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     This thesis is an investigation of various sources of animal health data used in 

disease surveillance for the swine industry in Ontario, Canada. Health data derived 

from veterinary diagnostic laboratory submission rates, veterinary diagnostic test 

results, an abattoir, and swine sentinel herds are examined. Based on data from 1998 

to 2009, the rate of submissions to a veterinary diagnostic laboratory are dependent on 

economic variables associated with the swine industry and include:  the price paid to 

swine producers for pigs, the cost of feed (corn), the United States/Canadian dollar 

exchange rate, and lean-hog futures. An outbreak of porcine circovirus-associated 

disease (PCVAD) that occurred in the Ontario swine industry from 2004-2006 

increased the rate of diagnostic submissions despite the poor economic state of the 

swine industry at the time. The positivity of porcine reproductive and respiratory 

syndrome virus (PRRSV) polymerase chain reaction (PCR) tests ordered by veterinary 

practitioners decreased during the PCVAD outbreak. There was a strong seasonal and 

yearly affect in the model influencing the positivity of PRRSV PCR tests. However, 

there was no association between the positivity of PRRSV enzyme-linked 

immunosorbent assays (ELISA) and the PCVAD outbreak. These findings suggest 

that the results of tests ordered by veterinarians at diagnostic laboratories have the 

potential to be used as a form of syndromic surveillance.  Swine tonsils (n=395) were 



collected from a federally-inspected abattoir to determine the prevalence of porcine 

pathogens, and the most predominant bacterial pathogens isolated were Streptococcus 

suis (53.7%), Arcanobacterium pyogenes (29.9%), Pasteurella multocida (27.3%), 

and Streptococcus porcinus (19.5%). Tonsils collected from the held-rail were more 

likely to be positive for, Staphylococcus hyicus, Streptococcus porcinus, and 

Streptococcus suis. PRRSV and porcine circovirus-2 were detected in 22.0% and 11.9% 

of the samples, respectively. Stored serum samples (n=500) from 50 Ontario swine 

sentinel herds and samples from 2 case herds with clinical disease suggestive of 

pestivirus infection were tested for Bovine Viral Diarrhea Virus (BVDV) to determine 

the prevalence of BVDV on Ontario swine farms. The prevalence of BVDV on 

Ontario swine farms was negligible and the presence of cattle on the same farm was 

not an identified risk factor.  
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CHAPTER ONE 

 

Introduction, Literature Review, and Objectives 

 

Introduction 

     The evolution of animal disease monitoring and surveillance has been stimulated 

by the global recognition of the negative impact that emerging and re-emerging 

animal diseases have on human, animal, and environmental health (Brown, 2004). The 

devastating effects and unpredictability of emerging and re-emerging animal diseases 

were demonstrated repeatedly over the past decade. In 2001, the Department for 

Environment Food Rural Affairs (DEFRA) of the United Kingdom confirmed over 

2000 cases of Foot-and-Mouth Disease (FMD) during the disease outbreak and 

referred to the incident as “the worst outbreak experienced by Britain since proper 

records began”  (DEFRA, 2011a). The outbreak triggered monumental economic 

sequelae, animal welfare concerns, and massive animal losses that resulted in the 

culling of over 6 million animals (DEFRA, 2011a). In May 2003, the Canadian Food 

Inspection Agency (CFIA) reported its first non-imported case of Bovine Spongiform 

Encephalitis (BSE) which resulted in significant trade restrictions and economic 

hardship (Coulthart et al., 2003; CFIA, 2008).  The year 2009 saw the emergence of a 

novel human H1N1 influenza virus and this recent pandemic emphasized the zoonotic 

nature of some animal diseases (Morens et al., 2010; Burkhardt, 2011). The increased 

media attention associated with this and other recent disease outbreaks has heightened 

public awareness and sensitivity to the issues of disease outbreaks in animals 

(Burkhardt, 2011; Hilton and Smith, 2010; Boyd et al., 2009; Lemyre et al., 2009).  
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     The recognition of the anticipated impact of animal health threats is reflected in the 

holistic approach of the “One World-One Health” paradigm of the World Health 

Organization (WHO) (WHO, 2008). The WHO paradigm as well as statements from 

the World Organization for Animal Health (OIE) identifies world population growth 

and the increase in globalisation as the two most significant risk factors responsible 

for the increase in emergence of animal diseases (Brown, 2004; WHO, 2008).  Many 

governments and agencies have responded to these concerns and have made animal 

disease monitoring and surveillance activities a priority (Kloeze et al., 2010).  

     Despite advances in disease knowledge, communication skills, and computational 

abilities, the timely identification of animal disease outbreaks, whether they are novel 

or re-emerging diseases, remains challenging (Doherr and Audige, 2001; Hadorn and 

Stark, 2008). Hence, the search for new methods to identify disease outbreaks, and 

ways to improve the utilization of current data sources, is an active area of research 

(Stark and Nevel, 2009; Amezcua et al., 2010). Based on the historical disease events 

of the past decade, continued global population growth, and the increase in movement 

of people due to globalization, it should come as “no surprise” that animal diseases 

will continue to emerge and consequently continue to make animal disease 

surveillance particularly challenging (Brown, 2004). 

     Animal disease monitoring and surveillance activities rely on the acquisition and 

utility of animal health-data for successful disease identification and subsequent 

disease control efforts (Salman, 2003). The following literature review will summarize 

the sources of animal health-data used for animal disease monitoring and surveillance 

and provide the reader with the background context and rationale for this thesis. The 

review will describe the study population for the thesis (the Ontario swine industry), 

and identify the need for continued improvement in disease monitoring and 
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surveillance with the goal of early identification and control of emerging swine 

disease outbreaks. 

The Ontario swine industry 

Overview 

     The Ontario swine industry was chosen as the study population for the focus of this 

thesis because it is an industry that is structurally mature and has experienced re-

emerging and emerging diseases (Karasin et al., 2006; Carman et al., 2008). Ontario is 

home to over 38% of the Canadian human population, a population that is growing 

(Table 1.1), and contains the largest numbers of livestock in Canada (Table 1.2). The 

swine industry is an important constituent of Ontario’s livestock industry with pig and 

pork production contributing significantly to the province’s food-animal sector. The 

Ontario Pork Producers Marketing Board (OPPMB) reported in 2009 that the Ontario 

pork industry contributed $4.0 billion dollars to the provincial economy and 

contributed to over 27,000 jobs. The industry, however, is rapidly shrinking as these 

numbers are down from 2008 reported numbers of $4.7 billion and 33,000 jobs 

(OPPMB, 2009). 

     The last 10 years has seen a consolidation in the number of pork producers and 

farms in Ontario (McEwan and Marchand, 2007). The number of hog farms in the 

province is shrinking but the relative size of the remaining farms is growing resulting 

in fewer but larger operations. On January 1, 2000 the number of swine farms that 

reported to Statistics Canada was 5,450. This number has now declined to less than 

2,400 farms as of Oct 1, 2010 (Statistics Canada, 2011). These larger operations, 

however, have accounted for an increase in total output of pork and pork products 

over the past 10 years (McEwan and Marchand, 2007). The Ontario pork industry is 
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heavily export driven. Ontario exported over 750,000 live pigs < 50kg in 2009 and 

exported over 900 million kg of pork with the major pork export markets being the 

United States (30%) and Japan (21%) (OPPMB, 2009). 

     Driven by supply and demand and impacted by the global demand for pork, the 

Ontario swine industry is no stranger to economic volatility. The price paid to Ontario 

pork producers has ranged from 85 CAD$/ckg DW to over 200 CAD$/ckg DW over 

the past 12 years (OPPMB, 2010) (Figure 1.1).   Ontario pork producers have gone 

from record high returns in 2002, to an extended period of prices below the cost of 

production from 2007 until 2010 (Figure 1.2). 

Historical swine disease outbreaks in Ontario 

     The past eight years has also been a dramatic and volatile period for the Ontario 

swine industry in terms of disease outbreaks and emergence of novel diseases. Disease 

investigations, between 2003-2005, for swine respiratory disease outbreaks and 

increases in sudden deaths in young pigs led to the discovery of novel human-avian-

swine re-assortment of influenza H3N2 and H1N2 (Karasin et al., 2006). Laboratory 

reports also surfaced on the emergence of more virulent strains of porcine 

reproductive and respiratory syndrome virus (PRRSV) in 2004 (Carman et al., 2005). 

In the fall of 2004, the Ontario swine industry experienced a dramatic increase in 

mortality and morbidity due to porcine circovirus-associated disease (PCVAD) as a 

result of the emergence of a novel, pathogenic strain of porcine circovirus type-2 

(PCV-2) (Carman et al., 2008).  

Industry willingness to participate in disease monitoring and surveillance 

activities 
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     The consolidation of the Ontario swine industry, recent disease outbreak 

experiences, and a precarious economic climate, has made the Ontario swine industry 

attentive to the importance of disease monitoring and surveillance activities to protect 

the provincial and national swine herd from disease outbreaks (Byra et al., 2010; 

Amezcua et al., 2010). As a result, the Ontario swine industry is receptive to 

information sharing and collaborative efforts to improve disease detection abilities and 

preparedness, and therefore, is an ideal study population for the issues addressed in 

this thesis. 

Literature Review 

Sources of animal health-data for disease monitoring and surveillance 

     The sources for obtaining animal health data for disease monitoring and 

surveillance activities are highly diverse ranging from the animal owners themselves, 

veterinary practitioners, animal health laboratories, abattoirs or sales yards, and 

researchers (Salman, 2003). Other, more secondary types of data sources can include 

information from the reports of local, regional, or federal authorities as well as 

internet sources such as the Pro-MED-mail electronic mailing list which includes 

information about emerging animal and human diseases (http://www.promedmail.org 

last accessed Jan 2, 2011).  

     Such an extensive variety in the source of animal health data subsequently 

generates a wide range of data quality, consistency and representativeness (Salman, 

2003). For example, the health information obtained can vary by the source population 

in terms of its external validity for statistical inference.  Important epidemiological 

information can often be missing in certain data sources such as the total number of 

animals-at-risk or geographical location of the animal(s). Financial and political issues 
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can also support or hinder the acquisition of certain health data (Salman, 2003; Stark 

and Nevel, 2009). As a result the quest for new sources of animal health data, as well 

as exploration of more effective methods of analysing existing data for their 

implementation into animal disease monitoring and surveillance activities, is an active 

area of research.   

Abattoir-derived health data  

     The congregation of large numbers of animals from multiple sources (farms) at 

slaughter provides an opportunity to sample and observe animals representing a large 

and geographically varied population.  Animal health data collected at the abattoir has 

been long used to document country “freedom-from-disease” and to monitor 

reportable animal diseases at the national level (Rautiainen et al., 2001; Vilas et al., 

2006, Vilas et al., 2008). Documenting freedom-from-disease is an imperative activity 

of countries involved in the trade of live animals or animal products in order to protect 

trade partners from the risk of a foreign animal disease outbreak and to secure 

international trade agreements (Thiermann, 2004). Recently, the CFIA announced that 

it will be collecting blood samples from swine at slaughter to enhance Canada’s 

ability to document freedom from disease for porcine brucellosis, trichinellosis and 

pseudorabies (CFIA, 2011).     

     The value of using abattoir data for monitoring re-emerging or novel disease 

outbreaks has been evaluated and demonstrated by monitoring carcass condemnation 

rates, monitoring meat inspector observations, and by targeted surveillance and 

collection of samples at slaughter (Hadorn and Stark, 2008; Weber, 2009; Alton et al., 

2010). A Swiss study evaluated different cattle tuberculosis surveillance systems for 

bovine tuberculosis detection (Hadorn and Stark, 2008). By compiling results from the 
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data collected by: meat inspector observations, on-farm detection by producers or 

practitioners, and the trace-back of human cases to cattle, the authors concluded that 

monitoring the health data collected at the slaughter plant had the highest sensitivity 

for bovine tuberculosis detection (Hadorn and Stark, 2008). A limitation of the data 

reported by the authors was that the probability of a reported case depended on the 

prior disease knowledge of the producer as well as economic considerations with 

respect to producer compensation for animals.  The authors concluded that the gain in 

sensitivity for disease detection by meat inspectors was due to the pathonomonic signs 

associated with tuberculosis in cattle at slaughter and inspector heightened disease 

awareness at the time of the study. However, the authors do believe that the relative 

disease awareness of producers, veterinarians and meat inspectors on the sensitivity of 

such passive disease surveillance is valid and that when relying on disease awareness 

of individuals for passive surveillance, the authors stress that sustainable disease 

awareness education programs are paramount. 

     The United States Department of Agriculture (USDA) has implemented an 

electronic animal disposition reporting system (eADRS) that reports on the number of 

ante and post mortem condemnations at federally inspected facilities (USDA, 2011). 

Weber (2009) presented results from research that suggested an outbreak of swine 

erysipelas could have been detected by monitoring abattoir condemnation reports. It 

was also suggested by Weber (2009) that future work should focus on the exploration 

of cumulative sum (CUSUM)-based techniques for identifying increases in abattoir 

condemnation rates. 

     Alton et al. (2010) reported on biological and non-biological factors associated 

with carcass condemnation rates at provincial abattoirs in Ontario, Canada. Factors 

other than animal health related issues highlighted in this work included variables 
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such as commodity pricing, animal class (e.g., cull cows), abattoir heterogeneity, and 

season. The authors concluded that heterogeneity among provincial abattoirs, likely as 

a result of the type of animal class received by different abattoirs, did present 

obstacles to the application of such data for application into a syndromic surveillance 

system and for outbreak detection (Alton et al., 2010).  

     Abattoir-derived data has also been particularly helpful in aiding animal 

researchers and policy makers to determine the prevalence of diseases and has helped 

demonstrate the relationship between the risk of human food-borne illness and food-

animal health (Singer et al., 2007; Hurd et al., 2008; Karama et al., 2008). Hurd et al. 

(2008) demonstrated a correlation between subclinical illness in pigs and human 

health risk by measuring carcass contamination at slaughter. However, despite the 

utility of abattoir data as a tool for disease monitoring and surveillance, there is an 

increasing concern about its ability to truly predict prevalence due to the innate 

heterogeneity of the data (Vilas et al., 2008).  Hence, targeted sampling techniques 

have been suggested as means to reduce the heterogeneity often found in abattoir-

derived data (Stark et al., 2006, Hadorn and Stark, 2008; Vilas et al., 2008) for 

emerging disease detection and risk assessment.  

Sentinel herd-derived health data  

     Succinctly defined, sentinel surveillance is the monitoring of the rate of disease in 

a specific cohort to access the stability or change in health of the population 

(McCluskey, 2003). The cohort is often defined based on geographic location, disease 

of interest, willingness of participants, and hence does not always truly represent a 

random sample of farms. The use of sentinel herd surveillance has been implemented 
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and used for a broad range of animal diseases and for multiple animal species (Racloz 

et al., 2006).  

     Specifically for swine, a particularly informative herd sentinel surveillance system 

was implemented for the Ontario swine industry in 2001 as a joint project between 

researchers at the University of Guelph, the OPPMB and OMAFRA (Friendship et al., 

2002). The Ontario Swine Sentinel Surveillance Project (OSSSP) had the principal 

objectives of creating and supporting an information network between researchers, 

veterinarians, producers and diagnostic laboratories, to monitor swine diseases and 

farm management practices, and to establish a bank of stored samples for current and 

future disease research or surveillance (Friendship et al., 2002). The OSSSP is no 

longer active but since its inception in 2001 the stored samples and information 

collected by the project has been instrumental in the success of many subsequent 

research initiatives. Poljak et al. (2008) used samples from the OSSSP to determine 

the pig and herd-level seroprevalence of Toxoplasma gondii in Ontario finisher pigs. 

Farzan et al. (2008) also utilized samples from the OSSSP to describe the farm level 

prevalence of Salmonella spp.   

     Presently, the Ontario Ministry of Agriculture Food and Rural Affairs is actively 

engaged in a sentinel herd program that has 21 large animal clinics participating.  The 

participating clinics are predominately mixed animal practices that report clinical 

syndromes from cattle, sheep, swine, horses, and goats.  A strength of the program is 

that participating practitioners are compensated for diagnostic laboratory work up 

enabling the validation of the reported syndromes (OMAFRA, 2010a). 

     Racloz et al. (2006) evaluated sentinel herd surveillance systems with a focus 

directed on examining the utility for determining exposure risk, detection of emerging 

diseases, and for the monitoring of existing diseases. In their review, the authors 
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recognize that there are some limitations with respect to sampling techniques and 

infrastructure that are associated with sentinel herd surveillance and suggest that 

sentinel herds have limited suitability for prevalence surveys. However, they 

concluded that sentinel herd systems are more suited for the early detection of a 

targeted agent (Racloz et al., 2006).  

 

Diagnostic laboratory submissions and diagnostic tests  

    Veterinary diagnostic laboratories are the cornerstone for animal disease diagnosis 

and the contribution that they make to animal disease monitoring and surveillance 

deserves special attention. In addition to providing services for practicing 

veterinarians in terms of consultation and interpretation of test results, diagnostic 

laboratories conduct testing for foreign animal diseases, export requirements and 

movement of animals, and for research and development work (O’Toole, 2010; 

Schmitt, 2003).  

     Many countries have recognized the importance of coordinated animal disease 

surveillance and have enlisted diagnostic laboratories as key advocates for national 

surveillance activities. For example, Canada established the Canadian Animal Health 

Surveillance Network (CAHSN) which enabled the collaboration and standardization 

of veterinary diagnostic laboratories across the country (Kloeze et al., 2010). The 

CFIA also operates The National Centre for Foreign Animal Disease (NCFAD) in 

Winnipeg, Manitoba that acts as a personnel training centre, foreign animal disease 

response think tank, and laboratory reference library for the diagnostic laboratories 

enrolled in the CASHN (Kloeze et al., 2010). The United States Department of 

Agriculture (USDA) developed the National Animal Health Laboratory Network 
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(NAHLN) to increase surveillance, diagnostic testing and surge capacity in the event 

of a foreign animal disease outbreak (USDA, 2010). 

     On the companion animal side of veterinary medicine, the National Companion 

Animal Surveillance Program (NCASP) was established at Purdue University School 

of Veterinary Medicine, Indiana, USA. The NCASP was developed in response to the 

recognition that dogs and cats have the potential to serve as disease sentinels for 

humans and the system is based on the monitoring of laboratory test results (Glickman 

et al., 2006). Limitations noted in the system included issues associated with 

confidentiality of test results, lack of timeliness in communicating results to 

practitioners and public health authorities, and difficulty in managing the large 

database of information and analyzing such volumes of data efficiently (Glickman et 

al., 2006). 

     The use of laboratory-derived data for syndromic surveillance is an active area of 

research for livestock industries. Syndromic surveillance is a term used to describe the 

use of health data that precedes diagnosis or confirmation of disease aetiology for 

disease monitoring and surveillance of populations (Lawson and Kleinman, 2005).  

Studies and surveillance systems have reported on the use of laboratory submissions 

and the clinical syndromes associated with the submissions for monitoring diseases. 

DEFRA has established a surveillance system, Rapid Analysis and Detection of 

Animal-related Risks (RADAR), which collects and collates veterinary surveillance 

data from many different sources around the United Kingdom including diagnostic 

laboratory submission data and test results (DEFRA, 2011b).  The Veterinary 

Investigation Diagnosis Analysis (VIDA) computer system of DEFRA has been 

recording laboratory data since 1999 but a lack of data quality associated with the 
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laboratory submissions limited the data’s ability to detect subtle changes in disease 

patterns or disease outbreaks (Gibbens et al., 2008).  Gibbens et al. (2008) explored 

the possibility of improving detection of such subtle changes by strengthening the 

quality of information associated with the individual submissions. The authors used a 

submission code termed “diagnosis not reached” (DNR) as well as “flags” (yes/no) to 

determine if there was sufficient testing performed to reach a diagnosis. They 

subsequently monitored the DNR code for changes in the rate of undiagnosed diseases 

in different animal species. An increase in the rate of species-specific DNR codes was 

felt to represent an unknown disease or a disease outbreak. The system experienced 

some successes in detecting changes in undiagnosed cattle nervous system diseases 

but the authors recognized that laboratory submission rates should be adjusted for 

economic factors affecting livestock industries or other unidentified confounding 

circumstances such as individual veterinarian testing preferences (Gibbens et al., 

2008).  

     A large comparative study conducted by Stark and Nevel (2009) evaluated the 

strengths and weakness of pig health surveillance used in England which included an 

evaluation of the VIDA system described above. The authors reported that the quality 

of the information represented by the laboratory submission data was heavily 

dependent on the number of samples submitted and was influenced by the economics 

of the livestock industries which likely resulted in underestimated disease incidence 

and significance. A key recommendation made by the report, however, was for more 

rigorous collection of epidemiological data to enhance data quality and make it 

possible to determine the extent of geographical coverage that laboratory submissions 

represent (Stark and Nevel, 2009). 
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     Another application of laboratory submissions for syndromic surveillance was 

explored by Odoi et al. (2009). They monitored submissions associated with mare 

abortions in Kentucky, USA. The study was limited to one syndrome: abortion and 

one species: equine. The analysis of the submissions did not have to wait for a 

definitive diagnosis for etiology of abortion but rather monitored clusters of mare 

abortion submissions. The authors felt the system represented a near real-time analysis 

of the syndromes. The system was successful in identifying a retrospective abortion 

outbreak and the authors reported that the system would have detected the outbreak 

over 1 week sooner. The authors further postulated that this earlier detection could 

have minimized financial losses associated with the outbreak which were estimated to 

be over 300 million US dollars. A noted limitation of the abortion syndrome data was 

that submissions for mare abortions were heavily subsidized and therefore reliant on 

such financial compensation and hence the system may not maintain sustainability if 

such compensation ceased. In addition, geographical data quality associated with the 

submissions was not always accurate at the farm level limiting the options available 

for disease control efforts (Odoi et al., 2009). Since the publication of these findings 

by Odoi et al. (2009), the same authors have reported the success of their syndromic 

surveillance system in identifying a cluster of bovine deaths due to blackleg 

(Clostridium chauvoei) (Carter et al., 2009). 

     A study conducted by Shaffer et al. (2007) analyzed the utility of monitoring the 

automated-feed of test orders from a diagnostic laboratory by assigning disease 

syndromes to laboratory accessions from companion animal practices in Ohio, USA.  

The pilot study described in this paper demonstrated that an increase in the number of 

tests ordered by veterinarians was detected by applying CUSUM methods to the 

number of tests ordered over time. A limitation identified in this study however, was 
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that laboratory submissions or tests ordered did not always have a reported disease 

syndrome and that missing data fields was an issue (Shaffer et al., 2007). 

Veterinary Practitioner-derived data 

     Veterinarians have been at the forefront of novel disease outbreak identification for 

decades (Wells et al.,1987; Harding, 2004). Highly trained in the science and art of 

disease detection and treatment, veterinarians are capable of recognizing typical and 

atypical animal disease patterns in terms of clinical presentation, seasonal trends, 

geographical distribution, and inter-species involvement (Vourc’h et al., 2006, 

O’Toole, 2010).   The medical records that veterinary practitioners generate have 

enormous potential to enhance traditional sources of disease surveillance data. 

Historically, collection and utilization of veterinary practitioner-derived data for 

disease surveillance was limited by computational capabilities and issues surrounding 

confidentiality (Vourc’h et al., 2006). But more recently, the recognition of the 

vanguard position of practitioners for disease identification, coupled with advances in 

syndromic surveillance systems in the human medical field, has ignited research into 

the utility of practitioner-derived data, and the implementation of syndromic 

surveillance in veterinary medicine (McIntyre et al, 2002; McIntyre et al., 2003; 

Amezcua et al., 2010; OMAFRA, 2010a).  

     Veterinary-derived animal health data are typically reported in the form of disease 

categories or syndromes identified by the attending practitioner (Lawson and 

Kleinman, 2005). For example, the classification and report of clinical signs seen on-

farm based upon the affected body systems e.g., neurologic, respiratory, unexpected 

death. A variety of syndromic surveillance systems have been implemented across the 

world. The Department of Environment Food and Rural Affairs (DEFRA) of the 
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United Kingdom has implemented syndromic surveillance called the Veterinary 

Surveillance Strategy (VSS) into its Rapid Analysis and Detection of Animal-related 

Risks (RADAR) surveillance program (DEFRA, 2011c). The provincial government 

of Alberta, Canada established a Veterinary Practice Surveillance system (VPSS) as a 

component of the Alberta Veterinary Surveillance Network (AVSN) (ASVN, 2011). 

Both systems utilize veterinary reports from practitioners in the field about their visits 

to cattle farms and collect data on disease and non-disease related issues. In 

developing countries, surveillance systems have used community-based animal health 

workers (CAHWs) who act as an interface between the nearest veterinary office in 

countries with limited financial and communication abilities to report on disease 

syndromes seen on farms (Allport et al., 2005). 

     The reports on veterinary-derived data are encouraging with respect to data 

reliability and value. However, the success of a veterinary practitioner driven 

syndromic surveillance system seems to be limited by key factors: timeliness of data 

acquisition and transfer, economics, and geographical coverage (Bush, 2003; De 

Groot et al., 2003; Stark and Nevel, 2009; Amezcua et al., 2010). An assessment of 

the Rapid Syndrome Validation Project-Animal (RSVP-A) in the USA by De Groot et 

al. (2003) stated that the internet application used in the system was too slow and 

“bovine practitioners demonstrated a lack of patience” when participating in the 

program (De Groot et al., 2003).  Bush (2003) reported less than 75% of the pork 

industry in the USA has adequate access to a veterinarian, generating geographical 

gaps in the industry for acquisition of disease data. The issue of economic 

sustainability of the system was an issue highlighted by a review of surveillance 

systems for swine in the UK by Stark and Nevel (2009). The authors indicated that the 

requirement for practitioner financial compensation, as well as the need for incentive 
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strategies, to encourage practitioners to participate in such programs (e.g., provide 

funding for laboratory investigation) was needed to maintain sustainability of the 

systems (Stark and Nevel, 2009). Direct practitioner financial compensation was also 

discussed as a limiting factor in a pilot study evaluating a veterinary-based syndromic 

surveillance system for swine by Amezcua et al. (2010) in Ontario, Canada. 

Practitioners participating in the pilot program reported that financial compensation 

for their time to participate would encourage their continued involvement in a 

syndromic surveillance system past the pilot phase (Amezcua et al., 2010). 

     Questions frequently raised about veterinary syndromic surveillance is the issue of 

what health data are most representative of the population under surveillance, or 

which on-farm measures are most useful for practitioners to report on:  syndromes, 

mortality rates, or pharmaceutical drug sales (Stark and Nevel, 2009).  Amezcua et al. 

(2010) suggested that other herd proxy measures, such as herd production statistics or 

mortality data, would be more representative of pending disease outbreaks. The 

authors suggested these types of data as a form of “pre-syndromic surveillance” to 

consider when concerned about diseases that cause rapid death and that take time to 

develop clinical signs (Amezcua et al., 2010). In the Netherlands, researchers 

investigated this theory by analysing mortality data for the early detection of a 

classical swine fever virus (CSFV) outbreak (Backer et al., 2010). Dutch swine 

producers are required to send all carcasses to a single rendering plant for disposal and 

the authors utilized these mortality data to try and improve CSFV detection, 

recognising that swine can perish from CSFV before they develop any clinical signs. 

They were able to demonstrate a two-day earlier detection of an outbreak of CSFV but 

given the assumptions made with the data the authors concluded that the gain in 

detection time was likely not economically beneficial (Backer et al., 2010).  A similar 
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study by Savill et al. (2008) presented a theoretical analysis of mortality thresholds 

and mortality clusters for highly pathogenic avian influenza surveillance in the UK 

(Savill et al, 2008). The authors proposed that if death is sudden and before 

development of clinical signs, then rapidly rising mortality may be the early indicator 

(health data) to monitor.   The authors concluded that while there was an improvement 

in disease detection in large flocks there was too much heterogeneity among flocks 

and virus virulence to make any firm conclusions on the utility of such data (Savill et 

al., 2008).  

     Another proxy considered a useful indicator of animal health is the level of use of 

antimicrobial drugs (Stark and Nevel, 2009).  The on-farm usage of antimicrobial 

drugs has been reported previously (Dunlop et al., 1998a; Dunlop et al., 1998b) and 

literature is expanding in the field of monitoring antimicrobial drug resistance 

(Deckert et al., 2010). However, veterinary drug sales as a form of syndromic 

surveillance is presently an area unexplored in veterinary medicine (Stark and Nevel, 

2009).  

Thesis objectives  

     The Ontario Ministry of Agriculture and Rural Affairs (OMAFRA) has recognized 

the importance of disease surveillance for the protection and rapid response to 

emerging and re-emerging livestock diseases in Ontario. This is reflected in the 

release of the September 2010 report from the OMAFRA research theme advisory 

group which listed disease surveillance as a priority topic for research focus 

(OMAFRA, 2010b). This, and the fact that the Ontario livestock industry is not 

immune to emerging diseases, has heightened the need to further combine and use 

health data from different sources and most importantly, to better utilize existing 



 

18 
 

health data sources, such as sentinel herd, abattoir, and laboratory-derived health data 

for disease monitoring and surveillance initiatives (OMAFRA, 2010b). 

     The most striking information gap identified by this literature review was the lack 

of understanding and documentation of how the economics of a livestock industry can 

influence health data and in particular laboratory-derived health data. While touted as 

a significant bias to the use of diagnostic laboratory-derived data for disease 

monitoring and surveillance due to associated economics, no direct research to support 

such claims was found.  

     Another issue highlighted by this review is that while veterinary practitioner-

derived data have been recognized as an under-utilized source of information for early 

disease detection, the success of using such syndromic data seems to depend on the 

ability of the surveillance system to keep veterinarians engaged as well as the 

availability of financial incentives for their participation. Hence, the need to continue 

to investigate novel ways to use sentinel, abattoir and laboratory-derived data were 

identified as important research initiatives and addressed in this thesis. 

     The main objectives in the ensuing chapters of this thesis were focused on the gaps 

identified in the literature review as well as to address the issues identified as research 

priorities by OMAFRA.  The thesis objectives include: 

• Determine how the economics of the Ontario swine industry affected 

submissions made to the Animal Health Laboratory (AHL); 

• Determine how a disease outbreak of porcine circovirus-associated disease 

(PCVAD) influenced laboratory submissions to the AHL despite the  

economic volatility of the Ontario swine industry; 
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• Determine how a disease outbreak of PCVAD affected test positivity of the 

PRRSV ELISA test at the AHL; 

• Determine how a disease outbreak of PCVAD affected test positivity of the 

PRRSV ELISA test at the AHL; 

• Determine the utility of using tonsils collected at an abattoir for the 

identification of microbiological agents ; 

• Determine the prevalence of Bovine Viral Diarrhea Virus (BVDV) in Ontario 

swine herds using sentinel herd recorded data and specimens. 
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Table 1.1. 

Human demographics estimates (numbers) for Canada by province 

 Canada PEI NFL New Brunswick Nova 
Scotia 

Quebec  Ontario 

Oct 20101 

 
34,238,035 143,241 509,239 752,814 943,882 7,932,141 13,268,558 

 
Oct 20092  33,873,357 141,374 510,272 750,457 940,397 7,856,881 13,119,251 

 
Oct 20083  33,441,277 140,750 508,944 747,790 939,125 7,771,854 12,977,059 

 
 
 Manitoba Sask Alberta British Columbia Yukon NWT Nanavut 

 
Oct 20101 

 
1,240,020 1,049,701 3,735,086 4,551,853 34,475 43,757 33,268 

Oct 20092  
 

1,226,196 1,034,974 3,703,979 4,479,934 33,963 43,244 32,435 

Oct 20083  1,210,547 1,020,847 3,610,782 4,405,534 33,372 43,151 31,522 
 

 
1. Source:  Statistics Canada Catalogue no. 91-002-X vol. 24 no. 3 
2. Source:  Statistics Canada Catalogue no. 91-002-X vol. 23 no. 3 
3. Source:  Statistics Canada Catalogue no. 91-002-X vol. 22 no. 3 
http://www.statcan.gc.ca/bsolc/olc-cel/olc-cel?catno=91-002-X&chropg=1&lang=eng last accessed Jan 11, 2011 
 
PEI:  Prince Edward Island 
NFL:  Newfoundland 
Sask:  Saskatchewan 
NWT:  Northwest Territories 
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Table 1.2. 

Livestock inventories in Canada by province (per thousand head) as of July 1, 2010* 

Inventory Canada PEI NFL New 
Brunswick 

Nova 
Scotia 

Quebec  Ontario Manitoba Sask Alberta British 
Columbia 

Cattle 
 

14,011  66.8 11.2 81.4 83.7 1362 1793.9 1350.0 3100.0 5506.0 656.0 

Poultry 
 

Chicken 638,290  
 
 

x x 16,955 
 

21,570 
 

171,752 205,573 
 

29,938 
 

25,795 54,203 
 

100,896 
 

Turkey 21,648 x x 415.0 606.0 4814 9,236 1,565 802 1,555 2,649 

Pigs 11,854 1.7 45.2 70.1 15.0 3935 2,849 2,620 740 1500 78.0 
 

Sheep 1042.2 3.5 5.7 8.0 26.5 275.5 310 63 114 181 55 
 

Total  686,845.2 72 62.1 17,529.5 22,301.2 182,138.5 219,761.9 35,536 30,551 62,945 104,334 
 

 

Source:  Statistics Canada http://www40.statcan.gc.ca/l01/ind01/l3_920_2553-eng.htm?hili_none last accessed Jan 11, 2011 
* = excludes aquaculture and game farming inventories 
x = suppressed to meet the confidentiality requirements of the Statistics Act 
 
PEI:  Prince Edward Island 
NFL:  Newfoundland 
Sask:  Saskatchewan 
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Figure 1.1.  

Time series plot of the average monthly auction price (CAD$/ckg DW) paid to swine 
producers in Ontario January 1998 to July 2009 
 

 

Source:  Ontario Pork Producers Marketing Board 
CAD$ = Canadian Dollar 
ckg = 100 kilogram 
DW = dressed weight 
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Figure 1.2.  

The average net return (CAD$) per hog marketed for an average Ontario farrow-to-
finish swine farm January 2000 to July 2009 

 

 

Source:  Ontario Ministry on Agriculture, Farms and Rural Affairs Swine Budget 
Reports 2000-2009 
CAD$ = Canadian Dollar 
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CHAPTER TWO 

 

The association between submission counts to a veterinary diagnostic 

 laboratory and the economic and disease challenges of the 

Ontario swine industry from 1998-2009 

 

Submitted for publication:  Preventive Veterinary Medicine, Nov. 18, 2010 

 

Abstract 
 
     An intuitive assumption is to believe that the number of submissions made to a 

veterinary diagnostic laboratory is dictated by the financial state of the industries 

using the laboratory. However, no research is available to document how the 

economics of a food animal industry affects laboratory submissions and therefore 

disease monitoring and surveillance efforts. The objectives of this study were to 

determine if swine submissions made to a veterinary diagnostic laboratory fluctuated 

over time and to subsequently determine if economic indices associated with the 

Ontario swine industry can account for the variability seen in these submissions.  

Methods:  Retrospective swine submissions made to the Animal Health Laboratory at 

the University of Guelph, Guelph, Ontario from January 1998 to July 2009 were 

compiled into monthly counts. The following economic, demographic, and health 

variables impacting Ontario swine production were selected for analysis: auction price, 

lean-hog futures, currency exchange rate, price of corn, disease outbreak, government 

incentive program, number of farms in province, and average farm size. All 

independent variables identified by unconditional associations to have a significance 

of P≤0.2 with the outcome of monthly submission count were included in a 
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multivariable negative binomial model. A final model was identified by a backwards 

elimination procedure. 

Results:  A total of 30,432 swine submissions were recorded. The mean frequency of 

monthly submissions over 139 months was 212.9 (SD=56.0). After controlling for 

farm size and the number of farms in Ontario, higher submission counts were 

associated with a weaker CAD$ versus US$, higher auction prices, and a disease 

outbreak (P<0.001).  

Conclusions:  The results suggest that both economic volatility and disease outbreaks 

in the Ontario swine industry drive submissions to the laboratory. In conclusion, lab 

submissions are a useful source of animal health data for disease surveillance purposes 

keeping in mind however that surveillance activities should also monitor the 

economics of the industry.  
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Introduction 

      The timely identification of emerging animal pathogens or disease outbreaks is 

considered by many researchers and experts to be the most challenging objective of 

disease monitoring and surveillance (Dato et al., 2004; James, 2005). There are many 

sources of animal health data used for active and passive animal disease monitoring 

and surveillance systems e.g., reports from veterinarians in private practice, test 

results from veterinary diagnostic laboratories, abattoir reports and research initiatives 

(Doherr and Audige, 2001). However, despite the availability of such animal health 

data, disease outbreaks and emerging animal pathogens remain difficult to identify 

and interest in the early identification of animal disease outbreaks continues to be an 

active area of research. 

     Many animal disease outbreaks have initially been identified by attending 

veterinarians and pathologists in diagnostic laboratories, aided by the results of 

diagnostic testing (Schmitt, 2003, Vourc’h et al., 2006 and O’Toole, 2010).  However, 

diagnostic laboratory data are frequently considered to be a biased health data source 

that suffers from imperfections when it is used for disease surveillance purposes 

(Hadorn and Stark, 2008). Such imperfections range from issues such as the under-

reporting of disease and biases associated with clinical decisions surrounding case 

submission, to economic factors that impact a submission to a diagnostic laboratory 

(Gibbens et al., 2008). These characteristics inherent in the data are believed to 

account for an underlying deficiency in laboratory-derived health data when they are 

used for passive surveillance at the population level. Nonetheless, diagnostic 

laboratory data continue to play a crucial role in many disease monitoring and 

surveillance activities and the volume of research using such data for surveillance 

purposes continues to grow (Gibbens et al., 2008, Sintchenko and Gallego, 2009). 
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     It has been reported that veterinary diagnostic laboratory submissions fluctuate 

with disease trends (Wilson et al., 2002).  However, an intuitive assumption is to 

believe that the number of submissions made to a veterinary diagnostic laboratory is 

strongly dictated by the financial state of the industries using the laboratory (Gibbens 

et al., 2008). In other words, it has been assumed that as an industry experiences an 

economic downturn, the submissions to a veterinary diagnostic laboratory decline. To 

the authors’ knowledge, no research is available to document how the economics of a 

food-animal industry affects submissions to a veterinary diagnostic laboratory and 

therefore disease monitoring and surveillance efforts. 

     The Ontario swine industry is a food-animal industry that is currently in a delicate 

economic state, and has experienced fluctuations in its economic stability for over a 

decade (Figure 2.1). The swine industry is a supply and demand driven production 

system and is impacted by the global demand for pork. The data in Figure 2.1 

demonstrate that, on the average, Ontario farrow-to-finish hog farm, producers have 

experienced a negative net return (e.g., -60 CAD$ per hog marketed in Nov 2007) 

since July 2006 (Bancroft and Richards, 2010). The numbers of producers in the 

Ontario swine industry is on the decline and economists feel that Ontario swine 

producers will either continue to leave the industry or reduce costs associated with 

production (McEwan and Marchand, 2007). Potential cutbacks in production costs 

could include reductions in the use of veterinary services which can translate to a 

decrease in the use of veterinary diagnostic laboratory services (Elvinger et al., 2000). 

This type of trend may invariably lead to greater economic losses to the producer 

through undiagnosed disease challenges or reduce the ability to identify a disease 

outbreak within a farm or between farms. In addition, surveillance systems that rely 

on laboratory data for health information could receive less information as 
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submissions to laboratories decrease and potentially lead to a decrease in the 

availability of laboratory services (Blackwell, 2009). 

     The objectives of this study were to determine if swine submissions made to an 

Ontario veterinary diagnostic laboratory fluctuated over time and to subsequently 

determine if key economic and demographic variables associated with pork 

production in the Ontario swine industry could account for the variability seen in 

laboratory submissions. The fundamental economic and demographic variables 

included in the analysis were:  auction price paid to producers, lean-hog futures, 

currency exchange rate, price of corn, number of farms in Ontario, number of hogs in 

Ontario, and the average number of hogs per farm. 

Methods:  Data source and variables 

Dependent Variable:  Veterinary diagnostic laboratory data (swine submission 

monthly count) 

     Records of retrospective swine submissions made to the Animal Health Laboratory 

(AHL) at the University of Guelph, Guelph, Ontario from January 1998 to July 2009 

were compiled. The AHL is a comprehensive veterinary diagnostic laboratory that 

offers services for the food-producing animal industries, companion animal 

veterinarians, and animal researchers and is the largest full-service veterinary 

diagnostic laboratory in the province. The laboratory is accredited by the American 

Association of Veterinary Laboratory Diagnosticians (AAVLD), the Canadian 

Association of Laboratory Accreditations Ltd. (CALA), the Canadian Food Inspection 

Agency (CFIA), and the Thyroid Registry of the Orthopedic Foundation for Animals 

Inc. (OFA). In addition to the laboratory’s primary role of providing veterinary 

diagnostic services the AHL in partnership with the Ontario Ministry of Agriculture, 
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Food and Rural Affairs (OMAFRA) via the Ontario Animal Health Surveillance 

Network (OAHSN) provides disease trend information to different food animal 

industry stakeholders based on diagnostic laboratory test results (Animal Health 

Laboratory, July 2010).  

     The submissions included in this analysis were retrospective swine monitoring and 

diagnostic cases retrieved from the AHL data management systems. Swine 

submissions that were associated with research projects were excluded. The files 

developed consisted of a unique case number (unique identifier of the submission), 

date of the submission, and the postal code of the veterinary clinic making the 

submission. The two separate files from the different databases were formatted and 

appended to create one large dataset in Microsoft Excel 2007. The dataset was then 

manually checked for missing data, un-identified research submissions, and any 

submissions made from pet pigs. Subsequently all data were transferred to Stata 11 

(StataCorp. 2009) and then aggregated into monthly counts of swine laboratory 

submissions to represent the dependent variable of interest. 

Independent variables:  Ontario swine industry economic, demographic and 

health indicators  

      The main economic, demographic and health variables considered to have an 

impact on Ontario swine production during the same time period were selected for 

analysis.  Select independent variables were introduced into the model as lagged 

versions of the variable. These select variables were lagged by one-time period which 

represents a 1 month lag and are indicated below (Cameron and Trivedi, 1998 pp. 

221-250). Justification for selection and the description of the independent variables 

are as follows: 
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Average monthly auction price paid to pork producers (auction price) 

    Compulsory hog marketing boards have been established in Canada and the Ontario 

Pork Producers Marketing Board (OPPMB) was the marketing board that represented 

Ontario pork producers during the study period (OPPMB, July 2010).  Dictated by the 

Ontario Farm Products Marketing Act, the OPPMB was granted the legal right to 

control the marketing and transportation of hogs in Ontario and was responsible for 

representing Ontario pork producers in many areas including:  hog marketing, 

research, and government representation (OMAFRA, 2008). Therefore, all Ontario 

pork producers had to sell their market hogs through the board and all pork buyers had 

to purchase through the OPPMB. 

     Retrospective pricing information represented by the average monthly auction 

price paid to producers from January 1998 to July 2009 was compiled from the 

weekly records of the OPPMB. (OPPMB, July 2010). The average monthly auction 

price (C$/ckg) was lagged by 1 month. 

Lean-hog futures       

     Economists often cite that a key role of futures in commodity markets is their 

contribution to price discovery (Hull, 1995 pp.1-13).  For example, swine producers 

and other swine industry stakeholders will refer to lean-hog futures to form future 

price expectations or discovery and to aid in current decision making processes.  This 

process of price discovery may guide business decisions such as the purchase of a hog 

futures contract, to disperse or enlarge a herd, or to possibly increase/decrease 

operation expenditures in general. 

     The Chicago Mercantile Exchange (CME) has been providing futures for live hogs 

since 1966 and is considered the world’s largest exchange for non-storable 



 

38 
 

commodities such as hogs (Carter and Mohapatra, 2008).  The daily continuous lean-

hog futures (US$/LB) were taken from the CME for the period Jan 1998 to July 2009 

and aggregated into monthly average values (Datastream database, June 2010). These 

values were not lagged.  

Currency exchange rate 

     The value of the Canadian dollar (CAD$) versus the United States dollar (US$) 

plays a role in the economics of Canadian pork production (Coulibaly, 2009).  This 

phenomenon occurs primarily because a weaker Canadian dollar can significantly 

improve operating cost competitiveness for Canadian pork producers relative to US 

producers and result in a stronger Canadian export market (Coulibaly, 2009). For 

example, a Canadian hog producer can raise a pig in CAD$ and then get compensated 

in US$. The strength of the Canadian dollar plays an important role in the finances of 

Ontario pork producers because the Ontario pork industry is an export-oriented 

industry that is heavily reliant on the strength of export markets (McEwan and 

Marchand, 2007).  

     The Canadian dollar exchange rate (to US$) was considered to be an important 

economic variable associated with swine production in Ontario for this study as the 

US$ has historically been stronger than the CAD$ until recent years. The daily 

CAD$/US$ exchange rate was taken from the Bank of Canada noon exchange rate, 

aggregated into monthly average exchange rates and then lagged by 1 month 

(Datastream, June 2010).  

Price of corn  

     One of the primary expenses associated with swine production is feed costs and the 

primary feed ingredient fed to Ontario hogs is corn (Vyn and Marchand, 2005).  Daily 
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corn prices, based on the Huron FOB (CAD$/bu), were aggregated into monthly 

averages and lagged by 1 month (Nesstar Database, June 2010). 

Demographics of the Ontario swine industry 

     Over the past decade the Ontario swine industry has consolidated its production 

management resulting in fewer and larger operations. These larger operations have 

accounted for an increase in total output of pork and pork products over the past 10 

years (McEwan and Marchand, 2007). Information on the demographics of the 

Ontario swine industry was compiled from Statistics Canada (Statistics Canada, 2000-

2009). Three variables were generated to represent Ontario swine industry 

demographics:  number of hogs in Ontario (total pigs), average number of hogs per 

Ontario farm (farm size) and average number of swine farms (farm) in Ontario. 

Average monthly values of each variable were generated and lagged by 1 month.  

Disease outbreak 

      Disease outbreaks have been shown to drive the trend of submissions to a 

veterinary diagnostic laboratory (Wilson et al., 2002).  A dichotomous variable 

(disease) representing an outbreak of porcine circovirus type-2 associated diseases 

(PCVAD) in Ontario during the study period was generated for the time period 

December 2004 until May 2006.  The variable was constructed based on retrospective 

disease outbreak information reported by Carman et al. (2008).   

Government Incentive programs to conduct diagnostic testing  

     A federally funded incentive program called the Circovirus Inoculation Program 

(CIP) was a component of the Government of Canada’s plan to “improve the health of 

the Canadian hog herd, to help sustain the long-term viability and profitability of the 
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sector” (Agriculture Canada, 2010). The CIP was launched March 1, 2006 in response 

to the PCVAD outbreak at the time (Carman et al., 2008). Eligible producers were 

able to apply and receive financial compensation for laboratory diagnostic testing, 

clinical diagnosis and herd vaccination for PCV-2 up until Dec 21, 2008. A 

dichotomous variable named “CIP” was generated to represent when the program was 

in effect. It was suspected a priori that this variable may be a confounder. This 

variable was not lagged. 

Year 

     The data analysed spanned over10 years from 1998-2009.  Year was modelled as 

an indicator variable with 1998 as the referent year. 

Lagged dependent variable 

     The dependent variable was lagged by one month and then forced in the model as 

an independent variable to remove temporal patterns from the data being modelled. 

(Cameron and Trivedi,1998 pp.222-230).  

Methods: Statistical analysis  

     All statistical analyses were conducted in Stata 11 (StataCorp. 2009). 

Descriptive statistics and unconditional associations 

     The data were initially examined by looking at the distribution of the dependent 

and independent variables using histograms and distribution plots. The data were 

subsequently examined by graphing time series plots to observe the trend of the 

variables over time using a 12 month smoothed moving average. Standard descriptive 

statistics were then calculated for all of the variables. To avoid issues associated with 
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collinearity the pair-wise correlation coefficients among all the continuous 

independent variables were calculated to determine if any were correlated. A cut off 

value was set at 0.80 (Dohoo et al., 2009 p.369).   If any variables were highly 

correlated then the variable with the most complete data or the most biologically 

meaningful variable was chosen for the analysis. 

     The linearity of the continuous independent variables to the dependent variable 

were visually assessed by fitting a Lowess smoother to the scatter-plot of the 

independent variable with the dependent variable (Dohoo et al., 2009 p.376). Full 

maximum likelihood (ML) estimation of the regression coefficients was used to 

determine the unconditional associations between the independent variables and the 

dependent variable (Dohoo et al., 2009 p.457). A liberal P-value of ≤0.2 was set to be 

significant to pre-screen the variables. 

Multivariable models:  full model and final model 

     All independent variables previously identified by unconditional associations to 

have a P≤0.2 were put into a multivariable negative binomial (NB) regression model 

referred to as the full model.  The lagged value of the dependent variable was forced 

into the full model as an independent variable to account for serial correlation in the 

data (Cameron and Trivedi,1998 pp.222-230). The independent variable CIP was 

initially forced into the model as it was also suspected to be a confounder a priori. 

Subsequently, all biologically plausible two-way interaction terms between variables 

in the main effects model were examined one at a time. Interaction terms were 

retained in the model if they were found to be significant at P≤0.05.  

     Then, by using likelihood ratio tests, a backwards-elimination process was 

employed to identify a parsimonious model, referred to as the final model, allowing 
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only the significant (P≤0.05) main effects variables and interaction terms to remain 

(Dohoo et al., 2009 p.147). A confounding variable was defined as a non-intervening 

variable whose removal resulted in 20% change in the coefficients of the other 

variables in the model. (Dohoo et al., 2009 pp.284-289). If the confounding criteria 

was confirmed the confounding variable was forced back into the model.  The NB 

regression model was then refit into a generalized linear model framework using the 

over-dispersion parameter identified in the NB model to allow for model diagnostics 

and evaluation of goodness of fit in Stata 11 (StataCorp. 2009). 

     The final steps in the model building process included evaluation of model 

diagnostics, a repeat of linearity assessment, and examination for serial correlation in 

the residuals. A linearity assessment of the independent variables was repeated in the 

model diagnostic phase but with the residuals of the models (Dohoo et al., 2009 

p.375).  Anscombe residuals were plotted versus predicted values and evaluated for 

outliers (Dohoo et al., 2009 p.459). Residuals were examined for serial correlation in 

two ways:  initially Kendall's rank correlation coefficients were calculated between 

the Anscombe residuals against the lagged residuals of the model. Significance was 

set at P≤0.05. Serial correlation tests were repeated and examined for 6 lags of the 

residuals. If no serial correlation was detected at 6 lags (representing 6 months of data) 

then it was assumed that time series corrections were not necessary (Cameron and 

Trivedi,1998 pp.222-230, Dohoo et al., 2009 p.362).  Subsequently, assuming 

constant variance and normal distribution of the Anscombe residuals (at least 

asymptotically), the autocorrelation function (intended for Gaussian data) was used to 

assess for correlation in the residuals (Cameron and Trivedi,1998  pp.222-230). 

Results 

Descriptive statistics and unconditional associations 
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     A total of 30,432 monitoring and diagnostic swine submissions from 216 different 

Ontario veterinary clinics were made to the AHL from January 1998 to July 2009. The 

distribution of the monthly count of swine submissions is presented in Figure 2.2 and 

the time series plot is presented in Figure 2.3. The total number of observed months 

was 139 and the overall mean of the monthly counts was 212.9 (SD=56.0). The 

minimum count of monthly submissions was 124 and the maximum was 365. 

     Descriptive statistics of the independent variables are presented in Table 2.1. Time 

series plots for the independent variables, exchange rate, auction price, corn price, 

lean-hog futures are presented in Figures 2.4, 2.5, 2.6 and 2.7, respectively. The 

variable farm had many missing observations in the study period and was negatively 

correlated with farm size (-0.96 P<0.001). The variable farm was dropped and not 

included in the model building process but was examined as a time series plot for the 

available data points (Figure 2.8). The other demographic variables “farm size” and 

“pigs total” are also presented in Figure 2.8. 

     The independent variables considered for the full main effects multivariable model 

and their unconditional associations with the dependent variable are displayed in 

Table 2.2. The variable auction price showed a curvilinear relationship with the rate of 

submissions and is presented in Figure 2.9. In the left branch of the curve when 

auction price is low submission rates are also low. In the right branch of the curve 

when auction price is very high, submission rates tend to decline again. Variables 

suspected to be confounders a priori are also identified in Table 2.2. 

Negative Binomial (NB) Multivariable models:  full NB model and final NB 

model 



 

44 
 

     The full main effects NB model including all significant unconditional associations 

and suspected confounders is displayed in Table 2.3. After linearity assessment of the 

continuous independent variables with the dependent variable, a square-term of the 

variable auction price was generated to improve model fit. No statistically significant 

two-way interaction terms were found between biologically significant variables. The 

final model identified by backwards elimination process is presented in Table 2.4. The 

variable CIP was not a confounder and was deleted from the final NB model.  

Model diagnostics 

     Model residual analyses showed adequate fit for the final NB model based on the 

QQ-norm plot of the Anscombe residuals. Linearity assessment of the residuals of the 

model showed no violation of linearity assumptions. No serial correlation was 

identified in the residuals up to the 6 lags examined by Kendall’s Rank correlation or 

the autocorrelation function (Fig. 2.10).  

Discussion 

     The unique attribute of this study is that it was an investigation of the association 

of submission counts to a veterinary diagnostic laboratory with the economic, 

demographic and health variables of a food animal industry, specifically the Ontario 

swine industry.   The results of this study show that between 1998 to 2009 swine 

submission counts to the Animal Health Laboratory (AHL) varied over time and were 

driven by economic fluctuations associated with hog production in Ontario as well as 

with an outbreak of PCVAD. Incidence rate ratios (IRR) were used to report the rate 

of change in submission counts to the laboratory. Incidence rate ratios that had a 

value >1 indicated an increased rate of laboratory submissions and IRR’s with a value 

< 1 indicated a decreased rate of laboratory submissions (Dohoo et al., 2009 p.139). 
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The directions of the estimated coefficients the final model substantiate previous 

assumptions that both economics and disease challenges of an animal industry drive 

submissions to a veterinary diagnostic laboratory (Gibbens et al., 2008).  

     To further illustrate how industry economics were associated with laboratory 

submissions, consider interpretation of the final model (Table 2.4) with respect to 

changes in the auction price paid to producers (CAD$/ckg). The IRR for the variable 

auction price in the final model was 1.010 and was 0.99996 for the associated 

quadratic term auction price2. The curvilinear relationship between auction price and 

submission count can be explained from an economic perspective. The reduction in 

submissions as auction prices are maximized may simply be due to the fact that as 

producers are making more profit they see less need to submit to the laboratory. 

Similarly, when auction price is very low, producers simply cannot afford to submit to 

the laboratory. The terms must be interpreted together. If the average monthly auction 

price reported by the OPPMB were to increase by 1 CAD$, then the monthly swine 

submission counts would increase by 1.010 times (P<0.001). Recall that the mean of 

the average monthly count of submissions was 212.9. Using the IRRs provided by the 

final model, and the mean of the count of submissions, the count of average monthly 

submissions associated with a 1$ increase in auction price would be 215.0 

(212.9x1.010). In other words, the submission count would increase by 2.1 (215.0-

212.9) submissions on average per month if auction price were to increase by 1 CAD$. 

Similarly, if auction price were to increase by 2 CAD$ then the IRR would be 1.021 

and result in an increase in the number of submissions to 217.3 or an increase of 4.4 

submissions on average per month. These small changes in submission counts at first 

glance do not appear as if they would have a great impact on surveillance activities. 

However, if you were to consider some further extremes in auction price fluctuations, 
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such as the ones experienced by the Ontario swine industry demonstrated in Figure 2.5. 

the picture is different. If the auction price was to increase by 5 CAD$ then 

submission counts would increase by 11.3 submissions on average per month 

(IRR=1.021, P<0.001). Or, if the auction price was to increase by 10 CAD$ then 

submission counts would increase by 23.2 submissions (IRR=1.109, P<0.001) on 

average per month. If these increases were to occur during a one-week period then a 

surveillance system should detect the change. The inverse logic to the above also 

holds i.e. when auction price decreases then so do submission counts.  

     Currency exchange rate can also be used to demonstrate how Ontario hog 

production economics affected swine submissions to the AHL. Consider interpretation 

of the final model (Table 2.4) with respect to the effect of changes in the currency 

exchange rate on submission counts and recollect that a decrease in the strength of 

CAD$ equates to an increase in the absolute value of the variable exchange rate. For a 

1% decrease in the strength of the Canadian dollar versus the United States dollar the 

submission count increases by 1.1 submissions on average per month (IRR= 1.005, 

P=0.016). For a 5% decrease in the strength of the CAD$ the submission count 

increases by 6 submissions on average per month (IRR=1.028, P=0.016). The inverse 

logic also holds for currency exchange rate as it did for auction price. When the 

Canadian dollar strengthens versus the United States dollar the submission counts go 

down. These are encouraging results for disease monitoring and surveillance 

enthusiasts as they quantify the effect that economic fluctuation of an industry has on 

veterinary laboratory submission counts. 

     Another key finding of this study is that it demonstrates that a disease outbreak 

increased submissions even after controlling for economic and demographic variables 

of the Ontario swine industry. In other words, the economic volatility of the industry 
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did not “overwhelm” disease with respect to its ability to influence submissions to a 

laboratory.  For example, in the final model (Table 2.4) after controlling for economic 

variables and changes in the demographics of the industry, submission counts 

increased by an average of 38.3 submissions per month during a disease outbreak 

(IRR=1.18 P=0.001).       

     The information used in this study was at the aggregate level as certain 

epidemiologic information was lacking in the data. Information missing was 

syndromic classifications associated with the submissions, and individual 

farm/submission information such as farm identification, farm location, and number of 

pigs at risk per farm. Future studies will be strengthened if information was available 

at the individual farm level and associated with each submission. An alternate way to 

strengthen this type of study would be to compile submission counts from all available 

laboratories providing diagnostic services to veterinarians both provincially funded 

and private laboratories. Perhaps with the sharing of submission count information, 

while protecting confidentiality of clients, the generation of an automated laboratory-

based system such as those explored by Shaffer et al. (2007) and Widdowson et al. 

(2003) would aid and strengthen the ability of disease surveillance systems’ to detect 

disease outbreaks sooner. 

     The results of this study support the importance and utility of using passively 

collected disease information for disease monitoring and surveillance of a food animal 

industry. Future research and surveillance activities should focus on using a 

submission rate adjusted for economic variables affecting the industry using the 

laboratory. The use of adjusted submission rates could enhance surveillance efforts as 

it would control for significant economic variables associated with the industry under 

surveillance and could enhance the accuracy of disease alarms in the surveillance 
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population. Another important issue highlighted by the results of this study is the 

importance for the collection of complete and more detailed demographic and 

epidemiologic information collected by veterinary diagnostic laboratories at the time 

of submission.  

Conclusion 

     The results of this study support that both economic variables and a disease 

outbreak in the Ontario swine industry were associated with submissions to the AHL. 

Laboratory submissions are a useful source of animal health data for monitoring 

disease trends and outbreaks keeping in mind however that surveillance initiatives 

should also monitor the economics of the industry. An enhanced surveillance system 

should track submission counts adjusted for economic variables associated with the 

industry using the system. 
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Table 2.1. 
 
Descriptive statistics of independent variables used to define the multivariable models to determine economic and demographic risk factors of the 
Ontario swine industry associated with the monthly average count of swine laboratory submissions to the Animal Health Laboratory from 
January 1998 to July 2009 
 

Variable Description N Mean Median SD Min Max 
Auction pricea Monthly average of Ontario standard 

packer direct  auction prices 
(CAD$/ckg DW) 
 

139 140.38 138.67 27.06 50.04 209.29 

Corn priceb Monthly average Ontario corn price 
based on Huron FOB (CAD$/bu) 
 

139 3.46 3.40 0.74 2.36 6.19 

Exchange rateb Monthly average of Bank of Canada  
noon exchange rate 
 

139 1.33 1.36 0.19 0.97 1.60 

Hog futuresb Monthly average of Chicago Mercantile 
Exchange lean-hog futures continuous 
settlement price (US$/LB) 
 

139 60.02 60.39 10.17 31.88 76.96 

Total pigsc Monthly average number of total pigs 
on Ontario farms (‘000) 
 

139 3603.55 3599.70 266.19 2975.30 4013.80 

Farm sizec Monthly average number of pigs per 
Ontario farm 

139 813.02 825.00 190.47 418.00 1114.00 

 

a Source:  Ontario Pork Producers Marketing Board (CAD$=Canadian dollar; ckg= 100 kilogram; DW=dressed weight) 
b Source:  Datastream database (FOB= freight on board; bu=bushel; US$=United States Dollar; LB=pound) 
c Source:  Statistics Canada 
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Table 2.2. 

Unconditional associationsa between the average monthly count of swine submissions made to the Animal Health Laboratory from January 1998 
to July 2009 and the economic, demographic, and disease variables associated with the Ontario swine industry  

Variable n Coefficient P-value 95% CI 
Lag auction price 138 -0.003 0.001 -0.004-0.001 

 
Lag corn price 137 -0.058 0.037 -0.112-0.003 

 
Lag exchange 136 -0.878 <0.001 -1.053-0.702 

 
Lean-hog futures 139 0.008 <0.001 0.005-0.012 

 
Lag total pigs 138 0.0005 <0.001 0.0003-0.0006 

 
Lag farm size 137 0.001 <0.001 0.00058-0.00095 

 
Disease  139 0.374 <0.001 0.274-0.473 

 
CIPb 139 0.050 0.411 -0.069-0.169 

 
Lag submission count 

(lagged dependent variable) 
 

138 0.003 <0.001 0.003-0.004 

 
a Negative binomial full maximum likelihood estimation 
b Suspected may be a confounder a priori 
CIP = Circovirus Inoculation Program 
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Table 2.3. 

Full modela illustrating the association between the average monthly count of swine laboratory submissions made to the Animal Health 
Laboratory and the economic, demographic, and health risk factors of the Ontario swine industry after introduction of all significant variables 
identified on unconditional associations, two-way interaction terms and confounders suspected a priori 
 

Variables IRR Coefficient S.E Wald (z) P-value 95% CI 
Lag auction price 1.0119 0.012 0.003 3.93 <0.001 0.006-0.018 

 
Lag auction price²c 0.99996 -0.00004 0.00001 -4.21 <0.001 -0.00006-0.00002 

 
Lag corn price 0.9529 -0.048 0.031 -1.53 0.125 -0.110-0.013 

 
Lag exchange rate 1.8315 0.605 0.229 2.64 0.008 0.155-1.055 

 
Lean-hog futures 0.9991 -0.001 0.002 -0.46 0.642 -0.005-0.003 

 
Lag submission countb 1.0003 0.0003 0.0004 0.77 0.444 -0.0005-0.0011 

 
Lag total pigs 1.0004 0.0004 0.0001 2.88 0.004 0.0001-0.0007 

 
Lag farm size 0.99897 -0.001 0.0005 -2.12 0.034 -0.002-0.00008 

 
Disease outbreak 1.1587 0.147 0.051 2.90 0.004 0.048-0.247 

 
CIPb 1.1153 0.109 0.132 0.82 0.410 -0.150-0.369 

 
YEAR 
1998 
 

Referent - - - - - 
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Table 2.3. continued       
1999 0.9810 -0.019 0.073 -0.26 0.793 -0.162-0.124 

 
2000 1.0503 0.049 0.113 0.44 0.663 -0.172-0.270 

 
2001 1.0719 0.069 0.136 0.51 0.609 -0.196-0.335 

 
2002 1.0994 0.095 0.156 0.61 0.542 -0.210-0.400 

 
2003 1.1888 0.173 0.187 0.92 0.356 -0.194-0.540 

 
2004 1.4298 0.358 0.225 1.59 0.112 -0.083-0.798 

 
2005 1.8270 0.603 0.243 2.48 0.013 0.126-1.079 

 
2006 2.2845 0.826 0.259 3.19 0.001 0.319-1.334 

 
2007 2.4250 0.886 0.274 3.23 0.001 0.348-1.424 

 
2008 2.6056 0.958 0.310 3.09 0.002 0.350-1.566 

 
2009 2.8099 1.033 0.319 3.23 0.001 0.407-1.659 

 
Constant  2.811 0.734 3.83 <0.001 1.372-4.250 
alpha  0.00826 0.00160   0.006-0.012 
a. Negative binomial full maximum likelihood estimation 
b Suspected may be a confounder a priori 
c Quadratic term 
CIP = Circovirus Inoculation Program 
Alpha = dispersion parameter 
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Table 2.4.  

Final modela illustrating the association between the average monthly count of swine submissions made to the Animal Health Laboratory and 
economic, demographic, and health risk factors of the Ontario swine industry based on data from 1998 to 2009 
 

Variables IRRb Coefficient P-value 95% CI 
Lag auction price 1.010 0.010 

 
<0.001 0.005-0.016 

Lag auction price square2d 0.99996 - 0.00004 <0.001 -0.00006-0.00002 
 

Lag exchange rate 1.7234 0.544 0.016 0.101-0.988 
 

Hog futures 0.9988 -0.001 0.539c -0.005-0.003 
 

Lag submission count 1.0003 0.0003 0.449c -0.0005-0.001 
 

Lag total pigs 1.0004 0.0004 0.003 0.0001-0.0007 
 

Lag farm size 0.9991 -0.0001 0.054c -0.002-0.00002 
 

Disease 1.1766 0.163 0.001 0.064-0.261 
 

YEAR      
1998 Referent - - - 

 
1999 0.9834 -0.017 0.819 -0.160-0.126 

 
2000 1.0629 0.061 0.589 -0.160-0.282 

 
2001 1.0557 0.054 0.692 -0.213-0.322 
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Table 2.4. continued     
2002 1.0638 0.062 0.692 -0.244-0.368 

 
2003 1.1273 0.120 0.521 -0.246-0.486 

 
2004 1.3474 0.298 0.183 -0.141-0.737 

 
2005 1.7651 0.568 0.020 0.091-1.045 

 
2006 2.1743 0.777 0.003 0.271-1.282 

 
2007 2.2109 0.793 0.003 0.261-1.325 

 
2008 2.4588 0.900 0.003 0.310-1.490 

 
2009 2.7501 1.012 0.001 0.392-1.631 

 
Constant  2.809 0.000 1.443-4.174 
alpha  0.009  0 .006-0.012 

 
 
a Negative binomial full maximum likelihood estimation 
b Incident rate ratio 
c Forced into the model because of confounding 
d Quadratic term 
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Figure 2.1.  

The average net return (CAD$) per hog marketed for an average Ontario farrow-to-
finish swine farm January 2000 to July 2009 

 

Source:  Ontario Ministry on Agriculture, Farms and Rural Affairs Swine Budget 
Reports 2000-2009 
CAD$ = Canadian Dollar 
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Figure 2.2. 

Histogram of the average monthly count of swine submissions made to the Animal 
Health Laboratory, University of Guelph January 1998 to July 2009 
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Figure 2.3.  

Time series plot of the average monthly count of swine submissions made to the 
Animal Health Laboratory University of Guelph January 1998 to July 2009 
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Figure 2.4.  

Time series plot of average monthly CAD$/US$ exchange rate based on Bank of 
Canada noon exchange rate January 1998 to July 2009 
 

Source:  Datastream database 
Rates equal the price of 1 U.S. dollar, in Canadian dollars 
CAD$ = Canadian Dollar 
US$ = United States Dollar 
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Figure 2.5.  
 
Time series plot of the average monthly auction price (CAD$/ckg DW) paid to swine 
producers in Ontario January 1998 to July 2009 
 

 

Source:  Ontario Pork Producers Marketing Board 
CAD$ = Canadian Dollar 
ckg = 100 kilogram 
DW = dressed weight 
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Figure 2.6. 

Time series plot of the average monthly corn price (CAD$/bu) in Ontario January 
1998 to July 2009 

 

 

Source:  Ridgetown College, University of Guelph, Huron freight on board via 
Nesstar Database 
CAD$ =  Canadian Dollar 
bu = bushel 
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Figure 2.7. 

Time series plot of average monthly lean-hog futures (US$/LB) January 1998 to July 
2009 

 

 

Source: Chicago Merchantile Exchange via. Datastream database  
US$ = United States Dollar 
LB = pound 
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Figure 2.8. 

Average farm size, average number of swine farms, and average number of total pigs 
on Ontario swine farms from January 2000 to July 2009 

 

Source: Statistics Canada. Hog Statistics, Catalogue no. 23-010-X. 
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Figure 2.9. 

Scatterplot of average monthly laboratory submissions and average auction price with 
lowess smoothed curve added 

 

 

CAD$ = Canadian Dollar 
ckg = 100 kilogram 
DW = dressed weight 
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Figure 2.10. 

Autocorrelation function and 95% confidence limits of Pearson residuals of final 
negative binomial model 
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CHAPTER THREE 

 

The association between the porcine circovirus-associated disease outbreak in 

Ontario and the positivity of Porcine Reproductive and Respiratory Syndrome 

virus ELISA and PCR test results 

Formatted for submission:  BMC Veterinary Research 

Abstract  

Introduction:  Animal disease monitoring and surveillance are crucial for ensuring 

the health of animals, humans and the environment.  Many studies have investigated 

the utility of monitoring syndromes associated with veterinary laboratory submissions, 

but no research has focused on how negative test results from veterinary diagnostic 

laboratory data can be used to improve our knowledge of disease outbreaks.  For 

example, if a diagnostic laboratory was seeing a disproportionate number of negative 

test results could this information be an indication of a novel disease outbreak?  The 

objective of this study was to determine the association between the porcine 

circovirus-associated disease (PCVAD) outbreak in Ontario 2004-2006 and the 

weekly probability of Porcine Reproductive and Respiratory Syndrome Virus (PPRSV) 

enzyme-linked immunosorbent assay (ELISA) positivity and the weekly probability of 

PRRSV polymerase chain reaction (PCR) test positivity. 

Methods and Results:  Retrospective data were collected from the Animal Health 

Laboratory (AHL) at the University of Guelph, Guelph, Ontario Canada and were 

comprised of the weekly count of PRRSV ELISA and PRRSV PCR tests ordered by 

swine practitioners from 2000-2007.  The PRRSV ELISA and PRRSV PCR test 

results were analysed separately in two separate models using logistic regression with 
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the dependent variables: the weekly probability of PRRSV ELISA positivity, and the 

weekly probability of PRRSV PCR positivity, respectively.  The association between 

PRRSV test positivity and the outbreak of PCVAD was determined after controlling 

for a PRRS outbreak, season, and year.  The weekly probability of PRRSV PCR 

positivity decreased during the PVCAD outbreak (OR=0.66, P<0.01).  The weekly 

probability of PRRSV ELISA positivity was not associated with the PCVAD 

outbreak. 

Conclusions:  The results indicate that during the PCVAD outbreak in Ontario from 

2004-2006, the probability of PRRSV PCR positivity at the AHL decreased.  Tracking 

the test results of commonly used screening tests has the potential to be a novel data 

source for the timely identification of disease outbreaks in swine populations.     
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Introduction  

     The information captured by veterinary diagnostic laboratories generates an 

immense database of animal health information and has contributed significantly to 

the collective knowledge of animal diseases.   In addition to its role in determining 

disease etiology, the data play a crucial role in providing essential health information 

for disease monitoring and passive disease surveillance systems of livestock industries 

worldwide [1, 2, 3].    In response to the need for improving and implementing 

coordinated disease surveillance for Canadian livestock sectors, the Canadian Animal 

Health Surveillance Network (CAHSN) was established and veterinary diagnostic 

laboratory data contribute significantly to the network [4].   However, a significant 

recurring limitation of the use of laboratory data for passive disease surveillance 

purposes remains; the data lack timeliness for the identification of disease outbreaks, 

re-emerging diseases, and/or introduction of novel pathogens [2, 4, 5].   As a result, 

current research is actively investigating novel methods for using such data in disease 

monitoring and surveillance capacities in an attempt to further tap into this valuable 

source of health data for the timely identification of re-emerging and novel livestock 

disease outbreaks [6, 7, 8].  

          To the authors’ knowledge, no research has documented the association 

between a livestock disease outbreak and the proportion of negative test results for 

another commonly used test.  Such disease information could potentially be used to 

improve our awareness of a disease outbreak in a livestock sector.  For example, if a 

diagnostic laboratory experiences a disproportionate number of negative test results 

(i.e., more tests with negative results than expected) this information could be an 

indication that veterinarians are seeing an unknown disease on farms that represents a 

novel or re-emerging disease outbreak. 
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     Porcine reproductive and respiratory syndrome virus (PRRSV) has challenged the 

swine industry worldwide for years.  The syndrome presents with many clinical signs 

and despite herd, regional or national eradication programs remains a significant 

swine disease challenge [9, 10].  This is perhaps why astute veterinarians working in 

swine practice will regularly monitor client herds for PRRSV and why most on-farm 

swine disease outbreak investigations will start with an investigation for the presence 

of PRRSV.  From a disease monitoring and surveillance point of view this raises the 

question: can monitoring the results of PRRSV screening tests ordered by 

veterinarians be useful for signalling a novel swine disease outbreak?   

     There are numerous diagnostic tests currently available for the detection of PRRSV 

or PRRSV antibodies.  However, the PRRSV enzyme-linked immunosorbent assay 

(ELISA) and the PRRSV polymerase chain reaction (PCR) tests are commonly used 

as screening tests by swine veterinarians [10].   The commercial (ELISA) is 

considered the gold standard for serum antibody detection (HerdChek® 2XR PRRS 

ELISA, IDEXX Laboratories Inc., Westbrook, Maine. USA) and has rapid turn-

around time [11].  PRRSV PCR tests are used to detect viral nucleic acid in tissues, 

serum, and semen, and also have a rapid turnaround time [12]. 

     In the late fall of 2004, an outbreak of porcine circovirus-associated disease 

(PCVAD) caused by a highly pathogenic variant of porcine circovirus type-2, (PCV-2) 

occurred in Ontario, Canada [13].  The outbreak spread rapidly, was associated with 

high on-farm mortality, and was difficult to control until a highly efficacious vaccine 

became available by special licence on March 1, 2006 [12, 14].  The industry also 

experienced an outbreak of a novel strain of PRRSV that was documented from 

October 2004 to March 2005 [15]. 
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     Infection with PCV-2 causes a wide range of systemic clinical signs that are not 

unlike some of those associated with PRRSV infection.   For example, wasting, 

failure-to-thrive, and pneumonia are clinical signs seen in both PRRSV and PCV-2 

infection [10, 13].   Infection with PCV-2 is considered an important differential for 

PRRS [10].  Due to the similarity of the clinical signs associated with PCV-2 and with 

PRRSV, it was hypothesized that the proportion of positive first-order (screening) 

PRRSV ELISA and PRRSV PCR tests ordered at the Animal Health Laboratory 

(AHL), University of Guelph, Guelph, Ontario, Canada would decrease during the 

PCVAD outbreak.  The AHL is the largest veterinary diagnostic laboratory in Ontario 

and is the predominant laboratory used for swine diagnostics by practicing 

veterinarians in the province [16]. 

     The objectives of this study were to determine how the PCVAD outbreak in 

Ontario, Canada from December 2004-May 2006 influenced the proportion of positive 

results of PRRSV ELISA and PRRSV PCR tests ordered by practicing veterinarians at 

the AHL after taking into consideration season, year, and the PRRSV outbreak that 

occurred during a portion of the same time period. 

Methods 

Data source and variables 

Retrospective diagnostic test data ordered from swine veterinarians made to the AHL 

were compiled from January 1, 2000 to April 30, 2007.  These test data were 

collapsed into weekly counts.  The AHL provides services for researchers as well as 

for private practitioners, so for the purposes of this study, diagnostic test data 

associated with research cases were deleted.  Tests used for herd monitoring and those 

associated with semen specimens were also deleted.  Subsequently, diagnostic tests 

offered by the laboratory considered to be first-order (screening) PRRSV tests were 
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considered for potential inclusion in the analysis and included the PRRSV ELISA and 

the PRRSV PCR tests during the study period.    The definition of a first-order 

PRRSV test was a test considered to be a routinely used screening test typically 

selected for initial investigation of a swine herd disease problem where PRRS was 

suspected [10].  Diagnostic tests associated with follow-up requests, such as gene 

typing or sequencing, were not considered in the current study.  

     The PRRSV ELISA offered at the AHL laboratory did not change with respect to 

its test performance during the study period.  In 2002 the PRRSV ELISA offered by 

the AHL was modified to include two recombinant protein preparations representing 

United States and European strains, but equivalent test performance was maintained 

when compared to the previous version.  The cut-off for the test was also unchanged 

[11].  The PRRSV PCR tests offered however, did experience a minor improvement in 

test performance with the most notable change occurring December 2006 with the 

introduction of the PRRSV PCR-Tetracore test.   The most predominant PRRSV PCR 

test offered at the AHL during the study period was available from June 29, 1998 until 

Dec 4, 2006.  The change in the PRRSV PCR test offered at the AHL occurred after 

the end of the PCVAD outbreak with the introduction of commercial vaccines for 

PCV-2. 

     The first-order PRRSV diagnostic tests selected for the analyses were the PRRSV 

ELISA and the PRRSV PCR tests ordered from Jan 1, 2000 until April 30, 2007.   The 

two screening tests were considered unique and analysed separately.  The weekly 

count of PRRSV ELISA tests that were positive as well as the total weekly count of 

PRRSV ELISA tests that were ordered were determined and used to represent the 

dependent variable: weekly probability of positive PRRSV ELISA test results. 

Similarly, the weekly count of PRRSV PCR tests that were positive as well as the total 
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weekly count of PRRSV PCR tests that were ordered were determined and used to 

represent the dependent variable: weekly probability of positive PRRSV PCR test 

results. 

     Two dichotomous variables were generated to represent disease outbreaks 

experienced by the Ontario swine industry during the study period:  the PCVAD 

outbreak that occurred in Ontario from 2004-2006 [13] and the PRRSV outbreak that 

occurred in 2004 [15]. The PRRSV outbreak was considered to be a confounder a 

priori.  Season was also considered to be a confounder a priori and was examined as a 

indicator variable and was coded as follows: Winter (Dec-Feb), Spring (Mar-May), 

Summer (June-Aug), and Fall (Sept-Nov).  Fall was included as the referent season.  

Year was modelled as a dummy variable with 2000 included as the referent year. 

Statistical analysis  

All statistical analyses were conducted in Stata 11 (Stata Corp., College Station, Texas, 

USA). 

Descriptive statistics and univariable associations 

The PRRSV ELISA and PRRSV PCR test results were analysed separately and the 

dependent variables of interest were: the weekly probability of PRRSV ELISA 

positivity, and the weekly probability of PRRSV PCR positivity.  The dependent 

variables were examined by graphing 6-week smoothed moving average time series 

plots to observe the trend of the variables over time and by examining distribution 

plots.  Standard descriptive statistics were calculated e.g., the count of tests ordered, 

mean of tests ordered, the range, and the percentage of positive tests.  To avoid issues 

associated with collinearity Spearman rank correlation coefficients among the 

independent variables were calculated.  A cut off of 0.80 was set.  
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     All of the above covariates were then evaluated for statistical significance with the 

dependent variable: weekly probability PRRSV ELISA positivity using logistic 

regression in a generalized linear model (GLM) framework using maximum 

likelihood (ML) in Stata 11 [17].  A logit link function and a binomial distribution 

were used with the total weekly count of PRRSV ELISA tests used as the denominator.  

A liberal P-value of ≤0.2 was used to pre-screen the variables.  Univariable 

associations between the above covariates were then evaluated for statistical 

significance with the dependent variable, weekly probability of PRRSV PCR 

positivity, as described for the PRRSV ELISA positivity data. 

Model A:  Logistic regression using a GLM approach 

     The independent variables previously identified by unconditional associations to 

have a liberal significance of P≤0.2 with PRRSV ELISA positivity were put into a 

multivariable GLM model (Model A).  Interactions between year and season, and the 

PCVAD outbreak and PRRS outbreak were investigated for significance (P≤0.05).  

Then, by using likelihood ratio tests, a backwards-elimination process was employed 

to identify the final model retaining the significant (P≤0.05) main effects variables 

and interaction terms [18].   As each variable was removed from the model the 

coefficients of the other variables were examined for evidence of confounding as 

indicated by a change of 20% in any of the remaining coefficients.  If the confounding 

criteria were met then the confounding variable was forced back into the model.   

None of the variables were considered intervening variables with the primary variable 

of interest, the PCVAD outbreak. 

     Model fit was assessed using the Pearson Chi-square goodness-of-fit test.  

Graphical visualization of the scatter-plot of the Pearson residuals against the 
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predicted outcome was used to access outliers.  Subsequently, a partial autocorrelation 

function (PAF) plot was used to assess if any autocorrelation remained in the Pearson 

residuals [18, 19].  

Model B:  Logistic regression using a GLM approach 

The same GLM model building process and model diagnostics used for model A was 

repeated for the second model but using the PRRSV PCR positive results as the 

dependent variable (Model B).     

Results  

Descriptive statistics and univariable associations 

A total of 7,092 PRRSV ELISA and 28,601 PRRSV PCR diagnostic tests were 

ordered at the AHL from January 1, 2000 to April 30, 2007.  The mean of the weekly 

count of PRRSV ELISA and PRRSV PCR tests were 18.6 (SD= 7.0) and 74.9 (SD = 

92.2), respectively.   The total number of observed weeks was 382 and the overall 

mean of the weekly percent of positive PRRSV ELISA results was 42.1% (SD =16.2).  

The overall mean of the weekly percent of positive PRRSV PCR test results was 24.8% 

(SD=19.2).  The distribution of the weekly probability of PRRSV ELISA positivity 

and the weekly probability of PRRSV PCR positivity are presented in Figure 3.1a and 

Figure 3.1b, respectively.  The histograms show that the two independent variables 

have very different distributions. The 6-week smoothed moving average time series 

plots of the weekly probability of PRRSV ELISA positivity and the weekly 

probability of PRRSV PCR positivity are presented in Figures 3.2 and 3.3, 

respectively.   
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     The independent variables considered for the full main effects multivariable GLM 

logistic regression model for their unconditional associations with the variable weekly 

probability of PRRSV ELISA positivity are the following: the PCVAD outbreak, the 

PRRSV outbreak, season, and year and are displayed in Table 3.1.  The independent 

variables considered for the full main effects multivariable GLM logistic regression 

model and their unconditional associations with the variable: weekly probability of 

PRRSV PCR positivity are the following: the PCVAD outbreak, the PRRSV outbreak, 

season, and year and are displayed in Table 3.2.   

Final Model A: Weekly probability of PRRSV ELISA positivity  

     The final multivariable GLM logistic regression model including all significant 

main-effects terms, and interaction terms, is displayed in Table 3.3.  The interaction 

between season and year was the only significant interaction term (Figure 3.4). After 

controlling for season, the PRRSV outbreak, year, and the season-year interaction 

term, the weekly probability of PRRSV ELISA positivity was not associated with the 

PVCAD outbreak.  Model diagnostics showed adequate model fit and no serial 

correlation was identified in the Pearson residuals of the final model (Figure 3.5). 

Final Model B:  Weekly probability of PRRSV PCR positivity  

     The final multivariable logistic regression model including all significant main-

effect terms, and interaction terms, is displayed in Table 3.4. The interaction between 

season and year was the only significant interaction term (Figure 3.6). After 

controlling for season, the PRRSV outbreak, year, and the season-year interaction 

term, the weekly probability of PRRSV PCR positivity during the PCVAD outbreak 

decreased (OR=0.66, P=0.01).  Model diagnostics showed adequate model fit and no 

serial correlation was identified in the residuals of the final model (Figure 3.7) 
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Discussion     

     The key finding of this study is that it demonstrates that during the PCVAD 

outbreak in Ontario from December 2004 to May 2006, the weekly probability of 

PRRSV PCR positivity at the AHL decreased.  This indicates that the results of  

PRRSV PCR tests generated through laboratory test orders by veterinary practitioners 

is a potential untapped source of swine health data to monitor for heightened swine 

disease outbreak awareness. While a large proportion of negative test results do not 

specifically identify the novel disease or disease pathogen, monitoring the trends of 

such negative results could provide an early indication of disease diagnostic dilemmas 

occurring in the field.  In other words, monitoring the results of such screening tests 

could be an early indicator, or form of syndromic surveillance, of a novel swine 

disease outbreak without having to wait the extra time it takes to reach a definitive 

laboratory diagnosis through the use of follow-up tests.  Alternatively, the monitoring 

of such screening tests could also assist in launching a more in depth investigation 

earlier.  For the Ontario swine industry this could have beneficial implications for 

addressing concerns associated with the timely detection of swine disease outbreaks 

and with identifying and utilizing novel data sources for such timely detection [20]. 

     The decrease in the weekly probability of positive PRRSV PCR test results in this 

study during the PCVAD outbreak could be extrapolated to suggest that veterinarians 

in the field at the time of the PCVAD outbreak were attempting to diagnose a new 

disease or syndrome (i.e., the PCVAD outbreak) seen on Ontario farms by initially 

investigating for the presence of PRRSV through the use of the PRRSV PCR test.   

Hence, monitoring PRRSV PCR test orders and more importantly negative results 

from these orders has the potential to represent what veterinarians are facing in the 

field with respect to disease diagnosis or lack thereof.  The PRRSV PCR test used at 
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the AHL did not change until after the PCVAD outbreak was over.  This indicates that 

the changes seen in test results were not a result of changing test accuracy.  

     The results for the PRRSV ELISA model were not associated with the PCVAD 

outbreak.  This is likely due to data management concerns that were identified in the 

study. Case submissions were not always clearly identified as to whether they were for 

monitoring or diagnostic purposes.  Consequently, there were likely some submissions 

misclassified as case submissions that were actually associated with routine farm 

monitoring and not part of a disease investigation, especially with respect to the 

PRRSV ELISA test orders.  During the initial data management process, case 

submissions and test-orders associated with semen specimens were dropped as they 

were felt to represent herd monitoring for PRRSV instead of a disease investigation 

process. The ELISA test however, uses a serum sample where the PCR is routinely 

done on semen for boar herd PRRSV monitoring [10].  Consequently, the PRRSV 

PCR data was likely more representative of true diagnostic cases through the 

elimination of cases associated with semen specimens.  Another issue that has likely 

influenced the results of the PRRSV ELISA model is that many herd management and 

demographic changes occurred in the Ontario swine industry during the study period.  

Not only did the number of total hogs in the province grow but the industry also 

consolidated with farms becoming larger and more specialized [21].  Increasing herd 

size raised the awareness that if disease outbreaks occur on larger herds they have the 

potential to have more severe mortality, morbidity, and economic consequences.  

Hence, management practices also changed with respect to an increased understanding 

of the need for herd monitoring through testing.  For example, many on farm PRRSV 

monitoring and eradication techniques were employed with the most common being 

the “test and removal” method as well as the “herd closure and rollover” technique 
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[22].  Both techniques involve frequent PRRSV testing, using ELISA and PCR tests, 

of clinically normal animals.   

     This study highlights the importance of data quality at the time of collection.  

Mandatory field requirements on laboratory submission forms such as those used by 

Gibbens et al., (2008) could improve upon the classification of monitoring versus 

diagnostic type cases [6].  Other data management limitations were noted in the study.  

Case submission demographic information associated with the laboratory submissions 

was also incomplete.  For example, the age of the pigs being tested was not 

consistently recorded, and total animals-at-risk for a submission was often omitted.   

Additionally, the test orders and the associated test results could not be extracted from 

the database system together.  This created considerable manual manipulation of the 

data to generate files that contained both the tests that were ordered and the associated 

results.  The AHL currently has a new data management system in place with the main 

objective to improve disease surveillance activities as well as accounting and billing 

duties associated with the laboratory. 

     The AHL is the largest veterinary diagnostic laboratory in the province and is the 

principal full service laboratory used for swine diagnostic testing in Ontario [15].    

The Ontario Ministry of Agriculture and Rural Affairs (OMAFRA) partially funds 

food-animal producers/clients for certain testing at the AHL and this acts as an 

incentive for veterinarians and producers to use the services of the AHL.  

Consequently, it was felt that these data generated by the results of test-orders at the 

AHL represent a large proportion of the diagnostic testing for the Ontario swine 

industry.   Extrapolation beyond the Ontario swine industry should bear this in mind 

when considering inference to other swine industries.  Use and interpretation of data 

from the diagnostic laboratory or laboratories representing the bulk of testing for the 
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swine population under surveillance should be considered.  The amalgamation of 

PPRSV PCR data from multiple diagnostic laboratories would have to ensure that the 

PRRSV PCR tests were validated between laboratories [10].   

     A bias that presents itself in this study, as well as other studies using laboratory- 

derived data for disease surveillance purposes, is that the pigs being tested by the 

AHL represent farms/producers that seek veterinary professional services.  While a 

large proportion of herds in Ontario are felt to seek the advice of veterinarians (23) 

and the services of the AHL, the exact proportion of producers conducting and not 

conducting PRRSV testing during the study period was unknown. 

     Future studies should employ surveillance monitoring and statistical tools to 

further investigate the usefulness of monitoring counts or clusters of negative test 

results.  The application of cumulative sum-based (CUSUM) methods and other 

cluster detection techniques, such as the scan statistic, to the count or proportion of 

tests results should be considered [8, 24].  The inclusion of such techniques, if they 

prove to be useful, into a disease surveillance system could present the diagnostic 

laboratory with a unique opportunity to play a central role in the communication of 

this trend to practitioners. The overall objective of this type of communication would 

be to raise awareness, stimulate further discussion and dialogue amongst veterinarians 

and other interested stakeholders to pool knowledge and resources about potential 

disease concerns, and potential disease outbreaks, occurring in the field.         

Conclusion  

     This study identified that during the PCVAD outbreak in Ontario from December 

2004 to May 2006 the probability of a PRRSV PCR test being positive at the AHL 

decreased. We conclude that when an increase in negative test results occurs, it may 
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suggest that a new disease agent might be emerging in the population.  The PRRSV 

ELISA test positivity did not yield a similar significant association.  We suspect that 

this occurred due to incomplete information associated with the test-order at the time 

of submission.  The results of this study support the importance of completing 

demographic and clinical history information on submission forms when submitting 

samples to diagnostic laboratories. 

      Future research initiatives should be focused on the analysis of the utility of the 

results of test-order data in CUSUM-based and cluster detection techniques for 

outbreak detection.   To the authors’ knowledge this is the first study to document how 

a swine disease outbreak influenced the results of tests ordered by veterinarians. 
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Table 3.1. 

Univariable associationsa between the weekly probability of PRRSV ELISA positivity at the Animal Health Laboratory from January 1, 2000 to 
April 30, 2007 and the PCVAD outbreak of the Ontario swine industry, the PRRSV outbreak of the Ontario swine industry, season, and year 
 

Variable n ORb P-value 95% CI 

PCVAD outbreak  0.87 0.02 0.77 - 0.97 

 

PRRSV outbreakc  1.19 0.01 1.04 - 1.37 

 

Seasonc Fall 91 Referent - - 

Spring 101 1.08 0.25 0.95 - 1.24 

 Summer 91 1.05 0.50 0.91 - 1.21 

Winter 99 1.05 0.77 0.92 - 1.20 

 

Year  2000 - Referent - - 

  2001 52 0.89 0.28 0.72 -1.10 

  2002 52 0.97 0.75 0.79 - 1.18 

  2003 52 0.77 0.01 0.63 - 0.94 
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Table 3.1. continued      

   

2004 

 

52 

 

0.78 

 

0.01 

 

0.64 - 0.95 

  2005 52 0.60 <0.001 0.49 - 0.73 

  2006 52 0.37  <0.001 0.31 - 0.45 

  2007 18 0.25 <0.001 0.19 - 0.32 

 

 
a Logistic regression using generalized linear model maximum likelihood estimation with the logit link, binomial distribution and total number of 
PRRSV ELISA tests ordered representing the denominator. 
b Odds ratio 
c Suspected a priori may be a confounding variable 
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Table 3.2.  

Univariable associationsa between the weekly probability of PRRSV PCR positivity at the Animal Health Laboratory from January 1, 2000 to 
April 30, 2007 and the PCVAD outbreak of the Ontario swine industry, the PRRSV outbreak of the Ontario swine industry, season, and year 
 
                     Variable n ORb P-value 95% CI 

PCVAD outbreak  1.08 0.01   1.02 -1.14 

 

PRRSV outbreakc  2.41 <0.001 2.22 - 2.62 

 

Seasonc Fall 91 Referent - - 

Spring 101 1.12 0.005 1.04 - 1.22 

 Summer 91 0.76 <0.001 0.69 - 0.84 

Winter 99 1.05 0.22 0.97 - 1.14 

 

Year  2000 52 Referent - - 

  2001 52 0.79 0.04 0.63 - 0.99 

  2002 52 1.05 0.68 0.84 - 1.31 

  2003 52 0.99 0.93 0.81 - 1.22 
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Table 3.2. continued      

   

2004 

 

52 

 

1.79 

 

<0.001 

 

1.50 - 2.15 

  2005 52 1.14 0.11 0.97 - 1.35 

  2006 52 0.57 <0.001 0.48 - 0.67 

  2007 18 0.88 0.14 0.73 - 1.05 

 

 
a Logistic regression using generalized linear model maximum likelihood estimation with the logit link, binomial distribution and total number of 
PRRSV PCR tests ordered representing the denominator. 
b Odds ratio 
c Suspected a priori may be a confounding variable 
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Table 3.3. 

The associationa between the weekly probability of PRRSV ELISA positivity and the PCVAD outbreak of the Ontario swine industry after 
controlling for the PRRSV outbreak of the Ontario swine industry, season and year using data from the Animal Health Laboratory from January 
2000 to April 2007 
 
                     Variable n ORb P-value 95% CI 

PCVAD outbreak  1.33 0.08 0.97 - 1.83 

 

PRRSV outbreakc  0.83 0.36 0.56 - 1.24 

 

Seasonc Fall 91 Referent - - 

Spring 101 0.86 0.43  0.56 - 1.28 

 Summer 91 1.01 0.98 0.66 - 1.54 

Winter 99 1.12 0.62 0.73 - 1.72 

 

Year  2000 52 Referent - - 

  2001 52 0.92 0.68 0.61 - 1.38 

  2002 52 1.06 0.76 0.72 - 1.57 
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Table 3.3. continued      

  2003 52 0.66 0.047 0.44 - 0.99 

  2004 52 0.86 0.59 0.49 - 1.50 

  2005 52 0.36 <0.001 0.22 - 0.59 

  2006 52 0.22 <0.001 0.15 - 0.34 

  2007 18 0.22 <0.001 0.15 – 0.34 

 

Year*Season interactiond 2001*spring  1.15 0.64 0.64 - 2.07 

(Chi2= 31.43; P=0.04)e 2001*summer  0.84 0.58 0.46 - 1.54 

  2001*winter   0.88 0.66 0.49 - 1.58 

  2002*spring  1.10 0.73 0.63 - 1.92 

  2002*summer  0.89 0.69 0.51 - 1.57 

  2002*winter  0.69 0.19 0.39 - 1.21 

  2003*spring  1.17   0.58 0.67 - 2.05 

  2003*summer  1.13 0.68 0.63 - 2.04 

  2003*winter  1.32 0.33 0.75 - 2.33 

  2004*spring  1.65 0.08 0.95 - 2.87 
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Table 3.3. continued      

  2004*summer  0.88   0.65 0.50 - 1.55 

  2004*winter  0.76 0.41 0.40 - 1.45 

  2005*spring  1.70 0.05 0.99 - 2.90 

  2005*summer  1.09 0.75 0.63 - 1.90 

  2005*winter  1.46 0.23 0.79 - 2.72 

  2006*spring  2.24 0.007   1.25 - 4.00 

  2006*summer  1.50 0.16 0.86 - 2.63 

  2006*winter  1.25 0.47 0.69 - 2.26 

  2007*spring  1.26 0.42 0.69 - 2.31 

 
a Logistic regression using generalized linear model maximum likelihood estimation with the logit link, binomial distribution and total number of 
PRRSV PCR tests ordered representing the denominator 
b Odds ratio 
c Suspected a priori may be a confounding variable 
d Interaction term 
e Global Wald’s test for significance of variable 
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Table 3.4. 

The associationa between the weekly probability of PRRSV PCR positivity and the PCVAD outbreak of the Ontario swine industry after 
controlling for the PRRSV outbreak of the Ontario swine industry, season and year using data from the Animal Health Laboratory from January 
2000 to April 2007 
 
                     Variable n ORb P-value 95% CI 

PCVAD outbreak  0.66 0.01 0.58 - 0 .75 

 

PRRSV outbreakc  2.53 <0.001 2.14 - 2.97 

 

Seasonc Fall 91 Referent - - 

Spring 101 0.92 0.72 0.60 - 1.43 

 Summer 91 0.57 0.02 0.35 - 0.93 

Winter 99 0.85 0.49 0.55 - 1.33 

 

Year  2000 52 Referent - - 

  2001 52 0.81 0.38 0.51 - 1.30 

  2002 52 0.95 0.84 0.60 - 1.52 
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Table 3.4. continued      

 2003 52 0.90 0.61 0.60 - 1.35 

  2004 52 0.66 0.04 0.44 - 0.99 

  2005 52 1.04 0.85 0.71 - 1.50 

  2006 52 0.49 <0.001 0.35 - 0.70 

  2007 18 0.85 0.32 0.62 - 1.17 

 

Year*Season interactiond 2001*spring  0.58 0.11 0.30 - 1.12 

(Chi2=258.93;  P<0.001)e 2001*summer  2.98 0.002 1.51 - 5.86 

  2001*winter  0.66 0.20 0.35 - 1.25 

  2002*spring  0.95 0.86 0.51 - 1.76 

  2002*summer  0.97 0.93 0.46 - 2.01 

  2002*winter  1.34 0.35 0.72 - 2.49 

  2003*spring  0.77 0.37 0.44 - 1.36 

  2003*summer  0.66 0.23 0.34 - 1.31 

  2003*winter  2.06 0.01 1.18 - 3.06 

  2004*spring  0.85 0.52 0.51 -1.40 
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Table 3.4. continued      

 2004*summer  1.22 0.49 0.69 - 2.17 

  2004*winter  2.24 0.002 1.34 - 3.74 

  2005*spring  2.19 0.001  1.39 - 3.47 

  2005*summer  2.06 0.006 1.23 - 3.48 

  2005*winter  0.98   0.94 0.61 - 1.59 

  2006*spring  1.61 0.045 1.01 - 2.57 

  2006*summer    1.09 0.74 0.65 - 1.85 

  2006*winter  1.57 0.07 0.97 - 2.54 

  2007*spring  0.93 0.74 0.59 - 1.45 

 
a Logistic regression using generalized linear model maximum likelihood estimation with the logit link, binomial distribution and total number of 
PRRSV PCR tests ordered representing the denominator. 
b Odds ratio 
c Suspected a priori may be a confounding variable 
d Interaction term 
e Global Wald’s test for significance of variable 
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Figure 3.1a 

 
Distribution of the weekly probability of PRRSV ELISA positivity at the Animal Health 
Laboratory from January 1, 2000 to April 30, 2007 
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Figure 3.1b 

 
Distribution of the weekly probability of PRRSV PCR positivity ordered at the Animal 
Health Laboratory from January 1, 2000 to April 30, 2007 
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Figure 3.2. 

Time series plot of the weekly count of PRRSV ELISAs ordered and the weekly 
probability of PRRSV ELISA positivity at the Animal Health Laboratory from January 1, 
2000 to April 30, 2007 
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Figure 3.3. 

Time series plot of the weekly count of PRRSV PCR tests ordered and the weekly 
probability of PRRSV PCR positivity results at the Animal Health Laboratory from 
January 1, 2000 to April 30, 2007 
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Figure 3.4. 
 
Effect of season and year on the predicted probability of a positive PRRSV ELISA result 
at the Animal Health Laboratory, University of Guelph, Guelph, Ontario from January 1, 
2000 to April 30, 2007 for Model A
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Figure 3.5. 
 
Partial autocorrelation function plot of the Pearson residuals for Model A 
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Figure 3.6. 
 
Effect of season and year on the predicted probability of a positive PRRSV PCR test 
result at the Animal Health Laboratory, University of Guelph, Guelph, Ontario from Jan 1, 
2000 to Apr 30, 2007 for Model B 
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Figure 3.7. 
 
Partial autocorrelation function plot of the Pearson residuals for Model B 
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CHAPTER FOUR 

 

Microbiological identification and analysis of swine tonsils collected 

from carcasses at slaughter 

Accepted for publication:  Canadian Journal of Veterinary Research, July 19, 2010 
(Reprinted with the permission of the Canadian Journal of Veterinary Research) 

 

Abstract  
 
     The primary objective of this 7-month study was to determine the prevalence of 

porcine pathogens of the tonsil of the soft palate of swine at slaughter. Additional 

objectives were to determine if sampling normal or abnormal hog carcasses provided 

different microbiological profiles, and to determine if the slaughter plant provides a 

feasible sampling frame and environment for detecting and monitoring important 

pathogens in tonsils that have health implications for swine and humans. A total of 395 

samples from 264 farms were collected. One hundred and eighty tonsils were from 

normal carcasses and 215 tonsils were from carcasses that were diverted to the hold rail. 

Laboratory testing included bacteriological culture and identification as well as real time-

PCR testing for porcine reproductive and respiratory syndrome virus (PPRSV), and 

immunohistochemistry (IHC) for porcine circovirus-2 (PCV-2). The most commonly 

isolated bacteria included:  Streptococcus suis (53.7%), Arcanobacterium pyogenes 

(29.9%), Pasteurella multocida (27.3%), and Streptococcus porcinus (19.5%). Virus 

screening revealed evidence of PRRSV and PCV-2 in 22.0% and 11.9% of the samples, 

respectively. Salmonella Typhimurium and Yersinia enterocolitica were isolated in 0.5% 

and 1.8% of the samples, respectively. Tonsils collected from the hold rail were more 

likely to be positive for, Staphylococcus hyicus (OR=7.51, CI 2.89-19.54), Streptococcus 
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porcinus (OR=9.93, CI 4.27-23.10), and Streptococcus suis (OR=2.16, CI 1.45-3.24). 

Tonsils collected from abnormal carcasses were less likely to be positive for 

Staphylococcus aureus (OR=0.05 CI 0.005-0.482). 
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Introduction 

     Tonsils are aggregates of lymphoid tissue that act as a protective immune barrier to the 

respiratory and gastrointestinal tracts of mammals against the bombardment of pathogens 

(1).   The principle tonsil of the pig is the tonsil of the soft palate (1, 2).  Commensal 

bacteria, such as Streptococcus porcinus, Streptococcus dysgalactiae, as well as 

opportunistic pathogens, such as Staphylococcus aureus, Staphylococcus hyicus, and 

Streptococcus suis, can be isolated from swine tonsillar crypts (3, 4).  Additionally, some 

pathogens such as porcine reproductive and respiratory syndrome virus (PRRSV), 

Salmonella spp., and Classical Swine Fever virus (CSFV) can persistently colonize tonsil 

tissue which may serve as a reservoir of infection (4).  Certain food borne pathogens, 

such as Yersinia enterocolitica, Salmonella spp., and Listeria monocytogenes are 

associated with swine production and pork consumption and can also be identified and 

isolated from swine tonsils (5, 6). 

     While tonsils have provided a historical sampling site for detecting normal flora and 

have aided in elucidating clinical disease (1), tonsil sampling should be considered a 

monitoring tool for the identification of emerging and re-emerging swine pathogens 

including those with food borne and zoonotic implications. The emergence of PRRSV in 

the USA in the 1980’s and in Europe and Asia in 1991 was documented when an 

unknown arterivirus was isolated from the tonsils of affected pigs (7). More recently, an 

outbreak of Streptococcus suis infection causing mortality in humans was caused by an 

emergent, highly virulent strain of Streptococcus suis, a pathogen that persists in the 

tonsils of clinically healthy pigs (8, 9).  Further documentation and surveillance of the 

normal flora of the swine tonsil is pertinent to the continued understanding of disease 
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pathogenesis including zoonotic pathogens associated with swine and pork production.   

The difficulty of sampling swine tonsils ante-mortem makes collection at the time of 

slaughter an obvious alternative for monitoring purposes (10).   In addition to simplifying 

the collection process of tonsils at slaughter, the congregation of large numbers of 

animals from multiple sources at slaughter provides an opportunity to sample pigs 

representing a large and geographically varied population in a simple and practical 

manner.  

     The objectives of this study were to gather data to determine the prevalence of 

microbiological populations of the tonsil of the soft palate of swine at slaughter, to 

determine if sampling normal or abnormal hogs provides different microbiological 

profiles, and to determine if the slaughter plant provides a feasible sampling frame and 

environment for collecting tonsils to detect and monitor important pathogens that have 

health implications for swine and humans. 

Materials and Methods 

Sample collection 

Tonsils of the soft palate were collected from swine carcasses at a federally inspected 

abattoir in southern Ontario, Canada, from June to December 2008. The slaughter plant 

processed approximately 6,000 hogs per day (30,000-32,000 per week). Tonsils were 

sampled as different producer batches (farms) were processed throughout an entire 

operating day once per week on Wednesdays. The carcasses and tonsils were identified 

and recorded by their unique, producer-specific slap tattoo. The sampling was performed 

by experienced abattoir staff during normal slaughter operations. Samples were obtained 
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after the carcasses passed through a scald tank, the evisceration and splitting stage but 

before chilling commenced. For the first 9 weeks of the study, tonsils were collected from 

normal carcasses that passed veterinarian inspection. For the subsequent 11 weeks, tonsils 

were sampled from carcasses sent to the hold rail. The hold rail is an area of the slaughter 

plant where carcasses that have an identified concern or visible defect are sent for closer 

inspection by veterinary officials.  

      Tonsils were collected by with a post-mortem knife that was cleaned in boiling water 

between samples. The same abattoir staff member collected all the samples and they did 

this by following routine plant hygiene procedures. The proximal attachments of the 

tonsil connecting it to the soft palate were dissected. The dimpled appearance of the tonsil 

was used as a landmark to distinguish it from the salivary glands. Each tonsil was placed 

in a sterile plastic bag, sealed, and labelled with the slap tattoo identification of the 

carcass. The samples were stored at 4ºC post-collection and submitted to the Animal 

Health Laboratory (AHL) at the University of Guelph, Guelph, Ontario, for processing 

within 24 h.  

Microbiological methods 

     Microbiological analysis of the tonsils was conducted by the AHL at the University of 

Guelph. Upon receipt of the samples the AHL divided the samples into sections for 

separate submission and processing to the bacteriology and virology laboratories. 

Bacteriology was quantified by culture and all bacteriological work, including set up, 

culture, identification, and typing, was done following their standard operating 

procedures as outlined in the Manual of Clinical Microbiology (11). The surface of each 
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individual tonsil was seared and then the tonsil tissue was cut and a sample taken from the 

fresh surface for bacteriology.  All Salmonella spp. isolates were further forwarded for 

Salmonella sero-typing to the Laboratory for Foodborne Zoonosis Public Health Agency 

of Canada, Guelph, Ontario for their final identification. Testing for PRRSV was done 

using the Tetracore PRRSV NA/EU RT-PCR kit (12), with modifications to adapt to the 

ABI-7500 thermocycler specific to the AHL.  The test is a real time-PCR using primer 

sets directed to the 3' untranslated region of the PRRSV genome and identifies both North 

American and European strains of PRRSV.  Immunohistochemistry (IHC) for porcine 

circovirus-2 (PCV-2) antigen was performed on histological sections of tissue cut from a 

portion of frozen tonsil and then subsequently formalin-fixed. The method is fully 

described by Carman et al., (2008) (13).  

Statistical methods 

     Quantitative bacterial culture data were converted to dichotomous outcomes of 

positive or negative with ≥ 1+ being classified as a positive culture. Univariable analyses 

were conducted using multi-level logistic regression models with farm as a random 

intercept to determine if there were statistically different associations between pathogens 

being identified from normal carcasses vs. carcasses sampled from the hold rail. 

Statistical significance was set at P≤0.05.   For variables where the prevalence was low 

(<1.0%) exact logistic regression was used.   Subsequently,  a multivariable multi-level 

logistic regression model using farm as a random intercept was built using the  variables 

that had a significance of P<0.2 on univariable analyses. Statistical analyses were 

performed using Stata 10 (14). 
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Results 

     A total of 395 tonsil specimens were collected. Over 99.8% (395/396) of the samples 

collected were tonsil tissue with the incorrect sample being a salivary gland. Twenty 

tonsils were collected every wk for 20 consecutive wks with the exception of wk 16 when 

only 15 samples were collected.  One hundred and eighty tonsils were collected from 

normal carcasses and 215 tonsils were from carcasses sent to the hold rail. A total of 264 

unique slap tattoo identification numbers (farms) were represented. The identities and 

frequency of each pathogen isolated are shown in Table 4.1. The bacterium that was the 

most commonly isolated was Streptococcus suis with 53.7% of the samples being positive. 

Ninety tonsils (22.9%) were positive for PRRSV while 47 tonsils (11.9%) were positive 

for PCV-2. 

     Tonsils were approximately 2, 10, and 8 times more likely to be positive for 

Streptococcus suis, Streptococcus porcinus, or Staphylococcus hyicus respectively if 

collected from the hold rail vs. normal carcasses (P<0.001) (Table 4.1). Tonsils positive 

for Staphylococcus aureus, however, were less likely (OR=0.05, CI 0.005-0.482 P=0.010) 

to be from the hold rail. Tonsils that were positive for PRRSV or PCV-2 were no more 

likely to be from the hold rail than from the normal carcasses. The odds were 2 times 

greater for tonsils that were PRRSV-positive for being positive for S. equisimilis (OR= 

2.08, CI 1.22- 3.56 P=0.007). However, being PRRSV positive did not increase the odds 

of the sample being positive for any other bacteria or PCV-2. Tonsils that were positive 

for PVC-2 had an approximately 2 times higher odds of being positive for S. porcinus 

(OR=2.40, CI 1.04 - 5.55, P=0.041). However, being positive for PCV-2 did not increase 

the odds of a sample being positive for any other bacteria or for PRRSV.  In the 
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multivariable multi-level logistic regression model the OR’s for Streptococcus suis, 

Streptococcus porcinus, Staphylococcus aureus, and Staphylococcus hyicus were 2.5 (CI 

1.357-4.681, P=0.03), 14.5 (CI 4.860-44.205, P<0.001), 0.06 (CI .005-0.827), and 11.9 

(CI 2.719-51.690)  respectively and the overall intra-class correlation coefficient (ICC) 

for farm was 0.3799. 

     Two samples (0.5%) were positive for Salmonella Typhimurium and then further 

typed. One bacterium was Phage Type 104a and the other was Copenhagen Phage Type 

UT1. Bio and serotyping were undertaken for all of the Yersinia enterocolitica positive 

(1.8%) samples. Bio-serotype 4/0:3 was the most common type found in 5 out of 7 of the 

positive samples (71.4%)  The remaining 2 positive samples were bio-serotype 2/0:5, 27. 

Discussion 

     The sampling frame and sampling method proved to be an efficacious way to collect 

swine tonsil tissue. Accurate tissue recovery occurred (99.7%), the sampling protocol was 

not technically challenging, and the personnel at the plant were willing to collect the 

tonsils during normal plant operations. Tissue collection during the slaughter process was 

a superior method of tonsil tissue collection compared to reports of ante mortem 

techniques where only 48.9% of samples were correctly obtained by tonsil biopsy 

methods (10). In the live pig, it has been shown that swabs may be more sensitive than 

tonsil biopsy for detecting Streptococcus suis (15). Swabbing of the tonsil surface prior to 

removal from the carcass was not done in the present study but is worth examining in 

future work and comparing that to the direct collection of tonsil tissue. 

     Many commensal organisms and opportunistic bacterial pathogens found in the tonsils 

of swine such as Streptococcus porcinus, Streptococcus dysgalactiae, Staphylococcus 
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aureus, Pasteurella multocida and Staphylococcus hyicus, were identified in this study. 

Other studies show comparable results in the frequency of the commensal organisms 

identified (3, 6). Interestingly, Streptococcus porcinus was found to be more prevalent in 

tonsils from pigs from the hold rail than from normal carcasses. The emergence of this 

bacterium as well as novel strains of Streptococcus pseudoporcinus, a potential human 

pathogen, has been attributed to advancements in diagnostic capabilities and not the 

emergence of a new pathogenic strain (16, 17, 18). 

     Streptococcus suis, the most frequently (53.7%) identified bacteria in this study, has 

been reported as an important swine pathogen and as a pathogen with zoonotic potential 

(19, 20). A previous Canadian study using PCR testing methods reported that 98% of 

swine farms were positive for Streptococcus suis (3). The clinical and potential zoonotic 

significance of the findings in this study cannot be commented on further as typing was 

not performed. However, it should be kept in mind that even though only a few human 

cases have been reported in Canada and the United States (21, 22) Streptococcus suis type 

2 has recently been reported as an emerging zoonotic disease in other parts of the world 

(8, 9, 20). It has been proposed that the emergence of serious human illness caused by 

Streptococcus suis is the result of the emergence of a new highly virulent strain (9). The 

high recovery rate of Streptococcus suis in this and previous studies coupled with the 

reported changes in virulence patterns seen in other parts of the world (9) warrants the 

continued surveillance of this pathogen with appropriate subtyping.  

     The prevalence of Salmonella spp. in this study was lower than that of other reports. 

Carlson and Blaha (2001) reported an in-herd prevalence of 64% from ileocecal lymph 

node (collected at slaughter) culture and a pig-level prevalence of 3.69 % (23). Another 

study found an intestinal carriage prevalence of 23% at slaughter (24). Different 
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microbiological methods, different sample types, and different study designs play a role 

in the differences between this study and other reports. For this study bacterial cultures 

were taken from a freshly prepared surface of the tonsil and IHC samples from freshly 

prepared frozen sections at the lab so no cross contamination of the tonsils was suspected.  

     Information regarding the utility of collecting tissue samples from hold rail carcasses 

versus normal carcasses for surveillance or research purposes is scarce in the literature.   

Most studies have focused on the risks of carcass microbiological contamination during 

the slaughter process (5, 6). In this study the collection of tonsils from carcasses on the 

hold rail did yield some discordant information about certain pathogens when compared 

to tonsils from normal carcasses. This study did not target carcasses on the hold rail with 

evidence of specific disease processes. For example, carcasses sampled on the hold rail 

may have had a retained testicle or a non-disease related defect. With the exception of 

Streptococcus porcinus and Streptococcus suis carcasses diverted to the hold rail did not 

have an increased risk of harbouring zoonotic pathogens.  Interestingly, tonsils that were 

positive for PRRSV and/or PCV-2 also did not have an increase in odds of being positive 

for any of the zoonotic pathogens. It has been proposed that these two viruses may cause 

a reduction in the immune function of swine resulting in an increase susceptibility to 

other pathogens (25). In the univariable analysis the data also did not cluster by farm.  In 

the multivariable multi-level logistic regression model the data mildly clustered by farm 

as indicated by the overall ICC of 0.3799. The low ICC was likely due to the low tonsil 

sample size per farm. The isolation of Yersinia enterocolitica bioserotype 4/0:3 as the 

most common bioserotype is comparable to other studies, however the overall prevalence 

of Y. enterocolitica was found to be considerably lower than other studies examining live 

pigs and using fecal samples to assess the presence of pathogens (26, 27, 28).  
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     The information presented in this study provides information regarding the prevalence 

of microbiological populations on swine tonsils collected at slaughter. The collection 

technique used in this study illustrates an effective method for tonsil sampling which 

could be useful to monitor swine pathogens. Tonsil collection at slaughter for 

microbiological examination may be of value in certain disease surveillance strategies in 

particular if the sampling process targets disease processes of interest on the holdrail. 

When developing future studies the potential for cross-contamination during the slaughter 

process should be kept in mind. The use of appropriate collection and isolation techniques 

to account for such risks should be employed. 
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Table 4.1. 
 
The frequency of individual pathogens isolated from 395 swine tonsils and the association between tonsil positivity for porcine 
circovirus type-2, porcine reproductive and respiratory syndrome virus, and bacterial pathogens isolated from swine tonsils collected 
from abnormal carcasses vs. normal carcasses at slaughter 
 
Pathogen Isolated Total 

No. of 
positive 
tonsils 

 

Freq 

(% ) 

Number of tonsils positive Odds 
Ratioa 

p-value CI ICCa 

Abnormal 
carcass 

Normal 
carcass 

 

Porcine circovirus type-2 

 

47 

 

11.9 

 

29/47 

(61.7%) 

 

18/47 

(38.3%) 

 

- 

 

ns 

 

- 

 

- 

Porcine reproductive and 
respiratory syndrome virus 

90 22.9 41/90 

(45.6%) 

49/90 

(54.4%) 

- ns - - 

Actinobacillus 
pleuropneumoniae 

14 3.5 7/14 

(50.0%) 

7/14 

(50.0%) 

- ns - - 

Actinomyces sp. 2 0.5 0/2 

(0%) 

2/2 

(100%) 

- ns - - 
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Table 4.1. continued         

 

Arcanobacterium pyogenes 

 

118 

 

29.9 

 

65/118 

(55.1%) 

 

53/118 

(44.9%) 

 

- 

 

ns 

 

- 

 

- 

Erysipelothris spp. 3 0.8 1/3 

(33.3%) 

2/3 

(66.6%) 

- ns - - 

Haemophilus parasuis 4 1.0 0/4 

(0%) 

4/4 

(100%) 

- ns - - 

Listeria monocytogenes 2 0.5 2/2 

(100%) 

0/2 

(0%) 

- ns - - 

Pasteurella multocida 108 27.3 59/108 

(54.6%) 

49/108 

(45.4%) 

- ns - - 

Salmonella spp. 2 0.5 1/2 

(50.0%) 

1/2 

(50.0%) 

- ns - - 

Staphylococcus aureus 14 3.5 29/47 

(61.7%) 

18/47 

(38.3%) 

0.05 0.010 0.005-
0.482 

0.3678 
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Table 4.1. continued         

 

Staphylococcus hyicus 

 

43 

 

10.9 

 

41/90 

(45.6%) 

 

49/90 

(54.4%) 

 

7.51 

 

<0.001 

 

2.890-
19.537 

 

<0.0001 

Staphylococcus 
pseudintermedius 

1 0.3 7/14 

(50.0%) 

7/14 

(50.0%) 

- ns - - 

Streptococcus agalactiae 5 1.3 0/2 

(0%) 

2/2 

(100%) 

- ns - - 

Streptococcus equisimilis 116 29.4 65/118 

(55.1%) 

53/118 

(44.9%) 

- ns - - 

Streptococcus porcinus 77 19.5 1/3 

(33.3%) 

2/3 

(66.6%) 

9.93 <0.001 4.272-
23.096 

0.1389 

Streptococcus suis 212 53.7 0/4 

(0%) 

4/4 

(100%) 

2.16 <0.001 1.445- 
3.239 

<0.0001 

Streptococcus 
zooepidemicus 

5 1.3 2/2 

(100%) 

0/2 

(0%) 

- ns - - 
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Table 4.1. continued         

 

Yersinia enterocolitica 

 

7 

 

1.8 

 

71.4% 

(5/7) 

 

28.6% 

(2/7) 

 

- 

 

ns 

 

- 

 

- 

 

a univariable logistic regression using farm as a random intercept 
ns = not significant
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CHAPTER FIVE 

 

Seroprevalence of Bovine Viral Diarrhea Virus neutralizing antibodies in finisher 

hogs on Ontario swine herds and targeted diagnostic testing of two suspect herds  
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Abstract 

     A pilot study was initiated to determine the seroprevalence of BVDV neutralizing 

antibodies in finisher hogs on Ontario swine herds. This included an investigation into 

two swine herds with clinical syndromes suspicious of BVDV. No herds were found to be 

positive for BVDV antibodies by virus neutralization. The two swine herds with clinical 

disease suggestive of pestivirus infection were also negative for antibodies to BVDV in 

indirect fluorescent antibody assays. Prevalence of BVDV on Ontario swine farms is 

negligible.  
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Introduction 

     Pestiviruses are important pathogens of cattle, swine, and sheep. Classified as a genus 

within the family Flaviviridae, pestiviruses are small, enveloped, predominately non-

cytopathogenic, positive-stranded RNA viruses (1). The genus Pestivirus contains four 

species currently recognised by the International Committee on Taxonomy of Viruses 

namely, Classical Swine Fever Virus (CSFV or hog cholera virus), Bovine Viral Diarrhea 

Virus Type 1 (BVDV-1) and Type 2 (BVDV-2), and Border Disease Virus (BDV) of 

sheep (2, 3). BVDV under natural conditions mainly infects cattle and sheep; however, 

the virus has been associated with disease in goats and swine as well (1).  In swine, 

infection with BVDV is often subclinical but when clinical signs are reported they are 

often associated with reproductive problems such as poor conception rates, abortion and 

stillborn piglets (1, 4).  

     Interest in the prevalence and clinical significance of pestivirus in swine herds has 

recently been highlighted with the documentation of a neurologic and reproductive 

disease outbreak associated with a novel pestivirus in the USA (5) and a disease outbreak 

in Australia (6). Pogranichniy et al. 2008 reported neurological signs in weaned pigs 

consisting of posterior weakness, paresis, ataxia, lameness, and head pressing (5). Sows 

in this study showed similar neurological signs as well as reproductive problems 

including early return to estrous or abortion after 30 days of gestation (5). 

Histopathological evaluation of the cases detected encephalitis characterized by mild 

focal non-suppurative perivascular cuffing and gliosis (5). Kirkland et al. 2007 reported a 

slightly different clinical picture associated with a pestivirus outbreak but the clinical 

signs encompassed both neurological and reproductive abnormalities (6). These authors 
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reported sudden death in piglets 3-4 weeks of age as well as a marked increase in the birth 

of stillborn and mummified fetuses (6). Histopathological changes identified in this 

outbreak consisted primarily of multifocal non-suppurative myocarditis (6). A PCR-based 

screening test was used to follow up on the cases reported in the USA and it was 

determined that the pestivirus isolated in this instance was not the same pestivirus 

identified in Australia (7). 

     Herd prevalence levels of BVDV on North American swine herds is reported 

anywhere from 2-43% with cattle implicated as the most common source of BVDV in 

pigs (1, 4). Novel strains of pestivirus have yet to be identified in Ontario swine herds and 

the current prevalence of BVDV in Ontario swine herds is unknown. Swine herds with 

neurological and reproductive syndromes of unknown etiology, referred to the swine field 

services veterinarians at the Ontario Veterinary College (OVC) University of Guelph, 

raised suspicions that these syndromes could be associated with BVDV infection. 

     The objectives of this study were to conduct a pilot study to determine the prevalence 

of neutralizing antibodies to BVDV type-1 and BVDV type-2 in Ontario swine finishing 

pigs and to investigate herds referred to the swine veterinarians at OVC for the presence 

of BVDV neutralizing antibodies.  

Methods 

    To determine the prevalence of BVDV neutralizing antibodies in Ontario swine herds, 

500 samples of stored finisher pig sera from swine sentinel herds were analyzed. The 

stored samples were from 50 swine herds that participated in a swine sentinel herd 

program at the University of Guelph in 2005 (8). The Ontario sentinel herds were 
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distributed across the province and the program collected herd level information and 

blood samples from each herd. For the pilot study, a systematic random sampling method 

was employed by selecting every other serum sample resulting in the selection of 10 

serum samples from each of these 50 sentinel herds. The degree of contact with cattle for 

each herd was compiled from the sentinel project herd records (8). 

     The serum samples were tested by virus neutralization (VN) for BVDV-type 1 and 

BVDV-type 2 by the Animal Health Laboratory (AHL) at the University of Guelph using 

a conventional microtitre virus neutralization assay performed in cell culture as described 

by Carman et al. 1998 (9). Two fold serial dilutions of serum were prepared in duplicate 

starting at 1:2 and incubated with either 100 cell culture infective dose (CCID) of BVDV 

type 1-NADL or BVDV type 2- NVSL-125c for 1 hour at 37oC, followed by addition of 

Madin-Darby bovine kidney (MDBK) cells suspended in growth media supplemented 

with fetal equine sera. After incubation at 37oC for 3 days, each well was analyzed for 

cytopathic effects within the cell monolayer. The titre was determined as the 50% 

endpoint where half of the wells were positive. Known positive and negative serum 

controls were included for each assay. 

      Two problem herds referred to the OVC swine field service department were 

experiencing neurologic and reproductive problems similar to the report of Pogranichniy 

et al. 2008 (5). These herds were selected for targeted testing for BVDV. The first herd 

was a 250 sow farrow-to-finish operation in south-western Ontario experiencing an 

outbreak of reproductive losses of undetermined aetiology. Clinical signs included mid- 

to late-term abortions and an increase in numbers of sows returning to estrous. The 

outbreak occurred during June-July 2008. Affected sows ranged from parity 1-5. 
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Infection with porcine reproductive and respiratory syndrome virus (PRRSV) and porcine 

circovirus type-2 (PCV-2) was previously ruled out by the referring veterinarian. Blood 

samples were taken from twelve of the affected sows, after sufficient time had elapsed to 

allow for the development of antibodies (>30 days), and were submitted to the AHL for 

BVDV VN testing as described above for the sentinel herds. In addition, these 12 samples 

were tested for IgG antibody to BVDV using an indirect fluorescent antibody test (IFA) 

(10), using BVDV type 1- NADL and BVDV type 2- NVSL-125c infected and uninfected 

secondary bovine spleen cell cultures grown in 8 chamber slides, and fixed in cold 

acetone. The swine sera were tested at a 1/20 dilution. Phosphate buffered saline pH 7.2 

was used as the washing buffer. The secondary antibody, anti-swine IgG, was conjugated 

with fluorescein as the indicator system, and used at a dilution of 1/50. After staining the 

slides were covered with mounting fluid at pH 9.0, mounted with a cover glass, and 

examined under a fluorescent microscope. Known bovine BVDV IgG positive and 

negative sera were used as controls. 

    The second herd was a 70 sow farrow-to-finish operation in south-western Ontario 

experiencing an outbreak of neurologic signs in weaned pigs approx 5-6 weeks of age. 

The outbreak occurred in November 2008. Apparently healthy weaned pigs developed 

sudden onset of CNS dysfunction characterized by complete body tremors, ataxia, head 

pressing and death.  An affected animal was submitted to the AHL for euthanasia, gross 

post mortem examination, histopathology, immunohistochemisty (IHC) for PCV-2, and 

reverse transcription-polymerase chain reaction (RT-PCR) for PRRSV. PRRSV testing 

was done using the real-time PRRSV North American/European-RT-PCR kit, 

manufactured by Tetracore, with modifications to adapt to an ABI-7500 thermocycler 
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used at the AHL (11). The test is a RT-PCR using primer sets directed to the 3' 

untranslated region of the PRRSV genome. IHC for PCV-2 antigen was performed and is 

described by Carman et al. 2008 (12). In addition to the animal submitted for 

histopathology, 20 serum samples were collected, from piglets in the same batch as the 

affected animals showing neurological symptoms, after sufficient time had elapsed for the 

development of antibodies (>30 days). The serum samples were tested for antibody to 

BVDV-1, and BVDV-2 by virus neutralization as described above for the sentinel herds.  

Results 

     All 500 samples from the 50 sentinel herds tested negative (titres < 1:2) for antibody to 

BVDV-type 1 and BVDV-type 2. Of the 47 herds with information available on the 

presence of cattle, cattle were present on 27.6% of the farms. On the remaining 72.3% of 

the farms, only pigs were present. 

     All 12 affected sows from herd #1 were negative for virus neutralizing antibodies for 

BVDV, as well as negative by IFA testing at a 1:20 dilution. The herd was negative for 

PRRSV and PCV-2 as reported by the referring veterinarian. Histopathology results for 

the specimen submitted from herd #2 demonstrated a mild non-suppurative 

encephalomyelitis and Purkinje cell degeneration and heterotopia suggestive of an in 

utero virus infection causing cerebellar dysplasia and atrophy.  RT-PCR for PPRSV was 

negative. IHC PCV-2 staining was not apparent in any of the inflammatory lesions. The 

20 serum samples from herd #2 were also negative for BVDV neutralizing antibodies. 
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Discussion 

     The results indicate that BVDV did not appear to be present in Ontario swine herds in 

2005 regardless of the presence of cattle on the same premises. These findings correspond 

to other findings where the seroprevalence of ruminant pestiviruses in swine was found to 

be low (13).  The presence of cattle on the same premise did not appear to be a risk factor 

in this study. However, it must be taken into consideration that our sample size was low 

for herds with cattle on the same premise, and without a positive case in either group the 

risk that cattle contribute to the prevalence of seropositivity to BVDV could not be 

assessed. The BVDV status of the cattle associated with the swine sentinel herds and case 

herd #2 was not available. However, the herd prevalence of BVDV on Ontario dairy 

farms has been estimated at 29% and 13% for BVDV-type 1 and BVDV-type 2, 

respectively (14). The neurologic and reproductive problems in herd #1 and herd #2 could 

not be related to BVDV. Herd #2 had cattle present on the same farm, while herd #1 was 

exclusively swine. 

     The Ontario swine industry is experiencing a rapid decline in the presence of mixed 

farming practices and has moved almost exclusively to species specialization of farms, a 

phenomenon witnessed in many parts of the world today (15).  It has been speculated that 

this trend in farming practices has resulted in the decline of BVDV in swine worldwide (1, 

13). However, despite the perceived decline of BVDV on swine herds there have been 

recent reports of novel pestiviruses within the species (5, 6). Fortunately, such novel 

forms of Pestivirus have yet to be reported in Ontario swine herds. 

      While BVDV was not identified in this study, the investigation and identification of 

novel pestiviruses, as well as the continual monitoring and understanding of existing 
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pestiviruses, should remain an area of active interest for animal health researchers, 

virologists and animal disease surveillance networks. The significant role that pestiviruses 

have played in animal disease outbreaks, international trade barrier restrictions and their 

demonstrated potential for cross species spread has generated a continued need for the 

investigation of existing pestiviruses and new species of pestivirus as they emerge. 
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CHAPTER SIX 

 

Conclusions 

 

Summary  

     Animal disease surveillance is the cornerstone of any strategy for the prevention, 

control, and eradication of livestock diseases.  In order to protect and maintain healthy 

livestock populations, it is imperative that animal disease surveillance activities be time-

efficient, representative of the population of interest, and cost-effective.  In the context of 

emerging and re-emerging diseases, the objective of disease surveillance is early 

detection to allow for rapid response and implementation of control measures that may 

limit their impact.  The successful, and timely, identification of emerging livestock 

diseases is a complex venture which is complicated by the dynamic nature of livestock 

disease patterns, global climate change, the increase in human travel, and the utility of the 

health data that are available to monitor the disease(s) of interest.   

     There are a number of sources of animal health data that can be implemented into a 

surveillance program; some that are more readily accessible than others, and some more 

useful than others depending on the surveillance objective(s).  There are also factors that 

can interfere with the interpretation of the data, factors which can vary depending on the 

source and type of health data.   Factors associated with swine health data identified and 

discussed in this thesis included issues surrounding the effect of swine industry 

economics on the number of submissions made to a veterinary diagnostic laboratory, the 

selection bias associated with health data derived from diagnostic laboratories, the 
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important role veterinary practitioners play in the quality of laboratory-derived data, and 

the value and limitations of health data derived from abattoirs or sentinel herds.  A 

notable finding discussed in this thesis was the impact that the porcine circovirus-

associated disease (PCVAD) outbreak had on the results of porcine reproductive and 

respiratory syndrome virus (PRRSV) diagnostic tests.  The work presented in the 

preceding chapters examined different sources of swine health data for the investigation 

of current and retrospective swine health concerns in the province of Ontario. The 

principal objective was to enhance the understanding and utility of health data for 

improvement of disease monitoring and outbreak detection for the Ontario swine industry.  

     The predominant focus of this thesis was the examination of retrospective veterinary 

diagnostic laboratory submissions from the Animal Health Laboratory (AHL) at the 

University of Guelph from January 1, 1998 to July 31, 2009.  The results from previous 

analyses of AHL data have not included the association of industry economics with the 

rate of laboratory submissions.  The main finding resulting from the current analysis of 

the AHL data in this thesis, demonstrated that, during the study period, the economics of 

the Ontario swine industry influenced the rate of submissions to the AHL.  This study has 

provided the first formal evidence to support that livestock economics influence 

submission behaviour to a veterinary diagnostic laboratory and should be taken into 

consideration when using laboratory data for disease surveillance activities.  Another 

interesting and notable finding that developed from examination of the AHL data was that 

the probability of a positive result for  PRRSV polymerase chain reaction (PCR) tests 

decreased during the PCVAD outbreak which occurred in the Ontario swine industry 

from 2004-2006.  The results of this work support the possible value of monitoring 
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PRRSV diagnostic test results as part of a swine disease surveillance program and 

warrants further research.  Analysis of the PRRSV enzyme-linked immunosorbent assay 

(ELISA) results did not show the same association, however the results did highlight the 

importance of veterinary practitioners providing detailed epidemiological information at 

the time of submission and this is discussed further below. 

     A limitation arising from the use of the AHL data for this thesis is the uncertainty of 

how representative the information was with regard to disease trends affecting the Ontario 

swine industry.  The underlying assumption about the aggregate counts of laboratory 

submissions and tests ordered was that they represented submissions from the majority of 

Ontario swine veterinary practitioners.  It was also assumed that the majority of swine 

practitioners submitted disease information from the majority of swine producers in the 

province.   Hence, conclusions were based on these assumptions and that the data 

represented swine disease trends in the province.   It is recognized that the AHL is not the 

only laboratory available for veterinary practitioners to use for diagnostic purposes and 

that not all swine producers seek the advice of veterinarians.  Hence, a selection bias may 

have occurred with the use of these data as some information was almost certainly lost to 

other provincial laboratories or just not captured.  It would be reasonable to assume then, 

that this selection bias may have resulted in an underestimation or overestimation of 

disease rates and trends and consequently may be reflected in the measures of association.  

However, it is imperative to comment that the AHL is the largest full service veterinary 

diagnostic laboratory in the country and is the predominant laboratory used by Ontario 

swine practitioners.  Thus, it was felt that the AHL data represented a large proportion of 

swine disease in Ontario and diagnostic test requests made by Ontario swine practitioners 
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on behalf of Ontario pork producers, and that the assumptions were defensible for 

extrapolation.   

       Other limitations specific to the AHL data were that of data management, data utility, 

and missing data.  Considerable manual manipulation of the AHL data was required to 

prepare the data for statistical analysis.  The data cleaning process was markedly time 

intensive and resulted in considerable delay in the analysis of the data.  This would be a 

significant limitation for prospective use of these data.  Demographic information was the 

single most important missing epidemiologic information in the data.  Over 50% of the 

submissions lacked information about number of animals-at-risk.  Other important 

inconsistencies in the data that are worthy of note were the fact that many submissions 

lacked the following:  a complete case history, whether the submission was associated 

with a disease work-up or routine monitoring, differential diagnosis, and syndromes 

associated with the case.  The results of Chapter 3 demonstrated how the lack of 

epidemiological information included with cases at the time of submission may have 

affected the value of the PRRSV ELISA test results with regard to surveillance.  Hence, 

the report of this lack of completeness within the laboratory data used in this thesis is a 

valuable finding and should subsequently be used to promote the importance of thorough 

case submission information, especially to veterinary practitioners.   

     The secondary focus of this thesis examined abattoir and sentinel herd derived health-

data.  The abattoir survey of tonsil flora was designed to determine the following: the type 

and prevalence of the microbiological population of swine tonsils at slaughter, the farm-

effect on these populations, and to demonstrate the utility of using abattoir staff for 

collecting disease monitoring and surveillance data.  The abattoir study demonstrated the 
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utility of the data for targeted surveillance activities and supported the continued use of 

plant personnel for harvesting tissues. 

     The predominant limitation with the health data analysed for the abattoir and sentinel 

herd studies is the potential for selection bias embedded in the data.  Surveillance data are 

often plagued by selection bias that subsequently affects the quality of the 

epidemiological conclusions that can be derived from such data.  Selection bias was 

introduced in the abattoir study by only sampling tonsils on one day of the week.  

Producers typically ship hogs to market on the same day of the week so this sampling 

technique narrowed the number of the farms represented in the sample of tonsils as some 

source farms had the potential to be sampled each week.  Another limitation is that 

normal and abnormal tonsils were not collected on the same day and the specimen 

sampling spanned more than one season.   

     The sentinel herd study provided an up-to-date estimate on the Bovine Viral Diarrhea 

Virus (BVDV) prevalence in Ontario hogs.  An issue with the low prevalence estimate in 

the BVDV study is that the sample size could not allow for a precise estimate.  Reports 

have suggested that BVDV in hogs has been decreasing in prevalence due to the increase 

in farm species specialization.  This study provided evidence to support these claims for 

the province of Ontario.   This is an essential disease prevalence update as it strengthens 

provincial knowledge and documentation about a disease that has the potential to 

complicate issues surrounding the monitoring and surveillance for Classical Swine Fever 

(CSFV), a reportable swine disease eradicated from Canada in 1963 

(http://www.inspection.gc.ca/english/anima/disemala/classporc/classporcfse.shtml  Last 

accessed Jan 11, 2011).  In addition to valuable information of disease prevalence this 
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study also demonstrated the value of using stored samples from sentinel herds to derive 

historical health information of a population.  

     This thesis provided a significant contribution to the understanding of veterinary 

laboratory data for swine disease monitoring and surveillance.  The support provided by 

this thesis for the use of diagnostic test results for monitoring disease outbreaks has 

provided a template for further research and action to improve upon disease monitoring 

and surveillance for the Ontario swine industry.  While, this work has focused on the 

Ontario swine industry, it would be interesting to see how the results of this thesis 

compare to investigations in other provinces and for other livestock industries. 

Recommendations 

The dissemination of the work presented in this thesis is recommended for the use and 

implementation into disease monitoring and surveillance activities.  The following are 

recommended: 

• A summary of the results of this thesis be provided to the Animal Health 

Laboratory; 

• A summary of the results of this thesis be provided to provincial and national 

governments (Ontario Ministry of Agriculture Food and Rural affairs, Canadian 

Food Inspection Agency) for their use in policy and program development for 

food animal disease monitoring and surveillance; 

• The results from this thesis should be used to promote and enhance the roles of 

veterinary diagnostic laboratories, sentinel herds, and abattoir personnel in animal 

disease monitoring and surveillance activities; 
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• The results from this thesis should be used to emphasize the important role that 

veterinary practitioners play in contributing to the quality of health data derived 

from diagnostic laboratories.  By improving the completeness of epidemiological, 

and case history information provided with laboratory submissions by the 

veterinary practitioner, the data generated by diagnostic laboratories can be 

greatly enhanced; 

• Compensation for time commitments for practitioners and others as a means of 

ensuring participation and full co-operation in surveillance activities that are 

beyond service for a specific client should be considered; 

• An in depth evaluation of the suitability and flexibility of the database system 

used by a diagnostic laboratory is needed to improve the utility of laboratory 

derived data, and for the timeliness of analysis of the data; 

• Increased collaboration, development of relationships, and information sharing 

between provincial and national veterinary diagnostic laboratories is 

recommended in order to capture a more complete and representative sample of 

laboratory health data; 

• More comprehensive record keeping of government and laboratory financial 

initiatives is needed because they affect activities at diagnostic laboratories such 

as the AHL; 

• Disease monitoring and surveillance activities based on health data derived from 

laboratory data should adjust and/or account for the economics of the industry 

using the laboratory. 

Suggestions for further research      
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This thesis contributes significantly to the understanding of laboratory, abattoir, and 

sentinel herd-derived animal health data for disease monitoring and surveillance.  

However, there remain numerous areas in which further research is warranted. They are 

as follows:   

• Veterinary diagnostic laboratory-derived health-data 

i. Analysis of aberration and cluster detection techniques to evaluate the 

utility of PRRSV PCR test results for disease and outbreak monitoring 

purposes; 

ii. Survey of swine veterinary practitioners to further determine and quantify 

the factors that influence case submission to a diagnostic laboratory; 

iii.  Survey of swine producers to further determine and quantify the factors 

that influence case submission to a diagnostic laboratory; 

• Abattoir-derived health data 

i. Further investigation into the utility of swine tonsils for monitoring swine 

disease with focus on a more comprehensive sampling frame. 

The volume of veterinary drug sales, as a form of syndromic data, is a data source that 

remains unexplored for disease surveillance in veterinary medicine.  The acquisition of 

the data is the main limiting constraint surrounding further analysis of the data.  Future 

studies investigating this untapped source of animal health data should focus on 

understanding and overcoming issues surrounding the willingness of practitioners and 

producers to share the information.  Suggested topics for future research include: 
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• Survey of practicing food-animal veterinarians in Ontario focused on issues 

surrounding:  veterinary drug sales, types of medication sold, modes and 

frequency of drugs sold, issues limiting their willingness to share information, and 

suggestions for overcoming these limitations; 

• Survey of food animal producers in Ontario focused on issues surrounding:  

veterinary drug purchases; types of medication purchased, modes and frequency 

of drugs purchased, issues limiting their willingness to share information, and 

suggestions for overcoming these limitations; 

• Survey of feed mills in Ontario in order to gain greater insight on issues 

surrounding:  feed-related veterinary drug sales, types of medication sold, modes 

and frequency of drugs sold, issues limiting their willingness to share information, 

and suggestions for overcoming these limitations; 

• Development of a pilot study to determine the utility of using veterinary drug 

sales as a form of syndromic surveillance for Ontario livestock industries. 

Final Remarks 

     In conclusion, this thesis highlights the need for continued research into existing and 

innovative health data sources to improve livestock disease monitoring and surveillance 

efforts both provincially and nationally.  The rapidly changing global animal disease 

environment coupled with the economic challenges of the 21st century, are presenting 

veterinary practitioners, epidemiologists, and the broad scientific community in general, 

with new challenges in disease detection, control and treatment.  The impact of historical 

disease outbreaks on the Ontario swine industry has been sizeable and well documented.  

Minimizing the effects of swine (and other livestock) disease outbreaks, and improving 
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upon the timely identification of such outbreaks, will depend on the continued research 

and development of innovative detection methods and by the use of existing and novel 

sources of animal health data. 

 


