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Citation: Haley C. Plans for the Upcoming National Animal Health Monitoring System’s (NAHMS) Swine 2020 national 
survey. Presented at: University of Minnesota's Allen D. Leman Swine Conference; 2018 September 15-18; Saint Paul, 
Minnesota, USA. 
 
Name of Presenter  
Charles Haley 
Email of Presenter  
charles.a.haley@aphis.usda.gov 
Presenter Affiliation   
USDA/APHIS/VS/CEAH/NAHMS 
 
Plans for the Upcoming National Animal Health Monitoring System’s (NAHMS) Swine 2020 national survey. 
Introduction; Roughly every five to eight years the National Animal Health Monitoring System (NAHMS) in cooperation with the 
National Agricultural Statistics Service (NASS) conducts a study of the national swine herd and collects scientifically accurate 
data on production, management techniques and health. Results from previous studies may be found at: 
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/nahms/nahms _swine_studies. Producer 
participation is voluntary and to protect producer identities, individual operation data is confidential. NAHMS has been 
conducting national studies to collect detailed health and production information since 1990.  
Study design; This study will provide national estimates for health and management practices on operations with greater than 
1,000 swine and will be implemented in up to 15 states that represent more than 90% of the US herds with 1,000 or more 
swine (previous studies were >100 head).  
Study process: Each NAHMS study evolves through five primary activities including needs assessment, study design, 
implementation, analysis, and information dissemination. In preparation for the sixth national study of US swine operations, 
NAHMS is conducting a needs assessment to identify current information gaps from a diverse group of stakeholders.  
Preliminary results indicate that study questions and/or biologic collections should focus on: Mycoplasma, PRRS, SIV, SVA, 
Strep. suis, Salmonella, Campylobacter, E. coli (enterotoxigenic) and coronaviruses such as PED. In addition to survey 
questions, oral fluids were seen by many stakeholders as the best way to test for the presence of some of these pathogens 
while traditional fecal collections would test for the others. Oral fluids were also indicated as an incentive for participation in the 
study.  
Timelines: In early 2020, a sample of swine operations will be selected from the area and list frames housed with the National 
Agricultural Statistics Service (NASS: https://www.nass.usda.gov/). Larger operations will have a greater chance of selection 
to ensure the study results represent a higher percentage of US swine. For each operation contacted, a number of sites that 
raise swine (breeding and weaned pigs) will be chosen within each operation in the given State. A site level questionnaire will 
be done at each of these sites. This questionnaire will collect basic management and housing information.  In phase two of the 
study, consenting producers are administered a second, health related, questionnaire by veterinary professionals and offered 
the opportunity to participate in biologic testing. Phase 1 will take place in summer 2020 and Phase 2 will be implemented in 
fall/winter/spring 2020-2021.  
Incentive plans: In addition to helping provide national estimates of swine health, management and production to the swine 
industry a producer in Phase 2 will be offered free testing for select swine viral and bacterial pathogens via oral fluids and 
fecal collections, respectively.  
Summary: The purpose of this presentation is to share initial plans and gain more detailed feedback on them prior to finalizing 
procedures for study execution in Summer 2020. 

  

mailto:charles.a.haley@aphis.usda.gov
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Citation: Mor S. PRRSV whole genome sequencing: what we know and where we are? Presented at: University of 
Minnesota's Allen D. Leman Swine Conference; 2018 September 15-18; Saint Paul, Minnesota, USA. 
 
Name of Presenter  
Sunil Mor 
Email of Presenter  
kumars@umn.edu 
Presenter Affiliation   
University of Minnesota 
 
PRRSV whole genome sequencing: what we know and where we are? 
Porcine respiratory and reproductive syndrome virus (PRRSV) infection causes an economically important disease (PRRS) 
affecting commercial pork production worldwide. The genetic diversity of PRRSV strains has increased steadily over the 
years. Molecular characterization of PRRSV constitutes a substantial portion of the surveillance efforts in the U.S., where a 
large number of partial sequences became available due to the growing accessibility to affordable molecular tests. In routine 
diagnosis, only part of the PRRSV genome (mainly open-reading frame 5; ORF5) has been used for sequencing, comparison 
with previously reported sequences and make decisions on vaccine effectiveness and emergence or re-emergence of 
PRRSV. The ORF5 gene only represents approximately 4% of the whole PRRSV genome and hence may not be a good 
approach for making important decisions based on this sequence alone. Next generation sequencing (NGS) technique for 
obtaining whole genome sequences (WGS) of organisms allows for an unbiased identification of variants and detection of 
mixed infection, which may not be possible with ORF5 sequencing. In the last six months, Minnesota Veterinary Diagnostic 
Laboratory (MVDL) completed WGS of 30 PRRS viruses. Some strains were 100% identical in ORF5 but very divergent in 
ORF1a gene (NSP2) with insertion/deletion. In a collaborative project on PRRSV epidemiology study, 18 PRRSV positive 
serum samples were processed for WGS using Illumina MiSeq 300 paired-end cycle.  In this study, one herd was sampled at 
three different times in which two complete litters were sampled for first two samplings at the beginning of the outbreak and 
third sampling 23 weeks after the outbreak. Sequences obtained were also divided into three groups and sequences from one 
time point were clustered in one group. Preliminary analysis indicates more variation among sequences in ORF1a as 
compared to ORF5. These sequences clustered together showing differences between groups. However, variations within 
group sequences were also observed. The advantages and challenges of WGS analysis will be discussed in details at the 
conference. 
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Abstracts/Summaries from Hot Topic – African Swine Fever 
 

Citation: Oura C. African Swine Fever – a real and present global threat. Presented at: University of Minnesota's Allen D. 
Leman Swine Conference; 2018 September 15-18; Saint Paul, Minnesota, USA. 
 
Name of Presenter  
Chris Oura 
Email of Presenter  
chris.oura@sta.uwi.edu 
Presenter Affiliation   
University of the West Indies 
 
African Swine Fever – a real and present global threat 
Without a doubt, the most worrying emerging veterinary virus currently threatening the global swine industry is African Swine 
Fever virus (ASFV). This virus spread from the South-Western corner of Africa to the Caucasus state of Georgia in 2007, 
where it was initially misdiagnosed, giving the virus the chance to spread far and wide before being correctly diagnosed. The 
lack of early detection and the implementation of ineffective control measures allowed the virus to spread across the 
Caucasus region and into the Russian Federation (RF), where it has been spreading for the past 11 years (2007-2018). In 
2014 the virus entered the European Union (EU) for the first time, probably though infected wild boar, and has continued to 
spread in both domestic and wild pig populations to many EU states including Estonia, Latvia, Lithuania, Poland, Ukraine, 
Moldova and the Czech Republic from 2015-2017. Two very alarming events have happened very recently in 2018. Firstly, the 
virus entered Romania for the first time, where it is currently spreading rapidly and out of control, infecting over 300 farms in 
recent weeks, including one of the biggest domestic pigs farms in the EU  Secondly the virus entered Eastern China, where 
there have been 14 swine farms reported to have been infected in the past few weeks. Spread of the virus into China is 
extremely worrying, as over half of the world‘s pigs are produced in China. The high concentrations of backyard pigs, high 
number of wild boar and the possible presence of a tick vector makes control of the virus in China a massive challenge. 
Adding to this is the lack of an effective vaccine, making slaughter of infected animals the principal method of control.  
 
In this presentation I will address why this virus poses such a big threat to swine industries around the world, including in the 
USA. I will give a brief background to the virus (ASFV) and the disease (ASF). I will explain the main characteristics of the 
virus that makes it so difficult to control, and also the main mechanisms that the virus uses for transmission. I will explain how 
the virus has managed to spread out of its African heartlands on various occasions in the past, including to the Americas and 
will explain how and why the virus is continuing to spread across Europe, Russia and most recently China, as well as give the 
reasons why the virus is proving so difficult to control in these regions.  
 
From a USA perspective, I will aim to address the threat currently posed by ASFV to the USA and will answer the question – 
should the USA be worried? Various factors need to be taken into consideration in assessing the risk of ASFV entering the 
USA, including risks posed through the legal and illegal trade and movement of pork products and feeds between the USA 
and countries where the virus is currently circulating. It goes without saying that, within the highly interconnected world that we 
currently live in, the more countries affected by ASF brings with it a higher risk that free countries like the USA will become 
infected. Another equally important question to address is, if the virus did gain entry into the USA, is it likely to spread and 
become endemic, or would it be possible to rapidly control it. Many factors would contribute to this including the ability of the 
USA to rapidly recognize and respond to a disease incursion, the amount of feral and backyard pigs and their contact with wild 
boar, the population densities of wild boar in the country, the presence or absence of Ornithodorus soft ticks and the levels of 
biosecurty applied in domestic pig farms. 
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Abstracts/Summaries from Hot Topic – African Swine Fever 
 

Citation: Webb P. Awareness, prevention & response efforts at the national level. Presented at: University of Minnesota's 
Allen D. Leman Swine Conference; 2018 September 15-18; Saint Paul, Minnesota, USA. 
 
Name of Presenter  
Patrick Webb 
Email of Presenter  
pwebb@pork.org 
Presenter Affiliation   
National Pork Board 

 
Awareness, prevention & response efforts at the national level 
The U.S. pork industry has been aware of the risk posed by foreign animal diseases to domestic pork production and the 
devastating impacts that a confirmed case would have on the pork industry and agriculture as a whole. For years, the National 
Pork Board, along with its industry partners, has been proactively addressing foreign animal disease risk in a variety of ways, 
which includes funding research, growing industry awareness, improving preparedness and response activities, and stressing 
the need for continuity of business in a post-event world. The recent discovery of African swine fever in China is a stark 
reminder of the risk that foreign animal diseases bring. However, this reality also presents an opportunity to reassess and 
improve efforts to protect U.S. pork production while   honing preparedness and response tactics. This talk will highlight those 
efforts.     
  



2018 Allen D. Leman Swine Conference Proceedings 

10 | P a g e  
 

 
Abstracts/Summaries from Hot Topic - African Swine Fever 
 

Citation: Lopez G. ASF experiences in a large commercial system. Presented at: University of Minnesota's Allen D. Leman 
Swine Conference; 2018 September 15-18; Saint Paul, Minnesota, USA. 
Name of Presenter  
Gustavo Lopez 
Email of Presenter  
lopez923@umn.edu 
Presenter Affiliation   
University of Minnesota 
 
ASF experiences in a large commercial system 
African swine fever virus (ASFv) is a reportable disease to the World Organization for Animal Health (OIE) that affects trade. 
ASFv was first reported in the Russian federation in 2007 and since then, there has been multiple reports of outbreaks across 
the country. In December 2014, ASFv was detected in a finishing site of a multiplier herd from a large commercial pig 
company located in the Russian Federation. The region where the multiplier module was located had multiple reports of ASFv 
in backyard pigs before the outbreak.  
 
The affected company consisted of 80,000 sows in 15 farms organized as a three site production system with each sow farm 
having a dedicated nursery and two finishers. The multiplier herd supplied gilts from the finisher to the gilt development unit 
(GDUs) for each farm. Each sow farm had a quarantine within the farm to receive the gilts from the GDU.  
 
An increase of mortality of 3% was reported in a room of the finishing site. A few pens in one of the rooms had affected pigs 
with fever, purple ear and mild scouring. The site was being monitored for ASFv on a weekly basis before gilt shipments 
following local regulations. Samples collected from the room with the affected pigs were negative to ASFv, classical swine 
fever, PRRSv Salmonella and the decision was made to resume shipment of gilts from a room with no clinical signs to the 
GDU. As the days progressed, the clinical signs in the affected room worsened and affected more pens. The GDU that had 
just received gilts reported similar clinical signs and diagnostics on samples collected then from the multiplier finisher and the 
GDU confirmed the presence of ASFv at the sites.  
 
At that time all movements of pigs were halted and a 5km quarantine area was imposed around the two affected sites. Gilts 
that had been sent from the GDU to five commercial sow farms, and were in quarantine tested negative to ASFv. 
Nevertheless as a precaution, the decision was taken to sacrifice all the gilts in the quarantines.  
 
Protocols mandated by the government were implemented in the ASFv positive multiplier finisher and GDU which consisted of 
euthanasia of all pigs within a 5km radius, destruction with burial and burning of all carcasses, strict movement restrictions for 
vehicles and people and exhaustive disinfection protocols inside the farm and its territory.  
 
Transportation of infected non-symptomatic animals from the multiplier finisher was the most likely route of infection to the 
GDU. The source of infection to the multiplier finisher is unknown, although people is thought to have played a role given the 
presence of ASFv in backyard farms in the area. Events such as introduction of infected pork meat, lack of proper disinfection 
of 3rd party trucks or non-compliance with the shower-in policy of the farm could not be ruled out. The outbreak occurred in 
December when temperatures were below zero and wild pig-tick-domestic pigs interaction was unlikely.  
 
It is important to point out that 12 of the 16 rooms in the multiplier finisher remained negative to ASFv until the moment of 
euthanasia. The sow farm and nursery multiplier were monitored for ASFv during the quarantine period and until the moment 
of euthanasia 6 months later they remained negative to ASFv, even though they were within close proximity to the affected 
farm. Our experience indicates that a timely detection of ASFv with testing, strict biosecurity measures and removal of the 
source of infection as soon as possible can limit the transmission of the virus between sites.   
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Citation: Spronk R. U.S. Pork Export Challenges: Retaliatory Tariffs, Lack Of Trade Agreements (Tuesday Keynote Lecture). 
Presented at: University of Minnesota's Allen D. Leman Swine Conference; 2018 September 15-18; Saint Paul, Minnesota, 
USA. 
 
Name of Presenter  
Randy Spronk 
Email of Presenter  
Randy.Spronk@spronkbrothers.com 
Presenter Affiliation   
National Pork Producers Council, National Pork Board, U.S. Meat Export Federation, Pork producer, Pipestone System, 
Pipestone, MN 

 
U.S. Pork Export Challenges: Retaliatory Tariffs, Lack Of Trade Agreements 
 Exports are vital to the livelihoods of America’s pork producers, adding significantly to the bottom line of each hog 
farmer. Last year, the U.S. pork industry exported 5.4 billion pounds of pork – a record – valued at nearly $6.5 billion. That 
represented almost 27 percent of U.S. production, and those exports added $53.47 to the value of each hog marketed. To put 
that in perspective: The average price received for a market hog in 2017 was $147. Those exports also supported about 
110,000 jobs in the U.S. pork and allied industries.  
 The dichotomy for the U.S. pork industry is that because exports are so economically significant, having them 
restricted or losing them means significant economic harm to pork producers.  
 Because the U.S. pork industry is the world’s top exporter, pork is an attractive candidate for trade retaliation. And 
currently, the U.S. pork industry has the dubious distinction of being on three retaliation lists: China and Mexico related to U.S. 
actions on steel and aluminum imports and China in response to U.S. tariffs imposed over issues related to intellectual 
property theft and forced transfers of U.S. technology.  
 Those two countries imported more than $2.5 billion of U.S. pork in 2017, accounting for 40 percent of total U.S. pork 
exports. But those markets are in jeopardy because of the ongoing trade disputes the United States has with both. China, 
which already had a 12 percent tariff on pork imports, on April 2 put an additional 25 percent duty on a host of American 
products, including pork, in response to the United States imposing tariffs on imports of steel and aluminum. Then on July 6 it 
levied another 25 percent tariff – bringing the total duty to 62 percent – in retaliation for U.S. tariffs on $34 billion of Chinese 
goods because of China’s theft of U.S. intellectual property and for its forced technology transfers. The Chinese duties have 
had a negative effect on U.S. pork exports to China, with shipments through May down by 18 percent for the year, according 
to data from the U.S. Department of Agriculture. (Over the past six weeks, the United States has exported almost no pork to 
China.) And while exports to Mexico are up slightly – 6 percent – through the first five months of the year, the numbers don’t 
reflect the effects of the tariff. A January 2018 Iowa State University analysis had forecast modest profits for U.S. pork 
producers for the year. But a subsequent ISU study found that from March – when rumors about China’s initial 25 percent 
retaliatory tariff began circulating – through May hog futures markets fell by almost $18 an animal, or an industrywide loss of 
more than $2 billion on an annualized basis.  Mexico, where the U.S. pork industry has shipped product at a zero-tariff rate 
under the North American Free Trade Agreement (NAFTA), on June 5 imposed a 10 percent duty on pork imports in response 
to the U.S. steel and aluminum import tariff. That retaliatory tariff increased to 20 percent on July 5.  
 So, pork producers also are very eager to see a final renegotiated NAFTA deal that, among other things, excludes 
Mexico and Canada from the U.S. steel and aluminum tariffs. But the top priority for the U.S. pork industry in any “modernized” 
agreement is maintaining the zero-tariff rate for pork trade in North America. Under NAFTA, Mexico has become the No. 1 
volume market and No. 2 value destination for U.S. pork; Canada is No. 4 in both categories. In fact, those two countries 
account for 40 percent of all U.S. pork exports. The pork industry needs a renegotiated NAFTA concluded and a resolution of 
the current peripheral trade dispute with Mexico and of the trade issues with China. But just as importantly, the United States 
needs to start opening new export markets to U.S. pork.  
 Without new free trade agreements, the U.S. pork industry could start losing market share in countries that negotiate 
agreements with U.S. competitors, such as the European Union, Brazil and Canada. 
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Name of Presenter  
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Experimental Transmission of Influenza and PRRS Viruses Using a Nurse Sow Model That Mimics Farrowing 
Room Practices 
Sources of influenza A virus (IAV) and porcine reproductive and respiratory syndrome virus (PRRSV) transmission in pigs 
during lactation have not been established. In a previous study we isolated viable IAV and PRRSV from the udder skin of 
lactating sows which suggests that skin is a suitable surface for IAV and PRRSV survivability. The use of nurse sows is a 
regular practice in swine farms to maximize productivity. If the skin of nurse sows is contaminated, they may facilitate IAV and 
PRRSV transmission. A nurse sow model was established by obtaining 2 IAV and PRRSV-negative pregnant sows that gave 
birth in separate BSL-2 research rooms. In the case of IAV, Sow 1 and half of her pigs at 6 days of age were intranasally 
inoculated with 10^5 TCID50/ml of an H1N1 IAV isolate. After confirming infection 4 days later, the rest of the litter which had 
been moved to a separate room, was moved back with the litter of origin and challenged with IAV similarly to the first 
inoculation.  The second inoculation was done to maintain infection at the litter level and to have an immune but not shedding 
sow at the time of adopting the IAV negative pigs from Sow 2. Prior to that, Sow 1 was moved into a clean room and IAV-
negative pigs from Sow 2 were transferred onto her to mimic nurse sow pig adoption. For PRRSV infection, after IAV study 
completion, the Sow 1 piglets were intramuscularly inoculated with 3.2 x 10^6 TCID50/mL of PRRSV VR-2332 strain. After 
confirming PRRSV infection and at 7 days post inoculation, Sow 1 was moved into the room where sow 2 PRRSV negative 
pigs were held. In both studies, all pigs and both sows were sampled daily before and post-movement. Blood, nasal swabs 
(NS) and udder skin wipes (UW) were collected. All samples were tested for IAV or PRRSV rRT-PCR and positive samples 
cultured for virus isolation using MDCK or MARC 145 cells. In the case of IAV, UW from Sow 1 tested IAV rRT-PCR and virus 
isolation positive at time of adoption. NS from Sow 1 were positive by rRT-PCR (Ct value, 28.22) but negative for virus 
isolation. After adoption, an adopted pig became IAV positive as early as 1 day post-movement (DPM) and the whole litter 
became positive at 4 DPM. For PRRSV, the UW from Sow 1 tested PRRSV positive by rRT-PCR and virus isolation at time of 
adoption. At 3 DPM, 3 out of 11 pigs became PRRSV rRT-PCR positive. The study was terminated at 7 DPM with 7 pigs 
PRRSV positive. This study identified a pathway of mechanical transmission involving nurse sows that need to be considered 
in disease control and elimination programs. 
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Exploring Heterologous Prime-Boost Vaccination Approaches to Enhance Influenza Control 
Influenza A virus (IAV) is a cause of respiratory disease in swine worldwide. Additionally, pigs infected with IAV frequently 
have secondary infections which result in economic losses for pork producers. IAV are RNA viruses with frequent nucleotide 
substitution and poor proofreading, which leads to the accumulation of errors during virus replication. These high mutation 
rates lead to antigenic drift. IAV can also reassort during mixed infections, and the antigenic shifts that occur as a result of 
reassortment can generate new IAV strains. Due to IAV genetic evolution, antigenic drift, and antigenic shift, multiple 
antigenically distinct H1 and H3 IAV lineages have emerged in swine during the last 20 years. The high diversity of the IAV 
genome make it difficult to develop vaccines and construct efficacious vaccination protocols. Furthermore, there are 
differences in prevailing IAV subtypes and lineages globally, nationally, and regionally. Therefore, IAV vaccines for pigs are 
often produced locally and contain unique IAV strains for each country, region, production system or farm.  
 
Swine IAV vaccines should be updated regularly to provide sufficient protection against currently circulating strains. However, 
vaccine updates require several months to determine the vaccine composition, testing, distribution and administration. The 
prolonged time is enough for new strains to emerge and undergo antigenic drift. Immunization with the updated vaccine may 
be too late to have substantial impact on the current wave of IAV circulating in the swine population. Vaccination strategies 
that can broaden the immune response against IAV are needed to overcome this problem.  One promising strategy is to 
deliver heterologous prime-boost vaccinations. Heterologous prime-boost consists of the delivery of antigens in different forms 
for the prime and boost vaccine administration. Prime-boost vaccinations have been shown to increase the magnitude and 
breadth of the IAV immune response by not only inducing higher levels of HA stalk-directed antibodies, but also activating a 
diversified CD4 T cell response, as demonstrated in previous research using H5N1 poultry models and with H1N1 or H3N2 in 
mammal models. However, the efficacy of heterologous prime-boosting vaccination with inactivated and/or live attenuated 
multivalent vaccines in swine against infection from H1 and H3 IAV is still unclear.  
 
To investigate this further, we performed a pilot vaccination-challenge study in pigs to evaluate the efficacy of IAV vaccines 
using different prime-boost vaccination protocols in pigs simultaneously challenged with H1 and H3 IAV under experimental 
conditions. Pigs were randomly distributed in eight different vaccine treatment groups that included various combinations of a 
multivalent inactivated commercial vaccine (COM), a multivalent inactivated autogenous vaccine (AUT), and a bivalent live 
attenuated influenza vaccine (LAIV). There were fewer IAV infected pigs and lower levels of virus in the nasal cavity and lungs 
for pigs that received the heterologous prime-boost vaccine combination (e.g., one vaccine is given as a prime and a second 
(different) vaccine is given as the boost). Our preliminary results suggest a heterologous prime-boost combination provided 
better protection than a homologous prime-boost vaccine combination (e.g., the same vaccine is given as both the prime and 
as the boost), and the prime-boost vaccine response was also superior to a single administration of LAIV. The heterologous 
prime-boost vaccination enhanced and likely expanded antibody response to both H1 and H3 challenge strains as 
demonstrated by hemagglutination inhibition assays. We conclude that the prime-boost strategy may potentiate responses to 
suboptimal immunogens and may elicit broadly cross-reactive responses that could eliminate the need for additional 
vaccinations.  
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Building blocks towards universal influenza virus vaccines. 
 
Influenza virus infections pose a significant threat to public and animal health. According to the World Health Organization 
(WHO), ~300,000 deaths occur annually worldwide associated with seasonal influenza infections. In the U.S., the Centers for 
Disease Control and Prevention (CDC) estimates that seasonal influenza affects at least 9 million people and results in 12,000 
to 56,000 deaths annually. Human seasonal influenza infections vary in intensity, from typically mild respiratory disease with 
dry cough, nasal discharge, rhinitis and pharyngitis, fever, anorexia, and myalgia to occasionally more severe that can lead to 
secondary bacterial infections and deaths due to pneumonia. Populations with compromised immunity are at the highest risk 
of severe and potential life threatening disease, such as chronically ill patients, pregnant women, children, and the elderly. 
There is also the inherent zoonotic risk of influenza strains that circulate in avian and mammalian species, some of pandemic 
concern, which can result in atypical clinical symptoms and much greater burden to otherwise healthy people. Influenza (A) 
viruses (IAV) are among the most devastating pathogens for swine and poultry productions. Several genetically and 
antigenically diverse IAV strains are endemic in swine worldwide and continue to cause significant losses to the swine industry 
usually as a result of reduced weight gain, secondary infections, and sporadic abortion associated to hyperthermia. In pigs, 
IAV infections present similar characteristics as the disease in humans, with rapid onset of fever, lethargy, loss of appetite, 
and coughing. Avian influenza viruses are endemic in large parts of the world, particularly Asia, the Middle East, and parts of 
Africa. Outbreaks of highly pathogenic avian influenza viruses (HPAIV) can have devastating consequences to an affected 
country, including direct costs related to the high mortality and indirect costs associated with eradication efforts, control and 
contention, and loss of markets. The latest outbreak of HPAIV in the U.S. Midwest in 2015 cost the country more than 3 billion 
dollars.    
 
Vaccination remains the most efficient and cost-effective means to prevent and control influenza in human and animal 
populations. Vaccines rely on the effective stimulation of the immune response against the virus, mostly against the surface 
glycoprotein hemagglutinin (HA), the primary immunogen of influenza viruses. Despite many advances in terms of vaccine 
manufacturing and production, the technology available for influenza vaccines differs little from its origins and continues to 
face significant shortcomings about availability and/or efficacy. One of the biggest challenges to an effective vaccination 
program lies on the fact that influenza viruses are ever-changing, leading to antigenic drift that results in escape from earlier 
immune responses. Efforts towards overcoming these challenges aim at improving the strength and/or breadth of the immune 
response. Novel vaccine technologies, the so-called universal vaccines, focus on stimulating better cross-protection against 
many or all influenza strains. However, vaccine platforms or manufacturing technologies being tested to improve vaccine 
efficacy are heterogeneous between different species and/or either tailored for epidemic or pandemic influenza. In this 
presentation, I would like to discuss current and novel vaccines and vaccine approaches to protect humans and animals 
against influenza. 
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Understanding PRRSV Infection Dynamics in Growing Pigs in Control and Elimination Programs 
 
 Regional spread of porcine reproductive and respiratory syndrome virus (PRRSV) has been documented many 
times. Although the routes of PRRSV transmission are known, it is often difficult to assess exactly how farms become 
infected.  One production company had the opportunity to define a small region in an overall pig dense area with several types 
of farms including: sow farms, nurseries, finishers and wean to finish barns. The goal of the company was to eliminate PRRSV 
from the area and to maintain the area PRRSV negative given that there was limited pig movement from outside the area or 
from sources not owned by the company. The first attempt included an entire depopulation and repopulation of the area. 
However, this attempt was unsuccessful. Unfortunately, the area experienced new PRRSV breaks driven by an outbreak in a 
sow farm before sow farms were filtered and repopulated. At that point, the decision was made to wait to have all sow farms 
filtered before attempting the clean-up of the growing pigs again. Elimination of PRRSV from growing pigs was later attempted 
by depopulating and refilling all growing pig sites with known PRRSV negative production. However, PRRSV incursions into 
finishing sites and sow farms have still been observed, and it has been suggested that once several of the finishing sites turn 
positive it seems inevitable for sow farms to also become positive.  
 The data collected as part of this study has been analyzed to evaluate whether nursery/finishing pig PRRSV status 
can predict the instability of the area. The objective of this retrospective analysis was to understand PRRSV incidence in five 
filtered sow farms and its potential association with PRRSV circulation in growing pig sites. The period of the analysis was four 
years and the production company provided data of active surveillance from 18 growing sites and 5 filtered sow farms.  As 
part of the analysis we observed that the probability of a sow farm to have at least one outbreak in this region was 80% and 
that a farm would break every ~ 3.33 years of having been at risk. There were six outbreaks during the study period (4 sow 
farms had one outbreak and 2 sow farms had two outbreaks). Since the beginning of the observation period, the time to first 
outbreak was 98 wks (range of 8-170 wks), the time to negative after the outbreaks was 32 wks (range of 21-44) and the time 
between outbreaks was 121 wks (range of 71-170 wks). The analysis in the growing pig sites showed that 15 sites were 
PRRSV positive (83%) and 14 out of these sites had multiple PRRSV outbreaks (93%). Based on ORF5 sequencing analysis, 
at least eleven different PRRSV strains were identified in growing pigs during four years  and the PRRSV infection rate in 
growing pigs (PRRSV outbreaks per groups placed) was  61 / 255 (or 24%). Interestingly, four out of six outbreaks (67%) in 
breeding herds showed temporality with growing pig sites (same PRRSV detected in growing pig sites before the outbreaks in 
sow farms).  
 This retrospective analysis suggests a certain level of relationship with PRRSV infection dynamics in growing pigs 
and frequency of reproductive outbreaks in sow farms. This may be related to the level PRRSV prevalence in growing pigs 
and the risk of reproductive outbreaks in sow farms for this specific production system.  Understanding PRRSV circulation 
dynamics in growing pigs is important to reduce the risk of recurrent outbreaks in breeding herds; further studies are needed 
to better understand the role of growing pigs and their risk factors for PRRSV circulation.  
 In summary, observations from this study highlight the importance of understanding PRRSV epidemiology in growing 
pigs in order to advance efforts to control the spread of PRRSV regionally. Learning about PRRSV infection dynamics in 
growing pigs and associated risk factors should help manage pig flows to minimize PRRSV incidence and /or risk of 
dissemination. 

  



2018 Allen D. Leman Swine Conference Proceedings 

16 | P a g e  
 

 

Abstracts/Summaries from Advancing knowledge with MSHMP data 
Citation: Corzo C, Vilalta C, Sanhueza J, Geary E,  P. Morrison Swine Health Monitoring Project: An Update. Presented at: 
University of Minnesota's Allen D. Leman Swine Conference; 2018 September 15-18; Saint Paul, Minnesota, USA. 
Name of Presenter  
Cesar Corzo 
Email of Presenter  
corzo@umn.edu 
Presenter Affiliation   
University of Minnesota 
Additional Authors 
Carles Vilalta, Juan Sanhueza, Emily Geary, Paulo Fioravante - Morrison Swine Health Monitoring Project 

Morrison Swine Health Monitoring Project: An Update 
 
The Morrison Swine Health Monitoring Project (MSHMP), established by Dr. Bob Morrison almost a decade ago had a unique 
goal, encourage, facilitate and display the voluntary sharing by pork producers and veterinarians of information pertinent to the 
control of important swine pathogens in United States. Through this program, the swine industry would be in a better position 
to react before an emergent pathogen. This project has already been tested once with the emergence of Porcine Epidemic 
Diarrhea Virus (PEDv) in 2013 providing key information to the industry demonstrating the benefit of sharing data.  
 
The project currently monitors approximately 50% of the United States breeding herd for diseases such a Porcine 
Reproductive and Respiratory Syndrome Virus (PRRSV), PEDv, Porcine Deltacoronavirus (PDCoV), Seneca Valley Virus 
(SVA) and viruses related to central nervous system cases. Data from approximately 1,000 sow herds from more than 30 
systems is captured on a weekly basis, processed and analyzed to then create and share a weekly report with participants 
and the industry. On the report, disease trends for the different diseases are summarized. Such type of information facilitates 
the understanding of endemic diseases, for instance, PRRSV which has been in the United States for more than 2 decades 
continues to be a burden for producers and thanks to the MSHMP the industry was able to better understand the behavior 
throughout the years of this virus from a population standpoint.  
 
The project continues to grow as current participants continue to expand but also there have been new participants joining this 
initiative. Through this growth, the information from this monitoring program becomes even more robust as there is more 
representativeness. However, with growth there are challenges that arise, for example, managing large data sets; therefore, 
we are currently in the process of updating our database management capabilities by migrating from MS Excel to an 
Structured Query Language (SQL) database which not only will increase our storage capacity but it will also provide us with 
higher speeds when queries are performed together with faster and easier ways of scanning for errors. Such improvement is 
being coupled with a web App facilitating data entry and decreasing the probability of errors. Such database will contribute to 
one important step, the inclusion of growing pig data. Currently we are in the process of beginning to understand how to 
handle this type of data as growing pig sites are different in that pig flow and disease status dynamics and classification do not 
necessarily resemble what occurs on the sow herd.  
 
We are also working on establishing a library of PRRSV sequences for the benefit of the industry as this will allow the industry 
to continue to understand emergence, diversity, frequency which are all important components for PRRS regional 
control.  Developing and establishing methods for the analyses of this type of data is currently a challenge as our objective is 
to provide answers and thus interventions; therefore, we continue to find ways to make epidemiological sense out of this data.  
 
Further details will be shared during the presentation. 
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Making epidemiological sense out of large datasets of PRRS sequences 
 
Porcine Reproductive and Respiratory Syndrome (PRRS) is one of the most important diseases affecting the swine industry, 
with an annual economic impact in the U.S. estimated around $660 million. Despite this, factors associated with the 
occurrence and dynamics of specific genetic subtypes of PRRS are not fully determined and could provide insights to 
transmission routes and possible interventions that could diminish the impact of PRRS in the United States swine industry. By 
utilizing a dataset of 1901 PRRS sequences voluntarily provided by Morrison Swine Health Monitoring Project (MSHMP) 
participants over 3 years, we describe spatiotemporal patterns in the occurrence of different genetic subtypes of PRRS and 
investigate the extent to which the network of pig movement between farms determines the occurrence of PRRS from similar 
genetic subtypes. We show that PRRS genetic subtypes occurred at different frequencies across geographically overlapping 
production systems, and that the frequency in which each genetic subtype occurs changed over time. Some genetic subtypes 
are also more common in farms of specific production types. In addition, farms that were connected via pig movements were 
more likely to share the same genetic subtype than expected by chance - this finding remained across all years. These 
findings suggest that system-specific characteristics at least partially drive PRRS occurrence over time and across farms of 
different production types. Our results also indicate that animal movement between farms is a driver of PRRS occurrence, 
strengthening this hypothesis of viral transmission. Additional research is needed to quantify risks and develop mitigation 
measures related to animal movement. Altogether, our analysis of complex PRRS sequence datasets can provide novel 
insights into the dynamics of PRRS virus transmission. 
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PRRS Factors Related to Time-to-Stability and Summer Breaks 
 
Introduction  
Porcine reproductive and respiratory syndrome (PRRS) is endemic in the United States pig herds. Most PRRS outbreaks in 
breeding herds occur during the fall and winter, however, an unquantified percentage of outbreaks occur during the summer. 
Participants of the Bob Morrison Swine Health Monitoring Project (MSHMP) were concerned about an apparent increase in PRRS 
outbreaks during the 2017 summer, which triggered an investigation to assess whether the incidence of PRRS summer outbreaks 
had changed over the years and to describe geographically their occurrence. Additionally, anecdotal reports suggested that 
breeding herds experiencing summer outbreaks were taking longer to achieve stability (wean PRRS negative piglets consistently) 
compared to those herds that had the PRRS outbreak during fall/winter, but no formal assessment had been conducted.  
Materials and Methods  
PRRS incidence data from 2009 to 2017, shared by MSHMP participants were used to describe the incidence of summer outbreaks. 
A summer outbreak was defined as a PRRS outbreak reported between June 21st and September 21st in any given year. The 
yearly incidence risk of summer outbreaks was estimated by dividing the number of PRRS outbreaks by the total number of farms at 
risk. The Mann-Kendall test was used to evaluate the incidence trend over the years. Adaptive kernel smoothing was used to 
estimate the density of farms that did or did not have an outbreak during the summer. The ratio of these two densities was used to 
identify geographical areas of high and low incidence of summer PRRS outbreaks.  
To assess the effect of PRRS outbreak season on the time to stability (TTS), seven years of MSHMP data (2011-2017) from 86 
farms in six production systems were used in the analysis. TTS was calculated as the time difference between the outbreak 
reporting date and the date at which three consecutive negative PCR tests, 30 days apart, in due-to-wean piglets were achieved. A 
mixed-effects Cox model was used to model the effect of PRRS outbreak season and recorded predictors on TTS. Farm and system 
were included in the model as random effects.  
Results and Discussion  
Since 2009, 182 out of 1329 PRRS outbreaks (13.7% of total outbreaks) were recorded during summer. The incidence risk of PRRS 
outbreaks during summer averaged 3.2% (min 1.2% - max 4.4%) between 2009 and 2017. No significant increasing or decreasing 
trend was detected over the years (p=0.47). Geographical areas of significantly high (OR=3.7) and low (OR=0.4) risk of summer 
outbreaks were observed.  
The median TTS was 41.0 weeks (1st quartile 31.0 weeks-3rd quartile 55.0 weeks). The final multivariable mixed model results 
showed that farms in which the outbreak had occurred during winter (hazard ratio (HR) 2.5, 95% confidence interval (CI) 1.4-4.4) 
and fall (HR 1.7, 95% CI 1.0-3.0) achieved stability sooner than farms in which the outbreak occurred during summer. No significant 
difference was observed between TTS of summer and spring outbreaks.  
PRRS outbreaks continue to occur during the summer without any trend across the years. Swine producers should maintain 
biosecurity measures throughout the year, particularly for those farms located in areas with a higher risk of PRRS summer 
outbreaks. Additionally, PRRS outbreaks that occur during summer/spring take significantly longer to stabilize than outbreaks that 
occur during winter/fall. The season when the PRRS outbreak occurred may be an important factor to consider when planning herd 
closure and managing expectation of weaning negative piglets.  
 
Keywords: PRRS, time-to-stability, summer, spatial, risk  
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Epidemiology of PRRS in the Filtered Sow Farm Population 
 
Introduction The Porcine Reproductive and Respiratory Syndrome (PRRS) is one of the major diseases causing economic 
loses in the swine industry in the United States (US). Different routes of transmission between farms have been documented, 
including semen, animal introduction and fomites (i.e. trucks, tools). The virus can become airborne, thus, aerosol 
transmission may occur. Biosecurity measures such as, bench entry, shower-in, purchase of animals and semen from PRRS 
negative sources, truck decontamination, and disinfection of materials and supplies in disinfection and drying room can reduce 
the risk of a new introduction. Furthermore, air filtration is the only current option available to reduce the risk of airborne 
transmission between farms. Unfiltered farms had eight times higher odds of having a new PRRSV infection than filtered 
farms. However, it is important to remember that filtered farms also modify their biosecurity procedures and compliance may 
be contributing to this success.  
The Morrison Swine Health Monitoring Program (MSHMP) is a voluntary program in which US producers and veterinarians 
share their sow farm PRRS status weekly to contribute to the understanding of PRRS dynamics. Currently, the participation of 
the program involves around 50% (3,000,000 sows approximately) of the total US sow herd according to the USDA census. 
Two other features that the MSHMP records are whether farms are filtered and when they were filtered. Thus, the goal of this 
study was to assess whether PRRS incidence decreased after air filtration started being used in farms within the MSHMP 
database.  
Materials and methods  Data from the MSHMP was used to calculate the overall PRRS incidence of filtered and unfiltered 
farms. A retrospective cohort design was used to compared the incidence of PRRS in filtered farms and unfiltered neighbor 
farms (within 5 miles of the filtered farms) to account for regional density. A second analysis was performed on group of 58 
farms from which PRRS incidence data before and after filtration was available.  
A Poisson regression model was used to compare PRRS incidence rate in the same farm before and after filtration. By 
modeling incidence rate, differences in PRRS time at risk during the pre and post filtration period were controlled.  
Results and Discussion The percentage of filtered farms in the MSHMP increased from 7.44 % (25 filtered herds/336 total 
herds) in 2009 to 16.65% (158 filtered herds/949 total herds) in 2018. Filtered herds are located in 9 States: Iowa 28.5% 
(45/158), Illinois 9,5% (15/158), Michigan 0.6% (1/158), Minnesota 37.3% (59/158), Montana 4.4% (7/158), Nebraska 8.9% 
(14/158), Ohio 1.3% (2/158), South Dakota 7.6% (12/158), and Wisconsin 0.6% (1/158).  
Throughout the different years of the project, unfiltered farms had a higher PRRS incidence from the season 2009/2010 to the 
season 2016/2017 compared to filtered farms. However, filtered farms had a higher incidence in the season 2017/2018. We 
believe this comparison, although it may seem fair, it does not account for farm/animal density. During the presentation, 
incidence comparison results between filtered and unfiltered neighboring farms will be presented.  
The incidence rate of PRRS outbreaks before and after filtering in a cohort of 58 farms showed that the risk of breaking with 
PRRS after installing the filters and implementing other biosecurity measures decreased by half.  
Further investigation is needed to elucidate whether the reduction of the risk in filtered farms is due to filter installation, new 
biosecurity measures, increased biosecurity compliance, or the combination of these factors.  
 
Keywords: PRRS, filtered farms, PRRS epidemiology  
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Model to Assess Risk of Virus Introduction in Filtered Farms 
Airborne transmission of porcine reproductive and respiratory syndrome virus (PRRSV) is an economic risk to producers 
operating breeding herd barns with negative pressure ventilating systems. This airborne disease transmission risk is being 
managed in part by filtering ventilating air entering the barn through planned inlets. Air infiltrating through cracks and leaks in 
the building structure, around poorly fitting filters or doors is not filtered and represents a weakness in the filtering system. A 
spreadsheet was developed to estimate steady-state airborne virus concentrations in (i.e. ribonucleic acid (RNA) copies m-3of 
air) and virus flow through (i.e. RNA copies per minute) a sow gestation/farrowing barn with a negative-pressure ventilating 
system. The model uses infiltration data for a 3,000-sow gestation/farrowing barn, supplier-provided airflow versus pressure 
drop data for filters and evaporative cooling pads. Other model inputs included inside temperature, design ventilating rate, fan 
performance data, a fan adjustment factor, filter area, a filter airflow reduction factor, and ambient virus particle concentrations 
and size distributions. Model outputs include the steady-state airborne virus concentrations for three particulate size ranges 
(i.e. 0.3 – 1.0, 1.0 – 3.0 and > 3.0 μm), virus flows through inlets and leaks (RNA copies per min), and airflow rate through 
inlets and infiltration. Model results indicate relative importance of factors included in the model. The model does not quantify 
the risk that animals will become infected. For this report the model was used to estimate virus concentrations in and virus 
flow through a well insulated 3,000 sow gestation/farrowing barn with 400 lb sows, indoor barn temperature at 68 F, and total 
ambient (outdoor) airborne virus concentrations of 100 RNA copies m-3 air. Design ventilating rates were 10, 20 or 40 cubic 
feet per minute per sow (CFM per sow), unfiltered infiltration rates were either 0.0, 0.36 or 1.2 air changes per hour (ACH) and 
virus distributions were either 10:10:80 (10 RNA copies m-3 air between 0.3 to 1.0 μm, 10 RNA copies m-3 air between 1.0 to 
3.0 μm, and 80 RNA copies m-3 air greater than 3.0 μm), 1:2:97, or 80:10:10. Filter combinations used were either 6000 ft2 of 
MERV 8 and MERV 14 filters in series or 8,100 ft2 of MERV 8 and MERV 16 filters in series. Virus concentrations in the barn 
were 90.5, 95.0 and 97.5 RNA copies m-3 air and virus flows were 106,600, 186,500 and 346,000 RNA copies per min when 
no filtering was used for ventilating rates of 10, 20 and 40 CFM per sow, respectively. Barn virus concentrations were lower 
than ambient concentrations because of the barn air temperature rises (i.e. 50 F, 26 F and 13 F) due to animal heat. The 
lowest virus concentrations in the barn were obtained when there was no infiltration and the MERV 8 and MERV 16 filters 
were used in series. Increasing infiltration from 0.36 to 1.2 ACH caused virus concentrations to increase by 1.7 times or more, 
depending on virus distribution and overall filter collection efficiency. Virus concentrations were 2 to 4 times higher when the 
ambient virus distribution was 80:10:10 compared to 10:10:80 when using MERV 8 and MERV 14 filters in series. Model 
results for the conditions assumed indicated that 1) filtering ventilation air reduces virus concentrations inside barns, 2) 
ambient virus concentrations and their size distributions, which are unknown, have a large impact on virus concentrations 
inside the barn, 3) the importance of filter collection efficiencies is uncertain because ambient virus concentrations and their 
size distributions are unknown but filter systems with higher collection efficiencies decreases the impact of virus concentration 
and size distribution, 4) higher virus concentrations in the barn were obtained with lower ventilating rates and higher infiltration 
rates, and 5) higher virus flows were obtained with higher ventilating rates and infiltration rates. 
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Toward Identifying the Most Effective Air Samplers for Airborne Viruses 
We must be able to measure concentrations, sizes, and infectivity of virus-containing particles in animal production facilities to 
know how far infectious virus-containing particles may travel through air, where the particles may deposit in the human or 
animal respiratory tract, and the most effective ways to limit exposures to the particles. The objective of this study was to 
evaluate a wide variety of aerosol and bioaerosol samplers to determine the sampling approaches that are most suitable for 
measuring concentrations of virus-containing particles in air.  
 
We assembled three sets of samplers for evaluation: one set that captures particles primarily by liquid impingement and/or 
cyclonic motion, a second set that uses air filtration or electrostatic attraction, and a third that collects particles using inertial 
impaction. The samples were evaluated using low pathogenic strains of H9N9 avian influenza virus and H3N2 swine influenza 
virus, as well as MS2 bacteriophage that is commonly used in laboratory experiments. Instruments in each array were tested 
side-by-side in an isolation room using mechanically-generated virus aerosols. We performed three replicate tests for each 
virus in each set for a total of 27 tests. Each sample was analyzed by quantitative real-time PCR (RT-PCR) for total virus and 
by standard isolation, propagation, and titration techniques for live virus. From these analyses, recovery of total virus and live 
virus, in absolute terms, and relative recovery of live virus, as a percent of total virus, were calculated for each sampler in each 
test.  
 
Among the impingement samplers, a commercial sampler with a flow rate of 400 liters/minute that uses a cyclonic flow to 
enhance collection recorded the highest virus recovery with each of the three viruses. For the filter samplers, a high volume 
sampler with a flow rate of 1,130 liters/minute using a glass fiber filter recorded the highest average MS2 and H3N2 swine 
influenza virus titers. However, a lower flow holder with a gelatin filter yielded the highest recovery of H9N9 avian influenza 
virus. With the impactors, a high flow rate three-stage sampler recorded the highest recovery for MS2 and H3N2 swine 
influenza virus whereas a non-viable Andersen cascade impactor with a flow rate of 28.3 liters/minute yielded the highest 
recovery for H9N9 avian influenza virus. The results show, unsurprisingly, that high volumetric flow rates are advantageous for 
samplers when the goal is to collect as much live virus as possible. However, relative recovery of virus, the amount of live 
virus in a sample divided by the total amount of virus that may be either live or inactivated, was generally independent of the 
volume of virus collected. High flow rate samplers are also desirable because, when virus concentration are low, they provide 
a better chance than low flow rate samplers to collect enough live virus to exceed limits of detection and allow for 
quantification of the virus in the samples.  
 
The primary finding from this study is that high flow rate impingement samplers seemed to be able to provide the highest 
overall recovery of live virus. However, effective samplers must also sample particles representatively. Not all high flow rate 
impingement samplers were equally successful, likely because some did not sample all particle sizes efficiently. 
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PRRS, PeRRSons, and Networks 
PRRS has been one of the most challenging and frustrating swine diseases worldwide. We have done a good amount of 
research on its epidemiology, but are we collecting the type of data that we really need in order to make informed decisions on 
how to control and prevent it effectively?  
 
This presentation will review information on within- and between- herd PRRS transmission, as well as recent technological 
developments towards the improvement on how we capture and deal with useful data that could aid in focused PRRS control. 
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Perceptions and risk attitudes affect biosecurity investment and compliance decisions with ramifications 
for disease control and economics at the hog production supply chain level. 
 
Decision-makers in the hog industry require an awareness of financial and social risks associated with emergent and endemic 
diseases. Standard epidemiological models provide important insights into disease dynamics but have limited applicability 
because research shows that human behavior plays a driving role in the disease spread process. The explicit inclusion of 
human behavior into models provides a dimension that accounts for both the willingness to invest in biosecurity and the 
compliance with biosecurity protocols. Here we show economic trends across a hog supply chain that emerged from an agent 
based model (ABM) geared with epidemiological dynamics and algorithms that incorporate heterogeneous human decisions. 
A unique feature of this ABM is that the simulated hog producers are adaptive and respond to the disease status surrounding 
their premise by deciding whether or not to increase their biosecurity.  
 
Using scenarios that vary producer risk attitude, we describe conditions leading to different economic outcomes including 
cases of disease outbreaks with large hog losses and substantial increases in hog sale prices and cases where outbreaks can 
maintain incomes in a way that is more evenly portioned among all producers. Results show that providing timely disease 
information can result in less disruptive consequences for the swine production system. Our results make a case for 
integrating delivery of specific information to increase biosecurity, and thus herd health, with lower losses overall for the 
population of hog producers.  
 
We conclude that bringing together veterinary epidemiology, human behavioral science and economics provides a more 
holistic understanding of disease spread in the production system. In the policy context, the insights derived from combining 
these three fields hold an important role to develop biosecurity strategies and policies for improved hog health. 
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Movement matters: Using swine shipment patterns to identify farms for targeted disease surveillance and 
control 
Understanding between-farm movement patterns is an essential component in developing effective surveillance and control 
programs in livestock populations. Quantitative knowledge on movement patterns is particularly important for the commercial 
swine industry, in which large numbers of pigs are frequently moved between farms. Here, we described the annual 
movement patterns between swine farms in three production systems of the United States and identified farms that may be 
targeted to increase the efficacy of infectious disease control strategies. Research results revealed a high amount of variability 
in movement patterns across production systems, indicating that quantities captured from one production system and applied 
to another may lead to invalid estimations of disease spread. Furthermore, we showed that targeting farms based on their 
mean infection potential, a metric that captured the temporal sequence of movements, substantially reduced the potential for 
transmission of an infectious pathogen in the contact network and performed consistently well across production systems. Our 
results demonstrate the importance of fine-scale temporal movement data and the need for in-depth understanding of the 
contact structure in developing more efficient disease surveillance and response strategies in swine production systems. 
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Can We Predict Outbreaks of PRRS and PED? 
 
Porcine reproductive and respiratory syndrome virus (PRRS) and porcine epidemic diarrhea virus (PED) are two of the most 
important endemic swine pathogens in the U.S., yet risk factors that drive viral circulation at regional levels are poorly 
understood partly because large-scale datasets are lacking. In addition, given the multi-faceted and rapidly changing nature of 
risk, it is challenging for producers to estimate and respond to spatiotemporal variation in risk. Utilizing the MSHMP dataset 
containing weekly PRRS and PED infection status for ~30% of the U.S. breeding sites, our objective is to forecast and report 
the risk of PRRS and PED infection at the farm-level in order to promote data-informed and targeted disease management 
and prevention measures. Using data on pig movements, geolocations of farms, environmental, and weather factors, our 
project builds predictive machine-learning algorithms that forecast the probability that a sow farm will become infected in a bi-
weekly period. The most important predictor was the number of pigs moved into neighboring farms (within 10 km of the focal 
farm), followed by environmental characteristics of the surrounding neighborhood. This project forms the foundation for near 
real-time disease prediction and mapping, which advance disease surveillance and control for endemic swine pathogens in 
the United States. 
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Transport Bio-Security Efforts in the Iowa Select Farms System 
Iowa Select Farms is a 220,000 sow production system located in Iowa.  On a weekly basis, over 900 transport movements 
are made including 130 weaned pig movements, 100 gilt entry and sow cull movements, 150 feeder pig movements and 500 
plus market hog movements. Mitigating disease risk and ensuring animal and employee well-being at a an economical cost 
are the objectives of the Iowa Select Farms transport system.  This is a coordinated effort amongst multiple groups within the 
Iowa Select System including health services, transportation services, production management and our production well-being 
team.  Our transport system consists of company owned tractors and trailers for internal movements and a mix of owner 
operators and contract drivers for market movements.  In total, we have 4 wash facilities for internal movements and one wash 
facility for market movements.  We also utilize some commercial wash facilities for market movements.  Our wash facilities for 
internal movements are segregated by positive and negative PRRS status.  Our trailers are segregated by haul type, including 
markets, weaned pigs, feeder pigs, and cull sow trailers.  Our weaned pig and cull sow trailers are also segregated by PRRS 
status and if a trailer switches from positive to negative status it is double washed and disinfected with 2 nights down before 
changing status.  Our gilt movement trailers are segregated by PRRS status of the receiving farms and if they go from a 
negative gilt source to a positive sow farm they are double washed and baked and  require one night down prior to next 
movement.  Our trucks are segregated by health status and all trucks are washed and go through baking process each day.  If 
they move up in health status they require 48 hour down time.  Our drivers are segregated by movement type and health 
status.  Weaned pig drivers are segregated from all other movements.  If they change health status (PRRS), they require one 
night down time.  Market drivers are dedicated.  Our CDL driver segregation includes: 3 nights down from feeder pigs to gilt 
movements, 3 nights down from positive breeding stock to negative breeding stock, 3 nights down from cull loads to breeding 
stock, 3 nights down from wean loads to breeding stock.  At our truck washes, all trailers hauling internal movements are 
washed and disinfected after each load and inspected by a third part inspector.  Each trailer is then dried utilzing a TADD 
system.  These coordinated efforts help to mitigate transport for the Iowa Select System. 
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Lessons Learned from Environmental Footprints of Midwest Farms 
Various tools are available to assess current production practices on Midwest swine farms, and have the power to help identify 
and assess strategies for changing sustainability metrics in the future. However, this power can be expanded by engaging 
more individual producers in the assessment process and empowering them to both discuss and act on issues related to 
sustainability. University of Minnesota Extension and University of Nebraska-Lincoln Extension personnel have engaged local 
producers in discussions and actions focused on sustainability using the National Pork Board’s Environment Footprint 
Calculator. Short-term, this programming is designed to increase the number of individual producers in the region who have 
used sustainability metrics to assess their own operation. The programming is also designed to provide a regional baseline of 
sustainability metrics for regional pork production systems using producer-provided data. Through engaging producers, we 
see a strong desire to support and demonstrate environmental responsibility, qualified through past actions. The carbon, water 
and land environmental footprints are one means to express this responsibility quantitatively, both now and over time. 
Environmental footprint calculations are not designed to be a means of comparison between sites. However, reviewing the 
application of this tool among multiple sites provides an indication for where efficiencies may lie, and the variability among 
sites in a common climatic zone. For the participating farms, the ranking of high to low footprints within the grow or gestation 
categories was not consistent between the carbon, water and land footprints. Feed production and manure management are 
the largest contributors to the carbon footprint. Feed production also contributes to the water footprint for a farm, in addition to 
water usage on farm. Long-term, this work is designed to identify regional strategies for improving sustainability metrics. The 
project is also designed to guide Extension or outreach efforts in other states in sustainability-related programming using the 
lessons learned in this process. 
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Environmental Footprint of Pork Production a National Scale 
Providing animal protein to tomorrow’s nine billion people will be a challenge given the associated environmental pressures 
with animal production, particularly issues such as greenhouse gas (GHG) emissions, human health and water usage/quality. 
Globally, livestock production systems contribute 14.5% to the total human-induced emissions of greenhouse gases (FAO, 
2013). Animal feed is a major component of these impacts with the composition of animal diets having important downstream 
effects (i.e. GHG emissions, animal productivity, animal health, product safety and quality and animal welfare) as well as 
upstream effects on water quality, GHG emissions, land use and energy consumption (Makkar, 2016). Finding ways to 
produce animal protein while reducing the environmental impacts is vital to maintaining the long-term economic viability and 
cultural significance of this industry.  
 
Pork, and the meat industry in general, has downstream pressure from customers to decrease environmental impacts. Major 
food companies have initiated supply chain management programs to minimize their carbon footprint in in response to 
consumer demands and societal concerns. Commercial pork production operations are a critical part of this “farm to table” life 
cycle analysis for improving environmental sustainability. As a result, the industry needs a supply-chain understanding of the 
impact that alternative feeding programs have on pork production productivity and profitability; as well as an understanding of 
the greenhouse gas (GHG), water, and land use changes in these systems. However, most environmental analyses only have 
national average information available due to resource and data limitations. This average data is insufficient for identifying 
where to target intervention efforts due to the substantial heterogeneity of management practices and environmental 
conditions that lead to differences in environmental impacts across the landscape. Furthermore, the US pork industry is not a 
homogenous group of producers (in location, size, or even feed inputs) and therefore providing one single LCA number for the 
entire industry is incomplete. While research has been done on characterizing the average environmental impacts across the 
U.S. (Thoma et al 2011; Macleod et al 2013), and for particular production systems on a specific farm (or on average) 
(Bandekar et al 2014), this substantial variability across the U.S. can significantly affect specific supply chain environmental 
impacts.  
 
We have created a Food System Supply-chain Sustainability (FoodS3) model to estimate the supply linkages between corn, 
animals and pork processing facilities. This model enables us to sum up county specific environmental impacts along supply 
chains, linking the emissions embedded in corn and swine production downstream to pork processors. We will show our 
modeled pork supply chain environmental assessments and discuss where interventions could have significant impact on the 
industry’s overall environmental impact. The highly nuanced information on individual supply chain impact drivers enables 
engagement of actors along the supply chain in targeted ways to more efficiently address environmental pressures from pork 
production. 
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Nutritional Strategies for Managing Growth and Body Composition in Gilts 
The objective of this National Pork Board funded research is to determine the optimal feeding program for gilts during 
development that will best maximize their longevity and productivity. The hypothesis is that energy and protein can be varied 
under commercial conditions (ad libitum feeding) to optimize a gilt’s development of body weight, tissue composition, age at 
puberty, and mammary gland function to support increased productivity. In a preliminary study utilizing 1,200 maternal line 
crossbred gilts, dietary metabolizable energy (ME, 2900, 3270, and 3594 kcal/kg) and SID lysine (Lys; grower diet, 1.02 and 
0.86%; finisher diet, 0.85 and 0.73%) were fed in a 3 x 2 factorial arrangement.  There were significant differences between 
diets in backfat and body composition at slaughter as well as age at puberty but these differences were small. Average daily 
gain and the proportion of gilts reaching puberty were unaffected by diet.  Gilts reached puberty at body weight that was well 
above optimal thresholds by consuming more feed to maximize genetic potential for body weight gain when ME and Lys in the 
diet were reduced. Histological analysis indicates that lower ME may delay development of the mammary gland secretory 
tissue. A larger study (n = 3,024 maternal line crossbred gilts) was conducted with three dietary treatments in a completely 
randomized block (litter of origin) design. Dietary treatments were defined as high, medium, and low lysine where the content 
of SID lysine for high, medium, and low diets was 0.90%, 0.79%, and 0.68% (Grower; 100-142 d of age) and 0.68%, 0.60%, 
and 0.52% (Finisher; 143-200 d of age), respectively. Diets contained standard levels of ME (approximately 3200 
kcal/kg).  Boar exposure began at 160 d of age and at 200 d of age gilts were moved to sow farms and managed according to 
standard procedures.  Measures of body weight (including caliper and flank to flank) and ultrasound measures of backfat and 
loin depth were collected at 100, 142, 160 and 200 days of age, as well as at first estrus and first breeding.  Gilts fed the 
medium and low lysine diet had progressively lower body weight gain, backfat thickness, loin depth and fat-free lean when 
compared to gilts fed the high lysine treatment.  Gilts fed the low lysine diet were proportionately fatter (fat:lean ratio) when 
compared to gilts fed the medium or high lysine diets. Although dietary treatments did not affect the average age of puberty or 
the total number of gilts that reached puberty, a greater percentage of gilts fed the high lysine diet had a spontaneous pubertal 
estrus during the first 40 days of boar exposure.  Gilts that failed to reach puberty by 220 d of age were injected with PG600. 
The majority (88%) of these gilts were prepubertal as determined by plasma concentrations of progesterone.  Gilts that had a 
first estrus induced with PG600 were older and heavier than gilts that had a spontaneous first estrus, but they also had less 
backfat and loin depth, suggesting they were less physiologically mature. Overall, gilts fed the high lysine diet had greater 
body weight and mass of metabolic tissue than gilts fed the other diets and these differences persisted through first breeding. 
Gilts had less backfat at first breeding compared with first estrus, which probably reflects management of gilts in breeding 
barns.  Nonetheless, pregnancy and farrowing rates were quite high. These results indicate that growth rate and body 
composition of gilts can be slowed and altered without negatively affected age at puberty or the total number of pigs that reach 
a first estrus spontaneously.  How this affects productivity and longevity through subsequent parities is subject of ongoing 
investigation. 
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Improving efficiencies of replacement gilt management 
One of the most critical factors driving the reproductive performance of the sow herd is gilt development and management. 
Gilts are the foundation of good production (Tubbs, 2015) and drive farm success (Ketchem and Rix, 2015). Gilts with the 
greatest potential lifetime productivity can be identified through the implementation of successful gilt management programs 
(Patterson et al., 2010). However, successful replacement gilt management starts at birth and continues until first service and 
the monitoring of the gilt selection program must necessarily also cover the birth to first service interval.  
 
The information on “litter of origin” identified in our recent studies can be used to identify nucleus/multiplication sows with a 
repeatable and extreme (15% of the population) low birth weight phenotype. These sows produce few replacement gilts for the 
system and represent a marginal genetic investment. Early culling of these sows will improve the efficiency of replacement gilt 
production. Pre-weaning strategies can also be implemented to effect the negative impacts of low birth weight phenotype on 
gilt production efficiency and sow lifetime productivity.  
 
An efficient replacement gilt management program will monitor and manage the following key components:  
 
- Litter of origin as a key benchmark of selection potential (gilt birth weight and birth weight phenotype)  
- Appropriate retention criteria through the pre-selection program    
- A final selection program that identifies the most fertile gilts  
- A program that provides a consistent supply of service eligible gilts (known HNS and weight)  
- Appropriate pre-breeding management, acclimation and a positive metabolic state at breeding  

 
Suboptimal reproductive performance within a gilt replacement program can still be difficult as many factors contribute to the 
success of the program such as the efficacy of the “boar effect”, the inherent responsiveness of individual gilts, dynamic 
changes in growth and health status, facilities, people and environmental effects. In addition, the ability to monitor and analyze 
production records to provide insight to track and monitor reproductive success and to make data-driven decisions that will 
positively affect overall herd performance is overlooked as an important component of replacement gilt management. 
Unfortunately, the necessary data is often not collected and/or analyzed: As the saying goes “if you don’t measure it, you can’t 
manage it”. The benefits of data-driven decision-making have been demonstrated conclusively (Provost and Fawcett, 2003), 
across many industries, and producers that implement these strategies in their systems will have a competitive advantage. By 
identifying and removing non-select gilts early, decisive action can be taken to minimize the negative impact of poor GDU 
management on lifetime reproductive performance.  
 
Our collective data confirm that implementation of a rigorous and efficient gilt selection program can largely address industry 
concerns with sow lifetime productivity. The successful introduction and retention of gilts through the early parities drives 
lifetime performance of the breeding herd and represents an opportunity to improve and enhance overall production. 
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Pelvic Organ Prolapse: An industry-wide collaboration to identify putative contributing factors 
Sow mortality, specifically as the result of pelvic organ prolapse (POP), has significantly increased in the past five years in the 
U.S. swine industry. This epidemic sow welfare and production issue has been widely acknowledged among producers, 
academia and allied swine industry partners. However, the industry lacks mitigation strategies, or even the ability to execute 
mitigation-based research projects, since a fundamental understanding of the root cause(s) contributing to the increased POP 
is lacking. The Iowa Pork Industry Center (IPIC) has initiated an industry-wide survey involving U.S. swine breeding herds to 
identify potential risk factors, generate hypotheses and test mitigation strategies. A comprehensive survey was administered 
to 104 swine breeding herds across 15 states including farms ranging from breeding herds within large productions systems to 
smaller, independent producers, totaling approximately 400,000 sows. The survey examined data associated with potential 
risk factors associated with herd dynamics and management approaches, facility types, nutritional strategies, and animal 
based measurements. On 62 farms, IPIC staff collected individual sow measurements including, but not limited to, perineal 
score, tail length, and body condition. Each week, all farms reported sow deaths along with putative causes categorized into 
prolapse and non-prolapse deaths. This information was used to create the weekly POP incidence rate per 1,000 sows and an 
annualized POP rate. A Poisson mixed regression model using PROC GLIMMIX in SAS® (SAS Institute, Inc., Cary, NC) to 
assess risk factors associated with POP incidence rate was utilized. The weekly count of POP per farm was the outcome 
variable and the log of the inventory as an offset variable. System was included as a covariate in the analysis. The annualized 
POP mortality across the dataset was 3% (of the total inventory) with a range from 0.25% to 11% during weeks 6-24 of 2018 
during which time 23% of all mortality reported was due to POP. When analyzing weekly POP mortality by 20% of herds with 
the highest incidence, the average 60% and the 20% with the lowest POP incidence, a seasonal pattern with greater variation 
was observed in the 20% of farms with the highest incidence rate. Preliminary analysis demonstrated that potential root 
causes not demonstrably influencing POP incidence were herd size, induction protocols, and farrowing assistance protocols 
when using P < 0.05 as the threshold of significance. Feeding strategy prior to farrowing was identified as being important, as 
utilization of bump feeding was associated with reduced POP. This was consistent with our observation that sows with the 
lowest body condition score had a greater probability of POP compared to sows in optimal body condition or overweight. 
Water treatment also appeared to reduce the incidence of POP with farms treating water having lower POP than farms that 
did not. Results from this study have preliminarily identified several different risk factors needing further investigation to verify 
their causality for increased POP risk and potential mitigation strategies. Additional evaluation will be completed to further 
define and prioritize risk factors likely contributing to a greater incidence in POP in the farms evaluated in this study for 
additional testing. This project was funded by the National Pork Board project #17-224 and supported by a vast network of 
industry collaborators. 
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How Inflammation Affects Longevity 
 Sow longevity is a complex response impacted by many factors including: sow death loss, culling strategies, gilt 
flows, breeding targets, reproductive success, and lameness. Over the last 5 years, the average sow replacement has been 
between 50 and 55%. Several publications have explored the ideal replacement rate of gilts entering a herd ranging from 17% 
to 30%.  The concern in the U.S. industry is that most farms at any given time have an inventory greater than 20% 
replacement gilts.  However, greater than 15% of these animals don’t make it past first parity. Either reproductive failure or 
locomotion and lameness problems are the two most common culling issues with these early parity females. The goal is to 
find the right balance between keeping the herd young, while maintaining a significant number of sows between parities 2 and 
5.  
    Generally, it takes 2 to 3 parities for an incoming gilt to break even on her expenses. Costs for the gilt includes her 
purchase price or development cost, opportunity cost, vaccinations, shipping, isolation and acclimation. Systems that 
recognize a break even on gilt development costs lower the fixed cost for every pig that female produces beyond the 
breakeven point. High gilt replacement rates mean more parity 1 progeny in the wean - finish flow.  First parity sows have 
lower quality colostrum and immunological protection. Several research data sets show that parity 1 progeny have reduced 
wean – finish ADG, G:F, and increased morbidity, mortality and days to market than progeny from parity 2-5 females.  
     Maximizing the number of gilts that make it to 2nd and 3rd parity will increase sow farm profitability. Dr. John Deen 
suggested that the average herd parity of the sow at culling may not be the best measurement for a pork production system. 
Rather, the percent of sows that make it through early parities is a much more appropriate and stronger economic benefit to 
the farm.    
     Inflammation is defined by redness, swelling, pain and heat and is a response to any kind of stressor. Responses will 
vary depending on the causative agent. A significant modifier of metabolism and nutrient utilization is the up regulation of pro-
inflammatory modulators. Many stressors that animals are exposed to cause an inflammatory response that are not as easily 
recognized. Inflammation can direct nutrients towards the immune response and away from key production parameters that 
drive profitability. All kinds of stressors can cause the release of pro-inflammatory mediators called cytokines.  These protein 
messengers interact with the brain, liver, intestinal tract and bone to promote immune responses.  
     Nutrient partitioning changes priorities under the response of inflammatory stimulation by directing nutrients towards 
the immune response and away from production outcomes.  The wean to estrus interval is a good measure on how much 
inflammation is on a farm. The higher the number of days for wean to estrus the more likely sows are experiencing lower feed 
intake in lactation, increased environmental pressures, increased disease load, and poor vaccination responses; all of which 
may be adding to inflammatory responses.    
     Inflammation has direct effects on productivity, health status of livestock and animal welfare. Minimizing the impact of 
stressors and limiting the stimulation of pro-inflammatory responses will aid in efficiency and help maintain productivity. 
Specific nutrition, biosecurity, vaccination programs, reduced mycotoxin exposure, minimizing heat stress, and avoiding out of 
feed events will help mitigate pro- inflammatory responses. Reducing the impact of inflammation through management, health, 
and nutrition will reduce early female removal and contribute to greater longevity and system profitability. 
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Addressing Feeding Challenges in an Integrated System 
The objective of this presentation is to bring to light the challenges associated with developing, maintaining, and altering a 
feeding program within an integrated system. Numerous factors can play a role in defining the optimal feeding strategy within 
a connected food system. Specific to swine production, some of these factors include; bin capacities and configuration, barn 
sizes, within barn feed systems, feeder designs, environmental conditions, Feedmill mixer sizes, pellet mill sizes and 
throughput, truck load capacities, labor force, variations in health status, and quality specifications at the packing plant. 
Additional challenges that come into play include the geographic diversity of production. This can lead to large commodity 
pricing differences, and also diversity in optimal feeding strategies by region. Evaluation of economic profitability also shifts 
from, sale of the live animal or carcass, to focus on total plant cut out value. As a result, response criteria across the entire 
connected food system must be evaluated when dietary changes are applied. Implementation of feeding strategies across a 
diverse system can be cumbersome, and require very coordinated and open communication from nutrition, feed mill, 
production, and support staff. Therefore, simplicity of practices, at the production level, are paramount for successful and 
consistent implementation. The second part of this presentation will also focus on the need for continued communication 
between nutrition and veterinarian staff in regards to nutritional diagnostics. Some of the pitfalls associated with diagnostics of 
nutritional markers (both biological and feed) will be discussed along with needed areas of continued research and 
understanding. 
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Disease Management Thought Process in an Integrated System 
 Disease management is a very vast topic.  It encompasses everything the veterinarian does on a day-to-day basis 
regardless of practice type.  Veterinarians are often well trained to look for pathology and disorder affecting the well-being and 
livelihood of their patients and find solutions to manage them.  Large animal veterinarians may also think beyond the disease 
of the patient to more careful financial decisions and how they affect their clients’ livelihood and income.  All these things 
would be in common with a veterinarian in an integrated system as well.  However, a veterinarian will get pulled into and must 
think more frequently about company policies and employee training, and brand recognition in a fully integrated system.  
Company employees must understand their company’s direction and follow company policies related to animal care, welfare, 
housing, treatments, and antibiotic use to ensure product safety and quality.  Veterinarians play a critical role in developing 
these policies and ensuring proper implementation.  These issues are not unique to the integrated system, but they do seem 
to be under more and more scrutiny and critical examination with integrated systems being thrust into the limelight.    
 The key roles of disease management in an integrated swine system will include areas of animal care, proper 
welfare, pain management, proper treatment and judicious use of antibiotics, proper housing and transportation, humane 
handling, and timely and proper euthanasia; of which the veterinarian’s role is critical.   They also work to learn, develop, and 
implement disease prevention strategies as part of the day-to-day activities in upholding sustainability.  The policies and plans 
put in place are not enough in managing disease.  Employees need on-going training to ensure adequate understanding of 
policies that are in place.  Feedback loops are essential to assess knowledge and review proper implementation of all 
companies’ policy.   
 Assessments are done in the form of internal and external audits that can give unbiased feedback about how well 
SOPs and policies are being followed.  Communication is open at all levels so that feedback of animal care or food safety and 
quality are addressed immediately by the veterinarian.  
 Brand recognition will make or break a company.  Many companies spend years developing relationship and trust 
with customers and consumers.  This is the “Brand” a company strives to develop, where they gain credibility for food safety 
and quality and their commitment to proper policies for a sustainable integrated system as part of their social responsibility.   A 
successful integrated model adapts quickly to their customers’ requests and meet their expectations of tracking, reporting, and 
transparency forming the core values of integrity and trust.  No matter the program being requested and developed for 
customers, the core values must always be followed.  
 Veterinarians are a critical link in a company’s integrated model.  This presentation will look at how an integrated 
model works through core values of animal care and husbandry and applies it to the ongoing demands of the customer to 
produce a line of high quality products that are sought after and viewed as both sustainable and produced in a social 
responsible way. 
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Overview of Integrated Pork Production in North America 
The North American swine industry based its integrated model on that of poultry, specifically broiler producers (1).  In the 
1970s in Canada and 1980s in the United States, swine producers started to specialize production units by phase and 
increase their size.  Producers and agro-business entities like feed suppliers, genetics companies and food processors seized 
on the opportunity to pursue integration.  The newly adopted model allowed participants to leverage equity, apply technology 
and weather economic crises.    
 
Integrated production provided the customer and consumer with what they want, not just what is available (2).  In 1994, Joe 
Luter of Smithfield Foods stated in the Successful Farming article, Pork Powerhouses (3): “Our industry knows that vertical 
integration is the best way to improve pork quality.” The product quality and consistent supply that comes with integration 
certainly led to the US becoming a net pork exporter in the 1990s.    
 
As the industry continues to expand and add value, the production system can be characterized by connectivity.  The pig 
producer is connected to a network of other producers through a common pork processor.  In turn, the processor is connected 
to the farms, families and communities where pigs are raised allowing them to each tell their unique food story and create 
brand-differentiation.    
 
The connection between farm and fork has led to the need for full-time technical staff on the live production side of the food 
system.  In 2017, producers with more than 100,000 sows all employed technical staff including a nutritionist and veterinarian 
(4).  These in-house technical experts are there to ensure that pig production is aligned to meet processor expectations.    
 
1. https://www.porkbusiness.com/article/facts-and-myths-vertical-integration  
2. https://www.aphis.usda.gov/animal_health/emergingissues/downloads/1pigs.pdf  
3. https://www.agriculture.com/livestock/pork-powerhouses/pork-powerhouses-1994  
4. https://www.agriculture.com/livestock/pork-powerhouses/pork-powerhouses-2017-expansion-spells-trouble 
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The Changing Roles of Veterinarians in Integrated Systems 
The swine industry in the U.S. has changed drastically over the last generation. The most dramatic changes have taken place 
as integrated systems have developed and expanded, moving pigs out of smaller independent farms to coordinated systems 
of production with increased complexity of multiple farms and connections. Pork packing companies that specialized in meat 
fabrication have become owners of large production companies and large swine production companies have become owners 
of pork packing companies. Remarkable integration from multiple directions is unique. Some of this integration has been 
driven by veterinarians and some has occurred almost without veterinary involvement at all. Either way, the role of the 
veterinarian has changed as much as the industry, if not more. The role of the veterinarian in the past and currently in some 
integrated settings was to provide a required business function. Some examples of these required functions included 
prescribing drugs, writing VFD’s, testing animals to maintain herd status for regulatory diseases, auditing processes, and 
inspecting animals for transportation. These roles are probably more important today yet some integrated systems are 
outsourcing some of or most of these functional activities. Most commonly today, integrated veterinarians are performing 
classic medicine (“Bugs and Drugs”) within integrated systems. A common example is where an integrated system employee 
calls the veterinarian when there is a problem. The vet diagnoses the pathogen, usually performs diagnostic tests, and guides 
treatment. This is still the primary role of an integrated veterinarian- diagnose, treat, and educate on prevention for the future. 
This role is very valuable and without this hands on approach, no veterinary health program will be successful. The next tier of 
veterinary roles today is evolving from performing tasks to developing programs, establishing standardized protocols, and 
implementing health management systems. In the past the veterinarian was the distributor of drugs for the producer, today 
they are the prescriber, and in the future they will be the monitor and controller of the drugs with substantial efforts focused on 
limiting drug use. The future role of the veterinarian in integrated systems is not yet clear, but it will be different than it is 
today.  More focus will be required to align the goals of production and the veterinary team to prevent divergent 
agendas.  Further integration of swine production and food companies will create additional opportunities for veterinarians to 
move beyond classic veterinary roles and assume roles in management of production, becoming the face of animal welfare 
communications, and the voice of antibiotic issues within food companies. The integrated system veterinary role is not for 
everyone, but for the right person it is a very rewarding and fulfilling career path. 
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Guts and bugs: Understanding colitis to fight AMR 
Swine dysentery (SD), characterized by mucohaemorrhagic diarrhea and colitis in grower and finisher pigs, was first described 
in 1921 and is now associated with Brachyspira hyodysenteriae and Brachyspira hampsonii 1, 2. The disease has high 
morbidity (up to 90%), affects weight gain, requires the use of antibiotics for treatment and prevention, and disrupts animal 
trade. Costs associated with SD are in the order of U$10 per pig, depending on individual factors of each farm3. Currently, 
antibiotic treatment and prophylaxis is the only tool veterinarians have for disease control and elimination. There are no 
efficient commercial vaccines available, and autogenous vaccine seem to offer very poor protection, if none. Currently, an 
effort towards reducing the use of antimicrobials in agriculture is observed  across the globe, and it includes limitations on the 
use of key compounds employed in SD treatment: tiamulin, carbadox, tylosin and lincomycin4, 5. This justifies the need for 
alternatives to antimicrobials from treatment of SD. Despite the fact that SD was described approximately 100 years ago, 
development of such alternatives has been hindered by large gaps in knowledge concerning B. hyodysenteriae and B. 
hampsonii mechanisms of host colonization, induction of inflammation and diarrhea. For example, there is no evidence that 
either of these pathogens directly attach to host cells, nor that they produce a toxin capable to induce SD. Studies to elucidate 
the clinical signs are challenging to perform since animal infection models only allowed for sampling upon observation of 
clinical signs, which may take 4-14 days post-exposure to infective material. Development of an ex vivo colon culture protocol 
allowed investigations focused on the early interactions between Brachyspira and the swine colon 6. Although we are just 
starting to understand Brachyspira-host interactions, evidence points towards a key role of IL-1α and TNF-α as drivers of the 
inflammatory response typically observed in SD7. It is hypothesized that these cytokines act in combination with activated 
mucosal eosinophils and damaged colonocytes to increase mucus production, induce vasodilation and the aperture of 
chloride channels on epithelial cells. This mechanism may help explain the clinical signs associated with SD. The 
development of novel means to prevent and/or treat SD, and thus reduce the need for antimicrobial use, rely on complete 
understanding of the disease mechanism.    
 
1. Burrough, E.R., et al. Journal of Veterinary Diagnostic Investigation 2012. 24(6): p. 1025-34.  
2. Chander, Y., et al. Journal of Veterinary Diagnostic Investigation, 2012. 24(5): p. 903-10.  
3. Dufresne, L., Evaluating the economical return of health program, Allen D. Leman Conference. 1999: Saint Paul, MN. p. 3.  
4. Anonymous. Department of Health and Human Services. Federal Register., 2014.  
5. Veterinary regulatory: antimicrobial resistance in veterinary medicine. 2018  [cited 2018 August 7th, 2018]; Available from: 
http://www.ema.europa.eu:80/ema/index.jsp?curl=pages/regulation/general/general_content_001686.jsp&mid=WC0b01ac058
07a4e0d  
6. Costa, M.O., et al. In Vitro Cellular and Developmental Biology - Animal, 2016. 52(9): p. 942-952.  
7. Costa, M.O., et al. Pathog Dis, 2017. 75(3).  
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Microbiome studies in swine systems: challenges and opportunities 
The trillions of microbes that inhabit the gastrointestinal tract of mammals, the gut microbiome, play indispensable roles in 
energy harvest, nutrient synthesis and gut health. Virtually all diet-derived compounds have a direct or indirect effect on the 
gut microbiome, significantly impacting host physiological performance at organismal and systemic levels. Although these 
issues have been well-known in the animal science field, microbiome work in swine systems is still flourishing, compared with 
the breakthroughs achieved in the biomedical and human nutrition sciences. More importantly, we still lack foundational 
perspectives of microbiome manipulation to potentially improve pig performance and health. Taking into account the latest 
advances on molecular biology and data science, and making a parallel with the human microbiome field, we discuss critical 
research directions that will allow us to maximize the information derived from microbiome techniques to advance swine 
nutrition and production; mainly, we emphasize:  1) the need of large-scale, hypothesis generating microbiome experiments in 
swine production systems; 2) moving from compositional to functional surveys of the gut microbiome of swine; 3) studying  the 
swine gut microbiome as one part of a highly integrated and complex animal system; and 4) implementing mechanistic models 
to understand the structure and function of the swine gut microbiome. By presenting these perspectives, we show how 
microbiome research is a critical aspect to advance the swine nutrition field, in the context of efficiency and sustainability. 
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Organoids as an in vitro model for enteric disease 
 Enteric diseases have an important economic impact on pig production due to treatment costs for vaccines and 
antibiotics, mortality, and compromised swine performance. It is imperative to understand the interactions between host and 
pathogens, therefore, to develop strategies for treatment and control of enteric diseases that are effective, efficient and 
affordable. In the laboratory, culture systems consisting of a single cell line have been the preferred method for many years to 
study host-pathogen interactions of infectious enteric diseases. Although informative for defining mechanisms of 
pathogenesis, single cell culture systems have some limitations.  One of the most important limitations is that they 
consist of monolayers of only one cell type, usually immortalized or derived from cancers, that may or may not express the 
molecules present in normal cells. As a consequence, single cell culture systems fail in emulating intercellular signaling, 
normal tissue architecture and the dynamics of the different cell types. These characteristics compromise accurate evaluations 
of both host-pathogen interactions and efficacy of antimicrobial compounds. The discovery of the adult intestinal stem cells 
and the knowledge of the signals that regulate intestinal epithelial cell proliferation and differentiation have provided a new 
model, intestinal organoids or enteroids, to study the intestine.  
 Organoids are organotypic three-dimensional (3D) structures that can be originated from embryonic stem cells, 
induced pluripotent cells or tissue stem cells. Besides the 3D structure, organoids have the ability to function as the tissue of 
origin, to be self-renewed and self-organized. The main advantage of the organoids over traditional in vitro culture is that they 
reproduce the composition and dynamics of the respective tissue of origin, and are non-transformed, normal cells. Small 
intestinal organoids, or enteroids, for instance, possess not only enterocytes, but also enteroendocrine cells, goblet cells, 
Paneth cells, and stem cells. All these cells, in association, form structures that are morphologically similar to crypts and villi 
found in the small intestinal conformation.  
 Since 2009, when the enteroid culture was first described, enteroids have been utilized for to the investigations of 
host-pathogen interactions in diseases caused by bacteria, viruses and protozoa, especially focusing on human infections. 
Mechanism of invasion, cellular modulation, cytokine production and epithelial responses to enteric pathogens have been 
elucidated recently by using murine enteroids as models. Relevant advances for treatments based on small molecules have 
been proposed to treat some viral infections, such as Rotavirus, based on tests performed on enteroids.  
 Despite the benefits of organoids, they have not been extensively applied to animal/veterinary research yet. Our 
current research is focusing on the investigation of the suitability of mouse enteroids as a model for Lawsonia intracellularis 
infection. The absence of an in vitro model to study the pathogenesis of proliferation caused by L. intracellularis in the small 
intestine. This has limited the understanding of proliferative enteropathy - or ileitis - pathogenesis and, therefore, restrains the 
development of new alternatives for control and prevention of the disease. The main challenge in studying L. intracellularis 
pathogenesis is our lack of understanding of the signals triggered by the infection that result in increased proliferation in the 
epithelium with loss of absorptive function. Enteroids will allow us to define these signals in vitro, and with this knowledge, we 
will be able to design approaches to control the effects on swine. The proposed model will broaden the interest in the 
veterinary research community for the use of organoids as an in vitro alternative for study host-pathogen interactions and 
alternatives for treatment and control of many swine enteric diseases. 
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AMU and AMR - How Will We Ever Understand It? 
Antimicrobial resistance (AMR) is a complex topic, and recent technological advancements have increased the level of 
complexity even further. This presentation will briefly review these technological advancements, and then highlight how the 
swine industry can leverage them to better define the impact of livestock production practices on antimicrobial resistance, and 
to identify comprehensive, balanced and evidence-based interventions to minimize risk and maximize animal health and 
productivity. 
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Senecavirus A in neonatal pigs 
Senecavirus A (SVA), also referred to as Seneca Valley Virus (SVV), is an emerging cause of vesicular disease in pigs. SVA 
had been associated with sporadic idiopathic vesicular disease in pigs since 2007 but the role of the virus in vesicular disease 
was uncertain. Beginning in 2015 SVA, was found in pigs experiencing outbreaks of vesicular disease in several countries, 
including Brazil, the United States, Canada, China, Colombia, and Thailand. Subsequently, SVA has been demonstrated to 
cause vesicular disease in pigs under experimental conditions.  
 
In addition to outbreaks of vesicular disease, some affected sow farms have also experienced transient increases in pre-
weaning mortality. Piglets on these farms are often reported to die suddenly, or experience lethargy, diarrhea, dehydration, or 
wasting. Affected piglets are generally less than one week old. A variety of gross and histologic lesions have been reported in 
some clinically affected piglets but some piglets exhibit no significant lesions. Numerous tissues from clinically affected piglets 
are positive for SVA by PCR and SVA nucleic acid and viral proteins have been demonstrated within piglet tissues by in-situ 
hybridization and immunohistochemistry. Experimental reproduction of similar disease in neonatal pigs has not yet been 
performed.  
 
This presentation will review the literature available for SVA in neonatal pigs and provide preliminary data from an 
experimental inoculation of SVA in pregnant sows between 14 and 21 days pre-farrow. 
  

mailto:sturo004@umn.edu


2018 Allen D. Leman Swine Conference Proceedings 

42 | P a g e  
 

 
Abstracts/Summaries from Senecavirus A: research update and field experiences 
 

Citation: Vannucci F, Geiger J, Murray D, Bruner L, Cano J. Experiences of SVA Elimination in Sow Farms. Presented at: 
University of Minnesota's Allen D. Leman Swine Conference; 2018 September 15-18; Saint Paul, Minnesota, USA. 
 
Name of Presenter  
Fabio Vannucci 
Email of Presenter  
vannu008@umn.edu 
Presenter Affiliation   
University of Minnesota 
Additional Authors 
Jer Geiger – PIC; Deborah Murray – New Fashion Pork; Laura Bruner – Swine Vet Center; Jean Paul Cano - PIC 

 
Experiences with SVA Elimination in Sow Farms 
Senecavirus A (SVA) has been identified and isolated from pigs showing vesicular lesions, acute lameness and sudden 
neonatal  
death. Since July 2015, over 230 cases of SVA have been reported by the Swine Health Monitoring Project. The major 
economic  
impacts include but are not limited to: (ii) temporary closure of pork processing plants until the diagnosis of foreign animal  
diseases has been ruled out, (i) reallocation of resources for diagnostic investigation of FMD and other vesicular diseases and 
(iii)  
sporadic mortality of neonatal piglets. The objective of the present presentation it to compile three scenarios in which we 
applied elimination programs for SVA through sow farm closure and exposure.  
 
Case 1  
On August of 2015, a 1000 sow breed to wean farm were diagnosed with SVA. Sows were given feedback consisting of 
manure from gilts that were recently infected. This continued for 6 weeks. SVV IFA and SVV ELISA were utilized to look at 
titers and confirm infection. No new gilts were added to the farm until May 2015, which was 4 months from the last feedback 
given. In May of 2015, these SVV exposed animals moved to a naïve farm and no clinical signs were observed in the naïve 
herd nor were any antibody titers noted post introduction of previously exposed SVV animals.  
 
Case 2  
A sow breed-to-wean multiplier herd became infected with SVA in September 2016. Fecal material from clinically ill sows and 
intestinal tracts from scouring piglets were used to expose the herd. Additionally, sows with vesicles were allowed to roam the 
alleys of the gestation barn. A elimination program was established according with the AASV criteria for PRRSv elimination. 
After herd exposure, sentinels were introduced and monitored for 9 weeks. The herd was closed for 17 weeks before 
resuming gilt introductions. There were no downstream herds exposed to SVA through delivery of breeding stock.  
 
Case 3    
In January of 2017, a elimination protocol for SVA elimination was established after an outbreak in a 2000-head sow unit, 
filtered and PRRSv negative. An exposure protocol was performed by allowing the nose-to-nose contact of the clinically-
affected heat-checking boar with sows. Additionally, vesicular fluids and saliva were collected from affected animals. 
Furthermore, after the outbreak a new disinfection protocol started being applied using hydrogen peroxide. After a 3 month 
closure the farm re-entered naive gilts/sows which have remained negative to date. Elimination programs in sow farms have 
been largely based on the ability of weaning negative piglets in order to determine the status of the farm. However, the 
present study has shown a different dynamic of infection and persistence in a farm experiencing a SVA outbreak. 
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M. hyosynoviae diagnostics: What experimental data can tell us about field strains 
The host-specific bacterium Mycoplasma hyosynoviae (MHS) is considered one of the most frequent causes of polyarthritis in 
growing pigs, accounting for 20% of all lameness cases submitted to the Veterinary Diagnostic Laboratory at Iowa State 
University. MHS virulence determinants and the inflammatory responses MHS strains induce are still not well characterized. 
Therefore, the objective of this study was to describe the clinical presentation, detection of MHS by PCR, lesions and immune 
response after inoculation of different strains of MHS in cesarean-derived colostrum-deprived pigs (CDCD). Sixteen 8-week-
old CDCD pigs were randomized into 3 groups and housed individually within each group. The T1 group (n=4) was sham-
inoculated with media. Group T2 (n=6) and group T3 (n=6) were inoculated via three routes (intranasal, tonsil painting and 
intravenous) with 108 CFU/mL of two distinct MHS strains clinically characterized as low virulence and high virulence, 
respectively. Pigs were monitored for lameness daily.  Tonsil swabs, oral fluids and serum were collected at several different 
time points. A species-specific in-house ELISA was used for detection of IgG antibodies in serum. The levels of IL-1β, IL-6, IL-
8, IL-10, TNF-α and IFN-γ cytokines in the serum were measured by a Luminex Multiplex assay. At 18 days post inoculation 
(DPI), pigs were euthanized and necropsied. Synovial fluid was collected from the humeral-radial, femoro-tibial and tibio-tarsal 
joints. Control pigs remained MHS negative and with no signs of lameness or gross lesions. Lameness was evident at 1 DPI in 
T3 (2/6) and peaking at 15 DPI, with 5/6 pigs affected in T2 and T3. Clinically, the severity of the lameness was not 
significantly different between T2 and T3, with most pigs exhibiting mild to moderate lameness. The tonsils of all pigs from T3 
were MHS positive starting at 3 until 17 DPI, being significantly higher than T2 (2/6) at 7 DPI. MHS detection in oral fluids was 
transient and significantly higher in T3 compared to T2 at 6 and 8 DPI. At 16 DPI all oral fluids tested negative. Such poor 
detection might reflect a potential drop in sensitivity compared to tonsil swabs. At necropsy, 4/6 pigs from T3 had gross lesions 
characteristic of arthritis including synovial hyperemia and hyperplasia and increased synovial fluid, compared to 1/6 in T2. 
Moreover, all pigs (6/6) in T3 had one or more joints with histologic lesions consistent with MHS including synovial membrane 
villous hypertrophy and hyperplasia, hypertrophy and hyperplasia of synoviocytes, and mixed inflammation in the synovial 
subintima. The synovium of pigs in T1 and T2 had similar histologic changes, which included rare perivascular lymphocytes 
and plasma cells. Interestingly, though lameness and arthritis were observed in T2, MHS was not detected by PCR in synovial 
fluids at necropsy, while the synovial fluid from 5/6 pigs in T3 were positive. A serologic IgG response was evident in the MHS 
inoculated pigs, regardless of the group at 17 DPI. Overall, the levels of IL-1β, IL-6, IL-10 and TNF-α cytokines were 
statistically higher in pigs from both challenged groups compared to control pigs at 3 and 7 DPI, while no differences were 
observed on the levels of IL-8 and IFN-γ. In conclusion, these findings highlight potential differences in the pathophysiology 
between MHS strains circulating in pig populations that can hinder appropriate diagnosis and timely treatment of arthritis in 
pigs. In pigs inoculated with low virulence MHS, the pathogen was not detected by PCR in synovial fluid, suggesting that some 
MHS strains might be cleared from the joints quicker. It seems that systemic infection with MHS induces inflammatory and 
humoral responses, but their protective role needs more investigation. Studies are needed to identify the underlying genetic 
differences that give rise to distinct MHS phenotypes.  
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Detection of Mycoplasma hyopneumoniae and Mycoplasma hyorhinis by PCR in processing fluids 
 Recently, processing fluids (collected from tails and testicles) have shown to be a very sensitive method for detecting 
PRRSV at the litter level, and appear to be a good tool to define the positive or negative PRRSV status of a herd (Vilalta et al., 
2017). Field veterinarians have questioned whether this novel population sample type may be applicable to other pathogens. 
Mycoplasma hyopneumoniae (Mhp) is known to colonize the respiratory tract of pigs (Zielinski and Ross, 1992); however, the 
organism is not known to cause systemic infection. In contrast, Mycoplasma hyorhinis (Mhr) is known to colonize the upper and 
lower respiratory tract and to spread systemically (Thacker, 2012). Despite not being known to spread systemically, Mhp has been 
detected by PCR in processing fluids (Pieters et al., 2018). On the other hand, Mhr had not been detected in processing fluids. The 
following investigation was designed to sample and test processing fluids from sow herds of expected Mhp and Mhr statuses.  
 Seven sow herds were selected to participate in processing fluid diagnostic sample collection. Sow farm 1 was expected to 
be negative for Mhp, based off of historical diagnostic testing in the sow herd and lack of detection by clinical signs or diagnostics in 
the downstream growing pig population. Six sow farms were expected to have a low prevalence of Mhp based on lack of clinical 
signs and limited diagnostic detection in the downstream growing pig population. All seven sow herds were known to be positive for 
Mhr based off of clinical signs and historical diagnostic detection in pre-wean piglets and the downstream growing pig population. 
Each sow herd was to collect processing fluids during four consecutive weeks as described by Baker et al., 2018. Processing fluids 
were pooled by processing day and frozen after the processing fluid was removed from tail and testicle tissue. All frozen samples 
were shipped to the University of Minnesota VDL for testing using Mhp and Mhr real-time PCR (37 Ct positive cutoff, 37.01-40 Ct 
suspect range).  
 Mhp was detected in processing fluids by PCR in four out of the six expected positive sow farms, while sow farm 1 was 
negative.  Mhr was detected by PCR in processing fluids from three out of the seven expected positive sow farms. From 263 total 
samples, 19 (7.2%) were positive for Mhp (33.6 mean Ct) and 17 (6.5%) were suspect (38.7 mean Ct). From 262 total samples, 4 
(1.5%) were positive for Mhr (35.5 mean Ct) and 31 (11.8%) were suspect (38.9 mean Ct). Of the four sow farms that were positive 
for Mhp, the percent of positive samples by farm ranged from 6.7% to 39%. Of the three sow farms that were positive for Mhr, the 
percent of positive samples by farm ranged from 2.4% to 5.9%.    
 Results of this study showed detection of Mhp and Mhr in processing fluids from endemically infected farms. The cause for 
detection of Mhp in processing fluids is unknown, as Mhp is a respiratory pathogen and is not known to have systemic 
dissemination. It can be hypothesized to be due to contamination of processing fluids through piglet contact with the shedding dam. 
Although Mhp was detected by PCR in processing fluids in four out of six expected low prevalence sow farms, it is known to be 
extremely sensitive to environmental conditions due to the lack of a cellular wall and has been shown to survive only two days at 25 
and 37⁰C on dry surfaces (Browne et al, 2016). The close, continuous contact between the dam and piglet may increase the ability 
to detect Mhp in processing fluids versus the environment or fomites (Batista et al, 2004). The low detection of Mhr in processing 
fluids could be due to an ongoing sow vaccination program at all sampled sow farms, designed to reduce transmission of Mhr from 
sow to piglet. In summary, processing fluids may be a population based sampling method to detect Mhp and Mhr in low prevalence 
scenarios with limited clinical signs in the downstream growing pig population.  
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PCR detection of Mycoplasma hyopneumoniae in processing fluids: A diagnostic error or a significant 
finding? 

 
Introduction  
Mycoplasma hyopneumoniae (Mhp) is the causative agent of enzootic pneumonia, a chronic respiratory condition affecting 
pigs and one of the main agents of the Porcine Respiratory Disease Complex. The disease is worldwide distributed and has 
important economic implications for the pig industry. Pigs are considered to be born Mhp free and they become infected 
during the lactation period. Younger parity sows are usually major shedders of the bacterium in an infected farm. Shedding 
from infected animals may be discontinuous and inconsistent over time.  
Pig management practices, such as tail docking and castration (processing), are implemented in most intensive production 
swine farms. Processing is usually performed between 1 and 5 days of age. The removed tails and testicles are collected in a 
container to avoid debris leftover. Blood and fluids obtained from the tails and testicles accumulate at the bottom of the 
container, and are termed processing fluids (PF). PF have become a potential aggregated sample to evaluate presence of 
some disease causing agents (e.g. PRRSv and Porcine Circovirus). The use of PF to detect PRRSv is increasing among 
producers and veterinarians due to the easiness of collection and cheaper costs compared to bleeding. However, the use of 
PF for detection of bacterial infectious agents endemic to the sow farm, such as Mhp, has not been investigated. The most 
obvious reason for the lack of information on Mhp detection in PF would be that the pathogen is considered to be restricted to 
the respiratory tract of the pig, suggesting that no systemic circulation of the bacterium occurs. However, detection in other 
organs such as brains, liver, spleen, kidneys and lymph nodes has been reported.  
 
Materials and Methods  
A sow farm with a Mhp positive history in the downstream flow pigs and a RT-PCR positive in the PF was selected. Twenty 
one litters due to process the visit day were conveniently selected. Testicles and tails of each litter were collected separately 
and the interior of the scrotum was swabbed. Laringeal swabs and blood were collected from dams of the selected litters.  
 
Results and discussion  
Preliminary results have identified Mhp in 38% PF (8/21) using a species-specific real-time PCR. The farm in which positive 
samples were obtained is positive for Mhp, but considered subclinical, as no clinical signs are evident. Furthermore, in our 
results the odds of a PCR positive PF tended to be higher in gilts compared to multiparous sows (OR = 3.2).  
These initial results contradict the common knowledge of Mhp restriction to the respiratory tissue tropism and certainly 
challenge the understanding of this microorganism. Therefore, studies are underway to evaluate whether Mhp can be 
accurately detected in PF or whether these are results of environmental contamination, or lack of diagnostic accuracy.  
 
Keywords: Mycoplasma hyopneumoniae, processing fluids, PCR detection  
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Investigation of the Role of PCV3 on Reproductive Losses 
Porcine Circovirus type 3 (PCV3) is a recently discovered virus in the Circoviridae family.  In 2015, metagenomic sequencing 
detected the virus on a sow farm experiencing elevated mortality rates with corresponding porcine dermatitis and nephropathy 
syndrome (PDNS) lesions and reproductive losses.  Although its clinical significance is not known, PCV3 has been implicated 
in causing reproductive losses including poorer conception rates, abortions, and mummies. (1)   PCV3 was also suspected as 
the cause of myocarditis and multisystemic inflammation in 3-week old pigs  in Missouri. (2)  In client herds, PCV3 has been 
found in a multitude of sample types including serum, processing fluids, mummies, male reproductive organs, feces, lung, and 
tissue homogenate.  It does not appear to cause disease in the majority of these cases; however, it is identified on routine 
sampling.  
 
An investigation took place on a 2400-sow porcine reproductive and respiratory syndrome virus (PRRSv), Mycoplasma 
hyopneumoniae, and porcine epidemic diarrhea virus (PEDv) negative herd in central Minnesota with a history of high mummy 
rate that fluctuated between 3.5- 5%.  In the summer of 2017, mummies from multiparous sows were collected and submitted 
for PCV3, porcine circovirus type 2 (PCV2), and porcine parvovirus (PPV) diagnostic testing.  Samples tested negative for 
PCV2 and PPV.   PCV3 was identified in 18 of the 19 fetuses submitted.  Subsequently, processing fluids were submitted to 
determine the prevalence of PCV3 in pigs at birth.  Of the 38 samples tested, 15 were  PCV3 PCR positive with cycle 
thresholds (Cts) ranging from 16 to 38.  
 
The sow herd was vaccinated with a commercial PCV2 vaccine in the fall of 2017.  As of Spring 2018, mummies have not 
decreased and tissue submissions continue to implicate PCV3 as the cause of severe epicarditis and hepatitis in mummies.  
 
In the summer of 2018, a trial was conducted to compare the prevalence of PCV3 in processing fluids from litters with and 
without mummies to determine if litters with fetal death were more likely to have PCV3 present.     Results are depicted in 
Table 1. There was no difference between litters with or without mummies.  
 
PCV3 can be detected in a variety of tissues; however, its clinical significance is unclear at this point.  
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Experience with PCV3:  Impact in Suckling Piglets 
Herd Overview  
-3500 head sow farm, 624 farrowing crates; Farm expansion project, with the first expansion gilts entering the farm in April of 2016; 
Genetics were changed 10 months prior to expansion, due to heath from gilt multiplier; New farrowing rooms in use, September 
2016; PRRS positive/stable, (Nov 2016) (1-7-4); Mycoplasma positive; DCoV positive Oct 2016 (construction)  
Timeline  
February 6, 2018, piglets 2-10 days old were  PRRS negative and positive for PCV 3.  
February 20, 2018, tissue from 5 and 23-day old piglets collected for further testing.  
Clinical signs birth to weaning.  
Pigs with clinical signs are pale, almost icteric looking.  Seeing pigs with these clinical signs starting at 1-2 days of age and 
continuing until weaning.  These pigs were obviously the poorest doing pigs in the litters.  
Post mortem exam  
 - Pigs 4-5 days old, 1 out of 4 pigs had very thin non-clotting blood, and very pale tissue and liver.  4 of 4 pigs had edema around 
spiral colon, 2 out of 4 had pneumonia with heavy wet lungs and an inter lobular pattern.  4 out of 4 had stomachs full of milk.  2 out 
of 4 had edema on heart (right side) brownish, softer muscle, which was very subtle??  
 - Pigs 23-day old, 1 out of 4 had very thin not clotting blood.  2 out of 4 with similar pneumonia found in young pigs.  2 out of 4 had 
a small amount of fibrin in abdominal cavity, one of these pigs had a very friable liver, consistent with septicemia.  2 out of 4 had 
similar heart lesions as the younger pigs.  Stomachs were only 1/3 - 1/2 full of milk.  
Lab results University of Minnesota  
   PCV type 3 - All samples pcr positive in 5 and 23-day old piglets  
           Bone marrow, brain, heart, spinal cord, stomach and tissue homogenate.  
           Ct range from 18 – 37. Ct lowest in the bone marrow samples. Generally lower Ct values in the older pigs.  
       Histology -Systemic vasculitis (periarteritis)  
              Some seen in 5-day old pigs, more pronounced in 23-day old pigs. Tissues involved include; spleen, kidney, spinal 
 cord, brain, duodenum, colon, mesenteric lymph node region (vascular plexus) & skeletal muscle.  
   PCV type 2 -About ½ (4 of 8) of samples positive in 5 & 23-day old piglets, ¾ (3 of 4) were in the 5-day old piglets.  
        Histology-Myocarditis-Some lesions consistent with in-utero infection, especially the heart lesions in one pig (Ct = 12)  
   Clostridium perfringens- Found in 5-day old piglets (4 of 4 samples). Colitis, edema in spiral colon.  
   Porcine Parvovirus type 2-Low amounts found in tissue. (1 of 8 samples). Not sure if it means anything.  
   Porcine Parvovirus type 1-All samples negative.  
   PRRS, Influenza, Rotavirus A, B & C, Seneca virus A, Salmonella-All samples NEGATIVE.  
May 1, 2018 Piglets with visual clinical signs of PCV3 was considerably less than in Feb of 2018.  Noted one litter of pigs around 10 
days old vomiting in the crate.  Several days later the vomiting increased with pasty diarrhea.  Lab results found Clostridium 
perfringens, this is seen in around 7-10% of litters.  
June 26, 2018  Continue to see Clostridium perfringens clinical signs, now in older pigs, 20 days of age.  
July 25, 2018 Clostridium perfringens clinical signs is gone, piglet health is improved and wean weights are back to normal 14-15 
lbs.  
Wean to Market update -Pigs weaned February 15, 2018, currently 4.2% death loss with 1//2 of barn sold.  
-Pigs weaned March 7, 2018, currently 3.5% death loss with the first sale of pigs out of the barn.  
 
PCV3 was found on this farm, first noticed in piglets that looked rough in farrowing.  PRRS was suspected at first, when confirmed 
negative.  PCV 2 and PCV 3 tests were run and found to be positive with strong ct levels.  
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Frequency of PCV3 Infection and PCV-3 Associated Disease 
Introduction: PCV3 was first reported in pigs in the United States in 2016 using next-generation sequencing (NGS) and later 
described in multiple countries. The role of PCV3 as a causative agent of disease is still unclear; however, PCV3 has been 
associated with cases of wasting, porcine dermatitis and nephropathy syndrome, myocarditis, systemic vasculitis, and 
abortion. The objective of this study was to investigate frequency, the geographic distribution, ages of infection, viral co-
infection, clinical signs, histological lesions and genetic diversity of PCV3 in cases submitted to the MN VDL, U.S.  
 
Material and methods: The study used seven hundred and thirty cases containing 2177 samples with a PCV3 test from the 
MN VDL database. Cases were received between Feb 2016 and Jan 2018. An in-house PCV3 qPCR was used originally. 
After November 14, 2017 the QIAGEN virotype PCV2/3 PCR test was used. Descriptive statistics, including geographic 
distribution, ages of infection, clinical signs, and the rates of PCV3 positive samples, cases and sites were analyzed by Excel. 
The histological lesions of over 603 pigs with a PCV3 PCR result were analyzed. The lesions were classified by 17 categories 
and 38 subcategories. The association between PCV3 and lesions was initially investigated by 2X2 tables. Sixteen tissue 
homogenates were selected for Next Generation Sequencing using paired-end, 300bp reads on the Illumina MiSeq, and 
another fifteen samples were selected for Sanger sequencing. Alignments of the whole PCV3 genomes were created using 
global sequences.  
 
Results: Twenty-seven percent of the samples were PCV3 positive. The case positive rate was 35%. Cases came from 474 
swine sites and 38% of them were positive. Out of 22 states, 18 states were PCV3 positive. In four states there were no 
positive samples found. However, very limited numbers of samples were available from these states. PCV3 was detected in 
pigs from all ages. The positive rate among fetus, piglets, nursery and finishing pigs ranged from 15%-20%. The PCV3 rate in 
adults was 35%. PCV3/PCV2 co-infection rate was 5.2%, and PCV3/PRRSV co-infection rate was 7.6%. Out of 67 abortion 
cases, 40% were PCV3 positive. In one abortion case investigation, histological lesions were observed in lung tissue of 
aborted fetus and PCV3 in-situ hybridization showed presence of PCV3 in the lesion. The odds ratios of myocarditis, heart 
vasculitis, spleen vasculitis and interstitial pneumonia were significant higher in PCV3 positive pigs than PCV3 negative pigs. 
Seven PCV3 whole genome sequences were obtained. Current PCV3 genomes in the U.S shared over 98% nucleotide 
identities. U.S strains did not cluster together and were grouped with PCV3 sequences obtained in other countries.  
 
Conclusion: PCV3 is widespread in the U.S. PCV3 can infect pigs of any age, from fetus to adults. Abortion cases had a high 
rate of PCV3 positivity (40%). Also, we identified the first case of PCV3-associated histological lesions in an aborted fetus. Our 
preliminary analysis of associations with histological lesions showed PCV3 may be associated with myocarditis, heart 
vasculitis, spleen vasculitis and interstitial pneumonia. PCV3 complete genomes from the US showed a degree of variability 
comparable to that found in the rest of the world. All this information taken together suggest that PCV3 is an endemic virus in 
the US that has most likely been circulating within the U.S. swine populations for years. 
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Unraveling the Streptococcus suis genome 
 Streptococcus suis is an important swine pathogen associated with meningitis, arthritis, epicarditis, polyserisitis, and 
septicemia. Identification of the virulence factors for S. suis is important for understanding the pathogenesis of S. suis 
infection, help differentiate virulent from commensal strains, and serve as possible targets for vaccine development. One 
limitation, however, is the lack of a universal, well-defined set of virulence characteristics for S. suis, which has resulted in 
various definitions of virulence across laboratories and the identification of numerous potential virulence factors. Currently, 
there are over 100 putative virulence factors, many of which have yet to be confirmed in experimental models. The capsular 
polysaccharide (CPS) is an important virulence factor and has been reported as the only confirmed critical virulence factor, 
largely in serotype 2 strains. Other virulence-associated markers include muramidase-released protein (MRP), protein 
extracellular factor (EF), hemolysin/suilysin (SLY), which have been extensively investigated in serotype 2 European and 
Canadian isolates. Information on the distribution of these virulence markers in U.S. isolates is limited despite numerous 
publications on S. suis virulence factors worldwide.  
 This study investigates the distribution of virulence factors and identifies a genotyping scheme for predicting virulence 
in S. suis isolates from the U.S. A genomic approach assessed the presence of 55 virulence-associated genes, encoding 
putative virulence factors as described in the literature. The distribution of the virulence-associated genes was visualized with 
R software to investigate similarities among 209 North American isolates. The 209 isolates were assigned into pathotypes 
(pathogenic, likely pathogenic, likely commensal, and commensal) based on clinical information and site of isolation. In 
addition, serotype and multilocus sequence type (ST) data was generated for each isolate.  
The predominant serotypes in the U.S. were serotypes 1/2, 7 and 3, and the predominant STs were ST28, ST94, ST1, and 
ST108. Based on our preliminary data, a dendrogram of serotype and STs generated five main clades. Of the five clades 
identified, three clades were associated with putative virulence gene profiles and pathotypes. Clade A was mostly composed 
of pathogenic and likely pathogenic isolates subtyped as serotype 1/2 ST28 and appeared to be unique compared to the 
published North American S. suis strains. Clade B was composed of pathogenic and likely pathogenic isolates and was 
composed of serotype 1 and 2 isolates belonging to ST1. Clade C was mostly composed of commensal and likely commensal 
isolates identified as nontypable by serology and belonging to various STs.  
 We investigated virulence associated genes capable of differentiating among pathotypes, focusing on genes capable 
of differentiating among Clades A-C. The mrp, epf, and sly genes could not differentiate the pathogenic and commensal 
pathotypes, suggesting a genotyping scheme based on the mrp, epf, and sly genes is not indicative of virulence in our U.S. 
isolates. This is not unexpected as the literature describes differences in virulence factors and virulence potential due to 
geographical origin. We identified various putative virulence genes present in isolates from Clades A and B but not from Clade 
C. These preliminary results suggest a new genotyping scheme for predicting virulence in S. suis, although we are aware that 
the presence of a gene does not ensure the expression of the virulence marker. In conclusion, this study investigated the 
distribution of 55 virulence-associated genes in 209 U.S. isolates, which expands our knowledge on S. suis in the U.S. since 
current S. suis publications largely focus on European and Canadian serotype 2 isolates.  
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Lab SAVI – supercharging VDL data for better animal health decision-making 
Laboratory data is inherently complex as new tests are constantly evolving and large amounts of data are accumulated. In a 
first instance there is a need to report results to submitters in a practical and timely manner. At the Veterinary Diagnostic 
Laboratory (VDL) of the University of Minnesota this objective is met by online access for authorized veterinarians and farm 
managers to case reports, which was recently upgraded to a new version. However, additional value from the data can be 
gained by combining individual results to generate insights into population-level trends, being it for a single farm, group of 
farms or across a whole US state. However, traditional static data outputs on a case level are not tailored to compare data or 
to make inferences that account for several layers of information.  
 
Advances in web-based data visualisation allow us now to better address these shortcomings and provide further insights into 
animal health datasets. Simplifications and abstractions of data have the potential to improve communication and minimize 
cognitive overload, through balancing best practice in user interface with the complexity of the underlying analytics. To pilot 
these ideas the VDL is currently developing an interface for their lab data called Lab/savi which will allow clients to better 
explore the data relevant to their holdings or cases both in space and time. Using PRRS data as a case study we are currently 
in the process of setting up the system architecture and key functionalities, which includes a sophisticated map view enabling 
spatial exploration of the data, genetic analysis as well as analysis of susceptibility profiles to investigate antimicrobial 
resistance patterns.  
 
Lab/savi is being developed in close cooperation with stakeholders to ensure it meets the needs of the target audience and 
offers a rich user experience which is simple but not simplistic. A first version will be available from early 2019 for early 
adopters from which we are planning to expand upon. 
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Optimizing Diagnostic Sampling 
         Many necropsy submissions are indirectly presented as a wasted opportunity to learn more and make result 
interpretation more powerful immediately as well as over time. Diagnostic techniques have advanced and given us the 
opportunity to detect more pathogens on a recurring basis. Some people see this as an insurmountable task that shouldn't be 
beyond their capabilities to comprehend. Others see opportunities to understand disease dynamics that can result in more 
beneficial interventions. No organ is an island. We have the opportunity to learn and grow with new technologies but it takes a 
regimented and persistent approach to sample submission in order minimize the variables between case submissions. This 
talk will go over submissions, interpretations and thoughts about current and future diagnostic testing. 
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Molecular Diagnostics: Present and Future 
Through the Agricultural Research, Education, Extension and Technology Transfer (AGREETT) program, I was appointed as 
an Associate Professor of Virology in the Veterinary Population Medicine Department in the College of Veterinary Medicine at 
the University of Minnesota. I have over 20 years of research experience as a molecular biologist in the areas of virology, 
biodiversity, pathology and genomics – in particular the use of genomic tools to study key biological processes. My research 
program is focused on pathogen discovery; comparing and contrasting a diverse array of host-virus systems. I am particularly 
interested in seeing my fundamental research translated into practical solutions.  
 
My presentation will focus on the subject areas of continuous surveillance, rapid diagnosis and real-time tracking of re-
emerging infectious diseases. Fast, affordable sequencing of pathogen genomes - now a staple of any diagnostic laboratory – 
coupled with a clear understanding of the pathogen ecology has the potential to provide an innovative digital disease detection 
platform. Such a platform raises the possibility of creating a rapid proactive, rather than a delayed reactive pathogen 
surveillance system. Here, I will share my experiences of how a genomics-informed screening protocol can have a profound 
impact on our ability to identify, intervene and limit the impact of an infectious disease.  
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