susceptibility in Welsh Ponies (WP) by performing a genome-wide association study 

(GWAS) in a cohort of 232 individuals. Data collected included morphometric measurements, exercise regimen, 

diet, and baseline biochemical measurements (glucose, insulin, ACTH, leptin, adiponectin, triglycerides, and non-

esterified fatty acids) and insulin and glucose levels 75 minutes post oral administration of Karo syrup. Ponies were 

genotyped at 670,000 single nucleotide polymorphisms (SNPs). Missing genotypes were imputed using the R 

software package Synbreed. Following quality control and data pruning in PLINK (Hardy-Weinberg equilibrium, 

SNP and individual missingness rates, discordant sex information or abnormally high heterozygosity), a total of 

500,432 SNP genotypes remained in the analysis. A relationship-matrix constructed from identity-by-descent 

estimation and potential confounders such as gender and age were included in a mixed logistic regression model 

using Genome-wide Efficient Mixed Model Analysis (GEMMA) software. GWAS was performed for eleven 

phenotypic response variables. Haplotypes phasing and haplotypic association on the regions of interest are 

underway to allow for identification of individuals for whole genome sequencing and variant discovery.  
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Epidemiological Evaluation of Cystine Urolithiasis in Domestic Ferrets (Mustela putorius furo):  

70 cases (1992-2009) 
Nwoakorie, Eugene; Osborne, Carl and Lulich, Jody 

Minnesota Urolith Center, Veterinary Clinical Sciences Department, College of Veterinary Medicine,  

University of Minnesota, Saint Paul, MN 55108  

 

Objective- To determine the prevalence of cystine uroliths in domestic ferrets with urolithiasis and determine 

whether age, breed, sex, reproductive status, anatomic location, and season are risk factors associated with cystine 

urolith formation.  

Design- Retrospective case-control study 

Sample- Records of 435 ferrets (mustela putorius furo) with uroliths submitted for analyses between 1992 and 2009, 

of which 70 were cystine uroliths. 

Procedures- Specific descriptive information was obtained about each ferret to determine whether specific risk 

factors were associated with the development of cystine uroliths. 

Results- Cystine uroliths comprised 70 of the 435 (16%) uroliths. Cystine uroliths were more common in male 

(n=54) than in female (16) ferrets. All cystine uroliths were retrieved from the lower portion of the urinary tract 

(bladder and urethra [n=67]) or were voided (3); none of the uroliths were retrieved from the upper portion of the 

urinary tract (kidney and ureters).  

Conclusions and clinical Relevance- Awareness of the prevalence of cystine uroliths along with knowledge of 

etiologic, demographic, and environmental risk and protective factors for urolithiasis may facilitate development of 

surveillance strategies that result in earlier detection of cystinuria. Genetic factors associated with this disease have 

not yet been reported in ferrets, but a familial pattern of inheritance determine to be a major underlying factor in 

cystine urolithiasis in dogs and humans suggests that this may be a factor in ferrets and that the parent stock of 

ferrets in the present study may have been inbred.  
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Genetics of body size in the domestic horse: a potential link between stature and metabolic 

dysregulation on equine chromosome 11 
O'Conor, Kate; Avila, Felipe; Mickelson, James; Mccue, Molly  

Department of Veterinary Population Medicine 

 

Size has been specifically selected for over generations in the domestic horse resulting in a striking diversity of size 

among modern horse breeds. Miniature horses stand less than 34 inches at the withers while Belgian draft horses 

average 64 inches at the withers. Intense artificial selection results in highly divergent genetic loci between breeds 

with different phenotypic traits. Statistical methods, such as the di statistic, can be used to identify these divergent 

loci. This method previously identified a region on chromosome 11 (ECA11) that contained two distinct haplotypes 

for pony breeds and draft breeds. To elaborate on these findings, we used high density single nucleotide 

polymorphism (SNP) arrays as well as whole genome sequences to narrow ECA11 haplotypes and identify candidate 

genes for body size. Approximately 1.8 million SNP genotypes were generated for 55 ponies, 40 draft horses, and 

266 controls from breeds of intermediate height. Haplotypic associations within the ECA11 region were narrowed 

using hapQTL with both case/control and quantitative phenotypes. Putative functional variants within the associated 

haplotypes were identified from the whole genome sequences of 3 miniature horses, 5 ponies, and 11 draft horses 

using GATK’s Haplotype Caller. Case/control analysis comparing drafts to ponies confirmed the association on 

ECA11 and allowed closer examination of candidate genes. Two genes involved in growth as well as glucose 

metabolism (IGFBP4 and SOCS7) were identified as distinct between ponies and draft horses. These candidate 

genes are particularly interesting because breeds of smaller stature also tend to have increased risk of metabolic 

diseases and abnormal insulin and glucose metabolism. The sequence data from those genes identified 11 variants in 

the 5’ untranslated region of SOCS7 that were present in ponies but not draft horses. Further analysis is required to 

confirm and expand this finding but could provide a link between body size and metabolic dysregulation in horses.  
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Characterization of the factor which drive porcine antibody production 
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The B cell is the driving force behind the humoral immune response to infection. Terminal differentiation of B cells 

into immunoglobulin secreting plasma cells is crucial for the neutralization, opsonization, and complement fixation 

of many pathogens. CD21 enriched porcine B cells were activated in vitro with CD40L and then stimulated with 

various cytokines to screen for factors causing cellular proliferation and differentiation. IL-21 was a potent inducer 

of proliferation on activated B cells when compared to unstimulated cells and other purported stimulatory cytokines. 

Additionally, IL-21 induced the terminal differentiation of activated B cells to immunoglobulin secreting plasma 

cells. The addition of APRIL and BAFF to CD40L and IL-21 treated B cells resulted in a pronounced increase in 

both the number of antibody secreting cells, as well as the amount of antibody which was detected in culture 

supernatant without influencing total cell number. These findings identify many essential components of the porcine 

humoral immune response that can be interrogated in vitro. Furthermore, these results set the stage for future 

delineation of anti-viral memory immune response in swine that will help advance the study of the porcine B cell 

roles in vaccinology, immunology, and immunotherapeutics.  
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Three diverse mutations underlying canine xanthine urolithiasis. 
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Approximately 0.1% of canine urolith submissions to the Minnesota Urolith Center are composed of xanthine. These 

uroliths form as a result of xanthinuria (excessive urinary xanthine), which can be iatrogenic or hereditary. Iatrogenic 

xanthinuria occurs post-administration of xanthine dehydrogenase (XDH) inhibitors for the treatment of 

hyperuricosuria and has been previously described in dogs. Hereditary xanthinuria in people is an autosomal 

recessive genetic disorder in which loss of function mutations in XDH (xanthinuria type I) or in the molybdenum 

cofactor sulfurase gene, MOCOS, (xanthinuria type II) have been reported. There are rare reports of hereditary 

xanthinuria in dogs, but genetic investigations have not been previously described. The purpose of this study was to 

uncover causal mutations underlying canine xanthine urolithiasis by sequencing XDH and MOCOS in genomic DNA 

from affected dogs. The affected dogs included two Toy Manchester Terriers (TMT), a Cavalier King Charles 

Spaniel (CKCS), and a mixed breed dog. Three putative causal mutations were found. The TMTs had a homozygous 

splice site mutation in MOCOS, the CKCS had a homozygous nonsense mutation in MOCOS, and the mixed breed 

dog had a homozygous splice site mutation in XDH. cDNA sequencing verified aberrant splicing for the two splice 

site mutations. Mutation assays were developed to determine the allele frequencies of the mutations in populations of 

TMT, CKCS, and other breeds without a history of xanthine urolithiasis. In conclusion, diverse mutations were 

found to be responsible for hereditary xanthinuria in dogs, and we have developed genetic tests for these forms of the 

disease.  
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The miR-17-92 microRNA cluster plays a crucial role in osteosarcoma progression 

Jyotika Varshney1,2, Nicholas Slipek2, Adrian Chang2, John Osborne2, Anne Sarver1, Lihua Li1, Ingrid Cornax4, 

Gerry O’ Sullivan4, David A. Largaespada2,3 and Subbaya Subramanian1,2  
1Department of Surgery, School of Medicine, University of Minnesota, Minneapolis, MN; 

2Masonic Cancer Center, University of Minnesota, Minneapolis, MN; 
3Department of Pediatrics, University of Minnesota, Minneapolis, MN; 

4Veterinary Diagnostic Laboratory, College of Veterinary Medicine, University of Minnesota, St Paul, MN  

 

Osteosarcoma is the most common primary bone malignancy that affects adolescents. Around 30% of patients with 

localized osteosarcoma and 70% of patients with metastasis will experience treatment failure within 5 years of 

diagnosis. The complex biology of osteosarcoma and astounding genetic heterogeneity has made it challenging to 

identify effective new gene targets and therapeutic agents. Our studies found an overall overexpression of a 

microRNA cluster, miR-17-92 microRNAs in human primary osteosarcoma compared to normal bone. We learned 

that upregulation of this miR-17-92 cluster simultaneously silences a suite of key tumor suppressors. Using data 

from a novel spontaneous osteosarcoma mouse model and genetic screen, we discovered miR-17-92 targets such as 

PTRPD and SRGAP2 that are potential tumor suppressor genes. Specifically blocking miR-17-92 function in 

osteosarcoma cells reduced their migration and ability to grow larger tumors in immunodeficient mice compared to 

the controls. Also, knockdown of miR-17-92 cluster microRNAs led to increase in the levels of PTPRD and 

SRGAP2 in cells as well as tumors; further suggesting that miR-17-92 is targeting these genes. We also performed 

gain-of-function of miR-17-92 studies in poorly aggressive osteosarcoma cell line and found that overexpression of 

miR-17-92 leads to ability to grow in an anchorage independent manner and form tumors in immunodeficient mice 

that is lacking in the parental line. Additionally, in an attempt to target miR-17-92 miRNA expression, we have 

tested small molecules. Our data suggests that triptolide, a diterpenoid epoxide, inhibits MYC expression and 

downregulates miR-17-92 miRNAs resulting in upregulation of several tumor suppressor driver genes including 

PTEN. Together, our data suggests that upregulation of miR-17-92 miRNAs contributes to osteosarcoma progression 

and triptolide potentially inhibits miR-17-92 expression. These data have implications for how sarcomas develop in 

general and suggest a new way to treat cancer by targeting microRNAs.  
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Opioids such as morphine have many beneficial properties as analgesics, however, opioids may induce multiple 

adverse gastrointestinal (GI) symptoms. We have recently demonstrated that morphine treatment results in 

significant disruption in gut barrier function leading to increased translocation of gut commensal bacteria. However, 

it is unclear how opioids modulate the gut homeostasis. By using a mouse model of morphine treatment, we studied 

effects of morphine treatment on gut microbiome, metabolome, and their interaction with host immune system. We 

characterized phylogenetic profiles of gut microbes, and found a significant shift in the gut microbiome and increase 

of pathogenic bacteria following morphine treatment when compared to placebo. Morphine treatment also resulted in 

dramatic changes in the fecal metabolomic profile. Through LC-MS based metabolomics profiling analysis, we 

identified fatty acid and bile acid metabolism to be greatly affected by morphine treatment, implicating that changes 

in the microbiome community has functional consequences. In a longitudinal study, we found naltrexone, an opioid 

receptor antagonist, reversed the effect of morphine on bile acid metabolism, indicating morphine induced changes 

are opioid receptor dependent. Furthermore, we confirmed that morphine induced changes were attenuated in 

TLR2KO but not TLR4KO mouse at day 3 post morphine treatment compared to wild type mouse, indicating opioid

-receptor dependent changes are partially through TLR2 pathway. Our study shed light on effects of morphine on the 

microbiome-metabolome-host axis, and its role in the gut homeostasis.  
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Localization of iNKT Subsets Determines Their Cytokine Response 
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Invariant natural killer T (iNKT) cells are a specialized subset of T cells that specifically recognize lipid antigens 

presented by CD1d molecule. They can be rapidly activated by α-galactosylceramide (α-GalCer) without priming, 

and α-GalCer or analogues of it are being tested for clinical use as immunological adjuvants or treatment for certain 

cancers and autoimmune diseases. iNKT cells modulate immunity through secretion of cytokines at steady state or 

during infection to influence the development, activation and recruitment of other immune cells. Recent studies in 

our lab have identified iNKT cells were comprised of three effector subsets, NKT1, NKT2, and NKT17, which 

produce distinct cytokines at steady state or after stimulation, but little is known about their distribution and 

localization. Here, we report the systemic distribution and anatomic localization of these subsets and measured their 

cytokine production. Using tetramer based immunofluorescence and in vivo antibody-labeling technique, NKT1 cells 

were found to be mainly microvasculature associated while NKT2 cells preferentially localized in tissue parenchyma 

(splenic white pulp). We also showed that intravenous injection of α-GalCer robustly activated microvasculature 

associated NKT1 cells in spleen and liver, but not lymph node (LN) or thymic iNKT cells, leading to a systemic 

production of interferon-γ and IL-4. Meanwhile, oral α-GalCer solely activated NKT2 cells in the mesenteric LN, 

resulting in local IL-4 effect. These findings indicate that the localization of iNKT subsets determines their cytokine 

response. Given most iNKT cells do not circulate, these results demonstrate how the steady-state localization of 

iNKT cells governs their systemic or local cytokine effect, providing critical considerations to the design of 

therapeutic applications in humans and animals.  
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Hyaluronan (HA) is a large, soluble, glycosaminoglycan of the extracellular matrix that has anti-inflammatory and 

anti-angiogenic effects under physiologic conditions. However, HA is cleaved into low molecular weight (LMW) 

fragments under conditions of cellular or organismal stress, acting as a molecular “switch” that promotes 

inflammation and cleavage of HA’s major receptor, CD44. In breast cancer, a decrease in HA synthesis has been 

correlated with decreased tumor cell proliferation and migration. However, the roles of HA fragmentation in the 

progression of breast cancer are unknown. We predict that HA fragmentation increases during this transition, 

promoting both inflammation and angiogenesis through LMW HA-CD44 interactions. To test our hypothesis, the 

presence/absence of HA fragmentation was determined using gel electrophoresis in breast cancer cell lines, along 

with healthy mammary tissue and mammary tumors derived from mice. Our data suggests as a cancerous lesion 

progresses, HMW HA production increases, but HA fragmentation does not occur until the tumor acquires a more 

aggressive phenotype. We are also evaluating changes in IL-6, IL-8, and VEGF gene expression as downstream 

effects of CD44 signaling in response to HA synthesis inhibition along with LMW and HMW HA treatments. 

Currently, our data suggests that IL-8 expression decreases with the inhibition of HA synthesis, yet significant 

changes have not been seen between IL-6 or VEGF expression. Finally, we have verified the presence of CD44 

protein in normal and cancerous cell lines via flow cytometry and found an increase in CD44 cell surface expression 

in aggressive tumor cells when compared to normal cells. We are currently working on knocking out CD44 using the 

CRISPR/Cas9 method to determine the functional relationship between the CD44-HA interactions. By targeting 

CD44 signaling associated with inflammation and angiogenesis, new therapeutic approaches can be developed for 

the treatment of breast cancer.  
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Use of biomarkers in the synovial fluid of the tibiotarsal joint to determine the severity of 

osteoarthritis in the distal intertarsal and tarsometatarsal joints of horses 
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Osteoarthritis (OA) is a group of diseases of different causes that ultimately lead to synovitis, subchondral bone 

remodeling, and articular cartilage degeneration. OA commonly develops in the distal intertarsal (DIT) and 

tarsometatarsal (TMT) joints of performance horses. Currently, the most accurate method of identifying OA in these 

joints is a combination of thorough physical, lameness, and radiographic examinations. However, many horses may 

have pain attributed or localized to these joints with minimal radiographic changes present.  

A novel way to identify and classify the degree of OA is through the measurement of molecular biomarkers that can 

be classified as direct or indirect. Direct biomarkers are a result of changes in joint metabolism in an arthritic joint, 

such as cartilage degeneration. Indirect biomarkers indirectly change the metabolism in the joint and include 

cytokines and matrix metalloproteinases. Molecular biomarkers of OA reflect quantitative and dynamic variations 

associated with joint metabolism.  

Our specific aims are to: (1) define the direct and indirect biomarker concentrations in synovial fluid from the 

tibiotarsal, distal intertarsal, and tarsometatarsal joints in horses with varying degrees of tarsal OA, and (2) validate/

refute that the biomarker concentrations in these joints increase with severity of OA in the distal joints as determined 

by a combination of clinical examinations, radiographs, MRI, arthroscopic evaluation (tibiotarsal joint only), and 

gross pathology. The rationale for this proposal is to explore the potential for using the synovial fluid of the 

tibiotarsal joint as a diagnostic tool for determining the severity of OA in the DIT and TMT joints. There is an urgent 

need to develop a better diagnostic indicator of OA in the distal joints than radiographs or relying on fluid collection 

from the DIT and TMT joints. This project will explore the possibility of using biomarkers of OA from the synovial 

fluid of the tibiotarsal joint as a means to determine OA severity in the distal tarsal joints.  
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We have previously reported on the strong virucidal activity of cold atmospheric-pressure gaseous plasma (CAGP) 

against feline calicivirus in liquids.  In this study, a unique unit of two dimensional, co-axial hollow dielectric barrier 

cold plasma discharge (2D-DBCPD) in a filterless, laboratory-scale ventilation system was used to decontaminate an 

air flow system from airborne viruses using MS-2 phage as a model. The virus was aerosolized by a six-jet collison 

nebulizer at a compressed air pressure of 10 psi inside an air stream with continuous air flow rate of 92 L/s. 

Compared to control samples, the virus titer was reduced by more than 3 order of magnitude by direct exposure to 

the cold plasma discharge (26.5 W) at a residence time of 2.9×10-5 seconds. However, the number of viral RNA 

templates in downstream sample (passed through 2D-DBCPD unit) did not significantly change as compared to 

upstream (non-plasma exposed) sample when tested by qRT-PCR; indicating that the observed reduction in virus 

titer was due to plasma exposure and not to virus sticking on the internal walls of the air stream tunnel. The role of 

plasma-generated chemical species in this promising virucidal air cleaning activity is still under investigation. Our 

future investigation plans also include the use of this technology to inactivate respiratory viruses in aerosols such as 

avian influenza, swine influenza, and porcine reproductive and respiratory syndrome viruses.  

Emerging and Zoonotic Diseases Signature Program 
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Increasing awareness of the Infectious Agent Repository – we’d love to bug you! 
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The Infectious Agent Repository (IAR) was established in 2011 by the College of Veterinary Medicine (CVM) to 

promote research on prevalent, emerging and re-emerging infections. To meet this mission, the Repository provides 

support for the storage, archival, and distribution of infectious agents obtained from various sources. 

The CVM IAR has established a unique collection of animal pathogens through collaboration with numerous faculty 

members from various departments in the college and University. As these relationships are refined, the IAR 

inventory is ever increasing and diversifying. 

As an ISO, the IAR distributes these pathogens at a subsidized cost to foster novel areas of research and 

collaboration among researchers at the University of Minnesota interested in understanding the interface between 

animals and human infections. The Repository also offers storage solutions for faculty in need of ultra-low freezer 

space. 

The IAR adheres to formalized QA/QC policies developed to ensure the safety of personnel and to increase the 

confidence of users that the quality, quantity, and annotations of the specimens are as purported. Using a freezer 

inventory management software, FreezerPro, to manage our freezers, we know exactly where our samples are 

located before opening freezer doors. Software licenses are available to aid U of MN faculty in the creation and 

maintenance of accurate electronic inventory records in their own research labs. FreezerPro also documents all 

known data and diagnostic results of specimens entering the IAR inventory. 

In addition, clinical samples from ongoing research experiments are received in this laboratory for isolation of cells 

or nucleic acids. The Repository pursues and encourages collaborative relationships to develop and validate new 

assays and services. 

The Infectious Agent Repository serves the CVM as a resource for unique pathogens to be utilized for research on 

contemporary infections affecting the food animal industry.  

EZD-3 

Antibiotic Resistance Genes in the Environment: A Systematic Review of the Evidence 
Bueno, Irene1, Williams-Nguyen, Jessica2,3, Sargeant, Jan M.4,5; Hwang, Haejin6; Nault, Andre, J.7;  

Singer, Randall S.2 
1Veterinary Population Medicine, 2Department of Veterinary and Biomedical Sciences, 3University of Washington, 

4Department of Population Medicine, Ontario Veterinary College, 5Centre for Public Health and Zoonoses, 

University of Guelph, 6Division of Environmental Health Sciences, University of Minnesota School of Public Health, 
7Veterinary Medical Library, University of Minnesota 

 

There is a growing concern about the role the environment plays in the dissemination of antibiotic resistance genes 

(ARG), particularly as a conduit between agricultural and human clinical settings. However, the overall evidence 

that potential sources of ARG, such as agricultural facilities, are associated with a measurable increase in these genes 

in adjacent areas has not been systematically evaluated. The objective here was to address the following question: 

Are environmental levels of antibiotic resistance genes higher in close proximity to point sources compared to areas 

more distant from these sources?. A systematic review was conducted to capture and summarize all scientific 

publications of relevance to the question. A total of 4,523 citations were identified, which included both studies that 

used culture-independent methods to detect ARG, and studies using culture-dependent methods. All these studies 

were screened for relevance to the question and for the quality of their study design, including an assessment of 

biases. On this basis, 18 records met all the inclusion criteria. No quantitative information such as effect measures 

with supported statistical analysis was reported, and many of these studies were at risk of bias. Qualitatively, there 

was an overall trend showing a higher concentration of ARG at the point sources and/or downstream/near the source, 

compared to upstream/far from it. In order to quantify an increase of ARG in the environment from specific point 

sources, there is a need to design studies that emphasize analytical methods that control for biases, and provide effect 

measures.   
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Coordination and collaboration across human, animal, and environmental health sectors are essential to meet the 

Global Health Security Agenda (GHSA) targets for “a world safe and secure from global health threats posed by 

infectious diseases”. 

The One Health Systems Mapping and Analysis Resource Toolkit (OH-SMART), jointly developed by the 

University of Minnesota (UMN) and the United States (U.S.) Department of Agriculture (USDA), is a step-wise, 

structured approach by which a network of agencies review and visualize their procedures and processes for 

interdisciplinary coordination of complex issues at the human-animal-environmental interface. During the 

experiential workshops, participants create systems-based maps of cross-sectoral interactions, analyze them to 

identify current and desired operational best practices, and develop mutually prioritized actions needed to strengthen 

the system of prevention, early detection, and rapid, effective cross-sectoral response. 

UMN and USDA piloted OH-SMART in the U.S. in Minnesota and at a USDA-led conference with over 30 U.S. 

states participating. Several of these states have since applied OH-SMART to strengthen their One Health system; 

examples include multi-sector response to a zoonotic disease outbreak associated with a petting zoo and tornado 

response with companion animal sheltering. The successful university-government partnership that created OH-

SMART has been replicated internationally. In Indonesia, OH-SMART was applied in prevention and control of 

diseases of high concern in different provinces. The diseases included anthrax, rabies, leptospirosis and highly 

pathogenic avian influenza. OH-SMART does not focus on the individual infrastructure or core capacity for public 

health, animal health, or wildlife health, but rather is used to analyze and facilitate improvements in the connections 

between and among those sectors. As such, OH-SMART is useful to augment, not replace, the OIE PVS tool or 

similar workforce assessments.  
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Chikungunya virus (CHIKV) is endemic to Africa and Asia, but the Asian genotype invaded the Americas in 2013. 

The fast increase of numbers of human cases in the American epidemic emphasized the urgency of developing 

detailed predictions of case numbers and the potential geographic spread of this disease. We developed a simple, but 

robust model incorporating cases generated locally and cases imported from other countries, and forecasted 

transmission hotspots at the level of countries and at finer scales, in terms of ecological features. We collected 

country cases reports as local cases, and used air passenger flow data to estimate imported cases, hotspot areas of 

potential transmission were estimated according to ecological features and vector occurrence. By late January 2015, 

>1.2M CHIKV cases were reported from the Americas, with country-level prevalences between nil and more than 

20%. In the early stages of the epidemic, exponential growth in case numbers was common; later, however, poor and 

uneven reporting became more common, in a phenomenon we term "surveillance fatigue." Economic activity of 

countries was not associated with prevalence, but diverse social factors may be linked to surveillance effort and 

reporting. Our predictions were initially quite inaccurate, but improved considerably as more data accumulated 

within the Americas. The methodologies explored in this study provide an opportunity to generate descriptive and 

predictive information on spread of emerging diseases under simple models based on by open-access tools and data 

that can inform early-warning systems and guide monitoring and mitigation strategies. Thanks to the accuracy in our 

predictions, our framework was awarded with a bronze prize by DARPA Chikungunya Challenge (http://

www.darpa.mil/news-events/2015-05-27).  
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Viral hemorrhagic septicemia virus (VHSv; Norovirhabdovirus) genotype IVb is responsible for massive fish 

mortality in the Great Lakes. Anticipating the areas of potential VHSv occurrence is key to designing 

epidemiological surveillance and disease prevention strategies to mitigate the impacts of VHSv in the Great Lakes 

basin. We explored the environmental features that shape the spatial distribution of VHSv, based on 22 variables 

derived from remote sensing and climate data. Environmental variables included temperature measured in the day 

and night, precipitation, vegetation, bathymetry, solar radiation, and topographic wetness. VHSv occurrences were 

obtained from reports of viral identification in laboratory facilities. Using a maximum entropy algorithm, we fit a 

model using VHSv-IVb reports and environmental variables under different parametrization to identify the best 

model to generate continuous and binary maps of potential VHSv distribution. Our findings suggest that VHSv is not 

at ecological equilibrium and more areas could be affected even in locations with novel environments not available 

in the areas of current VHSv occurrence. We were able to capture the environmental signature of VHSv based on the 

environmental variables employed in our model, allowing us to identify spatial and temporal patterns of VHSv 

occurrence at very fine detail in the Great Lakes and also in several small to medium size lake in the United States 

and Canada. Our risk map based on the environmental suitability of this virus is a crucial tool to guide field sampling 

into areas of suitability identified by our model and to prevent disease outbreaks in uninfected areas.  
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The primary objective of this community-based, cross-sectional study is to determine the prevalence of brucellosis in 

cattle, sheep, and goats in the Napak District of Karamoja, Uganda. The secondary objective is to determine if 

abortion is a reliable indicator of Brucella in these species. Health histories and blood samples were collected from 

311 cattle, 76 sheep, and 38 goats. Serum was screened for Brucella sp. with the Rose Bengal Plate Agglutination 

test (RBT), using B. abortus antigen. Results showed an overall mean prevalence of brucellosis to be 6.82%. Results 

by species showed brucellosis prevalence in cattle was 6.75%, in goats was 7.89%, and in sheep was 6.66%. There 

was a significant association between history of abortion and seropositivity in the cattle population (OR 12.13). This 

association should drive education aimed to increase awareness among herdsmen to take additional protective 

measures around animals with a history of abortion. These findings show brucellosis is present in the Karamoja 

region and should be considered as a differential diagnosis when clinical signs such as abortion are observed in 

herds. The local communities should be made aware that this does present a zoonotic risk to people who are in 

contact with affected animals or untreated products from those animals.  
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Since early 2015, the spread of novel Eurasian H5N2 highly pathogenic avian influenza (HPAI) virus has 

tremendously impacted domestic poultry in the United States. Since its first introduction to Minnesota in March of 

2015, H5N2 HPAI virus has caused more than 90 outbreaks in poultry flocks in Minnesota. More than 48 million 

domestic birds have been affected nationwide. Domestic chickens infected with HPAI viruses shed viruses in large 

amounts through oropharyngeal and cloacal routes, leading to contamination of the environment. The extent of 

HPAI virus distribution in the environment of infected barns and farms is largely unknown. To evaluate 

contamination of various areas inside and outside infected barns, a total of 479 environmental samples were 

collected from infected layer farms in Nicollet County, MN and Osceola County, IA, at various times post diagnosis 

(to 72 days). Viral RNA was detected in environmental samples by influenza matrix rRT-PCR. Of 17 samples 

collected outside barns, one sample was PCR positive. Of 462 samples collected inside barns, 348 samples were 

PCR positive. Positive results were obtained from the gloves left inside barns (100%), barn floor (79.7%), the feed 

and water system (77.8%), fans (73%), and the manure system, which includes the manure pit in the deep pit houses 

(91.6%), post and beams (100%), and the manure belt in the belted houses (100%).  

Analysis of the time between HPAI detection and environmental sampling suggests that there is no linear 

relationship between the duration of viral RNA persistence and Ct value. Average Ct value of samples collected 

from manure pit is less than 30 two months post diagnosis. Meanwhile, there was detectable level of viral RNA after 

the clean-up of the barns. Our results demonstrate that influenza A viruses are widely distributed in the environment 

of HPAI infected layer farms, particularly inside the barns. The study provides insights for the biosecurity practices 

during an HPAI outbreak, as well as the investigation of horizontal transmission and the guidance for the 

surveillance systems.  
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Porcine epidemic diarrhea virus (PEDV) has spread rapidly through entire US since 2013 resulting in the death of 

many pigs. PEDV is transmitted between farms by movement of people or in transportation vehicles. Since breaking 

this transmission cycle is important in protecting pigs, we assessed the effectiveness of biosecurity procedures. In 

this study, three levels of biosecurity measures were instituted to assess its effect on curbing viral transmission. 

Under the low biosecurity (LB) protocol, persons entered a sentinel room without changing personal protective 

equipment (PPE) or washing their hands after interacting with infected pigs. Medium biosecurity (MB) protocol 

included changing PPE and washing hands and face prior to contact sentinel pigs. High biosecurity (HB) protocol 

required to take a shower and change PPE before contacting sentinels. A group of 10 infected pigs (INF) served as a 

source of infectious virus. All rectal swabs collected from 10 experimentally inoculated pigs at 1 days post infection 

(d.p.i) were PEDV positive. Sentinel pigs (n=2) co-housed as infected pigs turned PEDV positive by 2d.p.i. At 

2d.p.i, persons contacted with pigs in the INF room for 45 mins, moved into five separate LB or MB or HB sentinel 

rooms (n=2 pigs/room) and interacted with pigs for 45 mins. Out of 10 sentinels (5 replicates) 9 in the LB group 

became infected after the 1 movement. Both MB and HB pigs remained negative for PEDV over the next 10 

movements. In repeating the experiments, we increased sentinel pig numbers to 4 per room (LB: 1 replicate, MB: 3 

replicates). Similarly, in-contact pig was infected at 2d.p.i and all 4 pigs in the LB were infected after 1 movement. 

MB pigs (n=12) showed PEDV negative over the 10 movements. These results suggest that PEDV transmission can 

occur rapidly and effectively, requiring only 1 transmission event to spread from an infected herd. These findings 

also indicate that, sufficient biosafety procedure is important to break transmission cycle. PEDV transmission can be 

minimized by adequate operation of biosecurity procedures.  



EZD-10 

Detection of novel pathogens in baitfish 
Mor, Sunil K., Phelps, Nicholas B. D.  

College of Veterinary Medicine 

 

The baitfish industry is a multi-million dollar business in Minnesota and moves hundreds of millions of fish from 

one location to another each year with very little oversight. This risk of inadvertent disease transfer is a serious 

concern for managers. To establish baselines, thirty golden shiners (Notemigonus crysoleucas) were collected with a 

dipnet from 56 baitshops in Minnesota from May – October 2014 (n=25) and December 2014 – February 2015 

(n=31). All collected fish were delivered live same-day to the University of Minnesota Veterinary Diagnostic 

Laboratory. Upon arrival, fish were euthanized with an overdose of MS-222 and necropsy performed. The entire 

viscera of 30 fish were pooled in groups of five, resulting in six pooled samples per location. Diagnostic assays were 

performed to characterize parasites, bacteria, and viruses. A variety of parasites were identified, including 

Ovipleistophora ovariae, not previously known to be in Minnesota. More than 62 bacteria species were identified, 

some of significant concern. Cell culture did not yield many positive results, however molecular assays for specific 

viruses and next generation sequencing (non-specific virus identification) resulted in the identification of seven 

viruses. Most of the viruses have never been described/reported and are the focus of ongoing research efforts to 

better understand the disease causing potential and management recommendations.  

EZD-11 

Use of a Modified Delphi Survey Technique to Identify Risks of Global Wildlife Trade to the US 

Food Supply 
Lopez, Karen M1, Farnham, MacDonald2, Kennedy, Shaun2,3, Smith, Kristine4, Karesh, William 

B4, Sampedro Parro, Fernando1, Machalaba, Catherine4, Myhre Errecaborde, Kaylee2, Zambrana 

Torrelio, Carlos4, Brower, Lisa5, Moren, Amanda5, Steinmann, Ted5,  

Wolf, Tiffany2, Travis, Dominic2 
1University of Minnesota, College of Veterinary Medicine, Center for Animal Health and Food 

Safety ; 2University of Minnesota, College of Veterinary Medicine, Department of Veterinary Population Medicine; 3The Food System 

Institute; 4EcoHealth Alliance; 5National Center for Food Protection and Defense   
 

Wildlife species, including mammals, reptiles, birds and fish, are widely traded across the world for a variety of 

purposes such as food, study/research, medicines and as pets. To understand risks and potential threats to US food 

production systems from global trade in wildlife we utilized an iterative Delphi method for problem formulation, risk 

and threat pathway assessment in risk analysis terminology recognized and utilized by global regulatory bodies. For 

the Delphi iterations I and II - two surveys were conducted among subject matter experts and stakeholders from 

public, private and academic sectors involved in wildlife trade, national security, animal agriculture, food production 

and food safety. This yielded a prioritized summary of perceived threats, diseases/pathways/species/interactions of 

concern, market vulnerabilities and priority consequences. The third Delphi iteration comprised a stakeholder 

meeting co-hosted by the US Department of Homeland Security, the National Center for Food Protection and 

Defense and the project team on April 22nd, 2015. The meeting held two primary objectives: 1) to solicit feedback 

on the survey results from iterations I and II, and 2) to prioritize disease and pathway ranking criteria. For disease – 

agents that are highly infectious and spread rapidly causing high rates of morbidity and mortality in food animals 

were identified as highest priority. For species – those taxa known as high risk carriers of zoonotic diseases, such as 

bats, nonhuman primates and rodents were identified as highest priority. For pathways – those that allow importation 

of live, disease susceptible animals, with little regulatory oversight are identified as highest priority. For 

consequences – food as a source of zoonotic disease transfer impacting human health was indicated as the highest of 

priorities.  
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Human Health Risks of Bushmeat Consumption among Indigenous Waiwai in the Konashen 

Community Owned Conservation Area, Guyana 
Milstein, Marissa S.1, Shaffer, Christopher A.2, Suse, Philip3, Travis, Dominic A.4  

1University of Minnesota College of Veterinary Medicine, St. Paul, MN 
2Department of Anthropology, Grand Valley State University, Allendale, MI 

3Konashen Community Owned Conservation Area, Masakenari Village, Guyana 
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The hunting, butchery and consumption of bushmeat, particularly nonhuman primates, greatly increases the risk of 

zoonotic disease transmission. While bushmeat hunting is a critical component of the subsistence strategies of 

millions of Amazonians, relatively few studies have explored the risks of zoonotic disease transmission that these 

practices have in the New World. Here, we present data from a three-month study on the health risks associated with 

bushmeat hunting, butchery and consumption among indigenous Waiwai in Guyana, South America. From June 5th 

to August 20th, 2015 we conducted 15 semi-structured ethnographic interviews, collected quantitative data on 

bushmeat harvesting, and employed participant observation to identify factors which may expose the Waiwai to 

zoonotic disease. The most commonly harvested animals were rodents, particularly Cuniculus paca (27 individuals), 

and primates, particularly Ateles paniscus (20 individuals) and Chiropotes sagulatus (12 individuals). The majority 

of Waiwai men hunt once a week, and most individuals eat meat a minimum of twice a week. Hunters are usually 

successful at procuring meat, with 1.6 animals harvested per hunt during the study period. While few respondents 

reported being injured during hunting, 62% said that they have injured themselves (minor cuts) during butchery. 

Although 30% of respondents reported that they bury carcass entrails, most stated that they discarded them into the 

bushes to feed village dogs. Most respondents (71%) said that they have observed animal pathologies during 

butchery and discarded those portions but consumed the rest. These preliminary results suggest that Waiwai 

butchery practices generally limit the potential for zoonotic disease transmission but that their high exposure to 

animal bodily fluids, frequent minor cuts, and methods of entrail disposal may increase disease risk. Future research 

at this site will consist of histological and parasitological analysis of hunted primates to identify pathogens with 

zoonotic potential.  

EZD-13 

Genetic characterization of novel pathogen “Brachyspira hampsonii” reveals associations of diverse 

genetic groups, regions, host species and relationships with other swine Brachyspira 

Mirajkar, Nandita and Gebhart, Connie  

Department of Veterinary and Biomedical Sciences  

 

Outbreaks of bloody diarrhea in swine herds in the late 2000s signaled the re-emergence of swine dysentery in the 

U.S. Diagnostic investigations and experimental trials confirmed the emergence of a novel pathogen “Brachyspira 

hampsonii” with two distinct genetic groups. Since then, it has also been detected in migratory birds in North 

America and Europe. The aim of this study was to develop and implement a multilocus sequence typing (MLST) 

scheme to characterize “B. hampsonii”, to elucidate its global diversity and distribution, as well as to evaluate its 

relationships with other Brachyspira species. We developed and applied a MLST scheme to genetically characterize 

81 “B. hampsonii” isolates originating from diverse farms, swine production systems, host species and countries. 

We identified a total of 20 “B. hampsonii” genotypes (11 from the U.S.) that displayed associations with their 

country, host species or swine system of origin. Within the U.S., genetic group I was more frequently isolated yet 

less diverse than group II. A comparative multilocus sequence analysis of 430 isolates representing pathogenic and 

commensal Brachyspira species from 19 countries and 10 host species depicted clustering of bacterial species. It 

revealed a close clustering of all “B. hampsonii” irrespective of their genetic group, thus providing support for both 

groups to be considered a single species. Interestingly, it also revealed the close genetic relatedness of “B. 

hampsonii” with commensals B. murdochii and B. innocens, rather than other pathogens B. hyodysenteriae and “B. 

suanatina”, known to cause mucohemorrhagic diarrhea in swine. This study highlights the utility of MLST in 

routine surveillance/monitoring and the importance of strict biosecurity measures in preventing the spread of 

pathogens such as “B. hampsonii” between swine herds and also potentially between migratory birds and swine. It 

also suggests that “B. hampsonii” represents a diverse but single bacterial species that has close genetic associations 

with commensal Brachyspira species.  



EZD-14 

Selection of candidate genes for Anaplasma phagocytophilum vaccine generation:  

a bioinformatics approach 

O'Conor, Kate1; Munderloh, Uli1,2 
1College of Veterinary Medicine, 2Department of Entomology 

 

The human anaplasmosis agent causes a potentially fatal, acute, febrile illness that has become the second most 

commonly diagnosed tick-borne infection in the US, and is expanding its range in North America and Europe. 

Despite its name, it also causes disease in dogs and horses, and less frequently in cats. The infectious agent, 

Anaplasma phagocytophilum (Ap) is an obligate intracellular zoonotic alpha-proteobacterium. There is evidence for 

selective host tropism in Ap, and strains infecting humans and dogs are maintained in nature in a cycle involving 

mainly mice and sciurids as hosts of larvae and nymphs of the vector tick, Ixodes scapularis. A second type referred 

to as “Ap variant-1” is found only in deer among which it is likely transmitted by I. scapularis that feed on these 

hosts as immatures and adults. It is not known how these two variants interact in nature, and which genes are 

responsible for their host tropism. Even though its small genome of 1.5 Mb has been sequenced for both variants, 

about 40 % of the genes it encodes are hypothetical and have no known function. A library of 857 mutants of a 

human isolate has been previously established using random transposon mutagenesis. The mutated genes with 

proposed functions can be evaluated to select those that are expected to play a role in infectivity or pathogenesis, 

however another method is required to identify which hypothetical genes could be of interest. A statistical method to 

identify essential genes in a random transposon library of Mycobacterium tuberculosis can be applied to the Ap 

library. Additionally, a genome-wide association study can be adapted for bacterial pathogens in order to identify 

genes that are distinct between the Ap strains with different host tropism and pathogenic potential. The goal of my 

research is to identify mutant isolates for further study with the ultimate goal of identifying targets for vaccine 

development.  

EZD-15 

Direct enrichment and de novo sequencing of Mycobacterium avium subspecies paratuberculosis from 

fecal samples of cattle for genomic epidemiology applications  
Shoyama, Fernanda M.; Wells, Scott J.; Sreevatsan, Srinand 

Veterinary Population Medicine, St Paul MN, USA 

 

Johne’s disease (JD), caused by Mycobacterium avium subsp. paratuberculosis (MAP), is characterized by 

progressive non-treatable diarrhea and weight loss during its clinical stages. In the US, the herd prevalence of 

infection on dairy farms is estimated at 91%, costing over $250 million in economic losses to US dairy annually. 

Despite years of research on detection and control of JD, little is known about the contribution of genotype to 

pathogenicity. With next generation de novo DNA sequencing, it is possible to interrogate presence of multiple 

genotypes within a sample, without compromising information due to culture and PCR biases that lead to selection 

of cultivable strains and losses of low abundance strains when single target amplification methods are applied, 

respectively. This method has the advantage of identifying all subtypes within a single sample. The objective of this 

study was to develop an efficient way to detect and track MAP infection in cattle by genotype. To accomplish the 

purpose, we selected three MAP-infected commercial dairy herds to collect individual-animal fecal samples. The 

Veterinary Diagnostic Laboratory performed a direct RT-PCR test on DNA fecal samples for MAP detection. 

Samples with Cp value below 24 were considered high positive for MAP. These samples were selected for peptide-

mediated magnetic separation (PMS) using two chemically synthesized peptides, aMp3 and aMptD, using 

established methods. This approach achieved 85 to 100% capture of MAP. After capture, Fecal DNA extraction was 

performed using QIAamp DNA Stool Mini Kit and de novo sequenced on the MiSeq platform (300cycles). A total 

of 23 samples have been sequenced to date. CLC Genomics Workbench was used to analyze all samples and showed 

high quality values between 30-40. SNPs were detected using CLC, comparing each genome to its associated 

reference genome (MAP4). With these results, we combine information from bacterial genomics with advanced 

epidemiological modeling to improve understanding of the transmission mechanism of this pathogen in dairy herds.  



EZD-16 

Importance of TrkA signaling pathway in the replication and pathogenesis of influenza virus 
Verma, Vikram; Ly, Hinh and Liang, Yuying  

Department of Veterinary and Biomedical Sciences, University of Minnesota  

 

Influenza virus is a major global pathogen that causes annual epidemic and occasional severe pandemics resulting in 

enormous socio-economic losses worldwide. Antiviral drugs and vaccines against influenza virus are available; 

however continuous genetic drift and shift as well as evolution of drug resistant strains limit the efficacy of these 

interventions. Targeting host factors is a promising approach and we had previously identified the importance of host 

TrkA signaling pathway for the influenza viral replication. We have further investigated the role of TrkA signaling 

pathway using a mouse model with TrkA F592A knock-in mutation that allows potent, specific, and reversible 

inhibition of TrkA kinase activity by 1NMPP1 in vitro and in vivo. The Influenza virus infection activates TrkA 

signaling at early time points through phosphorylation of the tyrosine residues in the cytoplasmic domain of TrkA. 

We developed primary cell culture of Alveolar Epithelial Cells (AECs), Alveolar macrophages (AMs) and Bone 

marrow Derived Macrophages (BDMs) from the TrkA knock-in mice and provide evidence of the cell type specific 

role of TrkA signaling in the replication of influenza virus. TrkA signaling also plays important role in the 

expression of key pro-inflammatory cytokines in both in vitro cell culture system as well as in vivo model of 

influenza virus infection. The inhibition of TrkA signaling through 1NMPP1 conferred survival benefit to mice upon 

lethal influenza virus infection. The survival benefit was retained even on delayed 1NMPP1 treatment (Day 3 post 

infection instead of Day 0) and the treated mice had significantly reduced inflammation compared to control mice, 

demonstrating the role of TrkA signaling in the pathogenesis of influenza virus infection. In summary, our study has 

not only characterized the novel functional roles of host TrkA signaling pathway in influenza virus replication and 

pathogenesis but also revealed a potentially new therapeutic approach against flu infections.  

EZD-17 

Whole transcriptome analysis of young and adult host porcine macrophages infected by PRRSV  
Xiong Wang, Sally R. Robinson, Diem K. Ngo and Michael P. Murtaugh  

Department of Veterinary and Biomedical Sciences, University of Minnesota,  

1971 Commonwealth Avenue, St. Paul, MN 55108  

 

Porcine reproductive and respiratory syndrome virus (PRRSV) is an Arterivirus with a positive-sense single-stranded 

RNA of approximately 15kb. It causes PRRS, a global critical swine disease that has huge economical impacts. 

 

Different outcomes occur when pigs are infected with PRRSV; Adult pigs often show a non-significant to mild 

syndrome while young pigs (including neonates, sucking and nursery pigs) suffer much more serious respiratory 

disease, secondary infections, and significantly higher morbidity and mortality. Porcine alveolar macrophages 

(PAMs), an early and key target of PRRSV infection, contribute to this age-dependent infection outcome. In vitro 

experiments have shown that PRRSV grows better in PAMs from young pigs. We previously demonstrated no 

differences in PAM expression of CD163 and CD169, surface proteins that are implicated in PRRSV cell entry 

between different aged pigs . Therefore, this age-dependent resistance towards PRRSV infection could be an 

intrinsic characteristic of PAMs. The general presence of cellular restriction factors that suppress replication and 

growth of various viruses led us to propose the age-dependent expression of anti-viral restriction factors. Therefore, 

we hypothesize that age-dependent presence of intrinsic cellular factors mediating restriction or permissiveness that 

are responsible for this resistance difference against PRRSV infection.  

 

We have examined PAMs from young and adult pigs for susceptibility to PRRSV infection in vitro. RNA-seq on 

high-throughput sequencing has been done for the whole transcriptome analysis in order to identify differences in 

age-dependent factors that are expressed constitutively or are induced following viral infection.  



EZD-18 

Improved diagnostics of Mycobacterium tuberculosis complex infections in Minnesota  

white-tailed deer 

Wanzala, Sylvia1, Carstensen, Michelle2, Waters, W Ray3, Sreevatsan, Srinand1  
1Department of Veterinary Population Medicine, College of Veterinary Medicine, University of Minnesota, 

2Department of Natural Resources, Minnesota, 3National Animal Disease Center, USDA, Ames, Iowa  

 

Testing for mycobacterial diseases is costly, time-consuming and burdensome. Zoonotic bovine tuberculosis (bTB), 

caused by Mycobacterium bovis (M. bovis), is a major concern in low and middle-income countries with significant 

implications for human and animal health. Outbreaks in low-disease prevalence regions like the United States lead to 

significant economic losses. We applied 3 mycobacterial specific biomarkers (MB1895c, MB2515c, and Pks5) that 

have been validated in cattle, primates and white-tailed deer (Odocoileus virginianus), using indirect ELISA. 

Yearling white tailed deer fawns were experimentally infected with M. bovis at the National Animal Disease Center 

(NADC) and blood serum samples were collected at day 0 (Pre-infection), Day-19, Day-48 and Day-60 post-

infection. At each time point, samples from four animals were collected. Samples from contemporaneous controls 

were also tested for the biomarkers. Results show that M. bovis specific biomarkers can detect BTB infection as 

early as 48 days post–infection in experimentally infected deer. Validation of the results was performed using deer 

sera collected by the Minnesota Department of Natural Resources from 2007-2010 through targeted BTB disease 

surveillance efforts. In total, 384 samples were tested for the presence of the biomarkers. We determined signal to 

noise ratios for each biomarker and found that the overall BTB prevalence per year using biomarkers suggests that 

BTB in deer declined after 2009 but is possibly persistent at low levels as subclinical disease. New methods of 

testing for tuberculosis are an important factor in disease control and elimination. Biomarker based diagnostics offer 

an alternative way to quickly test for TB in Mycobacterium tuberculosis complex (MTC) infection in animals and 

humans.  

EZD-19 

A stochastic, mathematical model of influenza A virus within swine breeding herds:  

Implications of possible management interventions  
White, Lauren1; Torremorell, Montserrat2; Craft, Meggan2 

1Department of Ecology, Evolution and Behavior; 2Department of Veterinary Population Medicine 

 

Introduction: Influenza A virus (IAV) is a global endemic infection in swine that causes significant morbidity and 

poses a substantial public health risk. Initial modeling work suggests that vaccination (especially heterologous) does 

not effectively remove influenza from breeding herds. Recent empirical findings suggest that IAV is likely 

maintained endemically through gilt introductions and in piglet subpopulations. The objective of this model is to test 

intervention strategies that swine producers could feasibly employ to control IAV in their herds. 

Methods: We present here a stochastic, density-dependent model of IAV dynamics that reflects the spatial 

organization of a standard swine breeding herd. The model allows for stochastic births, deaths, direct and indirect 

infection, and loss of immunity using Gillespie’s Direct Method. Interventions tested include combinations of: (1) 

mass and pre-farrow vaccination, (2) heterologous and homologous vaccines, (3) gilt isolation, (4) gilt vaccination, 

and (5) early weaning (7-14 days). 

Results: None of the combinations of interventions reliably prevented IAV invasion in a medium sized herd (~1500 

sows). In concert, pre-farrow vaccination, gilt isolation, gilt vaccination, and early weaning of piglets was the most 

effective combination of interventions, but did not result in elimination of IAV. The efficacy of early weaning 

relative to other interventions supports the idea that preventing introductions to piglets may be key in reducing 

invasion risk.  

Discussion: Our findings support other modeling and empirical studies that suggest that piglets maintain IAV in 

breeding herds. The sensitivity analysis suggests that accounting for the variation that arises in latency and infectious 

periods as a result of vaccination will be important for future modeling efforts. Our next steps will be to vary the 

timing of gilt introductions and test the potential role of seasonality in transmission rates of IAV.  
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Evaluating the effect of a coagulant as a pre-treatment on the accuracy of Mycoplasma 

hyopneumoniae detection in clinical samples. 
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Oral fluid (OF) sampling is becoming an increasingly used method for diagnostics in the swine industry due to its 

efficiency and cost-effectiveness. Based on previous research, OF showed the lowest sensitivity for detection of 

Mycoplasma hyopneumoniae (MHP) compared to other sampling techniques. The OF matrix proposes a challenge 

by partially inhibiting PCR reactions and decreasing the sensitivity of the assay. The method of applying a coagulant 

as a pre-treatment to OF’s has not been evaluated on MHP. The objective of this study was to determine if 

pretreating MHP spiked OF’s with a coagulant will improve detection by PCR. Ten ten-fold dilutions (0-9) were 

made by spiking MHP negative OF samples with MHP culture. Each dilution consisted of 12 samples, varying by 

number and concentration of the coagulant treatments, supernatant, and pellet. The first pre-treatment of coagulant 

was designed to separate out the OF particles, while the second pre-treatment further separates MHP DNA from the 

OF matrix. DNA extraction was performed by MagMAX-96 Viral Isolation Kit and qPCR was ran by using 

VetMAXTM MHP Reagents and Master Mix. Results were analyzed by comparing the Ct value of MHP spiked OF 

samples with the various treated supernatant and pellet samples of each dilution. Preliminary data suggests that after 

the first pre-treatment, 99% of the target was removed from the supernatant based on a 99% similarity of detection 

between supernatant of dilution 0 receiving pre-treatment and dilution 2 not receiving pretreatment. MHP was also 

present in high concentrations within the pellet, concluding the inaccessibility of this pathogen via extraction. After 

the second pretreatment was applied, detection of MHP within the supernatant decreased by approx. 0.9 of a Ct. 

value and was no longer detected within the pellet. This supports that the second pre-treatment further coagulates the 

residing MHP into the supernatant compared to the pellet. Further research focused on extracting MHP from the 

pellet will be implemented.  

PS-2 

Fine-scale recombination map for the domestic horse 

SK Beeson1, JR Mickelson1, RJ Schaefer1, Equine Genetic Diversity Consortium, 

ME McCue1 
1University of Minnesota, Saint Paul, MN, USA  

 

Recombination events have been shown in eukaryotes to cluster along chromosomes in small regions called 

‘hotspots’. In humans and mice, total genetic map length and local recombination landscapes vary by gender as well 

as across populations, suggesting that selective pressures play a role in recombination rate distribution across the 

genome. In addition to prediction of recombination hotspots and identification of local recombination rate 

differences between populations, these data can also be used to improve imputation accuracy from lower to higher-

density SNP arrays. To create a gender and breed-averaged recombination map for the horse, 513 horses genotyped 

for ~1.8 million SNPs on the MNEq2M array were divided into 20 groups of 20 random individuals to estimate 

population recombination rates using the rhomap program included in the LDhat package. Chromosomes were split 

into intervals of 2000 SNPs with a 200-SNP overlap between adjacent windows, and each analysis was run for 10 

million iterations with a 100,000 burn-in period. This procedure was also performed in 12 individual breeds. To 

assess the ability of breed-specific recombination maps to detect genomic regions under selective pressure, 

recombination rates and hotspots within the region on equine chromosome 18 surrounding the myostatin (MSTN) 

gene were compared between Quarter Horses (QH) and other breeds. Haplotypes in this region have been shown to 

influence muscle fiber type proportions, and it has been identified as a genomic signature of selection in the QH. As 

expected due to haplotype homozygosity in this region, detectable recombination appears to be suppressed in the QH 

but not in other breeds. The data generated through this project will be used to evaluate the performance of both 

breed-averaged and breed-specific recombination maps in improving imputation accuracy between genotyping 

arrays, as well as to discover additional breed-specific map differences and identify sequence motifs in hotspot 

regions to gain insight into the control of recombination initiation in the horse.  

Population Systems Signature Program 
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Genotype imputation accuracy between low- and high-density equine SNP arrays 
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The development of 54,000 and 65,000 (54K and 65K) SNP genotyping arrays for the horse has lead to successful 

mapping of genetic loci responsible for or contributing to many health and performance traits using genome-wide 

association and/or identification of genomic signatures of selection. Despite these successes, the SNP density of the 

first-generation arrays has proven inadequate for mapping complex traits and for mapping in breeds with high 

diversity and rapid decay of linkage disequilibrium. One method for increasing marker density is through genotype 

imputation, which utilizes dense SNP genotype and haplotype information from a reference population to 

computationally infer unknown genotypes in a more sparsely genotyped test population. We have created an equine 

haplotype resource using SNP genotype data from the recently released Affymetrix Equine MNEc2M SNP chip, 

with which 54K and 65K SNP data can be imputed to much higher levels. The objective of this project was to assess 

imputation accuracy in five horse breeds as well as to develop recommended parameters for post-imputation variant 

filtration. Using a reference population of 513 horses genotyped for approximately 1.8 million SNPs, test 

populations of Belgian (n = 72), Morgan (n = 285), Quarter Horse (n = 228), Standardbred (n = 475), and 

Thoroughbred (n = 491) horses were imputed using BEAGLE4. In each of these test populations, 15-25 horses were 

also present in the reference population, allowing for an assessment of the accuracy of genotypes called by the 

program in those individuals. Concordance rates for BEAGLE4 ranged from 96.0-99.8%. These data will be used to 

determine appropriate post-imputation SNP filtration criteria to maximize confidence in genotypes called in 

populations for which there are no test individuals also present in the reference panel.  

PS-4 

Secure Turkey Supply (STS) and an Highly Pathogenic Avian Influenza (HPAI) Outbreak 
Justin G. Bergeron1, Sasidhar Malladi1, David A Halvorson1, James Roth2 and Timothy J Goldsmith3 

1Center for Animal Health and Food Safety, University of Minnesota, St. Paul, MN; 2Center for Food Security and 
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Introduction: One of the keys to food system protection is to mitigate the risks and vulnerabilities to a given food 

system in the face of an adverse event. The Secure Turkey Supply Plan (STS) is meant to reduce the unintended 

consequences that a standard response to an outbreak of highly pathogenic avian influenza (HPAI), involving 

quarantine and stop movement orders, would have on the turkey industry. 

Purpose: Through collaboration, form accurate risk- and science-based plans and guidelines to inform risk 

management decisions associated with a HPAI outbreak.  

Methods: A public-private partnership approach is utilized to enhance the data collection and accuracy ensuring that 

all recommendations within the STS are feasible for the food system and reasonable within the regulators' judgment. 

The working group partnership includes representatives from government, industry and academia.  

Results: Normal daily mortality data collected from 74 turkey houses showed an industry representative number of 3 

dead birds per 1,000 in a house per day for meat turkeys (3/1,000). The original protocols called for increased 

surveillance and restrictions if the daily mortality in a house was above 2/1,000. At the rate of 2/1,000, there is a 

predicted rRT-PCR false positive rate of 4.9%. Over a two week period, a farm with 3 houses has an 89% chance of 

at least 1 false positive test. At a rate of 3/1,000 the false positive rate is 1.1%. Other enhancements to the STS 

include the biosecurity recommendation of a pre-movement isolation period of 5 days before movement of meat 

turkeys. 

Significance: The pro-active risk assessment work has resulted in science based and industry viable 

recommendations to the STS in both biosecurity and flock health monitoring. These ensure infected but undetected 

commodity and live bird movements do not perpetuate the spread of HPAI and increase the impact of an outbreak.  
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First identification of Mycoplasma hyorhinis in samples from pigs with polyserositis from two 

Argentine farms 
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1Department of General and Special Veterinary Pathology. College of Veterinary Science, National University of 
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Mycoplasma hyorhinis (M. hyorhinis) isolation associated with clinical disease has been reported in most pig 

producing countries of Europe, North America, and Asia. To our knowledge, its presence in Argentina has never 

been reported. Objective: The aim of this abstract was to report the identification of Mycoplasma hyorhinis from 

clinical cases of polyserositis at two swine farms in Argentina. Methods: Both farms had increased mortality rates 

due to polyserositis cases in nursery (35-70 days of age) and growing (71-95 days of age) pigs. Unsatisfactory 

responses to antibiotic (Amoxicillin and Florfenicol) therapy were observed. Necropsies were performed and 

samples were collected from nine pigs showing polyserositis signs. Samples from fibrinous exudate of each animal 

were collected, spotted in FTA ® Micro Cards (Whatman ® Cat. No WB120210) and submitted to the Veterinary 

Diagnostic Laboratory, College of Veterinary Medicine- University of Minnesota for molecular assays by RT-PCR. 

Results: Seven samples were found M. hyorhinis- positive. Within the positive samples, one animal was positive to 

both M. hyorhinis and Streptococcus suis (S. suis) and another case was positive to M. hyorhinis, S. suis and 

Haemophilus parasuis (H. parasuis). One sample was positive for H. parasuis. Conclusion: Clinical signs and 

lesions caused by Mycoplasma hyorhinis can be indistinguishable from those caused by other bacteria, such as H. 

parasuis and S. suis. To our knowledge, this is the first report of M. hyorhinis identification in samples from 

Argentine pigs affected with polyserositis. Results highlights the importance of including RT-PCR assays for M. 

hyorhinis identification in cases of polyserositis in Argentina. Further studies are needed to assess the impact of this 

agent in cases of polyserositis in the country.  
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Influenza A virus surveillance in wild birds in Minnesota during the spring 2015 highly pathogenic 

avian influenza outbreak 

Ceballos, Rachael; Guo, Xi; Cardona, Carol  

Department of Veterinary and Biomedical Sciences 

 

Migratory waterfowl are natural reservoirs of avian influenza (AI) viruses. The potential for transmission of AI to 

domestic poultry through wild birds is often studied using wild bird surveillance. This type of surveillance for AI in 

Minnesota is usually done during the fall season when bird movement is predicted to be high. However, the highly 

pathogenic avian influenza H5N2 introduction to domestic poultry occurred during the spring of this year. In this 

study, we have sampled Canada geese and mallards in many locations for avian influenza during the HPAI outbreak 

of spring 2015. Environmental samples from 17 counties in Minnesota were collected from March-September and 

tested by rRT-PCR for detection of avian influenza. Out of 178 samples, 11% tested positive for influenza virus. The 

majority of positives were from fecal samples collected during March. Our study shows that Canada geese and 

mallards were carriers of AI during the time of the HPAI outbreak. 
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Identification of Mycoplasma hyopneumoniae shedding gilts in the field 

Deegan, Chris1; Pieters, Maria1; Dalquist, Laura2 
1Veterinary Population Medicine, 2Swine Vet Center 

 

To help reduce the losses from Mycoplasma hyopneumoniae (Mhyo) respiratory infections, producers will attempt to 

eliminate dam-to-piglet transmission by exposing their naïve gilts to shedding pigs and allowing a “cool down” 

period before their first farrowing. However, accurately identifying these shedding gilts in the field remains a 

difficult task for swine veterinarians. The objective of this investigation was to identify shedding pigs in the field 

using time after exposure, paired with the presence of dry cough to ease the identification of these gilts, tests will be 

confirmed with laryngeal swab PCR.  

 

Three off-site gilt developer units (GDUs) managed in a continuous flow fashion, where older, shedding gilts were 

placed in the pens with naïve gilts in order to expose them, were selected for this investigation. A total of 84 gilts, 28 

from each GDU, were sampled. Several lots were selected to sample gilts from and a various number of coughers 

and non-coughers were selected from each lot. Laryngeal swabs were collected from all selected gilts, a coughing 

status and time since exposure to Mhyo were recorded. Laryngeal swabs were processed using a species-specific real 

time PCR to verify the gilt’s shedding status and was then compared to the coughing status and time since exposure. 

  

At 25-50 days post exposure (dpe) the majority of coughers were positive by PCR (52%). A trend for fewer coughs 

was observed as time progressed, but the level of PCR positive gilts remained similar, indicating the natural 

progression of clinical disease, but no decrease in shedding. As expected, cough was more apparent in recently 

infected groups. However, pigs in the 125+ dpe group seemed to cough more than pigs in all other previous times 

after exposure. One limitation to this study was the fact that cougher pigs were only determined for 15 minutes, 

which could have lead to coughing pigs not being identified or marked as non-coughers. In summary, under the 

conditions of this study, cough and time after exposure, alone and in combination, were poor indicators of Mhyo 

shedding.  
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CAHFS involvement and response to the highly pathogenic avian influenza outbreak in Minnesota 
Evanson, Jessica; Minicucci, Larissa; Lopez, Karen; Bender, Jeff; Wells, Scott; Lee, Jim; Hunt, Aimee; 

Prasarnphanich, Ong-Orn; Patterson, Gil; Bergeron, Justin 

Center for Animal Health and Food Safety 

 

On March 4, 2015, highly pathogenic avian influenza (HPAI) H5N2 was confirmed in a commercial turkey flock in 

Pope County, Minnesota. This was the first confirmed finding of HPAI in the state and it lead to a rapid multi-

agency response. The Center for Animal Health and Food Safety (CAHFS) at the University of Minnesota became 

actively involved in responding to the outbreak alongside state and federal agencies. CAHFS faculty, with the help 

of government and turkey industry collaborators, developed a case-control study to try to identify risks associated 

with the outbreak. Veterinary public health and preventive medicine residents assisted with the case-control study by 

administering surveys to turkey farmers and inputting data for analysis. Residents were also able to provide direct 

assistance to the Minnesota Department of Health (MDH) through worker health monitoring and Department of 

Natural Resources (DNR) through wild bird sampling, and indirect assistance to industry through their work on the 

Secure Egg, Turkey, and Broiler Supply Plans. These training opportunities allowed for exposure to the diversity of 

agencies and activities involved in a foreign animal disease response, as well as career exploration, networking and 

skill development.  
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Relatedness and urban development shape viral transmission dynamics in bobcats (Lynx rufus) 
Fountain-Jones, Nicholas1; Craft, Meggan1, Lee, Justin2, Kozakiewicz, Chris2, Funk, Chris3, Crooks, Kevin3, 

VandeWoude, Sue3 and Carver, Scott2  
1Univeristy of Minnesota, 2University of Tasmania, 3Colorado State University 

 

The impact of urban landscapes on pathogen transmission is not well-known for wildlife. Host traits and landscape 

structure are likely to be important for pathogen transmission in free-ranging animals, yet it has been difficult to 

demonstrate if and how host traits and landscape interact to shape pathogen transmission. In this paper we untangle 

the transmission mechanisms for a fast-evolving virus (feline immunodeficiency virus, FIV) in a highly fragmented 

urban bobcat population. To do so we unify the fields of phylodynamics and landscape genetics in a novel 

‘ecophylodynamic’ approach. We find that host relatedness coupled with degree of urban development were critical 

determinants of FIV transmission in bobcats. Although previous work from the same population has demonstrated 

that sex and age are important for FIV exposure (as measured by serology ), here we find that age and sex are not as 

important for transmission of the virus (as measured by viral phylogeny). These results highlight (i) the important 

role that animal relatedness can play in shaping viral transmission and (ii) the complex interaction of host traits and 

landscape that shape FIV transmission in urban landscapes. Furthermore, our development of ecophylodynamic 

approaches can help disentangle the multidimensional aspects of wildlife pathogen transmission which is difficult to 

capture using traditional techniques.  
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Alternative therapies used on organic dairy farms in Minnesota 

Hayer SS1, Heins B2, Wolff LJ1, Schroth S1, Michel L1, Sorge US1 
1Department of Population Medicine, University of Minnesota  

2Department of Animal Science, University of Minnesota  

 

Organic regulations encourage preventive practices and discourage the use antibiotics. Despite best practices, some 

animals will still fall sick and will need treatment. Currently, little is known about alternative treatments used by 

organic farmers. Therefore, the objective of this study was to describe therapies used on organic dairy farms for 

common cattle diseases (mastitis, lameness, respiratory, digestive, reproductive, metabolic diseases). Organic dairy 

farms in Minnesota were contacted in 2012 to obtain information regarding therapies that were being currently used. 

Thirty-five farms participated. Overall, farm owners reported using 144 different treatments for several ailments. 

These treatments included phytotherapy (e.g., garlic, aloe), commercial preparations (e.g., Phytomast, Calf Shield 

CC) and farm management operations (e.g., hoof trimming, frequent stripping). Most farms used multimodal 

approach to treating diseases. Garlic, Aloe, and homeopathy were the most commonly used therapies, making up 

10%, 7.6% and 3.2% of all medications used, respectively. In conclusion, this survey provided new insight into 

therapy approaches on organic dairy farms. Future studies are needed to evaluate the efficacy and to quantify 

potential withdrawal times of these treatments.  
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Quantitative risk analysis of porcine epidemic diarrhea (PED) transmission in swine farms  

in Thailand 

Homwong,Nitipong1,2,*; Deen, John2 
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2Kasetsart University, Kamphaeng Sean, Nakhon Pathom, 73140, Thailand  

 

Porcine epidemic diarrhea (PED) viruses cause high mortality in suckling pigs around the word, including Thailand, 

resulting in tremendous economic losses during the past few years in Thailand. The objective of this study was to 

quantify the risk factors of PED transmission into swine farms. Datasets of PED positive cases in gilts and weaned 

pigs were gathered from 14 and 190 farms, respectively. Datasets of PED positive cases found in transportation 

trucks, feed transporting trucks, and weaned-pigs transporting trucks were gathered from 195, 135 and 240 

shipments, respectively. Six cases of water-born transmission were recorded in swine farms around Rajchaburi 

province. Six pathways of risk analyses were modeled through gilts, weaned pigs, weaned pig trucks, market-bound 

pig trucks, feed trucks and waterborne transmission. All models were simulated and performed in @RISK, add-on 

Excel (Palisade Corporation). The results of the six models were indicated that transmission probabilities of PED 

that can be introduced to swine farms through contaminated trucks (i.e. weaned pig trucks, market bound pig trucks, 

feed trucks), weaned pigs, replacement gilts and waterborne transmission were 57.21%, 16.99%,11.67% and 

14.13%, respectively. In conclusion, for swine farms in Thailand, there are numerous pathways with high 

probabilities of PED transmission into swine farms, which can post serious challenges for herd health management 

to swine producer and veterinarians.  
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Assessment of Environmental Contaminants in Subsistence Species and the Associated Ecosystem of 
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Convertino, Matteo4; Jankowski, Mark5; Ferrey, Mark5   
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As a result of a successful Population Systems Signature Program grant, the Ecosystem Health Division at 

University of Minnesota (UMN) has formed a unique partnership with the Grand Portage Indian Reservation 

(GPIR), UMN’s School of Public Health, and Minnesota Pollution Control Agency (MPCA) to assess threats from 

chemical pollutants to the sustainable use of natural resources by the Grand Portage Band of Lake Superior 

Chippewa. A collaborative workshop was held in December 2014 to prioritize compounds of interest and identify 

gaps in current surveillance methods on tribal lands. A core group of experts shared information on ecotoxicology, 

wildlife and health risks from the northeastern MN landscape and within a subsistence lifestyle. This workshop 

provided a framework to target future funding opportunities, such as the Legislative-Citizen Commission on 

Minnesota Resources grant, and prioritized areas for pilot data generation.  

The resulting pilot study design involves the quantification of contaminants in water and fish samples obtained from 

locations (n = 3) on GPIR that have hypothesized differences based on variations in use. Select micropollutants were 

identified and prioritized based on previous measurement by MPCA in other areas of the state, accumulation and 

persistence in the environment, and known or suspected impacts on exposed species and their populations. The 

results from this study will guide future grant and study development, focusing research efforts on compounds of 

interest that are present within the GPIR ecosystem. 

Ultimately, the goal of this partnership and proposed research is to evaluate the food security, food safety and 

cultural impact of environmental contaminants on the Grand Portage Band.  
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Recognizing the spatiotemporal patterns of Zebra mussels and Eurasian watermilfoil dispersal in 

Minnesota waters and predicting potential future invasions using cokriging 
Kanankege, KST1, Perez, AM1, Phelps, NBD1 

1Department of Veterinary Population Medicine, College of Veterinary Medicine, University of Minnesota,  
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Minnesota spends millions of USD yearly on the prevention and control of aquatic invasive species (AIS), which 

threaten the ecosystem health. Spatial analysis tools help quantifying the risk for AIS, thus providing science-based 

support in management decision-making. The objective here was to quantify the spatiotemporal pattern of 

distribution of two aggressive AIS, namely, Zebra mussels (ZM, Dreissena polymorpha) and Eurasian water milfoil 

(EWM, Myriophyllum spicatum). Data were provided by the Minnesota Department of Natural Resources. Among 

the 18,273 locations in the study, there were 123 ZM- and 303 EWM-infested locations by June 2015. Evidence for 

significant (<0.05) global and local clustering was assessed using Cuzick-Edwards test and spatial scan tests. Factors 

hypothetically influencing AIS distribution were identified based on literature and expert opinions, and were tested 

for their association with AIS distribution using regression. The probability of identifying each AIS was computed 

using a geostatistical tool, cokriging, using variables in the final regression model. Resulting isopleth maps 

approximated the spatial risk for each of the AIS separately. The final cokriging model for ZM included following 

factors 1) distance to the nearest infested locations, 2) Eigen vector centrality of the watercraft movement network, 

and 3) distance to the nearest major road. That model predicted the risk of ZM with a sensitivity of 82.8% and 

specificity of 62.5%. Similarly, the EWM model included 1) distance to the nearest EWM infested location, 2) Eigen 

vector centrality of the watercraft movement network, and 3) surface water connectivity to another infested 

waterbody. That model predicted risk for EWM with sensitivity and specificity of 84.5% and 61.5%, respectively. In 

alignment with literature, ZM distribution was driven mainly by the human mediated dispersal, whereas, EWM 

dispersal was largely defined by the surface water connectivity. These predicted risks may inform the strategic 

allocation of resources for the prevention and control of AIS in Minnesota.  
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Development of parameter values for a within and between-herd transmission model of foot-and-

mouth disease in swine 

Kinsley, Amy; VanderWaal, Kimberly; Patterson, Gilbert;, Evanson, Jessica; Sampedro, Fernando;  

Craft, Meggan; Perez, Andres  

Department of Veterinary Population Medicine, College of Veterinary Medicine  

and Center for Animal Health and Food Safety, University of Minnesota, St. Paul, MN  

 

Foot-and-mouth disease (FMD) is arguably one of the most contagious and economically important diseases 

affecting livestock worldwide. Recent epidemics have occurred in many FMD-free countries, highlighting the risk of 

introduction into the United States (US). In the event of an outbreak in the US, simulation models will likely be one 

of the tools used to predict the spread of FMD and develop control strategies. However, a lack of current empirical 

data makes parameter value estimation a challenge in the US. The objective of this study was to quantify 

epidemiological parameters associated with FMD transmission for use in a within- and between-herd transmission 

model. Minimum, most likely, and maximum values were obtained through expert opinion and literature review. 

Expert opinion was in agreement with scientific literature, estimating an incubation period range of 2-5 days. 

Disease associated mortality was estimated at 21 percent for adult pigs and 58 percent for piglets. The most likely 

estimate for the probability of transmission given direct contact was 0.84. The probability of indirect transmission 

between swine farms was estimated at 1 km, 5 km, 10 km and 50 km and average most-likely probability of 

transmission decreased as distance between farms increased, with probabilities ranging from 0.56 at 1 km to 0.20 at 

50km. Using these parameters, within- and between- herd models will be used to develop control strategies on 

prevention, intervention, containment, and control of FMD. An outbreak of FMD in the US could cause devastating 

economic losses due to response efforts, trade restrictions and animal losses. Therefore, prompt and effective 

responses are essential to lessen the resulting animal welfare and economic impacts.  
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The use of precision dairy technologies to detect illness in group housed automatically fed pre-

weaned dairy calves. 
Knauer, Whitney1; Godden, Sandra1; Dietrich, Alyssa2; James, Robert2  

1Department of Veterinary Population Medicine, CVM, University of Minnesota, Saint Paul, MN  
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Dairy producers have an increasing interest in housing pre-weaned dairy calves in groups and feeding them milk 

automatically, despite significant challenges including delays in disease detection. The objective of this 

observational study is to investigate if we can detect sick calves by applying statistical process control (SPC) 

analysis to feeding behavior data. Calves from 10 commercial dairy farms utilizing automatic feeding systems and 

representing two states (MN and VA), 14 feeders and 28 pens were enrolled at the time of entry into the group pen. 

Sick calves were detected by farm personnel, and all treatments were recorded. Farms were visited weekly to collect 

feeding behavior measures from feeder software [drinking speed (DS) (ml/min), milk consumed (CON) (L/d), and 

both rewarded (RV) and unrewarded (URV) visits to the feeder], and to record calf treatment events. Descriptive 

statistics were generated to describe general calf management, to describe the proportion of calves experiencing a 

first treatment event, and to describe various feeding behaviors on days when calves were classified as either treated 

(T) or untreated (UT). 

Records were analyzed for 1,052 calves and 43,607 calf-days (CD). Mean (+/- SD) age at entry and exit from the 

pen was 9.1 (5) and 60 (17) days, respectively. Mean (SD) group size was 16.8 (5) calves per group. 63% of calves 

experienced a first treatment event, with the average onset of this first illness occurring 9.3 (8.5) days after 

introduction to the pen. The majority of first illness events were classified as digestive disease (48%) fever/ill thrift 

(31%) or respiratory disease (19%). Of the 43,607 CD records analyzed, 3,230 (7.4%) treated days and 40,377 

(92.6%) healthy days were observed. DS, URV, CON, and RV were all significantly different between sick and 

healthy calf days (p<0.001) in a linear mixed model controlling for the effect of farm. However, DS and URV had 

the largest numeric differences indicating they might be the most promising parameters to investigate further as 

predictors of disease using SPC analysis.  
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Molecular detection of pathogens associated with honey bee colony collapse in Minnesota 
Mor, Sunil K., Armien, Anibal G., Singh Azad, Collins, James E., Rossow, Stephanie and Goyal, Sagar M. 

College of Veterinary Medicine 

 

Honey bees (Apis mellifera) are critical pollinators of important agricultural crops. Thus, they are very important in 

U.S. agriculture producing roughly a quarter of the food consumed by Americans with a value of over $17 billion 

per year. High honey bee colony mortality has been reported from all over the world, which has raised the concern of 

beekeepers, growers, scientists, and government officials. The disease hit 42.1% of managed honeybee colonies 

from April 2014 through April 2015 in the USA. To determine the cause of such a high mortality in Minnesota 

honey bees, we collected samples from different counties in Minnesota from colonies which either collapsed or had 

high bee mortality. A total of 22 samples were tested that included 2 queens, 13 worker bees, 1 larva, 3 pupae, and 3 

pollens. The samples were collected in spring and winter of 2014-2015. Swab samples were subjected to bacterial 

culture. Nucleic acids were extracted from 10% clear supernatants of homogenized bee samples for molecular 

detection of viruses (RNA and DNA viruses) and parasites. Sequences obtained from purified PCR products were 

compared with sequences available in GenBank. All samples were found negative on bacterial. All samples were 

negative for iridovirus. One sample each of larva, pollen and worker was positive for Apis mellifera Filamentous 

Virus by PCR. Black Queen Cell Virus (16/22, 72.7%) and Sacbrood Virus (16/22, 72.7%) were the most common 

RNA viruses detected. In addition, Deformed Wing Virus, Israeli Acute Paralysis Virus, Lake Sinai virus, Aphid 

Lethal Paralysis Virus, Chronic Bee Paralysis Virus and Tobacco Ringspot Virus were also found. Nosema ceranae, 

a microsporidian parasite, was also detected in combination with different viruses. This study showed a high 

prevalence of various pathogens in Minnesota honey bees. This information should help in the design of various 

preventive and control measures.  
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Historically, responding to a highly pathogenic avian influenza (HPAI) outbreak in the US has consisted of 

containment and eradication to return the country to a disease-free status and restore trade as soon as possible. These 

goals, however, interfere with the ‘just-in-time’ nature of the egg industry. The Secure Egg Supply (SES) Plan was 

developed through a collaborative effort between government, industry, and academic partners to facilitate continued 

movement of uninfected egg products in the event of an HPAI outbreak in the US. Proactive risk assessments 

performed by analysts at USDA, APHIS, Veterinary Services, Center for Epidemiology and Animal Health serve as 

the bases for determination of permit requirements for movement of eggs and egg products from Monitored 

Premises within a Control Area. Everyday industry practices and proposed additional biosecurity, surveillance, and 

cleaning and disinfection steps during an outbreak are taken into account in assessing risk to provide confidence for 

decision makers on permitting movement. Entry and exposure assessments were performed for the following 

commodities: pasteurized and non-pasteurized liquid eggs, washed and sanitized shell eggs, nest run shell eggs, 

shells and inedible eggs, hatching eggs, day-old chicks, and manure. Producers must complete a series of steps to 

qualify as a Monitored Premises and be eligible to receive a movement permit from the Incident Commander. First, 

traceability information (premises ID, GPS coordinates, etc.) must be made available. Next flock production 

parameters and daily mortality rates must be within normal limits. Product-specific biosecurity and cleaning and 

disinfection measures must be in place. An epidemiological assessment must be found to be acceptable by the 

issuing official. Real time reverse transcription polymerase chain reaction must be negative; frequency of testing is 

product-specific. Producers are encouraged to complete the Voluntary Preparedness Component prior to an outbreak 

to expedite receipt of a movement permit when it is actually needed.  
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EFFECT of Drying-off Method on the Udder Health in Organic Dairy Farms 
Mahmmod, Yasser1; Heins, Bradely2; Sorge ,Ulrike1  
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The use of antibiotics, including dry cow therapy, is prohibited in organic livestock production. Therefore, 

alternative management practices that maintain udder health need to be identified. Our hypothesis is that intermittent 

cessassion of milking would be more beneficial for the udder health (incidence of cure) of cows than abrupt 

cessation of milking at dry-off. The objective of this study was to compare the impact of abrupt and intermittent 

cessassion of milking at dry-off on the cure of intramammary infections (IMI) throughout the dry period. Cows from 

one large organic dairy herd in Colorado were assigned to either treatment by stratified randomization one week 

prior to dry-off. Cows assigned for intermittent milking were milked once daily for four days while cows assigned 

for abrupt milking were milked twice daily until dry-off. Aseptic quarter milk samples were collected at dry-off and 

at calving from all cows for subsequent bacteriological culture at the Minnesota Laboratory for Udder Health. A 

quarter was considered cured, when pathogen identified at dry-off could not be recovered from the same quarter at 

calving. A multilevel mixed logistic regression model that included cow as random effect was used to investigate the 

association between cure of IMI and dry-off method. A total of 159 cows (372 quarters) with complete records were 

available for analysis. The prevalence of major and minor pathogens was 32% and 68% at dry-off, respectively. The 

mean of cumulative milk yield over the last four days of lactation was 28.8 and 19.7 for abrupt and intermittent 

cessassion, respectively. However, the cure rate of IMI over the dry period was not affected by dry-off method, 

while infection type at dry-off, parity, and SCC did predict cure. Infections at dry-off caused by minor pathogens 

were more likely to cure (OR: 0.41, 95%CL: 0.24-0.70) compared to major pathogens. In conclusion, although 

intermittent milking reduced milk production during the last four days of lactation prior to dry-off, it had no effect 

on curing the probability of IMI during the dry period.  
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Porcine epidemic diarrhea virus (PEDV) is an enteric alphacoronavirus which infects and replicates in porcine 

intestinal epithelial cells leading to villous atrophy and diarrhea. There is currently no treatment and the only method 

of prevention is to maintain adequate levels of biosecurity and killed vaccines intended for use in sows. 

Several studies have shown that PEDV is restricted to the GI tract. However, recent studies from Korea 

demonstrated PEDV infection in tissues outside the enteric system, most notably the respiratory tract, specifically 

within the alveolar macrophages. The virus used in these studies was cell-culture adapted, indicating a possibility 

that adaptation in cell culture may alter virus tropism for macrophages and other cells of epithelial origin. The 

present study was performed to test the hypothesis that Vero-cell culture adapted PEDV gains a tropism for 

macrophages and respiratory epithelial cells and to act as a pilot study to assess safety of a potential Vero-attenuated 

vaccine, which could be administered intranasally. A clinical isolate of PEDV (HS1) was passaged 6 times at 37ºC 

and 40 times at 33ºC in Vero culture cells. Both cell culture passage virus strains were inoculated onto 3D4/2 

(porcine alveolar macrophage cell line), pAEC (porcine airway epithelial cell line), and Vero cells. Samples were 

collected at 0, 6, 24, 48, 72, and 96 hours post infection. The focus-forming unit assay is currently being 

standardized. Once standardization is complete it will be utilized with the collected and stored samples to assess the 

differences in virus growth characteristics in the indicated cells. Immunostaining of infected cells utilizing an anti-

PEDV antibody which targets viral spike protein will also be performed as a qualitative measure of presence or 

absence of infection within the indicated cell types. If attenuated virus does show altered tropism it raises concern 

for Vero-cell adaptation for use in a potential intranasal vaccine.  
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The goal of this study was to quantify the magnitude of international trade and its contribution to the swine industry, 

and to better understand the role of this trade on the introduction of foreign swine viruses into the US. The purpose 

of this information is to identify potential animal health hazards represented in swine feed ingredients that are 

sourced internationally. Up to date knowledge of the quantity and source country of specific ingredients is critical to 

understanding the risk of disease introduction from swine feed ingredients, as well as preserving the health and 

safety of the food supply. Additionally, this information provides a basis to identify gaps in border security against 

foreign virus introduction, and may be used to help prevent future transmission events as diseases emerge 

internationally.  

International trade data was analyzing and organizing from the United States International Trade Commission 

(USITC) website. The report consists of a comprehensive listing of specific products that are imported into the US 

with potential to be included in swine diets and may contribute to the transmission of viruses which are foreign to 

the US swine industry. The database includes information on country of origin, quantity of product, and port of entry 

into the US. The database also features a flexible interface which allows specific types of products to be viewed in 

greater or lesser detail and ranked in comparison to other importing countries.  

This work represent an initial step towards building a comprehensive listing of imported products that may be 

introduced into the pork supply chain and may contribute to the transmission of viruses which are foreign to the US 

swine industry. While a growing body of evidence implicates the importance of feed ingredient sourcing and quality 

control in preventing disease transmission to susceptible species, this information is critical to understanding the 

risks involved in global livestock feed ingredient sourcing.  
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A fundamental objective of analytical epidemiology is the generation of knowledge and development of tools aimed 

to understand disease patterns and, ultimately, help decision-makers designing cost-effective prevention and control 

strategies. A number of epidemiological models have been developed for simulate disease spread and its impact on 

animal populations taking into account disease (transmissibility), host (susceptibility) and environmental-specific 

factors in different settings. Additionally, economic considerations are crucial because the applicability of 

surveillance and control strategies depend on the cost-benefit balance associated to each control measure, restricting 

the applicability of some strategies. Direct costs, direct consequential costs and indirect costs incurred by an 

epidemic and costs of mitigation measures have been used to estimate the economic impact of an epidemic. Here, we 

present the estimation of the economic impact of an hypothetical epidemic of African swine fever virus in the swine 

industry in Spain, and the cost-effectiveness of the application of two alternative control strategies. The first control 

strategy was based on passive surveillance and included measures described in the EU Council directive 2002/60/EC 

legislation aiming at reducing viral transmission in high-risk farms. It includes infected herd depopulation and 

establishment of protection (3km) and surveillance (10km) ring zones with movement restrictions for 40 and 30 days 

respectively. Reduction on the reporting delay in the 5% higher-risk farms is the goal of the second control strategy, 

based on training farmers and workers from the farms with the highest out-degree indexes (based on animal 

movement patterns) for increased awareness, enhanced detection of clinical signs and improved overall efficacy of 

control procedures after a disease suspicion. This study helps to visualize how important is to combine 

epidemiological outputs and monetary costs to evaluate the full impact of an epidemic and choose the most cost-

effective strategy to face a disease outbreak.  
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Longitudinal characterization of the colonization pattern and clinical presentation of  

Mycoplasma hyosynoviae. 
R. Roos, Luiza and Pieters, Maria 

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

 

Mycoplasma hyosynoviae is a species-specific bacterium that induces arthritis in growing and finishing pigs. This 

pathogen persists in tonsils indefinitely and is shed intermittently during the acute phase of infection. It has been 

suggested that M. hyosynoviae may be present in joints without observation of clinical illness and pigs can recover 

with no further consequences or a mild stiffness of motion. Literature describing M. hyosynoviae epidemiology is 

sparse and colonization patterns need to be further investigated due to the significant impact of lameness in the swine 

industry and animal welfare. The aim of this study was to characterize M. hyosynoviae detection in a swine operation 

using a longitudinal approach and employing molecular diagnostic techniques. Sixty 3-day old pigs were randomly 

selected from 29 sows. Tonsil swab collection was performed in sows and piglets on weeks 1 and 3 after farrowing. 

At weaning, pigs were randomly distributed 6 or 7 per group along with other pigs of the same origin, in a total of 16 

pens. At 11 weeks of age pigs were redistributed and each pen was divided into two new pens in a total of 32. Tonsil 

swab collection and individual lameness score were performed in all pigs on weeks 5, 7, 10, 13, 16, 19 and 22 of 

age. Oral fluids and pen based lameness score were performed in all pens on the same weeks. Lameness score 

evaluation was performed using a 0-4 scale. Pigs that died or were euthanized had hind legs collected at necropsy 

and evaluated for M. hyosynoviae detection and histopathology. Tonsil swabs and oral fluids will be tested by M. 

hyosynoviae real time PCR. Preliminary results suggest lenient clinical presentation of infection with lameness score 

averages ranging from 0.057-0.207 for individual based and 0.012-0.081 for pen based scores by week. However, 

findings on the joint tissue sample were compatible with presence of M. hyosynoviae genetic material. Further 

sample processing is needed for complete evaluation of results and data analysis.  
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Detection and molecular characterization of astroviruses in turkeys 
Singh Azad, Mor S.K., Jindal Naresh, Patnayak Devi, Sobhy N.M., 

Luong N.T., and Goyal S.M.  

College of Veterinary Medicine 

 

This study was conducted to determine the prevalence and molecular characteristics of turkey astrovirus-1 (TAstV-

1) and avian nephritis virus (ANV) in turkeys with Light Turkey Syndrome (LTS) and to compare them with those 

of non-LTS birds. The LTS is characterized by lower body weight in market age turkeys than their standard breed 

character. Pools of fecal samples were collected from 4 LTS and 2 non-LTS turkey flocks in Minnesota at 2, 3, 5 and 

8-weeks of age. Of the 80 LTS pools tested, 16 (20.0%) and 11 (13.8%) were positive for TAstV-1 and ANV, 

respectively. For non-LTS flocks, these numbers were 8 (20.0%) and 5 (12.5%), respectively. The maximum number 

of birds was positive at five weeks of age. Additionally, 130 samples from cases of poult enteritis syndrome (PES) 

submitted to the Minnesota Veterinary Diagnostic Laboratory were tested. Of these, 19 and 11 were positive for 

TAstV-1 and ANV, respectively. A total of 29 TAstV-1 and 22 ANV samples were partially sequenced for the RdRp 

gene. Phylogenetic analysis of RdRp gene revealed 92-100% and 88-100% nucleotide identity among 29 TAstV-1 

and 22 ANV sequences, respectively. Nucleotide and amino acid substitutions were more in LTS and PES flocks 

than in non-LTS flocks. One PES sequence UMN18 (KT355287) from Dakota County grouped with ANV-like 

sequences of chickens and appeared to be a recombinant of turkey and chicken ANVs. This recombinant, detected 

for the first time in 2014 PES cases, indicates the importance of regular molecular screening of enteric viruses. The 

detection of a considerable proportion of TAstV-1 and ANV in non-LTS cases emphasizes the need for further 

studies on transmission pattern and pathogenesis of these viruses to determine their role as pathogens of turkeys.  

PS-24 

Impact of hoof trimming on activity, resting time and milk yield 

Stoddard, Grant and Cramer, Gerard 

Veterinary Population Medicine 

 

Introduction: Lameness is detrimental to the well-being and productivity of the animal. One of the commonly 

recommended prevention methods is hoof trimming. However, there has been limited research done to support this 

recommendation or how hoof trimming affects the behavior of the animal. There is a need to understand the effect of 

hoof trimming on both dairy cattle behavior and productivity to allow for evidence based recommendations. The 

objective of this study was to determine the effect of routine hoof trimming on daily activity, resting time, resting 

bouts and milk yield.  

Materials and Methods: Data was collected from a convenience sample of 4 farms from March-August 2015. 

Selection criteria for inclusion in the study required that farms use free-stall housing, electronic pedometers and have 

a regular hoof trimming schedule. Data was analyzed using linear regression models. Outcomes measures from 1-7 

days post trimming were compared to values 7 days before trimming. All models included farm, lactation group and 

days in milk (DIM) as fixed effects. For outcomes measures a significance level of 0.05 was used.  

Results: Hoof trimming did not have an association with total activity or milk yield. Daily rest time and resting bouts 

did have a significant association with being trimmed on days 1-7 after hoof trimming. The largest decrease in lying 

time occurred on day 1 post hoof trimming with a decrease of 21 minutes (95% CI: -36.4- -5.4). The largest decrease 

in lying bouts was seen on day 4 post trimming, when resting bouts decreased 0.5 bouts/day (95% CI:-1.0- -0.02).  

Conclusion: The decrease in lying time after hoof trimming is in conflict with other studies that trimmed both 

healthy and lame cows. Our findings of an effect on lying time post trimming in healthy cows suggests that the 

change in behavior could be due to the trimming process. At this point it is unclear what the effect of this short term 

decrease in lying time has on the cow’s welfare.  
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Low prevalence of methicillin resistant Staphylococcus aureus (MRSA) but high prevalence of 

multidrug resistant Staphylococcus aureus (MDRSA) in pigs in the USA. 
Jisun Sun, Peter Davies 

Department of Veterinary Population Medicine, College of Veterinary Medicine, 

University of Minnesota, St. Paul, Minnesota, USA 

 

It has been suggested that the emergence of livestock associated MRSA in swine may be a consequence of feeding 

antibiotics and/or zinc to control swine diseases or promote growth. Although there is clear evidence of a higher risk 

of colonization by MRSA in people working with pigs, the association between colonization and infection is still 

unclear. The predominant genotypes of MRSA in pigs vary geographically, with ST398 and ST9 being the 

predominant lineages in Europe and Asia respectively. Studies of MRSA in pigs in North America have variably 

reported predominance of ST398 or ST5, and also detected ST9MRSA. This study was conducted to estimate the 

prevalence and diversity of Staphylococcus aureus (SA) on 36 swine farms across 11 states in the USA and to 

characterize the antimicrobial and zinc susceptibility profiles in a purposive sample of 130 isolates selected by spa 

type and farm origin.  

MRSA was not detected on any of the 36 farms, but 100% of pigs from a positive control farm yielded MRSA. SA 

was detected on 35 of the 36 farms, and from 76% of pigs sampled. A total of 33 spa types were detected, with the 

most prevalent being t337 (ST9), t034 (ST398) and t002 (ST5). 98% of isolates belonged to these 3 MLST lineages. 

Antimicrobial resistance testing for 17 antibiotics showed resistance was most common to spectinomycin (100%), 

tetracycline (94%), clindamycin (75%) and penicillin (72%). 89% (116/130) of isolates were resistant to 5 or more 

antibiotics (multidrug resistance SA, MDRSA). MRSA isolates from the positive control farm were positive for the 

czrC gene, but no other isolates tested were positive. However, 14% of SA (18/130) tested were phenotypically zinc 

resistance based on a break point of 4mM zinc. These results support earlier studies indicating a relatively low 

prevalence of MRSA in pigs in the USA, but a high prevalence of MDRSA. The data also concur with the 

hypothesis that zinc resistance is more strongly associated with MRSA than is resistance of antibiotics such as 

tetracyclines.  
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Investigating population health and prevalence of Bd and ranavirus in three amphibian species in 
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Gregg, Emily4; Milstein, Marissa1; Harris, Tara2; McLaughlin, Matt2; Pessier, Allan5; and Travis, Dominic1 
1University of Minnesota CVM; 2Minnesota Zoo; 3Inver Hills Community College; 

 4Augsburg College; and 5San Diego Amphibian Disease Lab 

 

Amphibians play an important role in an ecosystem and may act as biosentinels for environmental change so any 

loss of their population may have implications for conservation. Unfortunately, amphibians have been experiencing 

worldwide declines driven in part by the pathogens Batrachochytrium dendrobatidis (Bd) and ranaviruses such as 

Frog Virus 3 (FV3). In 2014, a unique partnership was formed between UMN, MN Zoo, and San Diego Zoo’s 

Amphibian Disease Lab to investigate these diseases in amphibians in Dakota County, MN. This is a second-year 

pilot project to describe disease dynamics across seasons and habitats, and to evaluate the impacts of these diseases 

on population health. Sampling occurred across three seasons, at “pristine” or “altered” pond sites, and across three 

wild species- Lithobates sylvaticus, Hyla spp., and Pseudacris maculata. Skin swabs were collected for Bd qPCR and 

microbiome analysis, and oral swabs for ranavirus qPCR. Methods were also piloted to detect population-level 

effects: toe clipping for mark-recapture and Pollard and transect walks for mortality. Based on last year’s pilot study 

there appears to be seasonal, habitat, and species differences in pathogen prevalence and mortality that need to be 

further explored. The data yielded evidence of varying patterns of pathogenic infections but it is unknown whether 

significant die-offs like those seen elsewhere in the world are occurring in MN. In 2014, Lithobates sylvaticus had 

the highest prevalence of both pathogens followed by Pseudacris maculata and then the Hyla spp. In 2015, during 

the spring and summer sampling seasons Pseudacris maculata had the highest prevalence of Bd followed by 

Lithobates sylvaticus and then the Hyla spp. In 2015, over the entire spring and summer sampling seasons only one 

individual frog tested positive for ranavirus. Because amphibians are clandestine animals they are difficult to study 

and more research is needed to find effective methods to measure their population health.  

SS-2 

Targeting lactic acid transport as a novel approach for the treatment of feline oral cancer.  
Campbell, Amelia1,2; Korpela, Derek1,2; Khammanivong, Ali1,2; Drewes, Lester2,3; Dickerson, Erin1,2 

1Veterinary Clinical Sciences. College of Veterinary Medicine, University of Minnesota, St. Paul, MN 
2Masonic Cancer Center, University of Minnesota, Minneapolis, MN;  

3Department of Biomedical Sciences, University of Minnesota Medical School Duluth, Duluth, MN 

 

Human head and neck squamous cell carcinoma (HNSCC) and feline oral squamous cell carcinoma (OSCC) are 

prevalent, often deadly malignancies and advances in treatment options have been sluggish. The monocarboxylate 

transporters MCT1 and MCT4, which transport lactate into and out of cells, are highly expressed in HNSCC. MCT1 

and MCT4 expression recently was shown to correspond to specific metabolic subpopulations of cells within 

HNSCCs. Slowly growing glycolytic cells expressed MCT4, while cells exhibiting robust proliferation and oxidative 

metabolism primarily expressed MCT1. These populations suggest a “metabolic symbiosis,” in which a glycolytic 

cell population provides abundant lactate to support rapidly proliferating cells and increase tumor biomass. Based on 

the similarities between human HNSCC and feline OSCC, we hypothesized that a comparable metabolic 

compartmentalization exists in feline oral tumors; further, this metabolic symbiosis can be disrupted by MCT 

inhibitors, which block the export of lactic acid from the glycolytic population, thereby “starving” the proliferative 

population. We also postulated that phenformin, an inhibitor of oxidative phosphorylation, would force the tumor 

cells to rely on glycolysis and therefore induce metabolic catastrophe when used in combination with the MCT1/4 

inhibitor MD-1. We confirmed the expression of MCT1 and MCT4 by OSCC via immunoblotting, qRT-PCR, and 

immunohistochemistry. Cell lines were incubated separately with phenformin and MD-1, then with the combination, 

and the IC50 for each drug was assessed using a cell viability assay. Our results augment a growing body of 

evidence supporting metabolic manipulation as a novel approach to annihilate these pernicious tumors.  

CVM Summer Scholars 
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The Effect of Melatonin on Lymphocyte Phenotype in Healthy Dogs 

Carlson, Ariel; Granick, Jennifer; Bongard, Abby 

Department of Veterinary Clinical Sciences 

 

Canine primary immune-mediated thrombocytopenia (pIMT) is an autoimmune disease in which the immune system 

attacks platelets, leading to low platelet counts and increased bleeding risk. Glucocorticoids are the mainstay of 

therapy but can have serious side effects. Melatonin has been used as adjunctive therapy for pIMT in dogs and 

humans with anecdotal success, though its mechanism is unknown. In humans with pIMT the T helper 1 and T 

helper 2 (Th1/Th2) cytokine ratio is increased and correlates with disease severity. We hypothesize that melatonin 

can rebalance altered Th1/Th2 ratios. We investigated melatonin’s effects on lymphocyte phenotype in healthy dogs 

as the first step in identifying melatonin’s mechanism of action in pIMT dogs. Peripheral blood was collected from 

healthy dogs before and after 1 week of twice daily oral melatonin and lymphocyte phenotypes were determined via 

flow cytometry. CD3+ lymphocytes were significantly increased after melatonin administration. To evaluate 

changes in Th1 (CD4+, interferon-γ+) and Th2 (CD4+, interleukin-4+) lymphocytes, peripheral blood mononuclear 

cells (PBMCs) collected from the dogs at both time points were stimulated in vitro with Phytohemagglutinin and 

brefeldin-A. Th1 cells were significantly decreased after oral melatonin. Additionally Day 0 PBMCs were stimulated 

in vitro for 72 hours with Concanvalin A (ConA) with or without melatonin to evaluate T regulatory (Treg) cells. 

ConA significantly increased Tregs compared to unstimulated and melatonin only controls. When melatonin was 

added to ConA stimulated cells, there was a significant decrease in the number of Tregs. Additionally, a decrease of 

Interferon-γ (IFN-γ) was shown post melatonin administration, which correlates to a decrease in inflammatory 

cytokine production. This study is the first to report melatonin’s effect on Th1/Th2 lymphocyte phenotypes in 

healthy dogs.  

SS-4 

Dobutamine Reduces Lactate Production In mdx Mice Hearts, But Not Wild Type 
Aolei Chen1, Jackie Heitzman2, DeWayne Townsend2 

 
1College of Veterinary Medicine, University of Minnesota, St Paul, MN 

2Integrative Biology and Physiology Department, Medical School, University of Minnesota, Minneapolis, MN  

 

Duchene muscular dystrophy (DMD) is a recessive X-linked muscle disease. It affects not only the skeletal muscle 

but also the cardiac muscle progressively. Respiratory insufficiency and heart failure are the leading causes of death 

in DMD patients. Unfortunately, there is no treatment for DMD. Therefore, it is important to figure out the key 

processes underlying the cardiac dysfunction in DMD. Preliminary data shows that dystrophic cardiac muscle is 

sensitive to hypoxia, has decreased cardiac efficiency, and reduced oxygen extraction. These data indicate a potential 

role for mitochondrial dysfunction in the dystrophic heart. In this study, it is hypothesized that dobutamine will 

increase lactate production in the Langendorff heart preparation. Furthermore, this increase will be significantly 

greater in the dystrophic heart. In these experiments, the Langendorff perfused heart preparation was used to obtain 

cardiac effluents from the hearts of mice. Lactate levels were detected by enzymatic assay. As expected, the lactate 

production increased after dobutamine treatment in wild type hearts (37.8 ± 0.1 % of baseline). Interestingly, lactate 

production was decreased by 49 ± 13% in dystrophic hearts. This surprising result suggests that the metabolic 

response to dobutamine is fundamentally different in the dystrophic heart. The mechanism of this decline in lactate 

production is not clear, but will be the subject of future studies.  
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Fetlock extension at the walk in single hind and contralateral multilimb lameness 
Dobbs, Erica C., Swaab, Megan E., Mendez-Angulo, Jose L., Groschen, Donna M., Trumble, Troy N.  

Department of Veterinary Population Medicine, College of Veterinary Medicine,  

University of Minnesota, St. Paul, MN 

 

Lameness is a major cause of decreased performance in horses. Subtle lameness is difficult to identify, and relies on 

subjective observation. Use of a force plate to obtain ground reaction forces (GRF) of each limb could improve 

lameness diagnosis. In a previous study from our lab, single and multilimb lameness were induced with 

circumferential hoof clamps; GRFs were analyzed to identify compensation patterns at the walk. This previous study 

demonstrated that vertical impulse (VI) of one clamped hind decreased from baseline, but when a contralateral fore 

was also clamped, VI in the clamped hind increased, compared to a single hind lameness (but did not return to 

baseline). This suggests the clamped hind experienced compensatory changes when a forelimb clamp was added. To 

relate these findings to a clinical setting, this study aimed to match kinetic parameters with visual evaluation. It was 

hypothesized that application of a hoof clamp would cause changes in fetlock extension at a walk. To test this, hoof 

clamps were used to induce a single hindlimb and a contralateral multilimb lameness. Videos were analyzed at a 

walk to measure fetlock angles during maximal weight bearing. With a single hind lameness, the clamped hind 

showed less fetlock extension (decreased loading) accompanied by increased fetlock extension (increased loading) 

of the contralateral fore compared to baseline. When the contralateral fore lameness was added, the degree of fetlock 

extension in the clamped hind and unclamped fore increased. These findings support the ability of a hoof clamp to 

induce complementary kinematic and kinetic changes that could be used in further force plate and 3D kinematic 

studies to evaluate the proposed compensation patterns.  
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Contact network analysis of cattle herds in East Africa 
Jones, Marie1; VanderWaal, Kimberly1; Okanga, Sharon2; Allan, Brian2; Craft, Meggan1 

1Department of Veterinary Population Medicine, College of Veterinary Medicine, University of Minnesota, St Paul, 

Minnesota 
2Department of Entomology, School of Integrative Biology, University of Illinois, Urbana, Illinois 

 

Foot and mouth disease (FMD) is a high morbidity disease of cloven-hoofed animals, with major direct and indirect 

economic impacts. The disease is endemic in most countries in sub-Saharan Africa. While FMD is transmitted both 

directly and indirectly, direct transmission is particularly important in tropical areas, with animal proximity and high 

contact rates increasing the risk of disease transmission. Data on contact patterns in cattle have been used outside of 

Africa for predictive modeling and risk assessments, but such data are lacking in broad areas of east Africa where 

pastoralism is the dominant cattle husbandry practice. We therefore sought to develop and analyze a contact network 

of cattle herds in Ol Pejeta Conservancy (OPC), Kenya, where cattle management closely resembles that of 

pastoralism. We used data from cattle and herders bearing GPS-tracking units to quantify contact rates among herds. 

We compared contact networks based only on cattle GPS locations to those based on the associated herder’s 

locations, in order to identify changes in network structure based on sampling method. Finally, we assessed the 

frequency of herd contacts in association with water sources and overnight enclosure locations. Our results 

ultimately will help inform future work assessing FMD disease dynamics in OPC cattle herds, as well as identify 

risky areas for disease transmission.  
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Identification and inhibition of oxidative stress induced apoptosis pathways in beta cells in diabetes 
Laura LoBuglio, Sarah Green, Delaney Cole, Jackie Penaloza, Tim Rozendaal, Kimberly Stelzig,  

Dan Larson, Meri Firpo 

College of Veterinary Medicine and Department of Medicine, Stem Cell Institute, Division of Endocrinology, 

University of Minnesota, Minneapolis, MN 55455 

 

During both type 1 and type 2 diabetes mellitus (T2DM), the beta cells of the pancreas are exposed to oxidative 

stress, which triggers programed cell death (apoptosis). This leads to the characteristic insulin dependence of type 1 

and can cause insulin dependence in type 2. The goal of our study is to illuminate the cellular pathways that lead to 

this apoptosis and find a way to block it. We used a mouse model to induce T2DM by feeding a high fat diet to wild 

type mice and mice with a p53 mutation. We hypothesized that mutating p53, which regulates cell proliferation and 

death, would protect the cells from apoptosis. As homozygous mice died from cancer by 2 months, heterozygous 

mice were used. No decrease in cell death was found at 1 year, but there was increased islet mass after 3 months on 

the high fat diet. In order to understand the difference in signals between the p53 mice and wild-type mice, a 

phospho-kinase array was used to quantify the activated kinase proteins in islet cell lysates. These data were 

analyzed and identified two pathways, mTOR and p38, that are known to be involved in the cell proliferation and 

apoptosis. We used western blots to confirm the array data and compare the each phosphorylated protein to total 

protein in the groups. This distinguishes between increased activation and upregulation of protein expression. In 

order to test whether p38 and mTOR were involved in regulating beta cells in T2DM, we developed a cell culture 

model of oxidative stress induced apoptosis using the βTC-6 cell line with H2O2 as the oxidative insult. SB203580 

and Rapamycin were tested as inhibitors of p38 and mTOR respectively, to see if they protected the beta cells from 

apoptosis during oxidative stress.  

SS-8 

Characterization of canine L-selectin 

McAloney, Camille; Modiano, Jaime; Jing, Yawu; Wu, Jianming; Walcheck, Bruce 

University of Minnesota, College of Veterinary Medicine 

 

A Disintegrin And Metalloproteases (ADAM) cleave various cell surface proteins, a process referred to as 

“ectodomain shedding”, which results in the release of the intact ectodomain region of the shed protein. ADAM17 is 

a key sheddase of the ADAM family and is important for shedding several cell surface receptors and immune-

regulating factors from the surface of human leukocytes, including the adhesion protein L-selectin. ADAM17 has yet 

to be characterized in the dog, where studying it may yield new insights into the pathophysiology and treatment of a 

wide variety of diseases. We approached the characterization of canine ADAM17 in three ways. First, we stained 

canine leukocytes with various human ADAM17 monoclonal antibodies (mAbs). Second, we incubated canine 

leukocytes with PMA, which is known to stimulate ADAM17 activity, and examined the effects on CD62L 

shedding. Third, we examined the effect of ADAM17 inhibitors on L-selectin shedding. Our results revealed specific 

leukocyte staining by an anti-ADAM17 mAb; increased L-selectin shedding by activated leukocytes; and the 

inhibition of shedding by ADAM17 inhibitors. These results indicate the presence and functional activity of canine 

ADAM17 in leukocytes. Given these results, further study of canine ADAM17 and its role in inflammatory and 

immune-mediated diseases will occur in our future studies.  
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TREM-1: a novel mediator of inflammation in breast cancer 
Merley, Anne,1 Kemp, Sarah,2 Chuntova, Polly,2 and Kaylee Schwertferger 2 

1College of Veterinary Medicine and 2Masonic Cancer Center, University of Minnesota, Minneapolis/St. Paul, MN  

 

Triggering receptor expressed on myeloid cells 1 (TREM-1) is a cell-surface receptor normally expressed in myeloid 

cells. Activation of TREM-1 through the binding of an unknown ligand results in the release of proinflammatory 

cytokines that function to amplify the inflammatory response. While TREM-1 is functional as a cell surface receptor, 

it can also be cleaved and released as a soluble form (sTREM-1). sTREM-1 has been shown to inhibit the 

proinflammatory response initiated by TREM-1 through competitive binding of the TREM-1 ligand. Interestingly, 

previous studies from our laboratory have shown that TREM-1 and sTREM-1 are highly expressed in several in vitro 

models of mammary gland tumorigenesis. This increase in TREM-1 and sTREM-1 has been found to be clinically 

relevant as high TREM-1 expression correlates with decreased survival in breast cancer patients. Because of its 

strong clinical relevance and its existence as two forms, we hypothesized that TREM-1 plays a key role in 

establishing a protumor environment by acting as a mediator of communication between the tumor and the host’s 

immune cells. Specifically, we believe that TREM-1 activates protumor pathways in cancer cells while sTREM-1 

inhibits TREM-1 activation in nearby myeloid cells, preventing an antitumor inflammatory response. In order to 

determine the functional relevance of TREM-1 in tumor cells, siRNA technology targeting TREM-1 was used to 

modify its expression. Down-regulation of TREM-1 in tumor cells resulted in decreased cell migration as measured 

by scratch assay, indicating that TREM-1 promotes tumor cell migration in vitro. TREM-1 siRNA treatment also 

diminished the transcription of several proinflammatory cytokines in tumor cells, including TNF, IL-1β and IL-6, 

suggesting that TREM-1 affects the surrounding tumor microenvironment through the expression of key 

inflammatory cytokines. These results begin to elucidate the function of TREM-1 in breast cancer and reveal its 

complex role affecting both the individual tumor cells and the surrounding environment.  
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Comparing the effect of 3 lameness detection strategies on lameness prevalence in dairy cows 
Moe, David; Stampfl, Brian; Stoddard, Grant; Cramer, Gerard 

University of Minnesota CVM, St. Paul, MN  

 

Lameness in a cow impacts the way and amount she eats, lowers her reproductive success, affects her quality of life, 

and minimizes her overall value to the herd. This makes lameness both an animal welfare and economical concern. 

Currently, the majority of efforts to prevent lameness have focused on lowering the incidence of lameness. However, 

the amount of success possible in lowering the prevalence can only be maximized if the strategies to lower incidence 

are combined with methods of detecting and treating lameness in affected cows. The aim of the study was to 

determine if implementing a lame cow detection and treatment routine reduced lameness prevalence. Throughout 

this project, 3 pens of 400 cows in a 9000 cow dairy were subjected to 3 different detection methods. The 

CONTROL method used the farm’s current method of detection and treatment. The LS method used weekly 

locomotion scoring as the cows left the milking parlor. The HL method involved weekly lameness evaluation in 

routine standing lockups. For both the HL and LS methods cows were treated within 48 hours, and cows with lesions 

were rechecked after 4 weeks. The hypothesis of this study was that the HL scoring system would be as effective as 

the LS system and more effective than the farm’s standard protocol at lowering lameness prevalence. Initial 

prevalence for each group was calculated as the number of 2’s and 3’s in each group divided by the total number of 

cows in each group. Initial prevalence was 33.8% [28.8, 38.9], 31.3% [26.3, 36.3], and 31.1% [26.3, 36.0] for the 

CONTROL, LS, and HL groups, respectively. For all 3 groups, the locomotion score 6 weeks after the start of the 

study was considered to be the outcome variable. After 6 weeks, prevalence was 32.3% [25.1, 39.5], 19.3% [13.6, 

25.1], and 19.6% [14.3, 25.0] in the CONTROL, LS, and HL respectively. In conclusion preliminary results from 

this study show that lameness prevalence can be reduced using a simple system as part of a routine management 

procedure.  
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Genetic basis of canine xanthine urolithiasis: Discovery of a splice site mutation in xanthine 

dehydrogenase in an affected mixed breed dog 

Kasey Petersen, Nicole Tate, Katie M. Minor, Jody P. Lulich, and Eva Furrow 

Veterinary Clinical Sciences 

 

Xanthine urolithiasis is an uncommon condition in dogs, with a prevalence of 0.07 to 0.46%. There are two forms: 

iatrogenic and genetic. Iatrogenic cases occur secondary to the administration of xanthine dehydrogenase (XDH) 

inhibitors, which block the conversion of xanthine to uric acid in the body and thereby result in a buildup and 

precipitation of insoluble xanthine in the body and subsequent deposition in the urinary tract. The genetic form is 

presumed to be present in dogs with xanthine urolithiasis but no history of XDH inhibitor therapy. However, the 

molecular basis for the canine genetic form has not previously been described. In humans, genetic xanthinuria is a 

rare, autosomal recessive disorder. There are two different types: Type I is due to mutations in XDH, and Type II is 

due to mutations in the molybdenum cofactor sulfurase gene (MOCOS). The purpose of this study was to sequence 

XDH and MOCOS in a mixed breed dog with xanthine urolithiasis to evaluate for causal mutations. The dog was 

found to have a homozygous splice site mutation, predicted to be disease-causing at 100% probability 

(MutationTaster), in XDH. This mutation was absent from unaffected dogs. We will be completing XDH cDNA 

sequencing in the mixed breed dog to verify aberrant splicing. We will also begin recruiting and testing samples 

from other dogs with a history of xanthine urolithiasis to determine if this mutation is present in other affected 

individuals.  
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Comparative anatomical MRI study of the developing distal femur in humans 
Roy, Melissa1, Ellermann, Jutta2, Toth, Ferenc1, Wang, Luning2, Carlson, Cathy S.1 

1Department of Veterinary Population Medicine 
2Center for Magnetic Resonance Research 

 

Osteochondrosis (OC) is a developmental disease of humans and many animal species including dogs, pigs, cattle, 

and horses. Studies of preclinical disease in animals have provided evidence that the earliest morphological lesion of 

OC is an area of ischemic necrosis of epiphyseal cartilage. This lesion eventually results in failure of endochondral 

ossification and formation of an intra articular (osteo)cartilaginous flap. This latter lesion represents the end stage of 

the disease process, which is closely similar in humans and animals, including the identical predilection site in the 

distal femur in humans and pigs. 

Our study aimed to use novel MRI techniques to evaluate the process of endochondral ossification in the distal 

femur of developing humans. Distal femoral specimens were harvested from developmentally normal human 

cadavers between the ages of 3 months and 10 years. MRI was performed using a 7 T magnet (samples from humans 

≥ 4 years old) and a 9.4 T magnet (samples from humans < 4 years old). Images were post-processed using the 

Osirix computer program to obtain quantitative data on bone to cartilage ratio in the epiphysis. The cartilage canals 

were visualized using susceptibility weighted imaging and three-dimensional images of the vascular architecture 

were created. The results indicate that the vascular architecture of epiphyseal cartilage of the distal femur in growing 

humans is closely similar to that described in developing pigs and includes peripheral and central vascular beds 

supplying each condyle, with a region of vulnerability located between the vascular beds due to lack of anastomoses. 

The techniques used in this study will facilitate a better understanding of the pathogenesis of OC, including species 

differences in prevalence and predilection sites, and could also be useful for the study and diagnosis of other 

developmental orthopedic diseases.  
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Chronic non-healing wounds currently present as a major healthcare burden ($50 billion annually) in both human 

and veterinary medical systems. In particular, methicillin resistant Staphylcoccus aureus (MRSA) and multi-drug 

resistant Pseudomonas aeruginosa (MDRPA) can produce biofilms in chronic wounds, rendering the wound 

treatment difficult and tedious with conventional antibiotic therapies. To overcome this, we explore the use of cold 

atmospheric plasma (CAP). Plasma is the fourth state of matter: ionized gas composed of positively charged ions, 

negatively charged electrons, and reactive species. CAP is a subclass of plasmas that are produced by high voltage 

and operate at room temperature. Previous work in our lab has shown that CAP generates a mixture of reactive 

oxygen and nitrogen species (RONS), which are shown to aid in bacterial killing and biofilm elimination. Biofilm 

growth conditions for S. aureus and P. aeruginosa were optimized in 96-well plates. Microscopy culture slides, live-

dead staining and confocal microscopy were used to show CAP is effective at bacterial killing and biofilm 

elimination in vitro. We are testing this therapy in mouse wounds infected with bioluminescent bacteria. CAP is 

applied to ex vivo wounds and bioluminescent imaging is used to assess bacterial killing. Future work will determine 

the efficacy of CAP therapy in vivo to reduce bacterial burden and explore its effects on angiogenesis and re-

epithelialization in chronic wound healing. Cold atmospheric plasma has the potential to replace conventional 

antibiotic therapy with a treatment that is painless, does not contribute to antibiotic resistance, and expedites the 

wound healing process.  
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Exertional myopathies are a common cause of poor performance in horses. Some Arabian endurance horses are 

predisposed to developing muscle pain and myodegeneration during endurance rides in spite of a high level of 

fitness. Using electron microscopy we discovered significant misalignment of myofilaments in sarcomeres as well as 

disruption of Z-discs in skeletal muscle biopsies taken from Arabian horses prone to exertional myopathy even after 

an extensive period of rest. Immunohistochemical (IHC) stains showed ectopic accumulation of cytoskeletal proteins 

such as desmin and Z-disc proteins such as alpha beta crystallin. These findings were supportive of a specific 

myopathy in Arabian horses termed myofibrillar myopathy (MFM). Indirect immunofluorescence (IF) allows one to 

examine the structure of the sarcomere and alignment of structural proteins with a resolution between that of electron 

microscopy and bright-field IHC. IF also allows the size and location of desmin aggregates to be accurately 

determined. Our hypothesis was that the gluteal muscle fibers of Arabian endurance horses predisposed to exertional 

myopathy would display a widespread disruption of Z-discs. Furthermore, fibers with disrupted Z-discs will also 

contain desmin aggregates. The specific aim of the study was to compare the extent of sarcomere disruption and 

protein disorganization in Arabian horses with MFM and controls using IF staining for membrane protein 

dystrophin, Z-disc proteins alpha actinin and alpha B crystallin and cytoskeletal protein desmin. Commercial 

antibodies were assessed with IHC and IF to ensure they bound to the equine target protein. Cryostat sections 8 

micrometers thick were fixed in acetone and rehydrated in phosphate buffer saline (PBS). Bovine serum albumin 

(BSA), primary antibodies, and secondary antibodies were then applied to slides washing with PBS between each 

application. Slides were then mounted with DAPI mounting regent. Image analysis gave a clear view of aggregates 

and Z disc structure.  
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Escherichia coli is a normal gut microbiota of warm-blooded animals. However, E. coli is a diverse bacterial species 

with certain strains associated with intestinal upset, and others contributing to infections outside of the GI tract, 

including UTIs, sepsis, and meningitis. Extraintestinal pathogenic E. coli (ExPEC) has also demonstrated 

antimicrobial resistance that may be attributed, at least in part, to antimicrobial use on farms and in veterinary 

medicine. Research has shown that poultry and human waste may be a significant and direct source of ExPEC, 

whereas poultry litter may be an indirect source. Routinely used as fertilizer on farms, poultry litter may allow 

ExPEC to come in contact with crops and migrate with runoff, potentially infecting other species and contributing to 

public health risks. Multiplex PCR was used on 133 isolates from 68 turkey farms in Minnesota (MN) and 

Wisconsin (WI), to determine the presence of eight different virulence genes associated with ExPEC (ireA, papC, 

iutA, iss, etsB, hlyF, iroN, and cvaC). Clermont triplex PCR was used to assign the isolates to one of four E. coli 

phylogenetic groups (A, B1, B2, and D). The same isolates were then tested for sensitivity to third generation 

cephalosporins; those failing to demonstrate sensitivity were analyzed for multidrug-resistance. To present a more 

comprehensive analysis of ExPEC, water sediment samples will be obtained in MN and tested for the presence of 

ExPEC. The data from this study indicates the prevalence of ExPEC and multidrug-resistant ExPEC with zoonotic 

potential in MN and WI. The information gathered should be used to further research in fields such as farm 

biosecurity, antimicrobial usage/alternatives, and food/water safety.  
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Porcine reproductive and respiratory syndrome virus (PRRSV) is the major disease of swine worldwide, causes more 

than $660 million in damages annually in US herds alone. PRRSV spreads rapidly throughout farms causing, in 

sows, decreased appetite, fever, abortions, stillbirths and weak-born piglets; and respiratory disease, secondary 

infections, mortality and reduced growth in growing pigs. Symptomatic acute infection is followed by subclinical 

infection and transmissibility. Good vaccination strategies are important for herds already infected or in endemic 

areas, but efficacy varies due in part to high levels of genetic variation in virus and pigs. Improving vaccination 

efficacy and reproducibility is a challenge since mechanisms of immune protection are not yet established. Because 

neutralizing antibody titers are an established indicator of protection against viral infection, the aim of this study was 

to investigate virus exposure conditions that facilitate the development of cross-neutralizing antibodies. We 

hypothesized that high viral load drives titer and avidity (strength of antibody/antigen binding) maturation, while 

viral attenuation will reduce viral load and neutralizing antibody avidity. Serum collected from piglets, finishers and 

sows was analyzed for neutralizing activity using an ELISA-based PRRSV neutralizing assay and for avidity using 

guanidine ELISA. Results were analyzed for effect on cross-protection due to exposure to attenuated or virulent 

virus, anti-PRRSV antibody binding strength and viral neutralizing activity. Our findings indicate that avidity is 

indeed higher in animals with high loads of virulent virus, when compared to those challenged with attenuated virus. 

Also, avidity was particularly high in young piglets, compared to finishers and adult sows. These findings support 

independent observations that antibody levels are positively associated with avidity and neutralizing activity.  


