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  ABSTRACT 

AN EVALUATION OF BIOSECURITY PRACTICES ON SOUTHERN 

ONTARIO SWINE FARMS, AND ITS APPLICATION TO RISK-BASED 

SURVEILLANCE APPROACHES 

Katherine Bottoms       Advisor: 

University of Guelph, 2012      Dr. Zvonimir Poljak 

This thesis is an investigation of external biosecurity and its application to risk-

based surveillance approaches in the southern Ontario swine industry. In each of two 

datasets, the best number of groups to describe biosecurity practices was identified, 

resulting in two groups with high biosecurity standards and one group with low 

biosecurity standards. Multinomial logistic regression models identified herd density, 

herd size, and herd type among significant predictors of biosecurity group membership. A 

map of southern Ontario that can be used as a tool in the risk-based surveillance of 

contagious swine diseases was developed using geographic information about swine 

density, and the distribution of herds belonging to the high biosecurity groups. Finally, 

multiple correspondence analysis examined how individual biosecurity practices form 

strategies on sow farms. Some practices that are generally considered high-risk were 

closely associated with other practices that mitigate the risk, suggesting that evaluation of 

the overall strategy is essential for complete assessment of biosecurity.
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GLOSSARY 

Commercial herds: refers to herds producing pigs that will eventually become market 

animals. Some of these herds also produce their own replacement breeding stock. 

Genetic herds: refers to herds producing animals for replacement and genetic 

improvement. 

Production system: a set of farms with common management. 

Pig flow: refers to the flow of pigs among different specialized sites within a production 

system. Depending on the organization of a particular system, this refers to the movement 

of weaned pigs from sow barns to nurseries to finisher barns. 

PRRS(V): porcine reproductive and respiratory syndrome (virus) 

PRRSV-naïve herd: the entire herd has never been exposed to the PRRS virus. 

PRRSV-negative herd: the herd still contains animals that were previously exposed to 

the PRRS virus. 

PRRSV-positive herd: the herd was positive on ELISA and may or may not be 

producing infected weaned pigs. 
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CHAPTER ONE 

INTRODUCTION, LITERATURE REVIEW, METHODOLOGY, AND 

OBJECTIVES 

INTRODUCTION 

Biosecurity is becoming increasingly important in the swine industry as a means 

of controlling the introduction, persistence, and spread of pathogens. Efforts to 

summarize the implementation of biosecurity protocols on individual farms and to apply 

that information to the regional level are lacking for southern Ontario. Risk-based 

surveillance is also of increasing importance in the livestock industry. Such approaches 

are important in acting as an early warning system for emerging and zoonotic diseases, 

and in facilitating the effective allocation of limited resources. The recent literature 

demonstrates several examples of the development of risk-based surveillance systems; 

however this approach has not yet been applied to swine production in Ontario. Most 

swine production in Ontario is focused in the southern part of the province, and so the 

usefulness of such efforts would be maximized in this area. Biosecurity and animal 

density are both important aspects of any disease control effort, and this work aims to use 

these concepts in the development of a map that can be used as a tool in the risk-based 

surveillance of contagious swine diseases. Areas identified as high risk may serve as ideal 

locations for surveillance projects, while areas identified as low risk may serve as ideal 

locations for elimination projects. The identification of significant predictors of external 

biosecurity group membership will allow further insight into demographic and 

geographic factors that influence biosecurity group membership. This information is 

invaluable to the Ontario swine industry and can be used in the decision-making 

processes surrounding risk-based surveillance of contagious swine diseases. 

LITERATURE REVIEW 

Veterinary-based surveillance systems 

As it applies to epidemiology, surveillance is defined as the continual collection, 

synthesis, analysis, and interpretation of health-related data, along with the dissemination 
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of these findings and their application to decision-making processes and policy 

development (CCVO, 2009). Surveillance systems require three components: a defined 

method for monitoring the disease of interest, a threshold disease level, and a predefined 

plan that specifies actions to be taken if the threshold level is surpassed (Salman, 2003). 

The performance of a surveillance system can be evaluated in terms of its accuracy, 

precision, timeliness of detection and reporting, and the potential economic, political, and 

social benefits associated with having the system in place (Thurmond, 2003). Data 

collection for surveillance purposes is generally defined as being either passive or active. 

Passive data collection involves the reporting of cases to health authorities by animal 

owners, producers, or veterinarians and may signal a change in disease frequency that 

requires further investigation (Salman, 2003). The success of this method depends, in 

large part, on the level of knowledge and awareness surrounding a particular disease 

amongst those involved (Salman, 2003). Active data collection refers to the purposive 

collection of data by health authorities and researchers for the purpose of obtaining 

information about specific diseases or pathogens (Hernández-Jover et al., 2011). The 

term “active” also refers to surveillance activities where the findings lead to action by 

health authorities, usually in order to prevent the spread of a disease, or to address 

changes in its incidence or prevalence (Salman, 2003; Thurmond, 2003). 

Surveillance activities are important in detecting the presence of pathogens, 

monitoring trends in prevalence and incidence over time, and in providing a foundation 

for risk analysis (OIE, 2011). Surveillance systems can be utilized to demonstrate 

freedom from specific pathogens; this is important in supporting trade agreements with 

other countries and in ensuring consumer confidence in animal products (CCVO, 2009; 

OIE, 2011). They can be used to evaluate the efficacy of disease control or elimination 

programs, where the aim is to reduce or eliminate specific pathogens (Salman, 2003; 

Thacker, 2010). Such systems can also be used to examine changes in the healthcare 

field; we can learn about the efficacy of new technologies by assessing their impact on 

disease or treatment outcomes (Thacker, 2010). Disease surveillance can be enhanced by 

incorporating multiple disciplines; input from veterinarians, medical doctors, 

epidemiologists, information systems specialists and laboratory personnel is essential 

(Taboy et al., 2010). Early detection via surveillance systems can facilitate rapid response 
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by health authorities, and allow emerging threats to be managed in a timely manner. 

Surveillance is becoming an increasingly important aspect of veterinary medicine, and 

veterinary-based surveillance systems in particular can provide an early warning system 

in the case of emerging and zoonotic diseases (Amezcua et al., 2010). 

In the swine industry, veterinary-based surveillance programs are limited, 

although there is strong interest in their development (Amezcua et al., 2010). Increased 

trade of animals and animal products in recent years has intensified the importance of 

such surveillance systems (Zepeda and Salman, 2003). Amezcua et al. (2010) have 

highlighted the importance of veterinary-based surveillance systems with several recent 

examples from the swine industry: the influenza virus, postweaning multisystemic 

wasting syndrome, and the porcine reproductive and respiratory syndrome (PRRS) virus. 

Since 2003, there have been three new H1 influenza viruses identified in Canadian swine 

(Karasin et al., 2006). A recent study suggested that the strain of influenza responsible 

for the 2009 H1N1 pandemic was able to evolve unnoticed in pigs due to inadequate 

surveillance (Nfon et al., 2011). Since 2004, there has been a significant increase in piglet 

mortality resulting from postweaning multisystemic wasting syndrome that has been 

attributed to the emergence of a new porcine circovirus genotype (Gagnon et al., 2007). 

Finally, in 2004 and 2005, the prevalence and severity of PRRSV in pigs in south-

western Ontario increased (Young et al., 2010). This pathogen is one of the most 

significant and widespread diseases in the North American swine industry (Amass et al., 

2000). These examples illustrate the importance of developing reliable, veterinary-based 

surveillance systems in the Canadian swine industry. They can provide early warning 

systems, help to mitigate the effects of animal-related diseases, and provide 

epidemiological information about disease occurrence and geographic spread (European 

Commission, 2007). The importance of veterinary-based surveillance is highlighted in 

several recent publications, including the Animal Health Strategy for the European Union 

(European Commission, 2007), the World Organization for Animal Health’s Terrestrial 

Animal Health Code (OIE, 2011), and the Canadian National Farmed Animal Health and 

Welfare Strategy (CCVO, 2009). 
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Traditionally, surveillance activities have focused on intensive efforts where large 

numbers of animals are sampled regardless of their risk, and all members of a population 

have the same probability of being sampled. Surveillance is often conducted by sampling 

animals at the time of slaughter, or by testing samples submitted to laboratories for other 

purposes. One study examined variation among influenza viruses found in swine in the 

north-central United States. Samples were obtained from two sources: sera submitted to 

an animal health laboratory for pseudorabies virus testing, and from pigs that were 

randomly selected at the time of slaughter (Olsen et al., 2000). This provides an example 

of intensive, non risk-based sampling, where the sampling of pigs was not related to 

specific risk factors for infection with the virus of interest. Salmonella surveillance 

programs have also traditionally relied on intensive sampling methodology, with meat 

juice samples being collected from abattoirs (Alban et al., 2002; Baptista et al., 2010). 

More recently, targeted Salmonella surveillance programs have been in development, 

focusing on herds with risk factors such as large herd size, a positive result on previous 

Salmonella testing, and spatial location (Alban et al., 2002; Benschop et al., 2008). 

Risk-based surveillance 

Risk-based surveillance activities are targeted at subpopulations that are at 

increased risk for the occurrence of disease or infection due to the presence of known risk 

factors (Stärk et al., 2006; OIE, 2011). Targeted surveillance, then, is possible when the 

disease of interest is more common in a subpopulation than in the general population, and 

when specific risk factors are known (Salman, 2003). Two of the most important 

components of targeted surveillance activities are the selection of a sampling frame that 

maximizes the probability of capturing infected individuals, and the use of diagnostic 

methods that maximize the probability of pathogen detection (Thurmond, 2003). As it 

applies to surveillance systems, diagnostic sensitivity refers to the probability that the 

system will correctly identify the presence of a pathogen or disease in the population, 

when it is truly present (Thurmond, 2003). One potential drawback of risk-based 

approaches to surveillance is that we may lose the ability to estimate certain population 

attributes, such as the overall prevalence of a disease. However, the aim of risk-based 

surveillance is to increase our diagnostic sensitivity, and to improve cost-effectiveness in 

an increasingly resource-limited environment (Stärk et al., 2006; Snow et al., 2007; 
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Alban et al., 2008). While emerging and zoonotic diseases and increasing international 

trade have amplified the demand for veterinary-based surveillance systems, financial 

resources remain limited; appropriate allocation of these resources is essential (Stärk et 

al., 2006; Hernández-Jover et al., 2011). As a result, risk-based surveillance is becoming 

progressively more important as a means to increase our sensitivity in detecting disease 

where it exists, and to improve the efficiency of financial input. Not only do these efforts 

improve the health and welfare of our livestock, they also protect consumers and 

producers from foodborne and other zoonotic illnesses. 

Several recent studies have examined the development of risk-based surveillance 

techniques using epidemiological studies to identify important risk factors. The resulting 

information has been utilized to recommend subpopulations that should be targeted for 

surveillance of specific pathogens. Risk-based Salmonella surveillance programs have 

been of particular interest in recent years. Beginning in 1993, surveillance of Salmonella 

was conducted on all Danish pig herds that produced at least 200 pigs per year (Benschop 

et al., 2008). In 2004, the efficacy of this program was evaluated due to its high cost and 

the low percentage of positive samples, as well as a decrease in incident cases of human 

salmonellosis (Benschop et al., 2008). These findings suggest a risk-based approach 

would be of greater value than the current intensive sampling scheme. One study 

conducted by Baptista et al. (2010) used herd-level information to predict Salmonella 

status. A questionnaire was administered, and the authors used factor analysis to identify 

three factors on which to describe herds: general biosecurity measures, herd size, and pig 

flow. Logistic regression indicated that biosecurity measures were significantly 

associated with Salmonella status, and demonstrated that poor biosecurity was associated 

with increased risk of a Salmonella-positive status. These poor biosecurity practices 

included: other species of livestock or companion animals being present on-site, the 

absence of foot disinfection baths at building entrances, the absence of facilities for 

showering-in, the absence of rodent or insect control, and poor cleaning and disinfection 

practices of the loading bay (Baptista et al., 2010). The authors concluded that herd-level 

information about biosecurity practices can be used in the development of a risk-based 

surveillance program for Salmonella in pig herds (Baptista et al., 2010). Another study 

examined how spatial information might be incorporated into risk assessments for the 
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Salmonella status of swine herds in Denmark. The study examined risk factors for 

Salmonella infection, and found that the use of purchased feed was positively associated 

with a herd being Salmonella-positive (Benschop et al., 2008). The authors also found 

that Specific Pathogen Free (SPF) status and wet-feeding were negatively associated with 

a herd being Salmonella-positive. After controlling for farm-level effects, excess risk 

suggested unmeasured influences acting at the regional level, and spatial dependency was 

investigated. Although these unmeasured factors could include biosecurity practices not 

addressed by the study, the authors suspected spatial dependency that might result from a 

common contaminated pig supply, or the effect of a common farm advisor (Benschop et 

al., 2008). Although the exact mechanism has not yet been identified, the study found 

that spatial dependency for Salmonella-positivity does exist at distances of 6km between 

farms (Benschop et al., 2008). This suggests that herd density and biosecurity 

information are important considerations for risk-based approaches to surveillance. 

A second example of the utility of risk-based surveillance programs in the swine 

industry involves Trichinella. From 1990 through to 2005, 99% of Danish pigs were 

tested at slaughter, but no pigs were ever found positive for the parasite (Alban et al., 

2008). Again, the high cost of the program was not justified by the low risk. The need for 

a risk-based approach was clear, especially since the parasite was still likely to be 

circulating in wildlife populations and therefore presented a human health risk (Alban et 

al., 2008). Alban et al. (2008) aimed to develop a Trichinella surveillance program that 

targeted high-risk subpopulations. They compared two simulation models: one under the 

current surveillance program, where nearly 99% of pigs were tested at slaughter; the 

other under a risk-based surveillance program where sows, boars, and outdoor-reared 

pigs were sampled. The authors found that risk-based sampling of a subpopulation of 

160,000 high-risk animals resulted in only a slightly lower sensitivity than the current 

program, where almost the entire population of 23 million pigs was being sampled 

(Alban et al., 2008). Alban et al. (2008) concluded that the risk-based surveillance 

program would be able to identify Trichinella infection with at least 95% confidence. 

Holtkamp et al. (2010) examined risk factors associated with how long a PRRSV-

negative swine site was able to maintain freedom from the disease. The study used 
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version 1 of the American Association of Swine Veterinarians’ PRRS Risk Assessment 

for the Breeding Herd. This survey addressed external biosecurity protocols, which are 

aimed at preventing the introduction of pathogens to the farm environment, as well as 

internal biosecurity protocols, which are aimed at preventing the spread and persistence 

of pathogens within the farm environment. All sites were established PRRSV-free at the 

beginning of the study period, and survival time was measured as the length of time for 

which the site was able to maintain that status. The researchers found farms that scored 

high on the external risks section had a greater risk of becoming PRRSV-positive, and 

demonstrated shorter survival times. Internal risk score was not associated with survival 

time (Holtkamp et al., 2010). This work demonstrates that farms with poorer external 

biosecurity protocols have a greater risk of becoming PRRSV-positive, and risk-based 

surveillance efforts would best be focused in farms with higher external risk. 

Snow et al. (2007) developed a map that identified geographic areas of high risk 

for the incursion of the H5N1 avian influenza virus into the domestic poultry population 

in Great Britain. The map was developed using two types of information. Firstly, the 

authors identified geographic areas where the domestic poultry population was at highest 

risk for incursion of the H5N1 virus, due to holding-level factors. These included how 

many birds were kept on the holding, how many species of birds were present, and 

whether the birds had access to the outdoors. Secondly, the authors identified geographic 

areas where there was an abundance of wild bird species that are known to carry the 

virus. The study region was overlain with a 10×10 km grid, and each grid space was 

assigned a risk score, based on information about holding-level factors and local 

abundance of wild bird species. Areas of high risk for the incursion of the H5N1 virus 

into the domestic poultry population were identified, and the authors concluded that 

surveillance conducted in these high-risk areas would maximize the probability of 

detecting the H5N1 virus, if it exists (Snow et al., 2007). 

Biosecurity as a component of risk-based surveillance 

Biosecurity is defined as “the implementation of measures that reduce the risk of 

the introduction and spread of disease agents; it requires the adoption of a set of attitudes 

and behaviours by people to reduce the risk in all activities involving domestic, 
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captive/exotic and wild animals and their products” (FAO, 2010). These principles are 

especially important in the North American swine industry, where production is large-

scale and animals are generally confined indoors. In this environment, the potential 

impact of disease introduction and spread is proportionally higher than in smaller-scale 

industries (FAO, 2010). The objectives of good biosecurity practices include reducing or 

eliminating specific pathogens, reducing antimicrobial use, improving productivity, and 

achieving a higher health status for livestock which, ultimately, results in safer pork 

products for human consumption and in a safer working environment for producers 

(Ribbens et al., 2008). Biosecurity as a general concept can be subdivided into three 

categories: bio-exclusion, bio-management and bio-containment (CSHB, 2010). Bio-

exclusion, also known as external biosecurity, is defined by the Canadian Swine Health 

Board as those biosecurity protocols that are aimed at preventing the introduction of a 

new pathogen to the farm environment. Once a pathogen is present in the farm 

environment, bio-management protocols limit or prevent the spread of pathogens within 

the farm. Finally, bio-containment procedures are aimed at preventing the escape and 

spread of pathogens already present on a swine site (CSHB, 2010). For the purposes of 

this work, we are interested in external biosecurity protocols. In the case of emerging and 

zoonotic diseases, the ability to prevent the introduction of pathogens to the farm 

environment is of utmost importance; this aids in the control of geographic spread. The 

majority of farms tend to focus on external biosecurity measures, and allocate a large 

proportion of resources for this purpose (Otte et al., 2007). 

External biosecurity is an integral part of risk-based surveillance. Farms can be 

defined in terms of the risk of pathogen incursion, in part, on the basis of the biosecurity 

protocols employed on-farm. A recent publication by Bunn et al. (2011) addressed the 

usefulness of integrating biosecurity and surveillance activities; these concepts are 

closely related and their integration is an efficient way to improve risk mitigation efforts. 

Individuals involved with biosecurity and surveillance have related tasks, including the 

collection of information, evaluation of risk, prioritization of farms, and the 

implementation of modifications to the current system. Personnel who are responsible for 

the application of biosecurity procedures are often also responsible for the detection of 

morbidity and mortality. The authors concluded that the application of biosecurity 
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measures and surveillance techniques requires similar knowledge, and that cross-training 

individuals to utilize both concepts will encourage more efficient disease prevention and 

surveillance programs (Bunn et al., 2011). 

External biosecurity recommendations for Canadian swine farmers 

The Canadian Swine Health Board has developed a National Swine Farm-Level 

Biosecurity Standard which outlines key biosecurity considerations. The 

recommendations are subdivided into three sections with protocols that address direct 

routes of contamination, indirect routes of contamination, and on-farm health 

management and regional considerations that limit pathogen spread (CSHB, 2010). 

Within each of these three areas, recommendations are further divided into the following 

principles: (i) segregation – the application of barriers that are intended to limit pathogens 

from entering the environment or infecting susceptible animals; (ii) sanitation – cleaning, 

disinfecting, and drying to remove organic material and reduce pathogen load; and (iii) 

flow management – organizing the flow of animals, people, and equipment to prevent 

cross-contamination (CSHB, 2010). Although it is impossible to achieve zero risk in the 

farm environment (Pritchard et al., 2005; Graham et al., 2008), the National Swine Farm-

Level Biosecurity Standard (“the biosecurity standard”) outlines protocols that are 

designed to mitigate that risk as much as possible. 

Protocols related to direct routes of transmission 

The first aspect of external biosecurity presented in the biosecurity standard 

relates to direct routes of contamination; these protocols address pathogen transfer 

involving live animals, semen, and embryos. In terms of live animals, the biosecurity 

standard recommends that replacement animals are of known health status, the frequency 

of new animal introduction is limited, and that new animals are quarantined and observed 

for clinical signs of disease (CSHB, 2010). Direct contact between an infected, pathogen-

shedding pig and one that is susceptible to infection is the most important route of 

transmission for most infectious diseases of swine (Amass and Clark, 1999; Dee, 2003; 

FAO, 2010). Incoming pigs may appear healthy but be incubating disease or acting as a 

carrier, and the likelihood of transmission to susceptible pigs is increased by the stress 

inherent to loading, mixing, and transporting these animals (Wrathall et al., 2003; 
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Pritchard et al., 2005). This illustrates the importance of isolation and acclimation 

facilities as a means of preventing the introduction of new pathogens to the main herd. 

During this time, replacements should be observed for clinical signs, tested for diseases 

of concern, and vaccinated against pathogens already present in the farm environment 

(Pritchard et al., 2005). Although specific recommendations will vary with the pathogen 

of interest, it is generally recommended that isolation facilities be located at least 50m 

away from the main herd, preferably at a different site, and that replacements are isolated 

for a minimum of four weeks (Pritchard et al., 2005). Following the isolation period, the 

acclimation phase allows new replacements to be challenged with pathogens that are 

present in the main herd (Pritchard et al., 2005). All biosecurity protocols for isolation 

and acclimation units should meet or exceed those for the main herd (OSHAB, 2011). 

The PRRS virus is extremely important to the North American swine industry, 

and the Ontario Pork Industry Council’s Swine Health Advisory Board (OSHAB) has 

published several documents that provide information about strategies for its control and 

elimination. OSHAB’s position statement on the importance of replacement isolation 

emphasizes that all sow farms require an isolation unit. Isolation units provide a means of 

separation between the main herd and incoming animals of unknown disease status, such 

that the risk of PRRSV introduction is mitigated. Both the airspace and manure storage 

facilities of the isolation unit must be completely separate from that of the main herd. 

Even when gilts are purchased from PRRSV-negative suppliers, they must never be 

introduced directly to the main herd, as there is always a risk they became infected prior 

to leaving the source farm, or en route to the recipient farm (Lambert et al., 2011). As it 

pertains to PRRS, the isolation/acclimation period consists of three phases: pre-exposure, 

exposure, and post-exposure. In the pre-exposure phase, the replacement animals should 

be blood tested at least 14 days following their arrival, in order to ensure they did not 

become infected at the source farm or en route to the recipient farm. Replacements are 

then exposed to the strain of PRRSV present in the herd, if applicable, via serum 

inoculation, modified live virus vaccine, or direct contact with infected pigs. Finally, 

during the post-exposure phase, replacement gilts should be allowed enough time to 

recover clinically, develop an adequate immune response, and cease shedding the virus 
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prior to being introduced to the main herd. This ensures replacements do not compromise 

the stability of the herd (OSHAB 2007a; OSHAB, 2011; Lambert et al., 2011). 

Additionally, semen and embryos have the potential to transmit pathogens and 

their movement should be incorporated into on-farm biosecurity protocols. The 

biosecurity standard recommends that the number of sources be minimized, and that 

packaging protocols should limit the possibility for cross-contamination (CSHB, 2010). 

Many viruses are known to be transmissible through boar semen, including: PRRSV, 

porcine circovirus II, classical swine fever virus, and pseudorabies virus (Hennecken et 

al., 2000; Guérin and Pozzi, 2005; FAO, 2010). OSHAB’s position statement on boar 

stud monitoring advises that any farm housing boar studs develop and maintain a PRRSV 

monitoring program. Ideally, PCR testing of semen or blood from all boar studs should 

be conducted, although a statistically valid sample is acceptable. Semen should be held 

until laboratory results are returned (OSHAB, 2007b). 

Protocols related to indirect routes of transmission 

Indirect routes of contamination occur through paths other than direct contact 

with live animals or semen. The PRRS virus in particular has a variety of indirect routes 

of transmission; it can enter a herd via people, insects, aerosols, equipment, or vehicles 

used to transport animals and feed (Dee, 2008; Otake et al., 2010). The section of the 

biosecurity standard that addresses indirect routes of transmission has subsections 

pertaining to trucking, dead stock, people, aerosols, meat products for human 

consumption, insects, animals, fomites, feed, bedding, water, and manure management. 

Essential to this concept is the implementation of a Controlled Access Zone (CAZ) and a 

Restricted Access Zone (RAZ). The CAZ surrounds the farm yard, including buildings 

and driveways. The entrance to the CAZ should include signage that indicates a 

controlled zone is being entered, and provides instructions for the entry of visitors and 

trucks. The RAZ refers to the inside of buildings where pigs are housed; clean and dirty 

areas should be distinguished and a defined protocol for entry should be in place (CSHB, 

2010). 

The trucking of live animals is widely accepted as one of the most important 

external biosecurity practices. Vehicles can transmit disease when manure that contains 
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pathogens adheres to the truck (FAO, 2010). Of concern are trucks delivering live 

animals and feed, those used for manure management and dead stock disposal, and 

vehicles belonging to employees or service personnel. The biosecurity standard advises to 

plan the flow of vehicles to minimize the risk of pathogen introduction. This may include 

ensuring that farms of high health status are visited first, followed by farms of decreasing 

health status. Sanitation protocols must be in place for incoming vehicles. Where 

possible, trucks should be dedicated to the farm or to specific flows within a production 

system (Pritchard et al., 2005; CSHB, 2010). Any vehicle permitted access to the farm 

should be visibly free of debris, washed, and disinfected (Wrathall et al., 2003). It is 

advised that truck drivers delivering live animals are not permitted access to the farm 

premises, or that they are not allowed to cross some defined limit (Lambert and 

D’Allaire, 2009). In regards to PRRSV specifically, contaminated transport vehicles are 

known to serve as a source of infection for pigs (Dee et al., 2004). Allowing the inside of 

the vehicle to dry completely following disinfection has been shown to decrease the level 

of PRRSV within the trailer, and to limit transmission of the virus from infected to 

susceptible pigs (Dee et al., 2007). 

In terms of dead stock disposal, the biosecurity standard advises the 

implementation of procedures for handling, storing, and removing carcasses from the 

premises. Ideally, dead stock should be disposed of on-site through composting, burying 

or incineration in order to limit the risk of pathogen introduction associated with the use 

of a carcass removal company (Lambert and D’Allaire, 2009). If dead stock is disposed 

of on-site, any equipment used to handle the carcasses should be thoroughly cleaned and 

disinfected following use. If a dedicated company is used, the carcass storage facility 

should be located near the periphery of the premises and have a concrete floor which can 

be easily disinfected (Pritchard et al., 2005). 

People also present a risk for the introduction of pathogens to the farm 

environment. The biosecurity standard advises establishing controlled and restricted 

access zones, using a Danish entry design, and providing dedicated clothing and boots for 

use inside the facility (CSHB, 2010). The Danish entrance design uses a physical barrier 

to separate clean and dirty sides. All people entering the barn must enter through the dirty 
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side, and remove clothing and footwear prior to entering the clean site. In the clean zone, 

farm coveralls and boots are provided. This type of entrance design reduces the 

mechanical transmission of several pathogens (Lambert and D’Allaire, 2009). Not only 

can people carry pathogens on their clothing, boots, and hands, but they can also 

transport viruses in their nasal mucosa without actually being infected (FAO, 2010). 

When employees or visitors arrive at a pig farm, the ideal biosecurity protocol involves 

showing-in and a complete change of clothing and footwear. There is evidence to suggest 

that hand washing and changing clothing and footwear is equivalent to showering-in, at 

least in the case of Transmissible Gastroenteritis Virus (TGEV) and PRRSV (Alvarez et 

al., 2001; Otake et al., 2002). Boot disinfection baths are generally not considered a 

reliable biosecurity procedure; they are often contaminated with organic matter and 

poorly maintained (Amass, 2002). One study found that stepping through or standing in a 

foot disinfection bath without first scrubbing organic matter off boots will not reduce 

bacterial load (Amass, 2002). There is also concern about the appropriate length of 

downtime between visiting different pig sites. Published recommendations vary from 12 

to 72 hours, but the appropriate downtime will depend on which pathogen is of concern 

(Sellers et al., 1971; Amass, 2002; Dee, 2003; Pritchard et al., 2005). Research has 

indicated that personnel are unable to transmit TGEV or PRRSV following basic 

sanitation measures, regardless of downtime (Amass et al., 2000; Alvarez et al., 2001; 

Otake et al., 2002). People have, however, been shown to act as mechanical vectors in the 

transmission of some pathogens, including Escherichia coli and the classical swine fever 

virus (Amass et al., 2003; Ribbens et al., 2007). Employees of the swine site should not 

be permitted to visit other swine farms or the slaughterhouse (Lambert and D’Allaire, 

2009). 

Aerosol transmission is another area addressed by the biosecurity standard. 

Although airborne transmission is difficult to document under natural conditions, there is 

some evidence to suggest that pathogens such as PRRSV, swine influenza virus, 

Mycoplasma hyopneumoniae, and Actinobacillus pleuropneumoniae may be able to 

spread between farms via aerosolization (Jobert et al., 2000; FAO, 2010). Air filtration is 

an important aspect of external biosecurity but in order for it to be effective, other 
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protocols need to be implemented; if a farm is not stable or does not have adequate 

control over its entrances, air filtration cannot fulfill its potential. 

In general, animals other than swine should be kept out of the facilities, and their 

presence on the site should be discouraged. Birds, rodents, insects, and flies have all been 

implicated in the transmission of endemic swine diseases (CSHB, 2010; FAO, 2010). In 

order to discourage the presence of these animals, feed spills and manure accumulation 

should be removed and the premises should be kept free of weeds, grass and debris 

(Pritchard et al., 2005; CSHB, 2010). A pest control program should be in place and 

monitored frequently. Rodents in particular are able to travel distances of up to 4km and 

carry pathogens between farms (FAO, 2010). Rodents have been implicated in the spread 

of E. coli, Salmonella species, Leptospira species, Pasteurella multocida causing 

progressive atrophic rhinitis, and Brachyspira hyodysenteriae causing swine dysentery 

(Dee, 2003; FAO, 2010). Other wildlife species are known to carry the pathogens causing 

brucellosis, leptospirosis, trichinellosis and pseudorabies (FAO, 2010). The biosecurity 

standard advises to ensure that facilities and fences are properly maintained, in order to 

keep wildlife off the premises (CSHB, 2010). Domestic animals such as dogs and cats 

should also be kept out of the barn; they may aid in the mechanical transmission of 

pathogens and have been implicated in the spread of swine dysentery and toxoplasmosis, 

respectively (FAO, 2010). In regards to the PRRS virus in particular, indirect 

transmission via other species does not play a significant role. However, indirect 

transmission by insects has been suggested. Houseflies may have the ability to 

mechanically transport and transmit the virus (Pitkin et al., 2009), but mosquitoes are not 

believed to serve as biological vectors (Otake et al., 2003). Rodents have been suspected 

of acting as vectors, but they are not capable of becoming infected, and any viral 

replication that does occur is not sufficient to allow transmission to susceptible pigs 

(Hooper et al., 1994; Dee, 2003; Rosenfeld et al., 2009). There is some suspicion that 

rodents can act as mechanical vectors (FAO, 2010), but strong evidence to support this 

idea is lacking. 

Tools, equipment, and supplies may also act as fomites and the biosecurity 

standard advises that these objects be dedicated to a particular barn, farm, or production 
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system. Protocols should be in place for the quarantine, cleaning, and disinfection of 

materials that may be responsible for the mechanical transmission of pathogens 

(Petznick, 2011). Infectious material from feces, saliva, nasal secretions, blood, milk, and 

semen may be transmitted via such fomites (Pritchard et al., 2005). 

Feed, water, and bedding material that enter the farm environment also represent 

an external biosecurity risk. Incoming feed and bedding material may be contaminated 

with pathogens; Salmonella species in particular may enter the farm via a contaminated 

feed or water supply (Pritchard et al., 2005). Feed and bedding should be purchased from 

a reliable source and storage facilities should be properly maintained. A water treatment 

system should be in place to protect the drinking water provided for the animals (CSHB, 

2010). 

The final external biosecurity concern addressed by the standard is the 

management of manure. Manure contains large amounts of viruses, bacteria, and 

parasites, and disease transmission may occur via the fecal-oral route (FAO, 2010). If a 

third party company is responsible for waste management, trucking protocols should be 

designed to address associated biosecurity risks. If a slurry pit is used, it is recommended 

that it be large enough to hold a six-month supply of manure, so that the frequency of 

emptying is reduced (Pritchard et al., 2005). Any vehicles used for slurry removal should 

be dedicated to the farm (Pritchard et al., 2005). 

Zoning and compartmentalization 

The themes of zoning and compartmentalization are addressed in the biosecurity 

standard, and are covered extensively by the OIE’s Terrestrial Animal Health Code. 

These concepts stem from the idea that multiple swine sites are epidemiologically linked 

through the flow of animals and feed, and through common biosecurity measures (CSHB, 

2010). Specifically, the term “zone” applies to subpopulations of animals that are defined 

on a geographic basis; these boundaries can be natural or artificial (OIE, 2011). The term 

“compartment” refers to subpopulations of animals that are defined in terms their of 

biosecurity and management protocols, but may also take spatial considerations into 

account (OIE, 2011).  These concepts are useful in disease control and elimination 

efforts, and can be utilized in the development of international trade agreements (Scott et 
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al., 2006; OIE, 2011). They are particularly useful in outbreak situations because they 

can decrease the potential impact, by limiting transmission of the pathogen and thus 

protecting trade agreements (CCVO, 2009). Zones and compartments are often defined in 

terms of one specific disease, and their planning takes into account the epidemiology of 

the pathogen of interest, as well as environmental considerations (OIE, 2011). 

Compartmentalization has the additional benefit of allowing functional separation 

between subpopulations of animals which may not be geographically distinct, but are 

distinguishable in terms of biosecurity protocols and management standards (OIE, 2011). 

In order for compartmentalization to succeed, participation of the appropriate veterinary 

authorities and the relevant industry partners is required; these groups must collaborate to 

develop a biosecurity plan that is able to adapt to new challenges (OIE, 2011). Critical 

factors in the development of a compartment include: biosecurity and management 

standards, disease surveillance, risk assessment, a valid traceability system, and training 

materials regarding standard operating procedures (Scott et al., 2006). Detailed records of 

production data, births, deaths, morbidity, mortality, feed sources, visitors, and 

administration of medications and vaccinations are also required (Scott et al., 2006). It is 

important to keep a detailed history of disease status, including the occurrence of 

outbreaks and what control measures were applied (Scott et al., 2006; OIE, 2011). One of 

the overriding themes of compartmentalization is the ability to develop and maintain 

strong trade partnerships, and to demonstrate our commitment to disease control and 

elimination. A strong compartmentalization plan identifies pathways for the introduction 

and spread of disease, and describes measures that will be taken to minimize the impact 

and associated risks (FAO, 2010). 

Farmer perceptions regarding external biosecurity protocols 

It is evident that biosecurity and risk-based surveillance play an extremely 

important role in the swine industry today. Understanding how producers perceive these 

initiatives and if the recommended practices are being implemented is essential in 

allocating resources and in tailoring educational efforts. Not only is poor biosecurity 

detrimental to the swine industry as a whole, the consequences can be devastating to 

individual farmers. If a new pathogen is introduced to the farm environment as a result of 

poor biosecurity practices, animal morbidity and mortality can result in significant 
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financial losses. There are also indirect losses associated with reduced market and export 

opportunities as a consequence of having a herd that is positive for a pathogen of interest 

(Desrosiers, 2011). The key to improving biosecurity on swine farms lies in how 

producers perceive risk and what resources are available to them (FAO, 2010). One study 

by Fraser et al. (2010) found that a farmer’s willingness to implement a biosecurity 

protocol is inversely proportional to its estimated cost. The authors concluded that profit 

considerations were important in influencing farmers’ attitudes to the adoption of specific 

biosecurity principles (Fraser et al., 2010). A similar study by Casal et al. (2007) 

examined which biosecurity protocols farmers identified as being the most important. A 

large proportion of the most important biosecurity protocols, according to farmers, were 

practices that were already being implemented on the farm. While sanitary control of 

replacement animals is widely accepted in the academic and veterinary communities as 

the most important biosecurity protocol, it was considered the fourth most important by 

farmers (Casal et al., 2007). This may be indicative of a lack of communication between 

researchers, veterinarians, and producers. Interestingly, there were some gaps between 

what farmers considered of high importance and what was actually being implemented on 

their farm. For example, most farmers agreed that restricting the number of visits to the 

farm is an important practice, but few were actively reducing the number of visits; this 

suggests that farmers are aware of the concept but do not perceive it as a real risk (Casal 

et al., 2007). Another study found that swine farmers were more likely to implement 

biosecurity measures relating to disease transmission through people and wildlife, rather 

than measures relating to replacement animals (Moore et al., 2008). This finding is 

concerning, considering that direct contact between an infectious and a susceptible pig is 

generally agreed to be the most important source of pathogen introduction. This serves as 

another example of a gap in communication between researchers, veterinarians, and 

producers. 

Lack of implementation of the recommended protocols may occur for a variety of 

reasons. It may be due to a lack of understanding, where farmers are not aware of the 

potential risks. Or there may be an unwillingness to comply if they don’t believe that the 

benefits outweigh the costs (Moore et al., 2008; Racicot et al., 2011). It is possible that 

some farmers are confused by the multitude of recommendations and simply do not 
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understand which practices they should be implementing; there are many publications 

and websites that address biosecurity, but inconsistencies between sources may add to the 

confusion (Moore et al., 2008). A recent study examined biosecurity on poultry farms in 

Quebec and found that errors could be described as being intentional or unintentional 

(Racicot et al., 2011). In the case of intentional errors, beliefs and attitudes were thought 

to influence whether or not certain protocols were respected. An example of this type of 

error occurred when visitors reported in the logbook that they had put on coveralls before 

entering the main barn, although they had not. Unintentional errors were related to a lack 

of understanding the importance of certain measures, or awkwardness in applying 

specific protocols (Racicot et al., 2011). The introduction of a weighting system for 

different biosecurity practices may help farmers to understand the importance of specific 

recommendations (Moore et al., 2008). 

There needs to be a concerted effort to work with swine producers to ensure they 

fully understand the concept of biosecurity, and how to best mitigate the risks associated 

with swine production. In one study, 41% of farmers indicated that their veterinary team 

was their most important source of information regarding these issues (Nöremark et al., 

2009). In collaboration with the herd veterinarian, swine producers can develop a 

biosecurity plan that addresses their specific needs, as related to herd size, type of 

operation, location, route of transmission for pathogens of concern, and the likelihood of 

exposure to the disease threats present in their area (Moore et al., 2008). In addition to 

the producer-veterinarian relationship, a means to quickly and effectively distribute 

reliable information to farmers is necessary. One study examined disease awareness in 

relation to a PRRSV outbreak in Sweden and found that the distribution of pamphlets was 

not sufficient to inform farms of the risk (Nöremark et al., 2009). Farmers reported that 

they preferred the internet as a source of information pertaining to disease threats, and the 

authors concluded that frequently updated and easily accessible information is essential 

(Nöremark et al., 2009). The Canadian Swine Health Board has addressed this issue by 

providing a farm-level biosecurity standard online, free of charge. They also offer an 

online application that aids in the development of a biosecurity plan, through specific 

examples of best management practices. The availability of such resources, along with 
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good communication strategies and the encouragement of producer participation in these 

issues will allow us to work towards sustainable and effective biosecurity practices. 

Animal density as a component of risk-based surveillance 

Many studies have shown that the risk of disease transmission is increased in 

areas that have a higher density of animals (Rose and Madec, 2002; Boender et al., 2008; 

Ortiz-Pelaez and Pfeiffer, 2008). One study compared the number of respiratory disease 

outbreaks in densely and sparsely populated pig areas in France (Rose and Madec, 2002). 

The researchers found that having more than four other pig farms within a 2 km radius of 

a site increased the risk of multiple respiratory disease outbreaks occurring per year. 

Another study found that even in the presence of baseline biosecurity measures defined 

by the European Union directive, substantial transmission of classical swine fever (CSF) 

virus occurred between herds in the Netherlands (Boender et al., 2008). This was 

attributed to neighbourhood spread. The authors used epidemiological information and 

herd density to develop a risk map that identified geographic areas of high risk for the 

spread of the CSF virus. When an area was above the threshold herd density, 

neighbourhood transmission allowed substantial spread of CSF, even in the presence of 

preventive baseline biosecurity measures (Boender et al., 2008). The risk map produced 

by the authors identified high density, and therefore high risk, areas and served as a tool 

for planning control strategies. High density of pig farms can facilitate neighbourhood 

spread through mechanical transmission via insects and rodents, increased frequency of 

indirect contact via people and vehicles, and through aerosolization of pathogenic 

particles (Jobert et al., 2011; FAO, 2010; Lambert et al., 2012). 

Industrialization of livestock production and its effects on disease epidemiology 

The swine industry has changed dramatically in recent years, which has led to 

increased awareness surrounding biosecurity protocols, and has changed the way we 

evaluate the risk of disease spread. Livestock production in general has become 

industrialized in most parts of the developed world, and parts of the developing world are 

beginning to follow this trend (Otte et al., 2007). Mostly due to economic concerns, there 

has been a reduction in the number of swine farms and an increase in the size of existing 

herds (Davies et al., 2011). These changes have led to increased animal density on farms, 
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the use of fewer but more productive genetic lines, major changes in the way animal 

housing is designed, and specialization in specific stages of production such as breeders, 

growers, or finishers (Otte et al., 2007). Compared to 70 years ago, when animals were 

raised with traditional, small-scale methods, swine are now raised in highly controlled, 

high-density environments with a focus on rapid population turnover (Otte et al., 2007; 

Graham et al., 2008). The large number of animals kept in close proximity, in confined 

housing, increases the likelihood of pathogen transfer and provides opportunity for 

pathogen evolution (Otte et al., 2007). There has been much public opposition to this 

industrialized method of livestock production, in terms of the sociological impact in rural 

communities, ethical dilemmas relating to animal welfare, environmental concerns 

regarding pollution, and sanitary concerns that relate to emerging and zoonotic diseases 

(Davies et al., 2011). 

Zoonotic diseases 

The increased intensity of swine farming has resulted in new challenges for both 

animal and public health sectors. There has been a growing interest in veterinary-based 

surveillance systems, as this type of surveillance can provide early warning in the cases 

of emerging diseases (Amezcua et al., 2010). It is estimated that at least 70% of emerging 

and re-emerging pathogens affecting humans are vector-borne or zoonotic (One Health 

Initiative, 2011). The recent emergence of contagious pathogens that are capable of 

infecting both humans and pigs has increased public awareness regarding the role 

intensive livestock production may play in human health (Otte et al., 2007). For the 

consumer, a variety of foodborne illnesses may be contracted by consuming 

contaminated pork products. Bacterial risks include Salmonella, Campylobacter, Listeria 

and Yersinia (Davies et al., 2011). The emergence of antimicrobial-resistant strains of 

bacteria has been attributed, in part, to the over-use of antimicrobials in the livestock 

industry. Some viral pathogens, such as the influenza viruses, are capable of being 

transmitted from swine to humans and are especially concerning to those people working 

in direct contact with these animals. Swine farmers in the United States had higher 

antibody titres for the H1N1 and H1N2 influenza viruses, as compared to members of the 

community that were not involved in swine production (Myers et al., 2006). 
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In light of our knowledge about the role livestock plays in human health, the 

importance of good biosecurity practices and veterinary-based surveillance systems 

becomes increasingly important. Early detection allows the implementation of additional 

biosecurity measures and improves our chances of controlling increases in disease 

incidence before they become an epidemic. The One Health initiative supports 

collaborations between the animal, human, and environmental disciplines in order to 

improve health care and the efficacy of our public health systems (CCVO, 2009; One 

Health Initiative, 2011). 

Evaluating biosecurity at the farm level 

Given the importance of biosecurity in public health and animal welfare, and its 

usefulness in developing risk-based surveillance systems, it is advantageous to evaluate 

farms in terms of which biosecurity measures are in place. There are several ways in 

which this can be accomplished: a farm can be benchmarked against the average, 

benchmarked against a standard, or we can use objective statistical criteria to identify 

groups of farms with similar practices. Benchmarking against the average is inherently 

subjective and does not provide insight into how well “average” farms are actually doing; 

being better than average may not signify adequate biosecurity practices. Benchmarking 

against a standard is less subjective, although this may present some issues. The 

biosecurity requirements of swine sites can depend on site production type, herd type, 

geographic location, and pathogens of concern. Cluster analysis and latent class analysis 

are two objective statistical methods that can be used to group farms on the basis of 

biosecurity protocols.  Biosecurity itself is a latent variable, meaning it is a somewhat 

abstract concept that is not directly measurable. We can, however, estimate biosecurity 

based on a set of indicator variables and use that information to give an overall picture of 

biosecurity on an individual farm. One issue we encounter when trying to define 

biosecurity on a regional level, is that we do not know how many groups are ideal. 

Should we have two groups, distinguished as being high biosecurity and low biosecurity? 

Or would more groups be appropriate? Another issue we encounter is that defining a farm 

according to such a broad variety of practices can be problematic. The importance of 

each of the recommended practices is debatable, and varies with specific diseases and 

differing routes of transmission. It is unlikely that any one farm excels in all areas of 
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biosecurity, or that any one farm does poorly in all areas. There are several examples in 

the recent literature that use objective statistical criteria to group farms based on a set of 

indicator variables. 

One study utilized classification trees and factor analysis to classify cattle herds 

according to the risk of disease presence, as a proxy for compromised biosecurity 

practices (Ortiz-Pelaez and Pfeiffer, 2008). The authors utilized factor analysis to 

determine how movement variables accounted for total variation in the dataset, and found 

four factors that were related to the risk of disease presence in cattle herds. These factors 

were differentiated in terms of importing and exporting animals within and outside of 

Wales. Animal movements are an important component of biosecurity and risk 

assessment, and these findings demonstrate a means of examining multiple movement 

variables together (Ortiz-Pelaez and Pfeiffer, 2008). A similar study by Boklund et al. 

(2004) used factor analysis to identify themes in biosecurity practices on fattening swine 

herds in Denmark. Factor analysis allowed the researchers to combine the 35 variables of 

interest into four factors. Herds that scored high on the first factor were large in size, 

received weaners from a single source, and had good biosecurity protocols in terms of 

entrance sanitation and transportation of animals. The second factor involved multi-site 

herds that received weaners from a single source and transported animals themselves. 

The third factor involved herds that used a commercial trucking company for the 

movement of live animals to slaughter, were located far from the abattoir, and had good 

biosecurity protocols in terms of loading pigs. Herds that scored high on the fourth factor 

were large sites that used all-in, all-out pig flow, washed and disinfected between groups 

of pigs, and purchased many weaners (Boklund et al., 2004).  All herds were then ranked 

on each of the identified factors; a high score on one factor meant the herd best fit the 

characteristics of that particular factor. 

Lambert et al. (2012) conducted a study that examined biosecurity protocols 

aimed at controlling PRRSV on swine farms in Quebec. These biosecurity variables 

pertained to site layout, entrance sanitation, transportation of live animals, disposal of 

dead stock, manure management, and deliveries of feed, semen, and gilts. Sites were 

grouped into discrete biosecurity clusters using a two-step clustering procedure. Breeding 
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and growing sites were grouped separately because some biosecurity variables were 

highly correlated with production type. The clustering procedure identified two 

biosecurity groups for each of the production classes. For breeding herds, 33% of sites 

belonged to the cluster with a higher frequency of good biosecurity practices, with the 

exception of protocols regarding the purchasing of gilts. For growing herds, 44% of sites 

belonged to the cluster with a higher frequency of good biosecurity practices, with the 

exception of protocols regarding the disposal of dead stock and restrictions on employee 

contact with pigs from other sources (Lambert et al., 2012). 

A final example of grouping of herds on the basis of biosecurity information is 

presented in recent work by Ribbens et al. (2008). The researchers used multiple 

correspondence analysis (MCA) and a two-step clustering procedure to group Belgian pig 

herds on the basis of biosecurity and management practices. The MCA procedure was 

used to identify relationships between biosecurity and management variables. The two-

step cluster analysis for biosecurity practices identified four groups; the groups were 

named by the authors as: “low-biosecurity status”, “low medium biosecurity status”, 

“high medium biosecurity status”, and “high-biosecurity status”. These groups were 

differentiated on herd size, herd type, farm type, and biosecurity measures pertaining to 

entrance sanitation procedures, type of confinement, and whether kitchen waste was fed. 

The two-step cluster analysis for management practices identified three groups. The first 

cluster was deemed to have low levels of management practices and consisted mainly of 

small, non-commercial farms that did not apply adequate levels of management practices 

designed to limit the spread of infection. The second cluster consisted of small- to 

medium-sized herds that had acceptable levels of management practices; they employed 

rodent control and good entrance sanitation measures. The third cluster consisted of 

medium- to large-sized commercial herds that had acceptable levels of management 

practices. The authors concluded that, generally, good biosecurity and management 

practices were lacking in small, non-commercial herds and were implemented at 

acceptable levels in larger commercial herds. 
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METHODOLOGY 

Two-step cluster analysis 

The two-step clustering procedure (SPSS, 18.0, SPSS Inc., Chicago, IL) is useful 

in identifying groups of observations with similar variable responses. This particular 

methodology is useful because it is able to handle very large data sets consisting of 

numerous observations and variables. To overcome the computationally demanding 

challenges posed by such large volumes of information, a modified version of the BIRCH 

algorithm is used (SPSS Inc, 2001). This algorithm reduces the dataset into smaller 

clusters of observations while maintaining summary statistics for each group (Norušis, 

2011). This increases efficiency because the summary statistics contain sufficient 

information to allow the addition of a new observation and its allocation to the 

appropriate group, if such a group exists. This is done on the basis of variable responses 

for each observation. The clustering methodology involves two stages. In the first stage, 

observations are assigned to pre-clusters. The algorithm scans each individual 

observation and, based on distance criterion, either assigns that observation to an existing 

group or starts a new group (SPSS Inc, 2001). Some aspects of this decision process can 

be controlled by the user: the distance between clusters, the maximum number of entries 

per sub-cluster, and the maximum depth of the sub-cluster tree. The control available for 

the distance between sub-clusters depends on the type of data. For continuous data, the 

user may select whether the algorithm uses Euclidean distance or the log-likelihood 

distance. For datasets that include both continuous and categorical variables, a log-

likelihood distance measure is the only available option (SPSS Inc, 2001). In this case, 

the “distance” is the change in log-likelihood as two separate sub-clusters are merged into 

one. The maximum number of sub-clusters and the maximum depth of the tree have 

defaults of eight and three, respectively. However, the user may change these default 

settings at the expense of computational speed. Each sub-cluster is treated as a single 

entity and is represented by summary statistics that are useful in two respects: keeping 

track of the observations in each node such that they can be linked if appropriate, and 

allowing rebuilding of the tree without keeping each individual data point. The user-

controlled settings have a direct impact on the measure of distance that is considered the 

cut-point to either accept or reject a new observation as a member of a sub-cluster. For 
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example, a new observation is evaluated against existing nodes and is lead to the most 

appropriate node in the tree. If the distance of the new observation to the most 

appropriate node is less than the distance threshold, it will be accepted to that node. If the 

distance is greater than the threshold, the data point will start a new sub-cluster. In the 

case that the creation of this new sub-cluster would exceed the specified maximum 

number of clusters, the threshold is increased and the data point is added to the most 

appropriate sub-cluster already in existence. The entire tree is rebuilt, using this new 

threshold. This is the end of stage one; high-dense areas have been identified, and sub-

clusters are represented by summary statistics that are utilized in the second step of the 

two-step clustering process (Norušis, 2011). Here, the best number of clusters is 

evaluated, and the pre-clusters are assigned to clusters using a hierarchical clustering 

algorithm. The default for the maximum number of clusters is 15, but the user can specify 

a different number if desired. Firstly, the Bayesian information criterion (BIC) is used to 

evaluate the best model, or in this case the best number of clusters (Schwarz, 1978). The 

BIC is a form of penalized likelihood where the tree building process is penalized for 

having a high number of clusters that decrease parsimony. The program uses a combined 

approach of BIC value and BIC change at each merge to evaluate the best number of 

clusters (SPSS Inc, 2001). If required, the user can identify the number of clusters to be 

created and the algorithm will assign observations into the specified number of clusters. 

However, in many cases, it is desirable to allow the program to inform the user of the 

best number of clusters to describe the data. The user then describes and names the 

identified groups, on the basis of variable responses. This methodology also provides an 

output of variable importance, which signifies how important each of the variables were 

in the formation of the clusters. The variables of highest importance show the greatest 

variation between the identified groups; the variables of lowest importance tend to have 

similar response patterns across groups. 

Latent class analysis 

Latent class analysis (LCA) (SAS 9.2, SAS Institute Inc., Cary, NC) is another 

technique that is well-suited to determining the best number of groups to describe 

biosecurity on swine farms. This method is available as an add-on procedure through The 

Methodology Center at Pennsylvania State University (Collins and Lanza, 2010). LCA is 
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based on the premise that some outcomes, such as biosecurity, are not directly 

observable. These unobservable entities are called latent classes and they are, in effect, a 

composite of indicator variables. LCA requires more user input than two-step cluster 

analysis because the user is required to define the number of classes they wish to analyze. 

The user runs the algorithm for several predetermined numbers of classes, and model fit 

is compared to identify the best number of classes to describe the data. For example, the 

user may wish to evaluate whether 2, 3, 4, 5 or 6 classes best describes the data, and so 

the algorithm is run five separate times. With each pass of the algorithm, the LCA model 

estimates two parameters: the prevalence of each latent class, and item response 

probabilities (Collins and Lanza, 2010). In order to fit the LCA model, these parameters 

are estimated using an iterative approach. The algorithm used to estimate the parameters 

is called the expectation-maximizing (EM) algorithm, which searches for the maximum 

likelihood (ML) parameter estimates (Collins and Lanza, 2010). ML estimates represent 

the values of the parameters that are most likely to be observed, according to the data 

provided. Using the LCA procedure, the user specifies the maximum number of 

iterations. The procedure also uses a convergence index to identify when the log of the 

likelihood function is close enough to the theoretical minimum; the convergence index 

used in LCA is called the maximum absolute deviation (MAD) (Collins and Lanza, 

2010). The procedure iterates until either the maximum number of iterations or the 

convergence criteria is reached. If the maximum number of iterations is reached before 

the convergence criteria are met, it is said that the estimation procedure did not converge. 

The iteration with the ML parameter estimates is selected as the representative solution 

for each of the specified number of classes. Several statistics are provided to assess 

model fit for the representative solution for each of the predetermined numbers of 

classes; these include log likelihood, the likelihood ratio statistic, AIC and BIC values. 

The user selects the best number of classes, based on the model fit statistics. Once the 

best number of classes is selected, the program gives the probability that each observation 

belongs to each of the classes. For example, in the case that the best number of classes to 

describe the data was two, each observation has a certain probability of belonging to class 

one and a certain probability of belonging to class two; these probabilities sum to one. 

The highest probability is then selected as the class to which that observation belongs. 
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Similar to two-step cluster analysis, the user then describes and names the identified 

groups. 

Both two-step cluster analysis and latent class analysis provide objective 

statistical criteria to determine the best number of groups to describe the data. Once the 

appropriate number of clusters has been identified and observations have been assigned 

to the appropriate group, investigators must make subjective decisions to interpret the 

results. One method is not inherently better suited to our purposes than the other, so it is 

advantageous to use both methods to group our sample of herds, and then compare the 

number of groups identified and the major characteristics of each group. 

Kernel smoothing 

Kernel smoothing is useful in the visualization of spatial patterns among point 

data; it allows the density of point locations to be represented as a smoothed surface 

called a raster. With spatial smoothing, a window, typically of fixed bandwidth, centers 

on each data point and uses surrounding information to estimate localized density 

(Pfeiffer et al., 2008). The width of the kernel function determines the distance over 

which points will be included in the calculation; a larger bandwidth results in a smoother 

surface (Waller and Gotway, 2004; Pfeiffer et al., 2008). The resulting density estimates 

can be interpreted as probabilities. This method will be used to develop rasters that 

represent the density of swine herds belonging to each of the identified biosecurity 

groups, as a proportion of all study herds. Rasters that describe the density of swine sites 

in southern Ontario, as well as the density of grower-finisher pigs, will also be developed. 

These rasters will be combined to develop the final risk map, using a weighted sum 

overlay function. Information about biosecurity and animal density will be given equal 

weight. 

Multiple correspondence analysis 

Multiple correspondence analysis (MCA) (SPSS 19.0, SPSS Inc., Chicago, IL) is 

a multivariate technique that is used to visualize relationships within a set categorical 

variables (Greenacre and Blasius, 2006). When used to analyze survey data, each variable 

corresponds to a question, and each category corresponds to a possible answer (Husson et 
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al., 2011). The MCA output represents the relationship between different categories of 

variables in a two-dimensional space, and this method aids in determining associations 

between particular categories (Greenacre and Blasius, 2006). One recent study used 

MCA to investigate biosecurity and management practices on swine farms in Belgium 

(Ribbens et al., 2008). This method will be used to investigate practices related to the 

introduction and transportation of replacement gilts in sow herds. By determining which 

practices are closely associated, we can investigate the strategies producers use to 

manage replacement animals. 

OBJECTIVES 

The primary objectives of this thesis project were to evaluate external biosecurity 

on southern Ontario swine farms, and to use this information in the development of a map 

that can be used as a tool in the risk-based geographical surveillance of contagious swine 

diseases. An additional objective was to describe strategies for the introduction and 

transportation of gilt replacements in southern Ontario sow herds. 

The specific objectives were as follows: 

- Determine the best number of groups to describe biosecurity practices on southern 

Ontario swine farms, based on a subset of external biosecurity variables from 

each of two datasets. The identified groups can then be named and described in 

terms of their prevalence, major characteristics, strengths and weaknesses, and the 

variables of importance in differentiating between them. This objective will be 

addressed in Chapter 2 with the Production Animal Disease Risk Assessment 

Program’s survey for the breeding herd, and in Chapter 3 with the Ontario Porcine 

Reproductive and Respiratory Syndrome Surveillance Survey. 

- Determine which demographic and neighbourhood variables are significant 

predictors of external biosecurity group membership. This objective will also be 

addressed for each of the datasets, in Chapters 2 and 3. 

- Combine information about the geographic location of farms in the identified 

biosecurity groups with the density of swine and swine sites in the study region to 



29 

 

develop a risk-based map for the spread of contagious swine diseases. The 

development of this map will be presented in Chapter 3. 

- Describe strategies for the introduction and transportation of gilt replacements in 

southern Ontario sow herds. This objective will be addressed in Chapter 4.  
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CHAPTER TWO 

EVALUATION OF EXTERNAL BIOSECURITY PRACTICES ON  

SOUTHERN ONTARIO SOW FARMS 

ABSTRACT 

External biosecurity protocols, aimed at preventing the introduction of new 

pathogens to the farm environment, are becoming increasingly important in the swine 

industry. Although assessments at the individual farm level occur regularly, efforts to 

summarize this information at the regional level and to group swine herds into 

meaningful biosecurity clusters are relatively infrequent. The objectives of this study 

were: (i) to summarize external biosecurity practices on sow farms in southern Ontario; 

(ii) to group these farms into discrete biosecurity groups and to describe their 

characteristics, the variables of importance in differentiating between these groups, and 

their geographic distribution; and (iii) to identify significant predictors of biosecurity 

group membership. Data were collected using the Production Animal Disease Risk 

Assessment Program’s survey for the breeding herd. A subset of variables pertaining to 

external biosecurity practices were selected for two-step cluster analysis and latent class 

analysis. Both analyses resulted in 3 discrete biosecurity groups for our sample of herds. 

These groups were named by the authors as: (i) high biosecurity herds that were open 

with respect to replacement animals, (ii) high biosecurity herds that were closed with 

respect to replacement animals, and (iii) low biosecurity herds. Variables pertaining to 

trucking practices and source of replacement animals were the most important in 

differentiating between these groups. The geographic distribution of each of the identified 

groups was mapped on a 10 × 10 km grid, and separate rasters were created to represent 

the proportion of each of the identified groups, as a percentage of all herds in our sample. 

Finally, multinomial logistic regression was used to investigate which demographic and 

neighbourhood variables are significant predictors of group membership. Variables in the 

final model include: number of herds within a 4.8 km radius, number of sows on the 

premises, and whether the site produced commercial or genetic animals. 
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INTRODUCTION 

Biosecurity is defined as “the implementation of measures that reduce the risk of 

the introduction and spread of disease agents; it requires the adoption of a set of attitudes 

and behaviours by people to reduce the risk in all activities involving domestic, 

captive/exotic and wild animals and their products” (FAO, 2010). These principles are 

especially important in the North American swine industry where a large-scale, 

industrialized model means that the potential impact of disease introduction and spread 

can be devastating (FAO, 2010). Biosecurity as a general concept can be subdivided into 

3 categories: bio-exclusion, bio-management, and bio-containment (CSHB, 2010). Bio-

exclusion, also known as external biosecurity, is defined by the Canadian Swine Health 

Board as those biosecurity protocols aimed at preventing the introduction of new 

pathogens to the farm environment. These types of practices are an important indicator 

for the risk of pathogen incursion, especially in regards to the porcine reproductive and 

respiratory syndrome virus (PRRSV) (Holtkamp et al., 2010; Lambert et al., 2012). Once 

a pathogen is present on-farm, bio-management protocols prevent or limit pathogen 

spread within the farm. Bio-containment procedures are aimed at preventing the escape 

and spread of pathogens present on a swine site (CSHB, 2010). Although it is not 

possible to achieve zero risk in the farm environment (Pritchard et al., 2005; Graham et 

al., 2008), biosecurity practices aid in reducing the associated risk as much as possible. 

For the purposes of this work, we are interested in external biosecurity practices. The 

ability to prevent the introduction of pathogens to the farm environment is of utmost 

importance; this reduces production losses, aids in the control of geographic spread, and 

is beneficial from an animal welfare standpoint. The majority of farms tend to focus on 

external biosecurity measures and allocate a large proportion of resources for this purpose 

(Otte et al., 2007). 

Given the importance of external biosecurity, it is advantageous to evaluate how 

well producers are meeting these challenges. There are several ways in which this can be 

accomplished: a farm can be benchmarked against the average, benchmarked against a 

standard, or we can use objective statistical criteria to identify groups of farms with 

similar practices. Benchmarking against the average is inherently subjective and does not 

provide insight into how well “average” farms are doing. Benchmarking against a 
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standard is less subjective, although this may present some issues: biosecurity 

requirements of swine sites change depending on site production type, herd type, 

geographic location, and the pathogens of concern. Although biosecurity at the individual 

farm level is frequently assessed, efforts to summarize this information and obtain a 

regional overview of biosecurity practices are relatively infrequent. When evaluating 

biosecurity on a regional scale, it is advantageous to organize farms into meaningful 

groups. One issue we encounter is that we do not know how many discrete groups are 

ideal in providing the overall picture. Another issue is that defining a farm according to a 

broad variety of biosecurity practices can be problematic. The importance of each of the 

recommended practices is debatable, and varies with specific diseases and differing 

routes of transmission. Cluster analysis and latent class analysis are two methods that use 

objective statistical criteria to group observations based on similar response patterns. 

Two-step cluster analysis has been used previously to cluster Belgian pig herds according 

to biosecurity and management practices (Ribbens et al., 2008), and to cluster Quebec pig 

herds according to biosecurity practices (Lambert et al., 2012). Latent class analysis has 

been used to classify dairy producers according to production practices (Young et al., 

2010). As they pertain to this study, these analytical approaches are useful in identifying 

the best number of groups to describe external biosecurity practices on sow farms in 

southern Ontario, and in providing information about which variables are most important 

in differentiating between these groups. The results can then be utilized to develop maps 

that represent the geographic distribution of the biosecurity groups. To the best of the 

authors’ knowledge, this type of work has not yet been accomplished for swine herds in 

southern Ontario. Studies from Denmark, Wales, Belgium, and Quebec have used herd-

level information to determine the best number of groups or factors to describe 

biosecurity practices on livestock farms, as well as to describe the characteristics of the 

identified groups/factors (Boklund et al., 2004; Ortiz-Pelaez and Pfeiffer, 2008; Ribbens 

et al., 2008; Young et al., 2010; Lambert et al., 2012). 

The primary objectives of this study were to describe external biosecurity 

practices in use on southern Ontario sow farms and to determine the best number of 

groups to represent our sample of herds. The identified groups can then be described in 

terms of their major characteristics, variables of importance in differentiating between the 
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groups, and geographical distribution. Demographic and neighbourhood variables that are 

significant predictors of biosecurity group membership can then be determined. 

METHODS 

Data for this study were obtained using a biosecurity questionnaire that is 

frequently applied to assess PRRSV risk in sow herds. A subset of external biosecurity 

variables were offered to cluster analysis and latent class analysis in order to determine 

the best number of groups to describe biosecurity practices on the sample of farms. Using 

kernel smoothing, maps were created to represent the spatial distribution of herds 

belonging to each of the groups, as a proportion of all study herds. Finally, multinomial 

logistic regression was used to identify demographic and neighbourhood variables that 

are significant predictors of group membership. 

Questionnaire 

Information about biosecurity practices on sow farms in southern Ontario was 

obtained from the American Association of Swine Veterinarians’ (AASV) Production 

Animal Disease Risk Assessment Program (PADRAP). One of the surveys offered 

through PADRAP is the PRRS Risk Assessment for the Breeding Herd. The survey was 

first developed in 2004 by Boehringer Ingelheim Vetmedica, which gifted the program to 

the AASV in 2006. Originally, it was implemented as an electronic spreadsheet for direct 

data entry onto a personal computer. Subsequently, it advanced to the current web-based 

version and now exists as an online questionnaire and biosecurity assessment tool 

(AASV, 2011). Holtkamp et al. (2010) utilized an earlier version (version 1) of this 

survey to examine how long PRRSV-free herds were able to maintain freedom from the 

disease. They found that herds with a high score on the external risks section were at 

greater risk for becoming PRRSV-positive and had shorter virus-free intervals. There was 

no association between internal risk score and time to introduction of the virus (Holtkamp 

et al., 2010). This important finding confirms that biosecurity measures pertaining to 

external risk are essential in the prevention of viral pathogen introduction. Although 

originally designed to assess the risk of PRRSV introduction and spread within a herd, 

many of the protocols addressed by the PADRAP questionnaire are relevant for assessing 

the likelihood of introduction of other contagious pathogens transmissible through both 
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direct and indirect mechanisms. This survey is widely used by swine practitioners in 

North America, and the information obtained can easily be adapted for more generalized 

purposes. 

Version 2 of the breeding herd survey was used for this study. This version 

consists of 179 closed- and open-ended questions, divided into three sections. The 

demographic information section includes 24 questions, the internal risks section contains 

31 questions, and the external risks section contains 124 questions. 

Herd inclusion and interviews 

Our target population was all sow herds in southern Ontario. Swine herds were 

eligible for inclusion in the study if the herd was located in southern Ontario and if sows 

were present on the premises. Information about the study was communicated through 

the Ontario Association of Swine Veterinarians (OASV) listserv and meetings. Thus, 

although not a specific requirement, herds were more likely to be included in the 

sampling frame if their veterinarian was a member of OASV. Members of the study team 

communicated with members of OASV, and veterinarians provided contact information 

for clients who were eligible to participate. The team then contacted the producers and 

arranged a herd visit and an in-person interview. A total of 161 sow sites were included 

in the study, and the study period was April through August of 2007. Interviews were 

conducted by three veterinary students with prior experience in the swine industry; these 

interviewers were trained to administer the questionnaire by members of the AASV that 

designed it. The majority of interviews were conducted in person, with a few interviews 

occurring over the phone. Answers were entered electronically during the interview, the 

duration of which was between 40 and 60 minutes. When required, additional 

information regarding specific disease status was obtained from the herd veterinarian. 

Once the interviews were completed, the interviewers sent the electronic information to 

AASV’s central database where the data were analyzed, scored by internal and external 

risk, and benchmarked against industry averages. A detailed report was provided to the 

herd veterinarian and producer for further discussion. The fees for producing the report 

were covered by the Ontario Pork Industry Council’s Swine Health Advisory Board 
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(OSHAB). We hypothesize that the provision of this report served as an incentive and 

further increased participation of eligible herds. 

Variables selected for analysis 

For the purposes of this study, all data were obtained from the central AASV 

database as an electronic spreadsheet. A subset of questions pertaining to demographic 

information, geographic location, neighbourhood variables, and external biosecurity 

practices were retained for further analysis. In effect, two subsets of variables were 

selected: one for cluster analysis and one for regression analysis. Additional demographic 

variables were retained for descriptive purposes. 

For cluster analysis, 24 categorical variables pertaining to external biosecurity 

practices were retained (Table 2.1). These variables included information about the 

source of replacement animals and semen, farm entrance design and sanitation, 

management of dead animals, management of manure disposal, and requirements for 

trucks carrying live animals or delivering feed. These variables were selected because 

they represent biosecurity practices used to prevent or limit the introduction of pathogens 

into swine herds. Variables pertaining to geographical location and density of swine 

herds were excluded in this part of the analysis with the rationale that biosecurity groups 

should be reflective of variables that are modifiable at the herd level. In selecting the 

subset of variables for cluster analysis, we aimed to cover all relevant risk factors, while 

simultaneously limiting the number of variables to a manageable level. For example, the 

section pertaining to transportation of live animals included 29 questions. From these, 7 

were selected for further analysis. These particular variables were chosen in order to 

represent a variety of trucking practices; they include restrictions on flow of vehicles 

between farms, restrictions on movement of truck drivers, and the frequency with which 

trucks were washed. 

Some of the variables used for cluster analysis were simplified in order to make 

their interpretation straightforward. Two continuous variables were re-defined into 

categories. Some categorical variables were condensed into a fewer number of categories 

if the information provided could be simplified without losing important distinctions 
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between response levels. Details of variable modifications are indicated as a footnote in 

Table 2.1. 

Statistical and spatial analysis 

Two-step cluster analysis and latent class analysis 

In order to determine the best number of groups to describe our data, 24 variables 

indicative of external biosecurity practices were analyzed using two statistical methods. 

The kappa statistic was used to determine how well the two methods agreed in their 

classification of herds. 

The first method was a two-step clustering procedure (Two-Step Cluster Analysis, 

SPSS 18.0, SPSS Inc., Chicago, IL); this approach is advantageous because it is able to 

handle large datasets consisting of numerous observations and variables, while using 

objective statistical criteria to automatically determine the best number of groups to 

describe the data. In the first step of this two-step procedure, herds were pre-clustered 

into many sub-clusters; in the second step, the sub-clusters were clustered hierarchically 

into larger groups. This method determines the best number of clusters to describe the 

data using Bayesian information criterion (BIC) (Schwarz, 1978; SPSS Inc., 2001; 

Norušis, 2011). Once the groups were identified, descriptive statistics were used to 

convey information about the distribution of responses across clusters, and to provide an 

appropriate name for each group. 

The two-step clustering procedure was selected as the primary methodology to 

evaluate the best number of biosecurity groups. This method is prominent in the literature 

regarding the grouping of farms on the basis of biosecurity practices. Latent class 

analysis (SAS 9.2, SAS Institute Inc, Cary, NC) was also utilized to investigate if the two 

methods agreed in terms of the number of groups selected, and in how these groups were 

defined. Latent class analysis (LCA) is an add-on procedure to the SAS statistical 

package and is available through The Methodology Center at Pennsylvania State 

University (Collins and Lanza, 2010). With this method, the user is required to define the 

number of classes they wish to analyze. In this case, 6 predetermined numbers of classes 

were examined, ranging from 1 through 6. Using an iterative approach, two parameters 
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are estimated for each predetermined number of classes: the prevalence of each latent 

class, and the item response probabilities (Collins and Lanza, 2010). The model with the 

lowest BIC value was selected as the best number of classes to describe the data (Collins 

and Lanza, 2010). Descriptive statistics provided information about the distribution of 

responses across classes; the classes were then named on the basis of their response 

patterns. 

Spatial analysis 

Mapping was accomplished with ArcMap (ArcGIS 9.3, Esri, Redlands, CA). 

Geographic information was represented using a projected coordinate system. All data 

were mapped using the Universal Transverse Mercator (UTM) coordinate system (Zone 

17N), based on the World Geodetic System 1984 datum. Using this projection system, a 

10 × 10 km grid was superimposed over a map of southern Ontario. Approximate farm 

locations were mapped using longitude and latitude information obtained from postal 

codes for the 108 farms where such information was immediately available in the 

database. This geographic information was obtained from Statistics Canada. For an 

additional 41 farms, where postal code information was not immediately available, 

Google Earth was used to georeference the site’s address or town, depending on the 

information contained within our database. If only the town was known, the town 

centroid was used to represent the approximate location of the site. For a large proportion 

of observations missing geographic data, the town was the only information available. 

This may have affected the mapping portion of the study, since we do not know how far 

away from the town’s centroid the actual farm was located. There were 12 farms for 

which we were unable to obtain geographic information at all; these farms were omitted 

from the mapping portion of the analysis, reducing our sample size to 149 farms. 

Kernel smoothing methods are an effective way to visualize spatial patterns 

amongst point data (Pfeiffer et al., 2008). For this study, parametric kernel smoothing 

with a bandwidth of 30 km was used to generate density maps for the entire study 

population, and for each of the biosecurity groups identified with two-step cluster 

analysis. The selection of this particular bandwidth allowed good visualization of spatial 

variability without over-smoothing the data. Following this, rasters were generated that 
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represented the distribution of each of these biosecurity groups, as a proportion of the 

entire study population. This provided, for each 10 × 10 km grid space, the probability of 

belonging to a particular biosecurity group, on a scale ranging from 0 to 1. 

Multinomial logistic regression 

Multinomial logistic regression was used to investigate the relationship between 

biosecurity group membership and selected demographic and neighbourhood variables 

(Tables 2.2 and 2.3); groups identified using two-step cluster analysis were used for this 

purpose. A causal diagram was developed to envision putative relationships between the 

variables of interest and the outcome of biosecurity group membership. Descriptive 

statistics of the predictor variables ensured the existence of variability and that there were 

few missing observations. Univariable analysis was conducted for each of the predictor 

variables. Linearity of continuous variables was evaluated by adding a quadratic term in 

the model; significance of the quadratic term was evaluated with the likelihood ratio test 

(LRT), using the appropriate degrees of freedom. A liberal P-value (P < 0.2) was used to 

determine which variables would be further investigated for inclusion in the multivariable 

model. All predictors that were significant at this liberal P-value were assessed for 

collinearity using Spearman’s correlation coefficient; a value of 0.7 or greater indicated 

collinearity existed. Where collinearity was identified, the most informative variable was 

retained and investigated for inclusion in the multivariable model. Biologically plausible 

interactions were tested for significance using the LRT. A manual backwards selection 

procedure was then used to determine which variables would be retained in the model, 

using a more conservative P-value (P < 0.05). Nested models were compared using the 

LRT, and non-nested models were compared using the BIC. Potential confounders were 

retained and examined; a 25% change in the coefficient of interest was taken as sufficient 

evidence that confounding was present. Once the final model was determined, model fit 

was assessed using a series of binary logistic regression models, where the outcome was 

membership to one specific biosecurity group versus membership to any of the other 

groups (Long and Freese, 2006). Standardized residuals, leverage, and delta beta values 

were examined in order to identify outliers or influential observations; cut-off values 

were used in combination with visual interpretation of the plots. Any questionable 

observations were removed, one at a time, from the full multinomial model, and the 



47 

 

impact on the magnitude and direction of the coefficients, as well as the significance of 

each predictor, were assessed. Once the multivariable multinomial logistic regression 

model was finalized, predicted probability graphs were generated in order to examine 

how the probability of group membership changed as each continuous predictor varied 

from its minimum to its maximum value. Categorical predictors were assessed by listing 

the coefficients for all pairs of outcome categories. 

RESULTS 

Demographic information 

Our sample of 161 sow herds included a variety of herd sizes and herd types. 

Tables 2.2 and 2.3 provide information about demographic and neighbourhood variables. 

Biosecurity practices on farms in southern Ontario 

Table 2.1 provides an overview of the external biosecurity variables included for 

two-step cluster analysis and LCA, and how producers from our sample of southern 

Ontario sow herds responded to each question. Some of the most critical issues in 

external biosecurity are presented below; see Table 2.1 for a complete overview of the 

responses. 

Generally, producers performed well in terms of limiting the number of sources 

used for replacement animals: 20.5% used zero replacement sources in the previous 2 

years, while 64% reported using 1 source and 15.5% reported 2 or more sources. Many 

herds were closed with respect to the source of replacement animals (39.7%). In 8.1% of 

herds, there was within-system replacement, where replacements came from either the 

same pig flow or the same production system, and 52.2% of herds received replacements 

from outside the production system. It is interesting to note that while only 20.5% of 

herds had zero replacement sources in the previous 2 years, nearly 40% of producers 

reported having a closed herd. This discrepancy is due to the fact that the two questions 

refer to different time periods: the question regarding the number of replacement sources 

referred to the previous 2-year period, while the question regarding the source of 

replacement animals referred to what was currently happening on-farm. It could also be 

related to our re-definition of the variable categories prior to the analysis stage. 
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Another important aspect of biosecurity is the handling of replacement animals 

once they arrive at the farm. For these particular variables, a response of “not applicable” 

indicates that the site was closed, or that replacements were not isolated and/or 

acclimated prior to entry. In terms of isolation housing, 52.2% of producers reported it 

was not applicable, while 32.9% reported isolation facilities were located on-site and 

14.9% reported they were located off-site. As for acclimation housing, 64.6% of 

producers reported it was not applicable, while 29.8% reported such facilities were 

located on-site and 5.6% reported they were located off-site. When stratified by PRRSV 

status, 74% of PRRSV-negative or naïve herds reported that acclimation housing was not 

applicable, whereas 60% of PRRSV-positive herds reported it was not applicable. 

Biosecurity groups 

Our sample of sow herds was best described by 3 biosecurity groups. This number 

of groupings was identified using both two-step cluster analysis and latent class analysis. 

For the purposes of describing these groups, classification according to the two-step 

cluster analysis will be used. After reviewing the characteristics of the herds in each of 

the identified clusters, the 3 groups were named by the authors as (i) high biosecurity 

herds that were open with respect to replacement animals (“high”) (n = 64 herds, 39.8%), 

(ii) high biosecurity herds that were closed with respect to replacement animals 

(“closed”) (n = 42, 26.1%), and (iii) low biosecurity herds (“low”) (n = 55, 34.2%). 

The output for this analysis indicated the importance of each variable in 

determining group membership. The 3 most important variables in differentiating the 

groups were: truck flow for replacement breeding stock, frequency with which trucks that 

carry replacements were washed, and the source of replacement animals. Table 2.4 

provides a complete overview of how herds in each of the identified groups responded to 

the external biosecurity questions. The numbers provided refer to the percentage of herds 

within each external biosecurity group that reported using a particular practice. As an 

example, for the question regarding the flow of trucks for genetic animals: 42.2% of 

herds that belonged to the high biosecurity group used dedicated trucks, while 100% of 

herds in the closed group, and 3.6% of herds in the low biosecurity group reported this 

practice. 
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Following the two-step cluster analysis and description of the identified groups, 

LCA was performed with the same categorical variables. Again, the herds were best 

described by 3 groups (Appendix Table 1). In this analysis, 6 pre-determined numbers of 

classes were examined, ranging from 1 through 6. The BIC value reached its minimum at 

3 classes; had the BIC value continued to decrease past 3 classes, the number of models 

tested would have been re-evaluated. The characteristics of the 3 classes were 

comparable to those identified in the two-step cluster analysis, and were named in the 

same fashion. 

Agreement between the two methods was high; kappa = 0.83 (95% CI: 0.72, 0.94; 

P < 0.001). Classifications according to both methods were cross-tabulated to ascertain 

how well they agreed in their grouping of herds (Appendix Table 2). In total, 57 herds 

belonged to the high biosecurity cluster with both methods, 39 herds belonged to the 

closed cluster with both methods and 47 herds belonged to the low biosecurity cluster 

with both methods. Although agreement was high, there were a few discrepancies in 

classification. For example, 5 herds were classified as high biosecurity with the two-step 

cluster analysis but belonged to the closed group with LCA. There were 7 herds classified 

as low biosecurity with the two-step cluster analysis that belonged to the closed group 

with LCA. 

Overall, 81% of the farms included in the study were commercial operations, and 

19% were breeding herds that produced animals for replacement and genetic 

improvement. Stratified by group and using the two-step cluster analysis classification: 

66% of herds belonging to the high biosecurity cluster were commercial, 86% of herds 

belonging to the closed cluster were commercial, and 93% of herds belonging to the low 

biosecurity cluster were commercial. Few farms in any group were farrow-to-feeder 

herds (<12%); most farms were either farrow-to-wean or farrow-to-finish operations. In 

the high biosecurity cluster, 63% of herds were farrow-to-wean and 27% were farrow-to-

finish. In the closed cluster, 24% of herds were farrow-to-wean and 64% were farrow-to-

finish. In the low biosecurity cluster, 35% of herds were farrow-to-wean and 53% were 

farrow-to-finish. Herd size also showed variation across clusters. The average number of 

sows for herds belonging to the high biosecurity cluster was 1132 (range: 80-3500, 
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standard deviation: 911). The average number of sows in the closed group was 557 

(range: 45-2000, standard deviation: 471). The average number of sows in the low 

biosecurity group was 599 (range: 45-2850, standard deviation: 675). 

 Spatial Analysis 

A map representing the proportion of all farms that belonged to the high 

biosecurity cluster is presented in Figure 2.1. Similar maps were also created for the 

closed cluster and the low biosecurity cluster. 

Multinomial logistic regression 

Several variables were associated with biosecurity group membership upon 

univariable analysis, using a liberal P-value of 0.2. These variables were further 

investigated for inclusion in the final model and included: (i) number of herds within a 

4.8 km radius (found to be significant with its quadratic term), (ii) number of sows on the 

premises, (iii) whether the nearest public road carried significant traffic related to the 

nearest market, slaughter, or collection point, (iv) whether the site produced genetic or 

commercial animals, and (v) stages of production at the site. None of the interactions 

were found to be significant, but confounding did exist. The number of herds within a 4.8 

km radius confounded the relationship between number of sows and biosecurity group 

membership, as well as between site production type and biosecurity group. Herd type 

was found to be a confounder in the relationship between number of sows and biosecurity 

group membership. 

The final model included number of sows on the premises, whether the site 

produced commercial or genetic animals, and the number of herds within a 4.8 km radius 

of the site (Table 2.5). Predicted probability graphs for the two continuous predictors are 

presented in Figures 2.2 and 2.3. The effect of the categorical variable was assessed by 

examining coefficients for all pairs of outcomes. The odds of belonging to the high 

biosecurity group relative to the closed group were found to be 4.1 times greater for 

farms that produced genetic animals than for farms that produced commercial animals, 

holding the continuous variables constant (95% CI: 1.27, 13.01; P = 0.018). Likewise, the 

odds of belonging to the high biosecurity group relative to the low biosecurity group were 

found to be 6.5 times greater for farms that produced genetic animals than for farms that 
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produced commercial animals (95% CI: 1.89, 22.27; P = 0.003). The odds of belonging 

to the low biosecurity group relative to the closed group were not found to be 

significantly different between commercial and genetic herds on the Wald test. 

DISCUSSION 

Our sample of southern Ontario sow herds showed a great deal of variability in 

external biosecurity practices employed on-farm. It is important to consider that these 

data were collected in 2007, and improvements have likely been implemented in more 

recent years. This is due to an increased focus on the importance of biosecurity protocols, 

as well as the training that is now available to producers and veterinarians. Some of the 

available materials include the Canadian Swine Health Board’s National Farm-Level 

Biosecurity Standard (CSHB, 2010), the Food and Agriculture Organization’s Good 

Practices for Biosecurity in the Pig Sector (FAO, 2010), and the Ontario Pork Industry 

Council’s Swine Health Advisory Board’s PRRS Control and Elimination Tool Kit 

(OSHAB, 2011). 

Direct contact between infectious and susceptible pigs is considered the most 

important route of transmission for most infectious diseases of swine (Amass and Clark, 

1999; Dee, 2003; FAO, 2010). The number of boar studs that semen is sourced from is an 

important aspect of biosecurity since many viruses are known to be transmissible through 

semen, including: PRRSV, porcine circovirus II, classical swine fever virus and 

pseudorabies virus (Guérin and Pozzi, 2005). One recent study examined swine herds in 

moderate and high density areas of Quebec. The authors found that 9% of breeding herds 

in the moderate density area, and 4% in the high density area, did not purchase semen 

(Lambert et al., 2012). The results from our study are similar; 5.6% of herds reported 

zero semen sources in the previous 2 years. A substantial proportion of our herds reported 

using 2 or more sources; however, it may be more important to consider what biosecurity 

practices are applied at the boar stud farm, and how often the boars and semen are tested 

for diseases of interest. Breeding programs may necessitate the use of more than one 

semen source, in order to increase genetic quality without the introduction of live 

animals. In any case, the boar stud farm should have a monitoring program in place for 

pathogens that are important in their area (Wrathall et al., 2004). With regards to PRRSV 
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specifically, PCR testing of blood samples is recommended, and farms are advised to 

hold semen until laboratory results are back (Dee, 2003; OSHAB, 2007). 

The majority of herds in our sample reported using zero or 1 breeding-stock 

replacement sources in the previous 2 years; only a small proportion reported using 2 or 

more sources. Lambert et al. (2011) found that in Quebec, 36.7% of breeding sites did 

not purchase replacement gilts. Stratified by moderate and high density areas 

respectively, 25% and 46% of breeding herds did not purchase gilts from an external 

source, indicating that they used self-replacement (Lambert et al., 2011). The findings for 

the moderate density area are comparable to our study, where approximately 20% of 

herds reported using zero replacement sources. Over half of the herds in our sample 

reported receiving replacement animals from outside the production system. This may be 

a necessity created by our current pork production system, where production is highly 

specialized by site. However, it is important to consider that other production systems 

may have different biosecurity standards and a different set of endemic diseases than the 

recipient farm and the introduction of animals is generally considered a major biosecurity 

risk. Therefore, regardless of the source of replacement animals, isolation and 

acclimation facilities are an essential component of a good biosecurity plan (Petznick, 

2011). In the case of subclinical infection, the isolation period may allow clinical 

manifestation to develop prior to introducing replacements to the main herd. With regards 

to PRRSV, it is recommended that negative replacement animals are kept in the isolation 

facility for a minimum of 2 weeks prior to blood sampling (OSHAB, 2007). This 

accounts for the possibility of exposure to the virus during transportation. In a study 

conducted by Lambert et al. (2011), 89% of herds reported that isolation periods occurred 

on the premises or in rooms adjacent to the main barn. Our sample of herds was 

comparable to those in the Quebec study. Of the sites using isolation facilities, 69% of 

these were located on-site. Ideally, these facilities should be located off-site. Following 

isolation, the acclimation phase allows replacements to be exposed to pathogens already 

present in the main herd. In our sample, over half of herds reported that isolation or 

acclimation housing were not applicable. A response of “not applicable” indicated that 

replacements were born and raised at the site and never moved, or they were not isolated 

or acclimated prior to entry. These results are similar to the findings of a Spanish study, 
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where 48.3% of sow herds did not have quarantine facilities located in a separate building 

(Casal et al., 2007). 

Trucking practices are another important aspect of external biosecurity, and our 

sample showed great variation in their implementation. One important aspect is the flow 

of trucks; flow within and between farms should be planned so the introduction of 

pathogens is minimized (CSHB, 2010). From the PADRAP questionnaire, we selected 

one variable to address this issue; it asked whether trucks were dedicated to the site, and 

if not, what restrictions were in place regarding whether a truck could visit PRRSV-

positive farms prior to visiting a farm that is negative or naïve. The Quebec study by 

Lambert et al. (2012) reported that 4% of breeding herds in a moderate density area and 

40% of breeding herds in a high density area did not use commercial transportation. A 

Danish study reported that 15.8% of farmers with finishing herds transported their own 

pigs to slaughter and the remaining herds used an outside trucking company (Boklund et 

al., 2004). Our herds compared favourably to these studies: 44.1% of farms transported 

genetic animals with dedicated trucks, 72.7% transported non-genetic animals with 

dedicated trucks, and 34.2% transported market animals with dedicated trucks. The 

difference between protocols for genetic and market animals may be reflective of the idea 

that the consequences would be more severe if genetic animals become infected with a 

pathogen, since these animals are being introduced to the farm environment. 

Alternatively, market animals are only moved away from the farm. The question 

pertaining to non-genetic animals refers to the transportation of pigs to and from other 

sites within the same production system, which makes the use of dedicated trucks more 

feasible. Interestingly, we did not see the same pattern with regards to how often trucks 

were washed. It is recommended that trucks transporting live animals be washed and 

disinfected before arriving at a new swine site (Lambert and D’Allaire, 2009). Allowing 

the truck to dry after being washed has been demonstrated to prevent PRRSV infection 

(Dee et al., 2007). The percentage of farms that reported washing trucks between every 

load was similar for both market and genetic animals. The washing and disinfection of 

trucks between batches of animals is an important aspect of external biosecurity; our 

sample of herds would benefit from increasing the frequency with which trucks were 

washed. Most of the farms in our sample had some restrictions regarding the movement 
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of truck drivers. However, 20.5% of herds reported having no restrictions on truck driver 

movement; this is similar to a Portuguese study where the researchers found that 20.6% 

of farms allowed the driver to enter the clean area of the barn (Baptista et al., 2010). 

Entrance design and sanitation is another important aspect of external biosecurity. 

The building entrance provides the last physical barrier where the producer can control 

the risk of pathogen entry posed by employees and visitors (Lambert et al., 2012). Our 

sample of herds compared favourably to studies conducted in Portugal and Quebec in 

terms of entrance design and showering-in procedures (Baptista et al., 2010; Lambert et 

al., 2012). In terms of requiring clothing and/or boot change upon entry, our findings 

were comparable to studies conducted in Spain and Portugal (Casal et al., 2007; Baptista 

et al., 2010). 

When considering the 3 identified biosecurity groups, it is important to keep in 

mind that our statistical procedures grouped our sample of farms based on a selection of 

user-specified variables. The programs are not cognizant what we are trying to define; 

observations are grouped based on similar response patterns for the specified variables, 

and the user is responsible for describing and naming these groups. We named the 

identified groups as (i) high biosecurity herds that were open with respect to replacement 

animals (“high”) (39.8%), (ii) high biosecurity herds that were closed with respect to 

replacement animals (“closed”) (26.1%) and (iii) low biosecurity herds (“low”) (34.2%). 

The variable responses in the PADRAP questionnaire are ordered from most risky to 

least risky response. The risk scheme associated with each of the variables was developed 

using a group consensus approach. This was accomplished with the aid of the PRRS Risk 

Assessment Working Group, which was composed of 21 veterinarians and researchers 

with expertise in PRRS. For the purposes of this work, we consider the practices with the 

lowest risk as being of the highest standard. 

It is encouraging to discover that the majority of our study herds were classified 

as belonging to a high biosecurity group. However, each of the identified groups had 

positive and negative attributes, and some of the herds in a given group may have 

characteristics that do not match well with the overall group description. In the high 

biosecurity groups, it is unlikely that any one herd employed the highest level of 



55 

 

biosecurity in all areas addressed. Similarly, in the low biosecurity group, it is unlikely 

that any of the herds had poor biosecurity practices in all areas. However, the statistical 

methods used objective criteria to group observations according to item responses, and as 

a whole the descriptions fit well. 

Herds in the high biosecurity cluster generally had higher trucking standards for 

the movement of animals and feed than did the other biosecurity groups. These herds also 

had higher entrance sanitation requirements than the other groups. Some attention should 

be paid to manure management; a high proportion of these herds outsourced manure 

management to third parties, although many required that the equipment be washed 

between sites. Herds in the closed group generally did not receive replacement animals 

from outside the production system, and the movement of animals was usually via 

dedicated trucks. One area of concern we identified in the closed group was that a large 

proportion of herds reported having no restrictions regarding the flow of feed trucks. 

Implementation of standards for feed trucks is an area for improvement, and would not 

pose a significant expense. Finally, herds in the low biosecurity group tended to rely on 

replacement animals from outside the production system, and a large proportion reported 

that isolation or acclimation housing were not applicable. These herds did not have strict 

policies regarding the trucking of live animals or feed. 

Multinomial logistic regression modelling indicated that the number of sows, herd 

density, and site production type are all important predictors of biosecurity group 

membership. The finding that the odds of belonging to the high biosecurity group, 

relative to both the closed group and the low biosecurity group, were greater for herds 

producing genetic animals is compatible with the idea that pathogen introduction into a 

genetic herd would have greater consequences than in a herd producing market animals. 

The effects of the continuous variables were evaluated using predicted probability 

graphs (Figures 2.2 and 2.3). Figure 2.2 demonstrates that the probability of belonging to 

the closed or a low biosecurity group decreases with increasing herd size, while the 

probability of belonging to the high biosecurity group increases as herds become larger. 

This may be reflective of the idea that, in a large herd, the consequences of pathogen 

introduction are more disastrous and the potential losses are greater. Alternatively, this 
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finding could be related to larger herds having the financial freedom to implement certain 

biosecurity protocols that are simply not feasible for smaller herds. The relationship 

between group membership and herd density is not as straightforward, as evidenced by 

the quadratic term associated with the number of herds within a 4.8 km radius (Figure 

2.3). In low density areas, herds are most likely to belong to the low biosecurity group. 

As density increases, herds are more likely to belong to the closed and high biosecurity 

groups. This may be reflective of two general principles that are not explicitly addressed 

by the questionnaire. Firstly, high herd density represents a major risk factor for the 

introduction of several important contagious swine diseases. Thus, herds in high density 

areas may have higher biosecurity standards in order to protect themselves from the 

perceived threat. Secondly, the vicinity of a herd to key resources may influence whether 

it has high or low biosecurity standards, and whether it is open or closed with respect to 

replacement animals. These resources, such as breeding stock, feed, and expertise, may 

be more abundant in high density areas. In regards to PRRSV specifically, the initial 

increase in the probability of belonging to the closed group may be related to the 

principle that having a closed herd is the best way to mitigate the risk of PRRSV 

incursion. 

The findings from the regression analysis are complemented by the spatial 

analysis. In south-western Ontario specifically, the high biosecurity group had the 

greatest intensity of all groups (Figure 2.1). This region coincides with the highest 

density of swine production in the study region as a whole (Bottoms et al., unpublished 

data). This fits well with the predicted probability of group membership, which indicates 

that in the highest density areas, herds are most likely to belong to the high biosecurity 

cluster. 

Herds that participated in this study were selected through swine herd 

veterinarians. Once the potential farms were identified, they were contacted by the 

research team and asked to participate. Since participation was voluntary, it is possible 

that producers who were confident in their prevention of internal and external risks were 

more likely to participate in the study. It is therefore possible that our study group differs 

from the source population as a result of this potential selection bias (Dohoo et al., 2009). 
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Additionally, only sow herds were included in this study; future work should include a 

broader variety of herd types. As with any questionnaire data there is the potential for 

misclassification bias which leads to herds being allotted to incorrect response categories 

(Dohoo et al., 2009). As this pertains to our study, the use of closed-ended questions may 

mean that information about biosecurity practices could have been classified incorrectly. 

However, the students who administered the questionnaire were trained prior to data 

collection so that data entry would be consistent, and the potential for subjectivity would 

be minimized. The results obtained here may have differed if a different subset of 

external biosecurity variables was selected for cluster and class analysis. However, we 

attempted to select a broad variety of practices from each of the available categories. 

There is also the possibility of misclassification in how we classified the herds into 

discrete biosecurity groups. Our rationale for using two analytical approaches to group 

the herds was an attempt to address this issue; both methods agreed as to the best number 

of groups to describe the data, and the groups had similar characteristics with both the 

two-step cluster analysis and LCA. The agreement between the two analytical approaches 

improves our confidence in the findings of this study.  

In conclusion, our sample of sow herds was best described by 3 biosecurity 

groups, identified as being: (i) high biosecurity herds that were open with respect to 

replacement animals, (ii) high biosecurity herds that were closed with respect to 

replacement animals, and (iii) low biosecurity herds. The most important variables in 

differentiating these groups related to trucking standards and the source of replacement 

animals, and this needs to be studied in more depth. Small herds were most likely to 

belong to the closed and low biosecurity groups, and once the number of sows on the 

premises exceeded about 1000 animals, herds were most likely to belong to the high 

biosecurity group. As the density of herds increases, the probability of belonging to 

certain biosecurity groups also changes. At low levels of density, herds are most likely to 

belong to the low biosecurity group. As density increases, herds are more likely to belong 

to the closed group, and as density surpasses approximately 75 herds within a 4.8 km 

radius, herds are most likely to belong to the high biosecurity group. This study was 

completed in 2007 and improvements have likely been accomplished in more recent 

years. However, the information obtained here allows a better understanding of 
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biosecurity in sow herds at the regional level, and the implementation of biosecurity 

protocols in North American swine herds in general. Additionally, this study serves as a 

good baseline for evaluating the efficacy of the recent advancements in regional disease 

control programs. 
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Table 2.1. External biosecurity variables obtained from 161 southern Ontario sow herds in 2007 

and subsequently included in two-step cluster analysis and latent class analysis. 

Variable Responses Percent of 

herds 

 

Number of breeding 

animal  replacement 

sources in past 2 yrs.
a 

0 20.5% 

1  64% 

≥2 15.5% 

   

 Number of semen 

sources in past 2 yrs.
a 

0 5.6% 

1  57.1% 

≥2 37.3% 

   

Source of replacement 

animals 

Closed
b 

39.7% 

Within system replacement
c 

8.1% 

Other system replacement 52.2% 

   

Location of acclimation 

housing relative to the 

site 

Off site 5.6% 

On site
d 

29.8% 

Not applicable 64.6% 

   

Location of isolation 

housing relative to the 

site 

Off site 14.9% 

On site
d 

32.9% 

Not applicable 52.2% 

   

Entrance sanitation for 

employees and visitors 

entering the site 

Coverall & boot change, shower in 57.1% 

Coverall & boot change, wash hands 39.1% 

Minimal requirements (boot wash only, or no 

requirements) 

3.7% 

   

Entrance design Barrier entry 74.5% 

Direct access 25.5% 

   

Restrictions on employee 

visits to other swine sites 

Visits to other swine farms are restricted 77% 

No restrictions or not applicable 23% 

   

Procedure for introducing 

tools and supplies 

Disinfection and quarantine prior to introduction 8.1% 

Disinfection but no quarantine 31.7% 

Quarantine but no disinfection 8.7% 

Direct introduction 51.5% 

   

Facility design Total confinement 96.3% 

Partial confinement 3.7% 

   

Insect screens 

implemented 

Yes 19.3% 

No 80.7% 

   

Restrictions on employee 

access to site 

Restricted at all times 24.2% 

Restricted after hours only 16.1% 

Not restricted 59.6% 
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Management of manure 

disposal 

Managed by production system 67.1% 

Outsourced to a third party that is exclusive to production 

system 

5% 

Outsourced to a third party that is not exclusive to 

production system 

27.9% 

   

Washing of manure 

removal equipment 

Equipment dedicated to this site 42.2% 

Equipment washed and flushed between sites 34.2% 

No requirements 23.6% 

   

Pick-up location for 

deadstock 

Off site, more than 0.8km from this site 11.2% 

On site 37.3% 

Not applicable 51.6% 

   

Flow of trucks for market 

animals 

Trucks are dedicated to this site  34.2% 

The same truck never hauls both PRRS positive and 

negative or naïve animals 

6.8% 

The same truck may haul both PRRS positive and negative 

or naïve animals but a minimum downtime is required  

32.3% 

No restrictions 26.7% 

   

Frequency of truck 

washing for market 

animals 

Between every load 50.3% 

At least once per 10 loads 29.8% 

At least once per 20 loads 6.8% 

Never, rarely or unknown 13% 

   

Driver restrictions for 

market animal movement 

May not leave cab of vehicle 6.2% 

May not cross a fence or some other defined limit 39.1% 

May not enter buildings 34.2% 

No restrictions 20.5% 

   

Flow of trucks for non-

genetic animals to and 

from other sites within 

the production system 

Trucks are dedicated to this site  72.7% 

The same truck never hauls both PRRS positive and 

negative or naïve animals 

5.6% 

The same truck may haul both PRRS positive and negative 

or naïve animals but a minimum downtime is required  

9.3% 

No restrictions 12.4% 

   

Flow of trucks for genetic 

animals 

Trucks are dedicated to this site  44.1% 

The same truck never hauls both PRRS positive and 

negative or naïve animals 

21.7% 

The same truck may haul both PRRS positive and negative 

or naïve animals but a minimum downtime is required  

19.9% 

No restrictions 14.3% 

   

Frequency of truck 

washing for genetic 

animals 

Between every load 47.8% 

Rarely 13.7% 

Not applicable 38.5% 

   

Design of load out area Animal transfer station that is unattached to swine 

buildings 

16.8% 

Load out area attached to buildings; physical barrier to 

restrict truck driver access 

64.6% 

Load out area attached to buildings; no restrictions on 

truck driver access 

18.6% 
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Flow of feed trucks The same truck may never deliver to a PRRS positive and 

a negative or naïve site or the truck is dedicated to this site  

8.7% 

The same truck may deliver to a PRRS positive and a 

negative or naïve site but a minimum downtime is required 

30.4% 

No restrictions 60.9% 

   

Flow of service vehicles The same service vehicle may never visit a PRRS positive 

and a negative or naïve site 

3.1% 

The same service vehicle may visit a PRRS positive and a 

negative or naïve site but a minimum downtime is required 

72% 

No restrictions 24.8% 

a. Variable was originally continuous, but was reclassified into a categorical variable; herds 

that reported using more than one source were condensed into the same category.  

b. Two response categories were collapsed into the “closed” response – (i) closed site: 

replacements are born and raised at site and are never moved from site; (ii) closed herd at 

this site: replacements are born at site, moved to another site, and later returned as 

replacements. 

c. Two response categories were collapsed into the “within system replacement” response – 

(i) some or all replacements from other swine sites within the same pig flow as this site, 

none from outside the same pig flow; (ii) some or all replacements from other sites 

outside the pig flow but within the same production system, none from outside the 

production system. 

d. Two response categories were collapsed into the “on-site” response: (i) on-site in 

different airspace as sow herd; (ii) on-site in same airspace as sow herd. 
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Table 2.2. Continuous demographic and neighbourhood variables that were investigated for an 

association with the biosecurity group membership of southern Ontario sow herds in 2007. 

Variable Mean Range Standard 

Deviation 

25
th

 

percentile 

50
th

 

percentile 

75
th

 

percentile 

N 

Number of sows 800.3 45, 3500 781.6 250 500 1120 161 

        

Number of herds 

within a 4.8km 

radius 

7.2 0, 100 14.5 1 4 8 157 

        

Distance (km) to 

the nearest swine 

market, slaughter 

plant or collection 

point 

16.2 1.6, 96.6 15.4 8.1 12.9 19.3 152 
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Table 2.3. Categorical demographic and neighbourhood variables that were investigated for an 

association with the biosecurity group membership of southern Ontario sow herds in 2007. 

Variable Responses Percent of 

herds 

N 

Herd type Farrow to wean 42.9% 161 

Farrow to feeder 11.8% 

Farrow to finish 45.3% 

    

Production type Commercial
 

81.1% 159 

Genetic
 

18.9% 

    

Nearest public road used for significant traffic 

related to the nearest swine market, slaughter 

plant or collection point 

Yes 23.6% 161 

No 76.4% 

    

Nearest public road used for significant traffic 

related to the nearest vehicle wash 

Yes 11.8% 161 

No 88.2% 
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Table 2.4. External biosecurity variables used in two-step cluster analysis and latent class 

analysis. Variables are presented in decreasing order of importance, as identified by two-step 

cluster analysis. N=161. 

Variable Variable 

Importance 

Responses High 

Biosecurity  

– Open 

(n=64) 

High 

Biosecurity 

 - Closed 

(n=42) 

Low 

Biosecurity 

 

(n=55) 

Flow of trucks 

for genetic 

animals 

1.0 Trucks are dedicated to 

this site  

42.2% 100% 3.6% 

The same truck never 

hauls both PRRS positive 

and negative or naïve 

animals 

29.7% 0 29.3% 

The same truck may haul 

both PRRS positive and 

negative or naïve animals 

but a minimum downtime 

is required  

26.6% 0 27.3% 

No restrictions 1.6% 0 40% 

      

Frequency of 

truck washing 

for genetic 

animals 

0.80 Between every load 62.5% 4.8% 63.6% 

Rarely 4.7% 4.8% 30.9% 

Not applicable 32.8% 90.5% 5.5% 

      

Source of 

replacement 

animals 

0.72 Closed 28.1% 95.2% 10.9% 

Within system replacement 12.5% 0 9.1% 

Other system replacement 59.4% 4.8% 80% 

      

Number of 

replacement 

sources in past 

2 yrs. 

0.55 0 6.3% 61.9% 5.5% 

1  73.4% 31% 78.2% 

≥2 20.3% 7.1% 16.4% 

      

Procedure for 

introducing 

tools and 

supplies 

0.52 Disinfection and 

quarantine prior to 

introduction 

12.5% 7.1% 3.6% 

Disinfection but no 

quarantine 

64.1% 4.8% 14.5% 

Quarantine but no 

disinfection 

4.7% 14.3% 9.1% 

Direct introduction 18.8% 73.8% 72.7% 

 

 

 

 

 

 

 

 

 

 

 

     



68 

 

Flow of trucks 

for non-genetic 

animals to and 

from other sites 

within the 

production 

system 

0.51 Trucks are dedicated to 

this site  

67.2% 97.6% 60% 

The same truck never 

hauls both PRRS positive 

and negative or naïve 

animals 

14.1% 0% 0% 

The same truck may haul 

both PRRS positive and 

negative or naïve animals 

but a minimum downtime 

is required  

18.8% 0% 5.5% 

No restrictions 0% 2.4% 34.5% 

      

Flow of feed 

trucks 

0.40 The same truck may never 

deliver to a PRRS positive 

and a negative or naïve site 

or the truck is dedicated to 

this site  

15.6% 4.8% 3.6% 

The same truck may 

deliver to a PRRS positive 

and a negative or naïve site 

but a minimum downtime 

is required 

54.7% 21.4% 9.1% 

No restrictions 29.7% 73.8% 87.3% 

      

Flow of trucks 

for market 

animals 

0.37 Trucks are dedicated to 

this site  

23.4% 52.4% 32.7% 

The same truck never 

hauls both PRRS positive 

and negative or naïve 

animals 

12.5% 4.8% 1.8% 

The same truck may haul 

both PRRS positive and 

negative or naïve animals 

but a minimum downtime 

is required  

54.7% 21.4% 14.5% 

No restrictions 9.4% 21.4% 50.9% 

      

Entrance 

sanitation for 

employees and 

visitors entering 

the site 

0.35 Coverall & boot change, 

shower in 

87.5% 38.1% 36.4% 

Coverall & boot change, 

wash hands 

12.5% 57.1% 56.4% 

Minimal requirements 0 4.8% 7.3% 

      

Location of 

isolation 

housing relative 

to the site 

0.26 Off site 23.4% 11.9% 7.3% 

On site 39.1% 4.8% 47.3% 

Not applicable 37.5% 83.3% 45.5% 

      

Restrictions on 

employee 

access to site 

0.23 Restricted at all times 42.2% 19% 7.3% 

Restricted after hours only 21.9% 11.9% 12.7% 

Not restricted 35.9% 69% 80% 
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Washing of 

manure removal 

equipment 

0.23 Equipment dedicated to 

this site 

18.8% 59.5% 56.4% 

Equipment washed and 

flushed between sites 

54.7% 21.4% 20% 

No requirements 26.6% 19% 23.6% 

      

Flow of service 

vehicles 

0.22 The same service vehicle 

may never visit a PRRS 

positive and a negative or 

naïve site 

6.3% 2.4% 0% 

The same service vehicle 

may visit a PRRS positive 

and a negative or naïve site 

but a minimum downtime 

is required 

89.1% 66.7% 56.4% 

No restrictions 4.7% 31% 43.6% 

      

Location of 

acclimation 

housing relative 

to the site 

0.19 Off site 10.9% 0 3.6% 

On site 20.3% 16.7% 50.9% 

Not applicable 68.8% 83.3% 45.5% 

      

Entrance design 0.15 Barrier entry 90.6% 61.9% 65.5% 

Direct access 9.4% 38.1% 34.5% 

      

Driver 

restrictions for 

market animal 

movement 

0.12 May not leave cab of 

vehicle 

7.8% 4.8% 5.5% 

May not cross a fence or 

some other defined limit 

54.7% 16.7% 38.2% 

May not enter buildings 28.1% 42.9% 34.5% 

No restrictions 9.4% 35.7% 21.8% 

      

Management of 

manure disposal 

0.12 Managed by production 

system 

50% 78.6% 78.2% 

Outsourced to a third party 

that is exclusive to 

production system 

4.7% 4.8% 5.5% 

Outsourced to a third party 

that is not exclusive to 

production system 

45.3% 16.7% 16.4% 

      

Design of load 

out area 

0.11 Animal transfer station 

that is unattached to swine 

buildings 

18.8% 11.9% 18.2% 

Load out area attached to 

buildings; physical barrier 

to restrict truck driver 

access 

76.6% 54.8% 58.2% 

Load out area attached to 

buildings; no restrictions 

on truck driver access 

4.7% 33.3% 23.6% 

      

Restrictions on 

employee visits 

to other swine 

sites 

0.09 Visits to other swine farms 

are restricted 

84.4% 83.3% 63.6% 

No restrictions or not 

applicable 

15.6% 16.7% 36.4% 
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Insect screens 

implemented 

0.09 Yes 29.7% 16.7% 9.1% 

No 70.3% 83.3% 90.9% 

      

Frequency of 

truck washing 

for market 

animals 

0.06 Between every load 56.3% 52.4% 41.8% 

At least once per 10 loads 34.4% 19% 32.7% 

At least once per 20 loads 6.3% 9.5% 5.5% 

Never, rarely or unknown 3.1% 19% 20% 

      

Number of 

semen sources 

in past 2 yrs. 

0.03 0 3.1% 2.4% 10.9% 

1  64.1% 52.4% 52.7% 

≥2 32.8% 45.2% 36.4% 

      

Pick-up 

location for 

deadstock 

0.02 Off site, more than 0.8km 

from this site 

9.4% 11.9% 12.7% 

On site 45.3% 26.2% 36.4% 

Not applicable 45.3% 61.9% 50.9% 

      

Facility design 0.01 Total confinement 98.4% 95.2% 94.5% 

  Partial confinement 1.6% 4.8% 5.5% 
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Table 2.5. Factors associated with biosecurity group membership in southern Ontario sow herd in 

2007, based on multivariable multinomial logistic regression. 

Biosecurity 

Group 

Risk Factor Relative Risk 

Ratio 

Confidence 

Interval 

P-value 

Low 

Biosecurity 

(base outcome) 

     

High 

Biosecurity, 

open herds 

Number of herds within a 4.8km 

radius 

0.91 0.804, 1.032 0.142 

Number of herds within a 4.8km 

radius
2
 

1.002 0.998, 1.005 0.362 

Number of sows 1.001 1.0004, 1.002 0.001 

Site production type
a
  6.49 1.892, 22.275 0.003 

     

High 

Biosecurity, 

closed herds 

Number of herds in 4.8km radius 0.96 0.857, 1.085 0.544 

Number of herds in 4.8km radius
2
 1.0009 0.997, 1.004 0.615 

Number of sows 0.9998 0.999, 1.0006 0.652 

Site production type
a 

1.60 0.387, 6.582 0.518 

Log likelihood = -149.3; LR(χ
2
) 38.44; df = 8; P<0.0001  

a. Compares genetic to commercial production  
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Figure 2.1. Kernel smoothed qualitative map, based on the proportion of southern Ontario sow 

herds in the study belonging to the high biosecurity (open) cluster, presented on a 10 × 10 km 

grid. 
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Figure 2.2. Predicted probability of biosecurity group membership with increasing number of 

sows on the premises, based on the final multivariable multinomial logistic regression model. 
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Figure 2.3. Predicted probability of biosecurity group membership with increasing herd density, 

based on the final multivariable multinomial logistic regression model. 
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CHAPTER THREE 

FURTHER ASSESSMENT OF EXTERNAL BIOSECURITY PRACTICES ON  

SOUTHERN ONTARIO SWINE FARMS, AND ITS APPLICATION TO 

SURVEILLANCE ON A GEOGRAPHIC LEVEL 

ABSTRACT 

Risk-based surveillance is becoming increasingly important in the veterinary and 

public health fields. These activities serve as a means of increasing our surveillance 

sensitivity and improving cost-effectiveness in an increasingly resource-limited 

environment (Stärk et al., 2006; Snow et al., 2007; Alban et al., 2008). Our approach for 

developing a tool for the risk-based geographical surveillance of contagious diseases of 

swine incorporates information about animal density and external biosecurity practices on 

swine herds in southern Ontario. The objectives of this study were (i) to group our sample 

of herds into discrete biosecurity groups, (ii) to develop a map of southern Ontario that 

can be used as a tool in the risk-based geographical surveillance of contagious diseases of 

swine, and (iii) to identify significant predictors of biosecurity group membership. A 

subset of external biosecurity variables were selected for two-step cluster analysis and 

latent class analysis. Both analytical approaches agreed that the best number of groups to 

describe our sample of herds was 4. These groups were named by the authors as (i) high 

biosecurity herds that were open with respect to replacement animals, (ii) high 

biosecurity herds that were closed with respect to replacement animals, (iii) moderate 

biosecurity herds, and (iv) low biosecurity herds. The map was developed using 

information about the geographic distribution of the biosecurity groups, as well as 

information about the density of swine sites and of grower-finisher pigs in the study 

region. Finally, multinomial logistic regression identified heat production units, number 

of incoming pig shipments per month, and herd type as significant predictors of 

biosecurity group membership. 
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INTRODUCTION 

Surveillance is becoming an increasingly important aspect of veterinary medicine. 

Such systems are important in a variety of settings, including: detecting the presence of 

pathogens, demonstrating freedom from specific pathogens, monitoring trends in disease 

prevalence and incidence, evaluating the efficacy of disease control and elimination 

projects, and in providing a foundation for risk analysis (Salman, 2003; CCVO, 2009; 

Thacker, 2010; OIE, 2011). These activities are important in supporting trade agreements 

among countries and in ensuring consumer confidence in animal products. Early 

detection via surveillance systems can facilitate rapid response by animal health 

authorities, and allow emerging threats to be managed in a timely manner. 

Traditionally, surveillance activities have focused on intensive efforts where large 

numbers of animals are sampled regardless of risk, and all members of a population have 

the same probability of being sampled. Risk-based surveillance activities, alternatively, 

are targeted at subpopulations that are at increased risk for the occurrence of disease or 

infection due to the presence of known risk factors (Stärk et al., 2006; OIE, 2011). The 

aim of risk-based surveillance is to increase the sensitivity of our surveillance systems 

and to improve cost-effectiveness in an increasingly resource-limited environment (Stärk 

et al., 2006; Snow et al., 2007; Alban et al., 2008). 

The concept of risk-based surveillance is becoming increasingly important in the 

veterinary community. Several recent publications have identified high-risk sub-

populations of livestock and have used their findings to make recommendations for 

enhancing surveillance systems and supporting decision-making for the prevention and 

control of specific diseases (Snow et al., 2007; Benschop et al., 2008; Boender et al., 

2008). This risk-based concept can be applied at different levels, and risk factors can 

include animal-level, herd-level, geographic, or neighbourhood characteristics. One 

recent study developed a risk-based map for the incursion of H5N1 avian influenza virus 

into the domestic poultry population in Great Britain. The risk map was based on 

holding-level factors and information about the abundance of wild birds known to carry 

the virus (Snow et al., 2007). Biosecurity variables were not available in the database 

used for the study, but the authors felt such information was important for risk-based 
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approaches. Our method for developing a tool for risk-based geographical surveillance of 

contagious swine diseases incorporates information about external biosecurity practices, 

density of swine, and geographic location of farms in order to identify high-risk areas. 

Animal density is an important risk factor for the spread of disease, and multiple studies 

have shown that risk of disease transmission is increased in areas of high density (Rose 

and Madec, 2002; Boender et al., 2008; Ortiz-Pelaez and Pfeiffer, 2008). In addition to 

animal density, disease spread between farms and within regions can be linked to the 

external biosecurity practices that are in place. Farms can be defined in terms of the risk 

of pathogen incursion, in part, on the basis of biosecurity practices employed on-farm. 

Thus, biosecurity information can be used as a component of risk-based surveillance. 

Several recent studies have used objective statistical criteria to determine the best number 

of groups to describe biosecurity practices on a sample of farms, and to define these 

groups in terms of their major characteristics (Boklund et al., 2004; Ortiz-Pelaez and 

Pfeiffer, 2008; Ribbens et al., 2008; Lambert et al., 2012; Bottoms et al., unpublished 

data). 

The primary objective of this study was to develop a map of southern Ontario that 

can be used as a tool in risk-based surveillance of contagious swine diseases. This was 

accomplished through several phases. Firstly, we examined external biosecurity practices 

on a sample of swine farms and determined the best number of groups to describe the 

data. The identified groups were then described in terms of their major characteristics and 

the variables that were most important in differentiating between them. To develop the 

risk map, this information was combined with data regarding herd and animal density in 

the study region, as well as with data from recent work by this research group that 

described external biosecurity practices on a different sample of southern Ontario sow 

herds. Finally, we investigated which demographic variables serve as significant 

predictors of biosecurity group membership using a multivariable multinomial logistic 

regression model. 

METHODS 

 Data for this study were obtained from a questionnaire that was designed to 

investigate the distribution and risk factors associated with porcine reproductive and 
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respiratory syndrome virus (PRRSV) on Ontario swine farms. A subset of variables 

pertaining to external biosecurity practices were offered to both two-step cluster analysis 

and latent class analysis in order to determine the best number of groups to describe the 

data. Using kernel smoothing, maps were created in order to visualize the spatial 

distribution of herds belonging to each of these groups. A risk map for the spread of 

contagious swine diseases was developed using information about the spatial distribution 

of the biosecurity groups identified here, in combination with the density of pigs and 

swine sites in the study region, as well as the distribution of biosecurity groups identified 

in previous work conducted by this research group. Finally, multinomial logistic 

regression analysis was performed in order to determine which demographic variables 

serve as significant predictors of biosecurity group membership. 

Questionnaire 

 The Ontario Porcine Reproductive and Respiratory Syndrome (PRRS) 

Surveillance Survey was designed to assess risk factors associated with PRRSV-

positivity and to describe the distribution of this virus on Ontario swine farms. The site-

level portion of the survey consists of 19 closed- and open-ended questions pertaining to 

clinical signs associated with the last PRRS problem, vaccination practices, demographic 

information, and biosecurity procedures in use. In most cases, the same question was 

asked for all production classes, including weaners, feeders, gilts, boars, market animals, 

and culls. 

Herd inclusion and interviews 

 The target population for our study was all swine herds in southern Ontario. The 

sampling strategy for the study has been reported in previously published literature 

(Rosendal, 2012). In brief, herds in the original study were included through two 

mechanisms. PRRSV-positive sites that were willing to participate in the study were 

obtained through the Animal Health Laboratory (AHL) at the University of Guelph, 

which is the largest diagnostic laboratory in the province. PRRSV-negative herds were 

obtained through veterinarians who routinely submitted samples to the AHL as well as 

through members of the Ontario Association of Swine Veterinarians (OASV). Herd 

owners were contacted and a telephone interview was conducted by staff in the 
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Department of Population Medicine at the University of Guelph, requiring approximately 

30 minutes to complete. Hard copies of the surveys were filled out by the interviewer, 

and data were subsequently entered into a hierarchical database (Microsoft Access 2003, 

Microsoft Corporation, Redmond, WA). The data set consisted of 527 herds from 392 

unique sites; in some cases, sites had been included in the data set at multiple points in 

time. For the purposes of this study, only the most recent entry for each site was utilized. 

Boar stud and gilt pool sites were excluded, since they are not representative of 

commercial swine operations in southern Ontario. This reduced our sample size to 377 

herds. 

Variables selected for analysis 

A subset of questions pertaining to demographic information, geographic 

location, and external biosecurity practices were retained for further analysis. In effect, 

two subsets of variables were retained: one for cluster analysis and one for regression 

analysis. 

For the cluster analysis portion, 22 categorical variables pertaining to external 

biosecurity practices were selected (Table 3.1). These variables addressed trucking 

practices and entrance sanitation procedures. Variables regarding demographic 

information, geographic location, and herd density were excluded from cluster analysis 

with the rationale that the identified biosecurity groups should be reflective of variables 

that are modifiable at the herd level. 

Some variables concerning the frequency with which specific practices were 

implemented on-farm were modified prior to cluster analysis. These questions were all 

close-ended and, with the exception of 3 variables, the potential responses were (i) 

always, (ii) usually, (iii) occasionally, (iv) never, (v) unknown, or (vi) not applicable. The 

differences between these response categories are subjective, and they were condensed 

into 4 categories in order to simplify our conclusions. Responses of “always” or “usually” 

became (i) frequently, and responses of “occasionally” or “never” became (ii) rarely. 

Responses of “unknown” and “not applicable” were not altered. 
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Trucking variables regarding the delivery of pigs were addressed by asking 4 

separate questions, one for each applicable stage: weaned pigs, feeder pigs, gilts, and 

boars. Trucking variables regarding pigs being picked up from the farm were addressed 

by asking 6 separate questions, one for each applicable stage: weaned pigs, feeder pigs, 

gilts, boars, culls, and market animals. Questions pertaining to boars were excluded, with 

the rationale that movement of boars between sites is not representative of commercial 

swine production in Ontario. Questions pertaining to weaners, feeders, gilts, and, if 

applicable, market animals, were condensed into one new variable that represented each 

trucking practice. The poorest practice from all applicable stages was taken to be 

representative of this modified variable, with the rationale that each aspect of trucking is 

only as good as its weakest link. Questions pertaining to culls were not grouped with 

other stages; they remained separate as the movement of culled pigs is often 

accomplished by trucking companies that deal with culls exclusively. These trucking 

practices may differ from those for healthy, live animals. After these modifications, 22 

categorical variables were offered to both two-step cluster analysis and latent class 

analysis. 

Some variables were modified prior to development of the multinomial logistic 

regression model. Heat production units (HPUs), acting as a proxy for herd size, was 

calculated using the formula HPU = (0.17 × capacity of the finisher barn) + (0.17 × 

capacity of the nursery barn) + (0.45 × sow inventory). This formula was adapted from 

work by Zhuang et al. (2007). The number of incoming pig shipments per month was 

calculated as the sum of the number of times nursery pigs, feeder pigs, and gilts were 

delivered each month. 

Statistical and spatial analysis 

Two-step cluster analysis and latent class analysis 

In order to determine the best number of groups to describe our data, 22 external 

biosecurity variables were analyzed using two methods: two-step cluster analysis (SPSS 

18.0, SPSS Inc., Chicago, IL), and latent class analysis (SAS 9.2, SAS Institute Inc., 

Cary, NC). Latent class analysis (LCA) is an add-on procedure to the SAS statistical 

package and is available from The Methodology Center at Pennsylvania State University 
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(Collins and Lanza, 2010). These procedures were selected because they are readily 

available methods that use objective statistical criteria to determine the best number of 

groups to describe the data. The kappa statistic was used to determine how well the two 

methods agreed in their classification of herds. 

The two-step clustering algorithm is advantageous because it is able to handle 

large data sets consisting of numerous observations and variables, and was the primary 

method used for this analysis. In the first step of this two-step procedure, the algorithm 

reduces the dataset into small pre-clusters of observations, while maintaining summary 

statistics for each group. In the second step, the pre-clusters are clustered hierarchically 

into larger groups. Bayesian information criterion (BIC) is used to evaluate the best 

number of clusters to describe the data (Schwarz, 1978; SPSS Inc, 2001; Norušis, 2011). 

Descriptive statistics were used to convey information about the distribution of responses 

across the clusters. After examining the characteristics of each cluster, the groups were 

named. Following the two-step cluster analysis, LCA was performed in order to 

determine if the two methods agreed on the best number of groups to describe the data. 

Spatial analysis 

Mapping was accomplished with ArcMap (ArcGIS 9.3, Esri, Redlands, CA). 

Geographic information was represented using a projected coordinate system. All data 

were mapped using the Universal Transverse Mercator (UTM) coordinate system (Zone 

17N), based on the World Geodetic System 1984 datum. Using this projection system, a 

10 × 10 km grid was superimposed over a map of southern Ontario. Approximate farm 

locations were mapped using longitude and latitude information available in the dataset. 

For 21 farms, we were unable to obtain geographic information; these farms were omitted 

from the mapping portion of the analysis, reducing our sample size to 356 herds. 

Kernel smoothing methods are an effective way to represent spatial patterns that 

exist among point data (Pfeiffer et al., 2008). Parametric kernel smoothing with a 

bandwidth of 30 km was used to generate density maps for the entire study population 

and for each of the identified biosecurity groups. This particular bandwidth was selected 

in order to visualize the variability in geographic distribution of the biosecurity groups, 

without over-smoothing the data. For the purposes of mapping, groups identified using 
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both the two-step cluster analysis and LCA were utilized. Rasters were generated that 

represented the distribution of herds in each of the identified biosecurity groups, as a 

proportion of the entire study population. This provided, for each 10 × 10 km grid space, 

the probability of belonging to each of the biosecurity groups. These quantitative rasters 

were reclassified into quintiles and ranked qualitatively in terms of the probability of 

belonging to each of the identified groups. 

Herd density mapping 

Information about herd density and pig density in the study region was provided 

through the Ontario Pork Marketing Board’s database. This database contains geographic 

coordinates of swine sites in longitude and latitude, as well as information about sow, 

grower, and finisher capacity for each premises. The database version used for this study 

contained 2955 swine sites, 2643 of which had complete spatial information at the time 

the study was conducted. These locations were used to estimate the density of swine sites 

and grower-finisher pigs using parametric kernel smoothing, with a bandwidth of 20 km. 

This smaller radius was selected in order to better represent variability in areas with a 

high density of pigs and pig sites. Densities of all pig sites and of grower-finisher pigs 

were reclassified into quintiles and displayed on a map of southern Ontario, overlain with 

a 10 × 10 km grid. 

Risk-based geographical analysis 

In order to produce the risk-based map, information about the spatial distribution 

of the two high biosecurity groups identified in the current study was combined with 

rasters representing the density of swine sites and grower-finisher pigs in the study 

region, as well as the spatial distribution of the two high biosecurity groups identified in 

previous work by this research group (Bottoms et al., unpublished data). Groups 

identified using both the two-step cluster analysis and LCA were used. All quantitative 

rasters were reclassified into quintiles and ranked qualitatively in terms of risk of the 

spread of contagious swine diseases. Each raster was ranked from 1 through 5, with a 

value of 5 representing the highest risk. High animal density is a risk factor for disease 

spread, and grid spaces with the highest animal density were therefore assigned a value of 

5. Belonging to a biosecurity group with good practices decreases the risk of disease 
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incursion and spread; grid spaces with the highest proportion of farms belonging to a high 

biosecurity group were therefore assigned a value of 1. 

The overall risk map was developed using a weighted sum overlay function. 

Density and biosecurity were given equal weights. For the purposes of our study, the 

rasters representing density of all pig sites and of grower-finisher pigs were each given a 

weight of 0.25 to provide half the weighted risk. Rasters representing the probability of 

belonging to a high biosecurity group shared the remaining half of the weighted risk. The 

resulting quantitative risk map was then reclassified into 5 qualitative categories, 

indicating “very high”, “high”, “moderate”, “low” or “very low” risk for the spread of 

contagious pig diseases. 

Multinomial logistic regression 

Multinomial logistic regression was used to investigate the relationship between 

biosecurity group membership and selected demographic variables (Tables 3.2 and 3.3). 

Groups identified using two-step cluster analysis were used for this purpose. A causal 

diagram was developed in order examine putative relationships between the variables of 

interest and biosecurity group membership. Descriptive statistics of the predictor 

variables ensured that variability existed, and that there were few missing observations. 

Univariable analysis was conducted for each predictor variable, with biosecurity group as 

the outcome. A liberal P-value (P < 0.2) on the likelihood ratio test (LRT) was used to 

determine which variables would be further investigated for inclusion in the multivariable 

model. All predictors that were significant at this liberal P-value were assessed for 

collinearity using Spearman’s correlation coefficient; a value of 0.7 or greater indicated 

collinearity was occurring. Serious collinearity issues existed between the nursery flow 

and finisher flow variables; in order to address this issue, a new dichotomous variable 

was created that indicated whether or not a farm was all-in, all-out by barn. A farm was 

assigned a value of 1 if both nursery and finisher flow were all-in, all-out by barn, or if 

one stage was all-in, all-out by barn and the other stage was not applicable. Otherwise, 

the farm was assigned a value of 0. Biologically plausible interactions were tested for 

significance using the LRT. A manual backwards selection procedure was then used to 

determine which variables would remain in the final model, using a more conservative P-
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value (P<0.05). Nested models were compared using the LRT, and non-nested models 

were compared using BIC. Potential confounders were retained and examined; a 25% 

change in the coefficient of interest provided sufficient evidence that confounding was 

present. Once the final model was determined, model fit was assessed using a series of 

binary logits, where the outcome was membership to one specific biosecurity group 

versus membership to any of the other groups (Long and Freese, 2006). Standardized 

residuals, leverage, and delta beta values were examined in order to identify potential 

outliers or influential observations; cut-off values were used along with visual 

interpretation of the plots. Any questionable observations were removed, one at a time, 

from the full multinomial model, and the impact on the magnitude and direction of the 

coefficients, as well as the significance of each predictor, were assessed. Once the 

multivariable multinomial logistic regression model was finalized, predicted probability 

graphs were generated in order to examine how the probability of group membership 

changed as each continuous predictor varied from its minimum to its maximum value. 

Categorical predictors were assessed by listing the coefficients for all pairs of outcome 

categories. 

RESULTS 

Biosecurity groups 

The sample of southern Ontario swine herds was best described by 4 external 

biosecurity groups, and this number of groups was identified using both clustering 

methods. The kappa statistic was used to analyze agreement between the two methods. 

Agreement was excellent; kappa = 0.96 (95% CI: 0.9, 1.0; P < 0.001). After examining 

the characteristics of the herds in each identified group, the clusters were named (i) high 

biosecurity herds that were open with respect to replacement animals (“high”) (n = 151 

herds, 40.1%), (ii) high biosecurity herds that were closed with respect to replacement 

animals (“closed”) (n =  65 herds, 17.2%), (iii) moderate biosecurity herds (“moderate”) 

(n = 96 herds, 25.5%), and (iv) low biosecurity herds (“low”) (n = 65 herds, 17.2%). 

The two-step cluster analysis output provides information about the importance of 

each variable in differentiating between the groups. The 3 most important variables 

pertained to trucking practices: whether trucks that picked up culls were cleaned and 
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disinfected prior to arriving at the farm, whether trucks that picked up other pigs (weaned 

pigs, feeder pigs, gilts, and market animals) were cleaned and disinfected prior to arriving 

at the farm, and whether trucks that delivered pigs visited another farm immediately prior 

to arriving at the farm of interest. 

Table 3.1 provides descriptive information about the external biosecurity 

variables used in the two-step cluster analysis and LCA, and shows how our sample of 

southern Ontario swine producers responded to each of the questions, as well as the 

breakdown of responses by biosecurity group. 

It is evident that producers in the high biosecurity group performed better than the 

other groups in terms of cleaning and disinfection of trucks that transported culls or other 

pigs prior to arrival at the farm. Producers in the moderate biosecurity group were 

comparable with those in the high biosecurity in some areas (a high proportion of trucks 

that delivered pigs were dedicated to the farm), and lacking in others (a high proportion 

frequently allowed the truck driver to enter the barn and assist with unloading pigs). The 

majority of producers in the moderate biosecurity group responded “not applicable” to all 

variables regarding picking up culls, indicating that these herds were disposing of 

carcasses on-site by incineration, composting, or burial. The majority of producers in the 

closed group responded “not applicable” to all variables regarding pig delivery, as most 

of these herds were closed with respect to replacement animals. 

Entrance sanitation practices for employees were addressed by two variables: the 

use of boots and coveralls, and whether employees were required to wash hands and/or 

shower in to the facility. Herds belonging to the high biosecurity cluster performed well 

in this area; 100% frequently required employees to wear boots and coveralls, and 70% 

required employees to wash hands and/or shower in to the facility. In the closed cluster, 

only 66% of producers reported having employees. Of these, 95% frequently required 

employees to wear boots and coveralls, and only 42% required employees to wash hands 

and/or shower in. In the moderate biosecurity cluster, 80% of producers reported having 

employees and of these, all but one frequently required employees to wear boots and 

coveralls, and only 56% frequently required employees to wash hands and/or shower in. 

In the low biosecurity cluster, about 80% of producers answered “not applicable” to all 
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questions regarding employees. Of the producers that did have employees, 75% 

frequently required the use of boots and coveralls, and only 8% frequently required 

employees to wash hands and/or shower in. 

Spatial analysis  

The final risk map is presented in Figure 3.1. This map comprises information 

from 10 individual rasters: the spatial distribution of the two high biosecurity groups 

identified in this analysis, according to both clustering methodologies; the spatial 

distribution of the two high biosecurity groups identified in previous work by this 

research group, according to both clustering methodologies (Bottoms et al., unpublished 

data); and the rasters representing swine density and the density of grower-finisher pigs 

in the study region. 

Multinomial logistic regression 

Univariable analysis indicated several demographic variables that were significant 

at a liberal P-value. These variables were further investigated for inclusion in the final 

multinomial model and included: (i) HPU, (ii) herd type, (iii) total number of incoming 

pig shipments per month, and (iv) whether pig flow was all-in, all-out by barn. 

Biologically plausible interactions were tested. Inclusion of the significant interaction 

terms in the full model resulted in either non-convergence or a higher BIC value than 

when only the main effects were included. The inclusion of one of the interaction terms 

did result in a lower BIC value, but did not contribute substantially to model 

interpretation. Herd type was a confounder in the relationship between HPU and 

biosecurity group membership, as well as between the number of incoming pig shipments 

per month and biosecurity group membership. 

The final multivariable multinomial model includes herd type, HPU, and number 

of incoming pig shipments per month (Table 3.4). Predicted probability graphs for 

farrow-to-finish, farrow-to-wean, nursery, and finisher herds are presented in Figures 3.2 

and 3.3. For both continuous predictors, sow herds showed one general pattern, while 

non-sow herds showed another. 



87 

 

Figure 3.2 demonstrates the predicted probability of group membership as HPU 

varies from its minimum to its maximum value. For sow herds, the general pattern was 

that the probability of belonging to the high biosecurity group increased as HPU 

increased. The probability of belonging to the closed and moderate biosecurity clusters 

remained relatively low regardless of HPU. For non-sow herds, farms were most likely to 

belong to the moderate biosecurity cluster at low values of HPU, and most likely to 

belong to the high biosecurity cluster at high values of HPU. The probability of 

belonging to the closed and low biosecurity groups remained relatively low, regardless of 

HPU. 

When considering the relationship between group membership and the number of 

incoming pig shipments per month, the model was run without the closed group prior to 

making predictions, since these herds generally did not receive replacement animals from 

other sources (Figure 3.3). Farrow-to-finish herds were most likely to belong to the low 

biosecurity group at low numbers of pig shipments per month, and most likely to belong 

to the high biosecurity group as the number of pig shipments per month increases. 

Farrow-to-wean herds were always most likely to belong to the high biosecurity group. 

The probability of belonging to the moderate group was generally low for sow herds. For 

non-sow herds, farms were most likely to belong to the moderate biosecurity, regardless 

of the number of pig shipments per month. The probability of belonging to the low 

biosecurity group was generally low for non-sow herds. 

The effect of the categorical variable was assessed by examining the coefficients 

for all pairs of outcomes (Table 3.5). The odds of belonging to the high biosecurity group 

relative to the low biosecurity group were 6.1 times greater for farrow-to-grow herds than 

for farrow-to-finish herds, holding the continuous variables constant (95% CI = 1.9, 19.5; 

P=0.002). The odds of belonging to the moderate biosecurity group relative to the high 

biosecurity group were 14 times greater for finisher herds than for farrow-to-finish herds 

(95% CI = 3.0, 65.7; P=0.001). See Table 3.5 for all comparisons between biosecurity 

groups. 
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DISCUSSION 

External biosecurity practices showed much variation in our sample of 377 

southern Ontario swine herds in 2007. Useful information can be obtained from these 

data; however, it is important to consider that improvements have likely been 

accomplished as a result of increased focus on the importance of biosecurity in recent 

years, and the training and documentation that are now available to producers and 

veterinarians. The Canadian Swine Health Board’s National Farm-Level Biosecurity 

Standard provides information about best management practices in the swine industry, as 

well as training programs for veterinarians and producers (CSHB, 2010). 

Herds in the high biosecurity group were characterized by good trucking practices 

and strict entrance sanitation procedures for employees and visitors. Some producers in 

this group did not report frequent washing and disinfection of trucks prior to arrival at the 

farm; however, when compared with the other groups, a much larger proportion of the 

producers in this group did employ these high trucking standards. One area of concern we 

identified was that only 65% of producers reported that trucks picking up pigs were 

frequently cleaned and disinfected prior to arrival; this is an external biosecurity concern 

and should be addressed. This group did, however, compare favourably to the other 

groups in this area. Herds belonging to the closed cluster were characterized as such 

because the large majority answered “not applicable” to questions regarding pigs being 

delivered to the farm, indicating that they were closed with respect to replacement 

animals. Direct contact between an infected, pathogen-shedding pig and one that is 

susceptible to infection is the most important route of transmission for most infectious 

diseases of swine (Amass and Clark, 1999; Dee, 2003; FAO, 2010). By avoiding the 

addition of replacement animals from outside sources, these farms were mitigating the 

risk posed by the introduction of new animals. Herds in this group did well in some areas 

of trucking, but required improvement in other areas. Nearly 60% of producers who 

reported having employees rarely required that they wash hands and/or shower in to the 

facility. The moderate biosecurity cluster was defined as such because of the variation in 

external biosecurity practices; these herds did very well in some areas and poorly in 

others.  For some aspects of trucking, such as use of dedicated trucks for pig deliveries, 

these herds were comparable to those in the high biosecurity group. In other aspects, such 
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as allowing the truck driver to enter the barn and assist with unloading pigs, this group 

performed poorly in comparison with the low biosecurity group. Finally, herds belonging 

to the low biosecurity cluster were characterized by poor trucking and entrance sanitation 

procedures. Most of the herds belonging to this group reported infrequent cleaning and 

disinfection of trucks picking up animals including culls, weaned pigs, feeder pigs, gilts 

and market animals. The majority of these herds did not have employees; of those farms 

that did, nearly 85% rarely required them to wash their hands and/or shower prior to 

entering the facility. 

The concept of incorporating spatial information into risk-based surveillance 

activities has gained interest in several recent publications. One Danish study (Benschop 

et al., 2008) aimed to develop a targeted approach for surveillance of Salmonella by 

incorporating risk factors associated with the presence of the disease with spatial 

information. These researchers developed a logistic regression model and found that 

unexplained risk remained, even after controlling for the herd-level variables included in 

the model (Benschop et al., 2008). This suggests that information about herd-level 

factors, such as external biosecurity practices, may not by themselves be sufficient in the 

development of risk-based approaches to surveillance. In the Danish article, the authors 

theorized that this excess risk may be related to unmeasured influences occurring at the 

regional level (Benschop et al., 2008). Another recent study developed a map of Great 

Britain to be used in the risk-based surveillance for incursion of H5N1 avian influenza 

into the domestic poultry population (Snow et al., 2007). The authors used information 

about holding-level management factors and abundance of wild bird species to 

recommend geographic locations that should be targeted for surveillance of the virus 

(Snow et al., 2007). This approach incorporated spatial and risk-factor information in 

order to make recommendations for targeted surveillance efforts, although the authors 

expressed concern over a lack of other information pertaining to biosecurity and 

geographic factors. 

Our approach incorporated aspects of previous studies that have developed 

recommendations for the risk-based surveillance of contagious diseases. In the current 

study, herd-level factors related to biosecurity practices were combined with geographic 
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information regarding the location of study herds and the density of animals in the study 

region to develop a risk map for incursion and spread of contagious diseases of swine. It 

is interesting to note that the risk map closely approximates the density map, with areas 

of highest density corresponding to areas of highest risk. This supports previous findings 

that herd and animal density serve as a predictor for the risk of disease transmission 

(Rose and Madec, 2002; Mintiens et al., 2003; Boender et al., 2008; Ortiz-Pelaez and 

Pfeiffer, 2008), and indicates that strict external biosecurity practices are especially 

important in high pig density areas. However, it is important to bear in mind that our risk 

map might have looked substantially different if biosecurity and density were weighted 

differently. We elected to assign equal weights to both sources of information, however 

further research into risk-based geographical approaches may provide insight into the 

relative importance of these respective issues. 

The final multivariable multinomial logistic regression model indicated that HPU, 

number of incoming pig shipments per month, and herd type are all significant predictors 

of biosecurity group membership. 

The HPU variable acted as a proxy for herd size, and its effects on the probability 

of group membership were examined through predicted probability graphs. There are 

conflicting reports of whether herd size itself is a risk factor for the presence of different 

pathogens (Dahl, 1997; Baptista et al., 2010). Nonetheless, it plays an important role in 

predicting biosecurity level, as demonstrated by our model. For both sow herds and non-

sow herds, the probability of belonging to the high biosecurity group increased as HPU 

increased. This is likely reflective of the perceived risk associated with pathogen 

introduction into large herds. The consequences would be more severe in terms of the 

welfare and financial impact, so larger farms benefit from having stricter trucking and 

entrance sanitation procedures. When considering the variables that comprise these 

biosecurity groups, there are other possible explanations for this trend. Large farms may 

have the financial means to implement certain biosecurity protocols that are simply not 

feasible for smaller farms, such as the use of off-site isolation and acclimation facilities. 

For smaller farms, acquiring such facilities may not be economically justifiable, or even 

feasible. In terms of some trucking protocols, large herds would be able to fill an entire 
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truck, thus eliminating the need for transportation vehicles to visit other farms to make a 

full load. It was also evident that a large proportion of herds belonging to the low 

biosecurity group did not have employees. If the owner is the only person entering the 

barn, entrance sanitation protocols may be more relaxed than in larger farms, where 

multiple people have regular access. The findings from the current work are compatible 

with previous work by this research group, where the probability of belonging to the high 

biosecurity group increased as the number of sows on the premises increased (Bottoms et 

al., unpublished data). 

The finding that sow herds were more likely to belong to the high biosecurity 

group as the number of pig shipments per month increased is encouraging, and shows 

that these producers were aware of the biosecurity risks associated with increased contact 

rates. When the number of incoming pig shipments per month is high, trucking protocols 

in particular become more important. For non-sow herds, farms were most likely to 

belong to the moderate biosecurity group, regardless of the number of pig shipments per 

month. We hypothesize that this finding could be due to a combination of two factors. 

Firstly, a considerable proportion of nursery and finisher sites have the capacity to 

operate on an all-in, all-out by site basis, which makes routine depopulation more feasible 

and practical than in sow units. This opportunity for routine depopulation means that a 

newly-introduced pathogen is less likely to persist in the environment. Secondly, it may 

be that the consequences of outbreaks in non-sow herds have lower perceived cost than in 

the sow units. These perceptions, however, need to be studied in more detail. Similar 

conclusions can be drawn from the relative risk ratios, which compare different herd 

types to farrow-to-finish herds. Farrow-to-wean and farrow-to-grow herds were more 

likely to belong to the high biosecurity group than to the low biosecurity group, and 

nursery and finisher herds were more likely to belong to the moderate group than to the 

low biosecurity group. This could be a reflection of the age of the swine facilities and the 

monetary investments required to improve biosecurity level. Generally, farrow-to-finish 

operations are older facilities that are family owned. In contrast, the more modern 

approach to swine production involves multi-site systems. Newer, multi-site operations 

can be built with specific biosecurity measures in mind, whereas older facilities are 
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limited to the existing structures and require considerable monetary investments to meet 

today’s standards. 

This study had several limitations. Firstly, the selection process was based on the 

use of the AHL at the University of Guelph, and on OASV members. As a result, only 

farms with veterinarians who submitted samples to the AHL or who were members of the 

OASV were eligible for inclusion. Secondly, as with any questionnaire data, there is the 

possibility for misclassification bias that results in the herds being allotted to incorrect 

response categories (Dohoo et al., 2009). This bias could have occurred during: data 

collection, further modifications of variables, or the analysis stage. Regarding the 

development of the overall risk map, any selection or information bias would be reduced 

due to the inclusion of two data sets. Finally, some aspects of external biosecurity were 

not addressed by this survey, and only a subset of the available variables was selected for 

further analysis. This was necessary in order to limit the number of variables to a 

manageable level. 

The practical application of the risk map is the identification of geographic areas 

that are at risk for the incursion and spread of contagious diseases of swine. Our 

recommendation is that surveillance projects would best be focused in geographic areas 

that have been identified as high risk. The combination of high animal density and/or a 

low proportion of herds belonging to a group identified as having good biosecurity 

practices makes these areas ideal for targeted approaches to surveillance. Alternatively, 

the planning of disease control projects should take into consideration the geographic 

areas identified as being low risk; these areas have a low density of animals and/or a high 

proportion of herds belonging to a group identified as having good biosecurity practices. 

These findings may improve the success of surveillance and elimination projects. 
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Table 3.1. External biosecurity variables used in two-step cluster analysis and latent class 

analysis. Variables are presented in decreasing order of importance, as identified by two-step 

cluster analysis. N=377. 

Variable Responses All 

Herds 

High 

Biosecurity 

-Open 

High 

Biosecurity   

-Closed 

Moderate 

Biosecurity 

Low 

Biosecurity 

Are trucks that 

pick up culls 

cleaned and 

disinfected 

before they 

arrive at your 

barn? 

Frequently 39.3% 70.9% 35.4% 0 27.7% 

Rarely 28.6% 25.8% 53.8% 0 52.3% 

Unknown 6.6% 3.3% 10.8% 0 20% 

Not applicable 25.5% 0 0 100% 0 

       

Are trucks that 

deliver pigs
a
 to 

your farm 

cleaned and 

disinfected 

before arriving 

at your farm? 

Frequently 55.2% 76.2% 0 66.7% 44.6% 

Rarely 17.5% 19.2% 0 27.1% 16.9% 

Unknown 10.3% 4.6% 3.1% 5.2% 38.5% 

Not applicable 17% 0 96.9% 1% 0 

       

Do trucks that 

deliver pigs
a
 

visit another 

farm 

immediately 

before yours? 

Frequently 7.2% 6% 0 7.3% 16.9% 

Rarely 69.8% 90.7% 0 90.6% 60% 

Unknown 6.1% 3.3% 3.1% 1% 23.1% 

Not applicable 17% 0 96.9% 1% 0 

       

Does the truck 

driver enter the 

barn to assist 

with the 

unloading of 

pigs
a
? 

Frequently 24.9% 28.5% 0 42.7% 15.4% 

Rarely 57.6% 71.5% 0 56.3% 84.6% 

Unknown 1.1% 0 6.2% 0 0 

Not applicable 16.4% 0 93.8% 1% 0 

       

Do trucks that 

pick up culls 

ever visit farms 

other than the 

destination farm 

and yours? 

Yes 49.3% 62.3% 64.6% 0 76.9% 

No 24.7% 36.4% 35.4% 0 23.1% 

Unknown 0.5% 1.3% 0 0 0 

Not applicable 25.5% 0 0 100% 0 

       

Do trucks that 

deliver pigs
a
 

ever visit farms 

other than the 

source farm and 

yours? 

Yes 50.9% 56.3% 0 59.4% 76.9% 

No 28.6% 42.4% 0 37.5% 12.3% 

Unknown 2.4% 1.3% 0 2.1% 7.7% 

Not applicable 18% 0 100% 1% 3.1% 
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Do trucks that 

pick up culls 

arrive empty? 

Frequently 63.1% 88.7% 81.5% 0 78.5% 

Rarely 11.1.% 10.6% 18.5% 0 21.5% 

Unknown 0.3% 0 0 1% 0 

Not applicable 25.5% 0.7% 0 99% 0 

       

When picking 

up culls, does 

the truck driver 

enter the barn to 

assist with the 

loading of pigs? 

Frequently 18.8% 19.9% 36.9% 0 26.2% 

Rarely 54.9% 78.1% 63.1% 0 73.8% 

Unknown 1.1% 1.3% 0 2.1% 0 

Not applicable 25.2% 0.7% 0 97.9% 0 

       

Are trucks that 

pick up culls 

driven to the 

barn door? 

Frequently 64.5% 85.4% 86.2% 0 89.2% 

Rarely 9.3% 13.2% 13.8% 0 9.2% 

Unknown 1.3% 1.3% 0 2.1% 1.5% 

Not applicable 24.9% 0 0 97.9% 0 

       

Are employees 

required to 

wear boots and 

coveralls? 

Frequently 73.5% 100% 63.1% 79.2% 13.8% 

Rarely 1.6% 0 3.1% 1% 4.6% 

Unknown 0% 0 0 0 0 

Not applicable 24.9% 0 33.8% 19.8% 81.5% 

       

Are employees 

required to 

wash hands 

and/or shower 

before entering 

the barn? 

Frequently 44.6% 70.2% 27.7% 44.8% 1.5% 

Rarely 30.2% 29.8% 38.5% 34.4% 16.9% 

Unknown 0.5% 0 0 1% 1.5% 

Not applicable 24.7% 0 33.8% 19.8% 80% 

       

On the day of 

the visit, have 

your employees 

been to another 

farm before 

yours? 

Frequently 6.4% 5.3% 3.1% 14.6% 0 

Rarely 67.6% 93.4% 61.5% 65.6% 16.9% 

Unknown 0.5% 0 1.5% 0 1.5% 

Not applicable 25.5% 1.3% 33.8% 19.8% 81.5% 

       

Are visitors 

required to 

wear boots and 

coveralls? 

Frequently 69.2% 81.5% 60% 84.4% 27.7% 

Rarely 6.6% 0 12.3% 4.2% 20% 

Unknown 0.3% 0 1.5% 0 0 

Not applicable 23.9% 18.5% 26.2% 11.5% 52.3% 

       

Are visitors 

required to 

wash hands 

and/or shower 

before entering 

the barn? 

Frequently 46.9% 63.6% 33.8% 51% 15.4% 

Rarely 27.9% 17.2% 40% 34.4% 30.8% 

Unknown 1.6% 0.7% 0 3.1% 3.1% 

Not applicable 23.6% 18.5% 26.2% 11.5% 50.8% 

       

On the day of 

the visit, have 

visitors been to 

another farm 

before yours? 

Frequently 3.2% 2.6% 0 3.1% 7.7% 

Rarely 69.8% 78.8% 72.3% 80.2% 30.8% 

Unknown 3.2% 0 1.5% 5.2% 9.2% 

Not applicable 23.9% 18.5% 26.2% 11.5% 52.3% 
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Are trucks that 

pick up pigs
b
 

cleaned and 

disinfected 

before they 

arrive at your 

barn? 

Frequently 52.5% 64.9% 36.9% 62.5% 24.6% 

Rarely 40.6% 32.5% 53.8% 33.3% 56.9% 

Unknown 6.9% 2.6% 9.2% 4.2% 18.5% 

Not applicable 0% 0 0 0 0 

       

Do trucks that 

deliver bins of 

feed visit other 

farms before 

yours? 

Frequently 62.3% 56.3% 70.8% 56.3% 76.9% 

Rarely 26.5% 35.8% 21.5% 24% 13.8% 

Unknown 6.1% 6% 3.1% 10.4% 3.1% 

Not applicable 5% 2% 4.6% 9.4% 6.2% 

       

Does the truck 

driver enter the 

barn to assist 

with the 

unloading of 

feed? 

Frequently 2.9% 0.7% 1.5% 6.3% 4.6% 

Rarely 91.8% 97.4% 93.8% 82.3% 90.8% 

Unknown 0.5% 0 0 2.1% 0 

Not applicable 4.8% 2% 4.6% 9.4% 4.6% 

       

Do trucks that 

pick up pigs
b
 

ever visit farms 

other than the 

destination farm 

and yours? 

Yes 69.2% 59.6% 67.7% 77.1% 81.5% 

No 30.2% 39.7% 30.8% 22.9% 18.5% 

Unknown 0.3% 0.7% 0 0 0 

Not applicable 0.3% 0 1.5% 0 0 

       

Are trucks that 

pick up pigs
b
 

driven to the 

barn door? 

Frequently 92.6% 90.7% 89.2% 99% 90.8% 

Rarely 7.2% 9.3% 10.8% 1% 7.7% 

Unknown 0.3% 0 0 0 1.5% 

Not applicable 0% 0 0 0 0 

       

Do trucks that 

pick up pigs
b
 

arrive empty? 

Frequently 88.1% 92.7% 84.6% 86.5% 83.1% 

Rarely 11.7% 7.3% 15.4% 12.5% 16.9% 

Unknown 0.3% 0 0 1% 0 

Not applicable 0% 0 0 0 0 

       

When picking 

up pigs
b
, does 

the truck driver 

enter the barn to 

assist with the 

loading of pigs? 

Frequently 31.3% 28.5% 36.9% 31.3% 32.3% 

Rarely 68.4% 70.9% 63.1% 68.8% 67.7% 

Unknown 0.3% 0.7% 0 0 0 

Not applicable 0% 0 0 0 0 

a. refers to weaned pigs, feeder pigs and gilts 

b. refers to weaned pigs, feeder pigs, gilts and market pigs 
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Table 3.2. Continuous demographic variables that were investigated for an association with the 

biosecurity group membership of southern Ontario swine herds in 2007.  

Variable Mean Range Standard 

Deviation 

25
th

 

percentile 

50
th

 

percentile 

75
th

 

percentile 

N 

Current sow 

inventory 

565.7 35, 3000 633.5 160 300 730 221 

        

Capacity of the 

nursery barn 

1397.5 50, 9600 1375.2 400 900 2000 218 

        

Capacity of the 

finisher barn 

1374.8 20, 7000 1051.1 600 1200 2000 213 

        

Heat Production 

Units
 

444.8 20.4, 2346 325.3 226.3 357 601 377 

        

Number of 

incoming pig 

shipments per 

month
 

1.9 0.08, 16 2.1 0.5 1.1 2.3 313 
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Table 3.3. Categorical demographic variables that were investigated for an association with the 

biosecurity group membership of southern Ontario swine herds in 2007. 

Variable Responses Percent of herds 

Herd type Farrow to finish 33.4% 

Farrow to grow 10.1% 

Farrow to wean 17.2% 

Finisher 21% 

Nursery 13.8% 

Nursery and finisher 4.5% 

   

Nursery flow All-in-all-out by barn 3.7% 

All-in-all-out by room 41.9% 

Continuous flow 15.4% 

Not applicable 39% 

   

Finisher flow All-in-all-out by barn 11.4% 

All-in-all-out by room 19.6% 

Continuous flow 27.9% 

Not applicable 41.1% 

   

All-in-all-out by barn Yes 14.1% 

No 85.9% 
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Table 3.4. Final multivariable multinomial logistic regression model for biosecurity group 

membership in southern Ontario swine herds in 2007. 

Biosecurity 

group 

Risk Factor Relative 

Risk Ratio 

Confidence 

Interval 

P-value 

Low 

Biosecurity 

(base outcome) 

     

High 

Biosecurity, 

open herds 

Farrow-to-grow
a
 6.10 1.909, 19.505 0.002 

Farrow-to-wean
a
 15.76 5.531, 44.892 <0.0001 

Finisher
a
 6.94 2.607, 18.5 <0.0001 

Nursery
a
 4.37 0.954, 19.984 0.058 

Nursery and finisher
a
 4.89 0.459, 52.018 0.188 

Heat Production Units
 

1.003 1.002, 1.005 <0.0001 

Number of pig deliveries per month
 

1.04 0.797, 1.356 0.777 

     

High 

Biosecurity, 

closed herds 

Farrow-to-grow
a
 3.36 0.147, 76.822 0.447 

Farrow-to-wean
a
 1.53 x 10

-6 
0, ∞ 0.991 

Finisher
a
 2.33 x 10

-7 
0, ∞ 0.990 

Nursery
a
 0.002 0, ∞ 0.994 

Nursery and finisher
a
 3.7 x 10

9 
0, ∞ 0.985 

Heat Production Units
 

0.997 0.990, 1.003 0.323 

Number of pig deliveries per month
 

7.59 x 10
-9 

8.79 x 10
-15

, 0.007 0.007 

     

Moderate 

Biosecurity 

Farrow-to-grow
a
 3.33 0.250, 44.411 0.362 

Farrow-to-wean
a
 3.27 0.252, 42.452 0.365 

Finisher
a
 97.49 18.96, 501.296 <0.0001 

Nursery
a
 173.49 24.874, 1210.017 <0.0001 

Nursery and finisher
a
 127.0 9.368, 1721.7 <0.0001 

Heat Production Units
 

1.002 1.0005, 1.004 0.015 

Number of pig deliveries per month
 

1.1008 0.828, 1.464 0.509 

Log likelihood = -211.3; LR(χ
2
) 307.92; df = 21, P<0.0001 

a. Reference is farrow-to-finish herds  
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Table 3.5. Relative risk ratios representing the odds of belonging to one biosecurity group, 

relative to an alternative biosecurity group for a given herd type. These odds compare the given 

herd type to farrow-to-finish herds. 

Herd type Comparison  Relative Risk 

Ratio 

Confidence Interval P-value 

Farrow-to-finish (base category) 

     

Farrow-to-grow High to Closed 1.81 0.081, 40.487 0.707 

High to Moderate 1.83 0.155, 21.692 0.631 

High to Low 6.10 1.909, 19.505 0.002 

Closed to Moderate 1.01 0.021, 48.393 0.996 

Closed to Low 3.36 0.147, 76.822  0.447 

Moderate to Low 3.33 0.250, 44.411 0.362 

     

Farrow-to-wean High to Closed 1.03 x 10
7
 0, ∞ 0.989 

High to Moderate 4.82 0.415, 55.858 0.209 

High to Low 15.76 5.531, 44.892 <0.0001 

Closed to Moderate 4.67 x 10
-7

 0, ∞ 0.990 

Closed to Low 1.53 x 10
-6

 0, ∞ 0.991 

Moderate to Low 3.27 0.252, 42.452 0.365 

     

Finisher High to Closed 2.98 x 10
7
 0, ∞ 0.989 

High to Moderate 0.07 0.015, 0.334 0.001 

High to Low 6.94 2.607, 18.5 <0.0001 

Closed to Moderate 2.39 x 10
-9

 0, ∞ 0.988 

Closed to Low 2.33 x 10
-7

 0, ∞ 0.990 

Moderate to Low 97.49 18.96, 501.296 <0.0001 

     

Nursery High to Closed 2411.46 0, ∞ 0.992 

High to Moderate 0.03 0.005, 0.135 <0.0001 

High to Low 4.37 0.954, 19.984 0.058 

Closed to Moderate 1.0 x 10
-5

 0, ∞ 0.989 

Closed to Low 0.002 0, ∞ 0.994 

Moderate to Low 173.49 24.874, 1210.017 <0.0001 

     

Nursery and 

finisher 

High to Closed 1.32 x 10
-9

 0, ∞ 0.986 

High to Moderate 0.04 0.006, 0.252 0.001 

High to Low 4.89 0.459, 52.018 0.188 

Closed to Moderate 2.91 x 10
7
 0, ∞ 0.989 

Closed to Low 3.70 x 10
9
 0, ∞ 0.985 

Moderate to Low 127.00 9.368, 1721.7 <0.0001 
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Figure 3.1. Kernel smoothed qualitative risk map representing areas of risk for the spread of 

contagious diseases of swine, presented on a 10x10 km grid. The map incorporates information 

about the density of swine and swine sites in the study region with information about the 

proportion of herds belonging to one of the high biosecurity groups. Risk has been re-defined into 

quintiles. 
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Figure 3.2. Predicted probability of biosecurity group membership for four herd types, with 

increasing HPU. Predictions are based on the final multivariable multinomial logistic regression 

model. 
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Figure 3.3. Predicted probability of biosecurity group membership for four herd types, as the 

number of incoming pig shipments per month increases. Predictions are based on the final 

multivariable multinomial logistic regression model. 
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CHAPTER FOUR 

INVESTIGATION OF STRATEGIES FOR THE INTRODUCTION AND 

TRANSPORTATION OF REPLACEMENT GILTS  

ON SOUTHERN ONTARIO SOW HERDS 

ABSTRACT 

 Porcine reproductive and respiratory syndrome (PRRS) is of major concern to the 

swine industry; infection with the virus can lead to production losses, morbidity, and 

mortality within swine operations. Strategies for the management of replacement animals 

are important for the prevention and control of the PRRS virus, as well as other diseases. 

The objective of this study was to describe strategies for the introduction and 

transportation of gilt replacements on southern Ontario sow farms. Data were collected 

using the Production Animal Disease Risk Assessment Program’s survey for the breeding 

herd. Two subsets of variables were selected and presented separately for multiple 

correspondence analysis (MCA). One subset pertained to how replacements were 

managed upon arrival to the farm, and the other pertained to the transportation of genetic 

animals. In both solutions, the 1
st
 dimension separated herds that were closed with respect 

to replacement animals from herds that were open, and the 2
nd

 dimension described how 

open herds managed replacements. The most interesting finding of this study was that, in 

some cases, one variable category that is generally considered to be a high- risk practice 

was closely associated with other biosecurity practices that may mitigate the risk. The 

findings from this approach suggest that one cannot always examine biosecurity on a 

variable-by-variable basis; the overall strategy must be considered instead. 
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INTRODUCTION 

Porcine reproductive and respiratory syndrome (PRRS) virus is of major concern 

to the swine industry worldwide. Clinical signs associated with infection include 

inappetance, lethargy, depression, pyrexia, respiratory distress, premature farrowing, and 

increases in stillborn or poor-doing piglets and in pre-weaning mortality (Christianson 

and Joo, 1994). Direct contact between an infected, pathogen-shedding pig and one that is 

susceptible to infection is the most important route of transmission for most infectious 

diseases of swine, including the PRRS virus (PRRSV) (Amass and Clark, 1999; Dee, 

2003; FAO, 2010). Given the importance of this virus to the swine industry and its 

potential impact on the welfare and productivity of pigs, safe gilt replacement strategies 

are essential for the prevention and control of PRRS (Lambert et al., 2011). Such 

strategies pertain to the source from which replacements are obtained, how replacement 

gilts are managed upon arrival to the farm, and the protocols used for their transportation. 

Especially important are the isolation and acclimation of replacements; the use of such 

facilities is an essential aspect of biosecurity (OSHAB, 2007). One recent study by 

Lambert et al. (2011) examined gilt replacement strategies in Quebec and provided 

descriptive information about practices related to the purchase and introduction of gilts. 

The authors found that some practices were not adequately applied, and identified 

specific factors that may increase the risk of PRRSV introduction or re-circulation in sow 

herds (Lambert et al., 2011). 

Previous work by our research group found that external biosecurity on sow farms 

in southern Ontario was best described by three groups. The most important variables in 

differentiating between these groups related to the source of replacement animals and 

transportation practices (Bottoms et al., unpublished data). Thus, the objectives of the 

current study were to describe the introduction and transportation of replacement gilts, 

and to examine how these individual practices form overall strategies. 

METHODS 

Questionnaire 

Information about breeding animal replacement strategies on sow farms in 

southern Ontario was obtained from the Production Animal Disease Risk Assessment 



109 

 

Program’s (PADRAP) survey for the breeding herd. This survey was originally 

developed to assess the risk of PRRSV introduction and spread within a herd and is 

widely used by swine practitioners in North America. Version 2 of the breeding herd 

survey was used for the study. This version of the survey contains 179 questions and is 

divided into three sections that address demographic information, internal risks, and 

external risks. 

Herd inclusion and interviews 

The target population for this study was southern Ontario sow herds. The 

sampling strategy for data collection has been reported previously (Bottoms et al., 

unpublished data). In brief, herds were eligible for inclusion in the study if they were 

located in southern Ontario and if sows were present on the premises. Information about 

the study was communicated at the Ontario Association of Swine Veterinarians (OASV) 

meetings and through the listserv. Swine veterinarians provided contact information for 

herds that were eligible to participate. A total of 161 swine sites were included in the 

study, and the study period ran from April through August of 2007. Interviews were 

conducted by three veterinary students who had previous experience in the swine 

industry, and the interviewers were trained to administer the questionnaire by members of 

the team that developed it. When required, additional information regarding disease 

status was obtained from the herd veterinarian. 

Multiple Correspondence Analysis 

Multiple correspondence analysis (MCA) (SPSS 19.0, SPSS Inc., Chicago, IL) is 

a multivariate technique that is used to visualize relationships within a set of categorical 

variables (Greenacre and Blasius, 2006). This method is often used to analyze survey 

data, where each variable corresponds to a question, and the categories correspond to the 

possible answers (Husson et al., 2011). Data are analyzed by using indicator and Burt 

matrices. The indicator matrix is a respondents-by-categories table, where the number of 

rows equals the number of observations, and the number of columns equals the total 

number of response categories (Greenacre and Blasius, 2006). The Burt matrix contains 

all two-way cross-tabulations of the categorical variables and is used in the calculation of 

total inertia, which indicates the variance explained by the data (Greenacre and Blasius, 
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2006). Using a normalized indicator matrix, each singular value, σ, represents the 

correlation between two variables. Inertia corresponds to the squared singular value, σ
2
, 

and the total inertia in the MCA solution is measured by the average inertia of all off-

diagonal blocks of the Burt matrix (Greenacre and Blasius, 2006). Since the inertia for a 

particular category is related to its squared distance from the centre of gravity, or average 

vector of all categories, the inertia of a category increases when that category is rare 

(Husson et al., 2011). In the MCA output, relationships between different categories of 

the selected variables are typically represented as points in a two-dimensional space. This 

method aids in determining the associations between categories (Greenacre and Blasius, 

2006). Variable categories that tend to occur together are plotted close to each other, and 

variable categories that rarely occur together are plotted further apart (Ribbens et al., 

2008). The MCA method allows the use of supplementary variables; these variables are 

not used in the solution, but are displayed on the two-dimensional plot and can aid in 

interpretation (Greenacre and Blasius, 2006; Ribbens et al., 2008). 

In the current study, variables relating to both internal and external risk were 

selected for MCA. Variables of interest were subdivided into two groups: those 

pertaining to how replacements were handled upon arrival to the recipient farm, and those 

pertaining to the transportation of replacements. In total, 24 variables were retained: 15 

related to the introduction of replacements, and 9 related to their transportation. 

Introduction variables provided information about the number of replacement sources in 

the previous 2 years; where replacements were obtained from; PRRSV status of the 

source herds(s); whether replacements were exposed to the herd strain of PRRSV via 

natural exposure by contact or feedback, or via controlled exposure by  serum injection; 

and how replacements were handled in terms of isolation and acclimation (Table 4.1). 

Transportation variables addressed the frequency of replacement deliveries to the site; the 

cleaning and disinfection of trucks carrying genetic animals; and whether there were 

flow, route, transit, or use restrictions during transportation (Table 4.2). 

The PADRAP questionnaire was designed such that responses are ordered from 

highest to lowest risk. For presentation purposes, we maintained the original ordering, 

and a value of 5 was assigned to the most risky behaviour. The remaining categories were 
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assigned values in descending order. In the case of dichotomous variables, a value of 5 

was assigned to the response with the highest risk, and a value of 1 was assigned to the 

response with the lowest risk. Reponses of “not applicable” were assigned a value of 9, in 

order to make our interpretation of the MCA plot straightforward. 

In both MCA solutions, two supplementary variables were included: PRRSV 

status and biosecurity group membership. Each farm was defined as PRRSV-positive, 

negative or naïve at the time the interview was conducted. According to this version of 

the PADRAP questionnaire, a positive status indicates that the herd was positive on 

ELISA and may or may not have been producing infected weaned pigs. A negative status 

indicates that the herd still contained previously exposed animals, and a naïve status 

indicates that the entire herd had never been exposed to the PRRS virus. Each herd was 

also defined in terms of its stability. A herd was defined as stable if there was no 

evidence of PRRSV circulation within the population at the site, as evidenced by one or 

more of the following: (i) virus isolation-negative or PCR-negative piglets at or prior to 

weaning, (ii) virus isolation-negative or PCR-negative sera or tissues from all tested 

animals housed at this site, and/or (iii) no ELISA sero-conversion in a downstream site. 

Alternatively, a herd was defined as unstable if PRRSV was circulating within the 

population at the site, as evidenced by one or more of the following: (i) virus isolation-

positive or PCR-positive piglets at or prior to weaning, and/or (ii) virus isolation-positive 

or PCR-positive sera or tissues from any animals housed at this site. 

Information regarding biosecurity group membership was obtained from previous 

work by this research group, which used the same dataset to identify external biosecurity 

groups within southern Ontario sow herds. Three groups were identified and named by 

the authors as: (i) high biosecurity herds that were open with respect to replacement 

animals (“high”), (ii) high biosecurity herds that were closed with respect to replacement 

animals (“closed”), and (iii) low biosecurity herds (“low”) (Bottoms et al., unpublished 

data). 
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RESULTS 

Demographic information 

Our sample of 161 sow herds consisted of 3 herd types: 45.3% were farrow-to-

finish, 42.9% were farrow-to-wean, and 11.8% were farrow-to-feeder operations. The 

number of sows on the premises ranged from 45 to 3500, with a mean of 800.3. In terms 

of production type, 81.1% of the farms included in the study were commercial operations, 

and 18.9% were breeding herds that produced animals for replacement and genetic 

improvement. 

In regards to the supplementary variables used in the MCA solutions, 66.5% of 

herds were PRRSV-positive, 21.7% were PRRSV-negative, and 11.8% were PRRSV-

naïve. Of the PRRSV-positive herds, 81.3% were stable, 15.9% were unstable, and 2.8% 

were of unknown stability. As for the biosecurity groups, 39.8% of herds belonged to the 

high biosecurity group, 26.1% belonged to the closed group, and 34.2% belonged to the 

low biosecurity group. 

Multiple correspondence analysis for the introduction of replacement gilts 

Variables pertaining to the introduction of replacement gilts are presented in 

Table 4.1.The MCA solution is presented in Figure 4.1, and the plot showing the 

distribution of herds is presented in Figure 4.2. The total variance explained by the 

solution was 63.7%, with 42.7% explained by the 1
st
 dimension and 21% by the 2

nd
 

dimension. Discrimination measures provide insight into the influence exerted by each 

variable (Ribbens et al., 2008). Variables with the highest discrimination measures are 

presented in Table 4.3.  Distinct groupings of variable categories did not occur in either 

dimension, although we can make conclusions about introduction strategies for 

replacements based, in part, on the most extreme categories. 

The 1
st
 dimension separates practices related to herds that are closed with respect 

to replacement animals from practices related to herds that are open. The most 

informative variable in this respect is the source of replacement animals. On the left side 

of the 1
st
 dimension are variable categories that are associated with closed herds: “closed 

site (replacements are born and raised at site and never moved from site)” and “closed 
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herd at this site (replacements are born at site, moved to another site and later returned as 

replacements”. On the right side of the 1
st
 dimension are categories that are associated 

with open herds: “some or all from other sites outside the pig flow but within the same 

production system, none from outside the production system” and “some or all purchased 

from other production systems/genetic suppliers”. The intermediate category of “some or 

all from other sites within the same pig flow as this site (e.g., downstream nursery or 

grow / finish / developer), none from outside the same pig flow” is located exactly on the 

axis. Other variables confirm this separation of open and closed herds along the 1
st
 

dimension. The left side of this plot is dominated by responses of “not applicable” for all 

variables pertaining to the isolation and acclimation of replacement animals, and contains 

the response of “zero replacement sources in the last 2 years”. Alternatively, the right 

side of the 1
st
 dimension contains practices that are associated with open herds. For 

example: for the variable regarding the location of isolation housing, responses of “on-

site in same airspace as sow herd”, “on-site in different airspace as sow herd”, and “off-

site (different site from the sow herd)” are located on the right side of the plot, whereas 

the response of “not applicable” is located on the left. The closed biosecurity group, and 

PRRSV-negative and naïve categories also fall in this region of the plot. The right side of 

the 1
st
 dimension includes the high and low biosecurity groups, and the PRRSV-positive 

category. 

The 2
nd

 dimension provides insight into how open herds manage replacement 

animals. In the lower right quadrant, the following responses are plotted in close 

proximity: 4 or more replacement sources in the last 2 years; replacements are exposed to 

serum from viremic pigs or sows via injection prior to entry; 61 or more days between 

last exposure to injected serum and entry of replacements; 61-90 days between last 

natural exposure of replacements to live animals or feedback and entry; an isolation / 

acclimation period of 61-90 days; isolation and acclimation housing located off-site; and 

all replacements are tested for PRRS virus or antibodies upon exit from the isolation / 

acclimation site(s). High biosecurity herds and PRRSV-positive herds are found in this 

quadrant, although their positions are close to the origin. 
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In the upper right quadrant, the following responses are plotted in close 

proximity: 3 replacement sources in the last 2 years; some or all replacements taken from 

outside the pig flow but from within the same production system; 91 days or more 

between last natural exposure of replacements to live animals or feedback and entry; 

when a group of replacements in isolation / acclimation became PRRSV-positive, the 

response was to introduce them to the breeding herd after a holding period of either less 

than 30 days or more than 90 days; an isolation / acclimation period of either 0 days or 

more than 121 days; isolation housing located on-site in either the same or a different 

airspace as the sow herd; and acclimation housing located on-site in a different airspace. 

Low biosecurity herds are found in this quadrant, although the position is close to the 

axis. 

Multiple correspondence analysis for the transportation of replacement gilts 

Variables used to address strategies for the transportation of replacement gilts are 

presented in Table 4.2. The MCA solution is presented in Figure 4.3, and the plot 

showing the distribution of herds is presented in Figure 4.4. The total variance explained 

by the solution was 87.5%, with 58% explained by the 1
st
 dimension and 29.6% by the 

2
nd

 dimension. Variables with the highest discrimination are presented in Table 4.3. 

The 1
st
 dimension, as in the previous solution, separates practices related to herds 

being closed with respect to replacement animals from practices related to open herds. 

The left side of the 1
st
 dimension contains responses of “not applicable” for the questions 

regarding the washing and disinfection of trucks that carry genetic animals. Alternatively, 

the right side of the first dimension contains practices that are associated with open herds. 

For example: for the variable regarding the washing frequency of vehicles used to 

transport genetic animals, responses of “never, rarely, or unknown”, “at least once per 20 

loads”, “at least once per 10 loads”, and “between every load” are located on the right 

side of the plot, while the response of “not applicable” is located on the left. This pattern 

also occurs for variables pertaining to the frequency of replacement deliveries, whether 

trucks are pre-rinsed to remove organic material, whether disinfectant is used, and 

regarding drying time following wash of vehicles. In regards to truck flow, the practices 

occurring on the left side of the plot indicate that trucks transporting genetic animals were 
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dedicated to the site and did not haul animals from other sites. The closed biosecurity 

group falls in this region of the plot. Also on the left side of the 1
st
 dimension, but closer 

to the center, are responses of: transport vehicles are never allowed to stop en route, route 

restrictions are outlined proactively to avoid roads with swine-related sites, and vehicles 

used to transport genetic animals are also used to transport non-genetic animals and to 

transport animals to market or collection points. 

The 2
nd

 dimension of this plot demonstrates how open herds address the 

transportation of replacement animals; practices on either side of the axis represent 

relatively different strategies. In the lower right quadrant, the following categories occur 

together: no restrictions on the flow of trucks - the same vehicle may transport PRRSV-

positive and negative animals; 61 or more days between replacement deliveries, washing 

frequency was rare or unknown, at least once per 20 loads, or at least once per 10 loads; 

and disinfectant was not used, or the type was unknown. The low biosecurity group was 

found in this quadrant. With the exception of the low frequency of replacement 

deliveries, these practices are generally considered to be poor. One possible explanation 

for the low frequency of replacement deliveries may relate to herd size, and further 

insight can be provided by examining the mean number of sows for each category of this 

variable. In descending order of risk: those herds with 30 days or fewer between 

replacement deliveries had a mean herd size of 872 sows; 31-45 days between deliveries 

had an average of 1124 sows; 46-60 days between deliveries had an average of 1087 

sows; 61-90 days between deliveries had an average of 677 sows; and those herds with 

91 or more days between deliveries had an average of 372 sows. This suggests that the 

frequency of replacement deliveries is related herd size, with the smallest herds requiring 

the least frequent delivery of replacements. 

In the upper right quadrant, the following responses are plotted in close 

proximity: the same vehicle may transport PRRSV-positive and negative animals but a 

minimum downtime is required; 46 to 60 days between replacement deliveries; transport 

vehicles are allowed to stop en route but only at designated times and locations; washing 

of trucks occurs between every load; pre-rinse is not accomplished prior to washing of 

vehicles; phenol-based compounds, aldehydes, or quarternary ammonium disinfectants 
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are used; and the drying of vehicles is accomplished using assisted drying technology, or 

there were no requirements. The high biosecurity group falls in this quadrant. 

DISCUSSION 

The most important finding of this study is the understanding of how individual 

biosecurity practices form biosecurity strategies, particularly with respect to the 

introduction of replacement gilts into sow herds. Within these strategies, we can expect to 

find some practices that are generally considered high-risk, accompanied by other 

biosecurity practices that mitigate the risk. For example, in the MCA solution concerning 

the introduction of replacement gilts, the practice of having 4 or more replacement 

sources in the previous 2 years was closely associated with biosecurity practices that 

mitigated the associated risk, such as moderate isolation and acclimation periods that 

occurred in facilities located off-site, and blood testing of all replacements for PRRSV 

upon exit from the isolation / acclimation facilities. At the other extreme are herds that 

were obtaining gilts from within the production system, some of which were introducing 

them to the herd at an early age, after an isolation / acclimation period of between 1 and 

60 days. These complex interrelationships cannot be easily examined by correlation 

coefficients alone, and MCA has proved useful in that respect. The findings of this study 

could have important implications for the assessment of biosecurity practices, since our 

results suggest that infection control should not rely exclusively on the benchmarking of 

individual practices against an ideal standard. Instead, the entire strategy should be 

assessed simultaneously; the implementation of such strategies is likely driven by their 

feasibility, cost, and effectiveness. The practical application of this finding is that 

standard-setting agencies should not only look at promoting specific individual 

biosecurity practices. Groups of practices that form strategies should be examined in 

order to determine whether the strategy is designed to effectively reduce the risk of 

introducing pathogens. This idea aligns with the principle of equivalence set forward by 

the World Organization for Animal Health, which recognizes that different approaches to 

animal health and production systems can provide equivalent animal and human 

protection for the purposes of international trade (OIE, 2011). Thus, encouraging 

producers to apply the same biosecurity standard for every individual practice may be an 
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over-simplified approach for some aspects of biosecurity, such as the introduction of 

replacement gilts. 

In both MCA solutions the 1
st
 dimension was primarily related to whether a herd 

was open or closed with respect to replacements animals, and the 2
nd

 dimension described 

how replacement animals are handled in open herds. The absence of discrete patterns on 

these plots indicates broad variation in how different protocols are applied (Ribbens et 

al., 2008). However, we can obtain useful information based on the general differences 

between the extremes. In both the MCA solutions, better practises are grouped in one 

quadrant, poorer practices are grouped in another quadrant, and practices that are 

associated with herds being closed with respect to replacement animals are grouped 

together on the left side of the plot. In previous work by this research group, two-step 

cluster analysis identified three external biosecurity groups for the same dataset (Bottoms 

et al., unpublished data). Herds belonging to the closed group generally did not receive 

replacements from outside the production system, and the movement of animals was 

usually via dedicated trucks. Herds belonging to the high biosecurity group generally had 

higher trucking standards for the movement of animals and feed, and higher entrance 

sanitation requirements. Herds belonging to the low biosecurity group tended to rely on 

replacement animals from outside the production system, and did not have strict policies 

regarding the trucking of live animals or feed. In the current study, the locations of the 

biosecurity groups on both MCA plots agree well with previous work. The closed 

category of the biosecurity group variable was closely associated with responses of “not 

applicable” for the introduction and transportation of replacement animals. In both MCA 

plots, the high biosecurity group was located in the quadrant with the least risky 

strategies for the handling of replacement animals, whereas the low biosecurity was 

located in the quadrant with the most risky set of strategies. 

In the MCA plot for the introduction of replacement animals, the combination of 

the “not applicable” responses on the left side of the plot, along with zero replacement 

sources in the previous 2 years, and the source of replacement animals being identified as 

“closed site” or “closed herd at this site”, confirm the differentiation of closed and open 

herds along the 1
st
 dimension. In this plot, the lower right quadrant represents the least 
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risky response patterns. The number of replacement sources in the previous 2 years, at 4 

or more, was high. However, the risk posed by the high number of replacement sources 

was mitigated by several factors. These herds did well in terms of having a long period of 

time between the last exposure of replacements to either live animals, feedback, or 

injected serum from viremic pigs, and entry to the main herd. The isolation and 

acclimation period was long, with the facilities located off-site. Additionally, all 

replacements were blood tested for the PRRS virus upon exit from the isolation / 

acclimation facilities. In order to ensure replacements are not viremic, it is advised that 

all replacement gilts are tested prior to entry into the main herd (Lambert et al., 2011). 

The use of multiple sources for replacement animals may be a necessity created by 

modern pork production systems, in order to maintain genetic diversity and facilitate 

improvements in the breeding program. The use of such high standards in the 

management of replacement animals mitigates the associated risk. The PRRSV-positive 

category is located in this quadrant, in close proximity to the high biosecurity group. 

About 80% of the PRRSV-positive herds in our sample were stable. Maintaining a 

positive, stable status may be intentional, as these herds are still able to produce PRRSV-

negative pigs (Rajic et al., 2001). Alternatively, the most risky responses for the 

introduction of replacements tended to fall in the upper right quadrant. In this region, 

several risky practices are grouped together: the use of 3 replacement sources in the 

previous 2 years, some or all of which were from other sites outside of the same pig flow, 

combined with isolation and acclimation facilities located on-site, is concerning. An 

isolation / acclimation period of zero days was found in this quadrant, indicating that in 

some cases replacements are introduced directly to the main herd. Regardless of the 

source, isolation and acclimation of replacements is essential. Incoming pigs may appear 

healthy but be incubating disease or acting as carriers of a pathogen, and the likelihood of 

transmission to susceptible pigs is increased by the stress inherent to loading, mixing, and 

transportation of these animals (Wrathall et al., 2003; Pritchard et al., 2005). Even when 

using PRRSV-negative suppliers, pigs may come into contact with the virus during 

transportation (Lambert et al., 2011). Quarantine areas should be located at a separate site 

from the main herd (Lambert et al. 2011). However, in the upper right quadrant, isolation 
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and acclimation housing were located on-site. The low biosecurity group was located in 

this quadrant. 

In the MCA plot for the transportation of replacement animals, the left side of the 

first dimension contains response categories that are associated with closed herds. This 

region corresponds to herds that used dedicated trucks for the purposes of transporting 

replacement animals. The “not applicable” categories for variables pertaining to washing 

frequency, pre-rinsing, disinfectant use, and drying time following wash were also 

located in this region. The use of dedicated trucks that never haul animals from other sites 

may make the regular washing and disinfection of such trucks a lower priority. The upper 

right quadrant of this plot represents the least risky responses. Although the same vehicle 

was allowed to transport both PRRSV-positive and negative animals, a minimum 

downtime was required following a visit to a positive site, vehicles were washed between 

every load, and trucks were disinfected using phenol-based compounds, aldehydes, 

quarternary ammonium, iodine, or quarternary ammonium combinations. One study 

evaluated the efficacy of disinfectants in PRRSV-contaminated transport vehicles, and 

found that the virus did not persist in trailers treated with Syngerize and Aseptol 

disinfectants, which are quarternary ammonium combinations (Dee et al., 2005). The 

high biosecurity group was also located in this quadrant. Alternatively, the most risky 

responses for all but two variables fall into the lower right quadrant. In this region of the 

plot, several inferior practices are grouped together: the combination of a lack of flow 

restrictions on trucks carrying replacement animals, with infrequent washing of trucks 

between loads and the lack of disinfectant use are particularly concerning. Vehicles that 

transport livestock are known to play a role in the spread of the PRRS virus from 

contaminated premises, and vehicle cleanliness is important in mitigating the associated 

risk (Dee, 2003; Dee et al., 2007). Also in this quadrant are the practices of 61-90 days 

and 91 days or more between deliveries of replacement animals. These are considered to 

be the least risky responses, but this finding is likely related to herd size. Indeed, when 

herd size and frequency of replacement deliveries are cross-tabulated, the categories of 

61-90 days and 91 days or more between replacement deliveries were associated with the 

smallest mean herd sizes. Delivery of replacement animals may be required in fewer 

numbers for small herds as compared to larger ones, and this may explain why we see 
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this particular pattern. In small herds, convenience and cost may also dictate less frequent 

introduction. However, this region of the plot contains both good and poor practices 

plotted in close proximity. Although the 3
rd

 dimension may provide more insight into 

these relationships, generally these inconsistencies indicate broad variation in application 

of biosecurity protocols in this particular quadrant. This information confirms the need to 

consider the entire biosecurity strategy on an individual farm. 

The results obtained from this study are subject to some limitations. The herds 

used in this study represent a convenience sample that was recruited without a formal 

selection process; we feel that this is the biggest limitation of the study. We are unable to 

provide response rates, as this study was an industry-based project, and those statistics 

were not available to us. Nonetheless, the variation in herd size within our sample 

indicates that all management styles were included in the study. Additionally, 

participation was voluntary, and although not a specific requirement, herds were more 

likely to be selected for participation if their veterinarian was a member of OASV. Our 

study group may differ from the source population as a result of these potential selection 

biases (Dohoo et al., 2009). As with any survey data, the use of closed-ended questions 

may mean that some information regarding gilt replacement strategies could have been 

misclassified, resulting in a potential bias (Dohoo et al., 2009). Our decision to include 

the external biosecurity groups from previous work may also serve as a limitation of this 

study. Some of the variables used in the two-step cluster analysis were also used in the 

MCA solutions presented here. For the introduction strategies, 4 variables were used in 

both methods; for the transportation strategies, 2 variables were used in both methods. 

This was done to allow a more complete assessment of biosecurity, as it relates to these 

two important areas. Additionally, the biosecurity groups were not used in the MCA 

solutions; they were supplementary variables that aided in our interpretation of the plots. 

CONCLUSIONS 

In both MCA solutions, there was a clear distinction between herds that were 

open with respect to replacement animals, and herds that were closed in the 1
st
 

dimension. In regards to open herds, the 2
nd

 dimension of both MCA solutions revealed 

general patterns in transportation and introduction practices, where one quadrant was 
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associated with good biosecurity practices and the opposite quadrant was associated with 

poorer practices. The findings from this study emphasize that evaluating farms in terms 

of how they perform on any one biosecurity practice has some limitations. Investigating 

which practices tend to occur together to form strategies is much more informative, and 

provides further insight into a producer’s overall approach to biosecurity. 
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Table 4.1. Variables used in multiple correspondence analysis for the introduction of replacement 

animals, on 161 southern Ontario sow farms.  

Variable Categories Value label Percentage 

a. Time (days) between last 

natural exposure of 

replacements to live animals 

or feedback and entry into 

breeding herd 

0 days 5 20.5% 

1 to 60 days 4 6.8% 

61 to 90 days 3 1.9% 

91 days or more 2 0.6% 

Not applicable 9 70.2% 

    

b. Replacements are exposed to 

serum from viremic pigs or 

sows via injection prior to 

entry 

Yes 5 14.3% 

No 1 85.7% 

    

c. Time (days) between last 

exposure to injected serum 

and entry of replacements into 

breeding herd 

0 days 5 1.9% 

1 to 60 days 4 5% 

61 to 90 days 3 4.3% 

91 days or more 2 0.6% 

Not applicable 9 88.2% 

    

d. Number of breeding herd 

sources from which 

replacements have been 

obtained in last two years 

4 or more 5 1.9% 

3 4 0.6% 

2 3 13% 

1 2 64% 

0 1 20.5% 

    

e. Source of replacement 

animals 

 

 

 

 

 

 

 

Some or all purchased from 

other production 

systems/genetic suppliers 

5 52.2% 

Some or all from other sites 

outside the pig flow but within 

the same production system, 

none from outside the 

production system 

4 4.3% 

Some or all from other sites 

within the same pig flow as this 

site (e.g., downstream nursery 

or grow / finish / developer), 

none from outside the same pig 

flow 

3 3.7% 

Closed herd at this site 

(replacements are born at site, 

moved to another site and later 

returned as replacements) 

Closed site (replacements are 

born and raised at site and never 

moved from site) 

 

 

 

 

 

 

 

2 

 

 

 

1 

 

9.3% 

 

 

 

30.4% 
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f. PRRS virus status of breeding 

herd(s) from which 

replacements are sourced 

One or more sources positive 

active – this is positive by 

ELISA and producing PRRSV 

infected weaned pigs 

5 8.7% 

One or more sources with 

unknown status, none positive 

active 

4 1.9% 

One or more sources positive 

stable – that is positive by 

ELISA but producing non-

infected weaned pigs, none 

positive active or unknown 

status 

3 34.2% 

All sources currently negative 

by ELISA but one or more have 

been positive in the past 

2 40.4% 

All sources have always been 

negative (naive) 

1 14.9% 

    

g. PRRS virus status of breeding 

female replacements in 

isolation / acclimation 

Negative at entry but field virus 

positive from natural exposure 

at exit  

5 18.6% 

Field virus positive from natural 

exposure at entry 

4 15.5% 

Negative at entry & negative at 

exit 

3 29.2% 

Not applicable 9 36.6% 

    

h. Response when group of 

replacement animals in 

isolation  / acclimation 

becomes positive by PCR or 

ELISA to PRRS virus from 

natural field virus exposure 

Introduced into breeding herd 

on regular schedule 

5 14.9% 

Introduced into breeding herd 

after holding period of less than 

30 days 

4 4.3% 

Introduced into breeding herd 

after 30 to 90 day holding 

period 

3 11.2% 

Introduced into breeding herd 

after holding period of more 

than 90 days 

2 2.5% 

Replacements are marketed and 

not used for breeding purposes 

1 26.1% 

Not applicable 9 41% 

    

i. Isolation / acclimation period 

(days) 

0 or less 5 41.3% 

1 to 60 days 4 41.3% 

61 to 90 days 3 8.8% 

91 to 120 days 2 5.6% 

121 days or more 1 3.1% 

    

j. Replacement animal 

acclimation flow 

Continuous flow 5 28% 

All in / all out by room 4 3.7% 

All in / all out by barn 3 3.1% 

All in / all out by site 2 0.6% 

Not applicable 

 

9 64.6% 
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k. Replacement animal isolation 

flow 

Continuous flow 5 20.5% 

All in / all out by room 4 12.4% 

All in / all out by barn 3 13.7% 

All in / all out by site 2 0.6% 

Not applicable 9 52.8% 

    

l. Location of replacement 

animal acclimation housing 

relative to this site 

On-site in same air space as sow 

herd 

5 19.3% 

On-site in different air space as 

sow herd 

4 10.6% 

Off-site (different site from sow 

herd) 

3 5.6% 

Not applicable 9 64.6% 

    

m. Location of replacement 

animal isolation housing 

relative to this site 

On-site in same air space as sow 

herd 

5 4.3% 

On-site in different air space as 

sow herd 

4 28.6% 

Off-site (different site from sow 

herd) 

3 14.9% 

Not applicable 9 52.2% 

    

n. Serum testing of replacement 

animals for PRRS virus or 

antibodies by PCR or ELISA 

upon entry into acclimation  / 

isolation site(s) 

No routine testing done 5 66.5% 

A sample subset of incoming 

animals are tested upon entry 

4 4.3% 

All incoming animals are bled 

and tested upon entry 

3 0.6% 

Not applicable 9 28.6% 

    

o. Serum testing of replacement 

animals for PRRS virus or 

antibodies by PCR or ELISA 

upon exit from acclimation  / 

isolation site(s) 

No routine testing done 5 59% 

A sample subset of incoming 

animals are tested upon entry 

4 11.8% 

All incoming animals are bled 

and tested upon entry 

3 1.9% 

Not applicable 9 27.3% 

Note: for some variables, there may have been additional response options that were not selected 

by any of the herds in our sample. These categories are not presented in the table.   
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Table 4.2. Variables used in multiple correspondence analysis for the transportation of 

replacement animals, on 161 southern Ontario sow farms. 

Variable Categories Value label Percentage 

p. Frequency of replacement 

deliveries to this site (days 

between deliveries) 

30 or less 5 37.3% 

31 to 45 days 4 6.2% 

46 to 60 days 3 18% 

61 to 90 days 2 10.6% 

91 days or more 1 7.5% 

Not applicable 9 20.5% 

    

q. Flow restrictions on 

vehicles used to transport 

genetic animals 

No restrictions, the same vehicle 

may haul PRRSV positive and 

negative animals 

5 14.3% 

The same vehicle can haul PRRSV 

positive and negative animals but a 

minimum downtime is required 

before visits to negative sites 

following last visit to positive site 

4 19.9% 

The same vehicle never hauls both 

PRRSV positive and negative 

animals 

3 21.7% 

Truck(s) are dedicated to this site 

and do not haul animals from other 

sites 

2 44.1% 

    

r. Route restrictions on 

vehicles used to transport 

genetic animals 

No special route selection practices 5 70.2% 

Transport routes are outlined 

proactively to avoid roads with 

swine and swine-related sites along  

the route 

1 29.8% 

    

s. Transit restriction on 

vehicles used to transport 

genetic animals 

Transport vehicles are allowed to 

stop en route 

5 42.2% 

Transport vehicles are allowed to 

stop en route only at designated 

times and locations 

4 8.1% 

Transport vehicles are never 

allowed to stop en route 

3 49.7% 

    

t. Use restrictions on vehicles 

used to transport genetic 

animals 

Vehicles used to transport genetic 

animals to and from other sites 

within the production system may 

transport non-genetic animals or 

animals to market or collection 

points 

5 32.9% 

Vehicles used to transport genetic 

animals to and from other sites 

within the production system are 

not used to transport non-genetic 

animals or animals to market or 

collection points 

1 67.1% 
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u. Washing frequency of 

vehicles used to transport 

genetic animals 

Never, rarely, or unknown 5 1.9% 

At least once per 20 loads 4 2.5% 

At least once per 10 loads 3 8.8% 

Between every load 2 48.1% 

Not applicable 9 38.8% 

    

v. Pre-rinse with water to flush 

away loose organic material 

prior to wash of vehicles 

used to transport genetic 

animals 

Unknown 5 8.8% 

No, pre-rinse not done 4 3.8% 

Yes, fresh water used 3 48.8% 

Not applicable 9 38.8% 

    

w. Disinfectant use on vehicles 

used to transport genetic 

animals 

No disinfectant used or unknown 5 25% 

Phenol-based compound 

(BioPhene, Environ, Tek-Trol, 

Laro, Lysol) or aldehydes (DC&R, 

Cidex, Formaldegen) used 

4 3.1% 

Quarternary ammonium (Roccal, 

Germex, Zephiran, Hi-Lethol, 

BioSentry) used 

3 2.5% 

Hypochlorite (Clorox, Halazone, 

Chloramine-T) or peroxygen 

(Virkon) used 

2 5.6% 

Iodine (Wescodyne, Premise, Iofec, 

Iosdyn, Losan) or quarternary 

ammonium combinations 

(Synergize, Aseptol) used 

1 25% 

Not applicable 9 38.8% 

    

x. Drying time following wash 

of vehicles used to transport 

genetic animals 

No requirements 5 3.8% 

Vehicles allowed to dry completely 

before next load 

4 53.8% 

Assisted drying technology is used 

to dry washed vehicles 

3 5.6% 

Not applicable 9 36.9% 

Note: for some variables, there may have been additional response options that were not selected 

by any of the herds in our sample. These categories are not presented in the table.   
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Table 4.3. Discrimination measures of variables that were used in multiple correspondence 

analysis for the introduction and transportation of replacement animals, on 161 southern Ontario 

sow farms. The variables with the 5 highest discrimination measures are presented. 

Solution Variable Discrimination measure 

Dimension 

1 

Dimension 

2 

Introduction 

variables 

PRRS virus status of breeding female replacements in 

isolation / acclimation 

0.749 0.173 

Isolation / acclimation period (days) 0.724 0.452 

Location of replacement animal isolation housing relative 

to this site 

0.673 0.266 

Replacement animal isolation flow 0.664 0.185 

Serum testing of replacement animals for PRRS virus or 

antibodies by PCR or ELISA upon exit from acclimation  / 

isolation site(s) 

0.643 0.103 

Time (days) between last exposure to injected serum and 

entry of replacements into breeding herd 

0.127 0.569 

Replacements are exposed to serum from viremic pigs or 

sows via injection prior to entry 

0.116 0.527 

Location of replacement animal acclimation housing 

relative to this site 

0.338 0.258 

    

Transportation 

variables 

Pre-rinse with water to flush away loose organic material 

prior to wash of vehicles used to transport genetic animals 

0.957 0.346 

Washing frequency of vehicles used to transport genetic 

animals 

0.956 0.285 

Disinfectant use on vehicles used to transport genetic 

animals 

0.956 0.558 

Drying time following wash of vehicles used to transport 

genetic animals 

0.921 0.171 

Flow restrictions on vehicles used to transport genetic 

animals 

0.809 0.330 

Transit restriction on vehicles used to transport genetic 

animals 

0.253 0.426 

Route restrictions on vehicles used to transport genetic 

animals 

0.043 0.287 
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Figure 4.1. Multiple correspondence analysis solution for the management of replacement 

animals upon arrival to the farm, on 161 southern Ontario sow farms. Different categories of 

biosecurity practices are displayed in this two-dimensional solution that explains most of the 

variability in the data. Categories occur closely together if they are correlated in their respective 

dimensions. The categories of each variable are labelled in descending numerical order, with a 

value of 5 indicating the practice considered to have the highest risk. See Table 4.1 for a 

description of which value label corresponds to which category. 
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Figure 4.2. Distribution of the 161 sow herds used in the multiple correspondence analysis 

solution for the management of replacement animals upon arrival to the farm. The numbers on the 

plot correspond to the herd identification number, and herds that occur closely together have 

similar strategies for the introduction of replacement animals. 
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Figure 4.3. Multiple correspondence analysis solution for the transportation of replacement 

animals, on 161 southern Ontario sow farms. Different categories of biosecurity practices are 

displayed in this two-dimensional solution that explains most of the variability in the data. 

Categories occur closely together if they are correlated in their respective dimensions. The 

categories of each variable are labelled in descending numerical order, with a value of 5 

indicating the practice considered to have the highest risk. See Table 4.2 for a description of 

which value label corresponds to which category.  
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Figure 4.4. Distribution of the 161 sow herds used in the multiple correspondence analysis 

solution for the transportation of replacement animals. The numbers on the plot correspond to the 

herd identification number, and herds that occur closely together have similar strategies for the 

transportation of replacement animals. 
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CHAPTER FIVE 

CONCLUSIONS, LIMITATIONS, FUTURE DIRECTIONS, AND 

IMPLICATIONS 

CONCLUSIONS 

Biosecurity is becoming increasingly important in the swine industry as a means 

of reducing or eliminating specific pathogens, decreasing antimicrobial use, improving 

productivity, and achieving higher health status for livestock (Ribbens et al., 2008). Good 

biosecurity practices are especially important in the North American swine industry, 

where production is large-scale and animals are generally confined indoors. In such 

environments, the potential impact of disease introduction and spread is higher than in 

smaller-scale industries (FAO, 2010). The evaluation of biosecurity practices on swine 

farms is important in assessing how well the recommended protocols are being 

implemented, and where improvements need to be made. Information about biosecurity 

practices can be incorporated into risk-based surveillance activities using a variety of 

different approaches. One of the ways this can be accomplished is through the 

identification of geographic areas that may be at increased risk for the spread of disease. 

In southern Ontario specifically, the assessment of biosecurity practices on individual 

farms occurs frequently, but efforts to summarize this information at the regional level 

are lacking. The objectives of this thesis project were to: (i) determine the best number of 

groups to describe external biosecurity practices on southern Ontario swine farms, for 

each of two datasets. The identified groups could then be named and described in terms 

of their prevalence, major characteristics, strengths and weaknesses, and the variables of 

importance in differentiating between these groups; (ii) identify significant predictors of 

biosecurity group membership through the development of multinomial logistic 

regression models; (iii) develop a map of southern Ontario that can be used as a tool in 

the risk-based surveillance of contagious swine diseases, by incorporating geographic 

information about the identified biosecurity groups with the density of swine and swine 

sites in the study region; and (iv) identify strategies for the introduction and 

transportation of replacement gilts in southern Ontario sow herds. 
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The first component of this work used the Production Animal Disease Risk 

Assessment Program’s (PADRAP) survey for the breeding herd to obtain information 

about sow herds in southern Ontario. This sample of herds was best described by 3 

external biosecurity groups, defined as: (i) high biosecurity herds that were open with 

respect to replacement animals, (ii) high biosecurity herds that were closed with respect 

to replacement animals, and (iii) low biosecurity herds. The variables that were most 

important in differentiating between these groups pertained to trucking practices and the 

source of replacement gilts. The multinomial logistic regression model identified herd 

density, herd size, and production type as significant predictors of biosecurity group 

membership. The second component of this work used the Ontario Porcine Reproductive 

and Respiratory Syndrome (PRRS) Surveillance Survey data to obtain information about 

swine herds in the study region. This sample was best described by 4 external biosecurity 

groups, defined as: (i) high biosecurity herds that were open with respect to replacement 

animals, (ii) high biosecurity herds that were closed with respect to replacement animals, 

(iii) moderate biosecurity herds, and (iv) low biosecurity herds. Variables of importance 

in differentiating between these groups were related to the cleaning and disinfection of 

trucks. The multinomial logistic regression model identified heat production units, 

number of pig deliveries per month, and herd type as significant predictors of biosecurity 

group membership. 

When considering the identification of external biosecurity groups, direct 

comparisons between the two studies are not practical for two reasons: (i) two different 

data sets, covering a different set of external biosecurity variables were used, and (ii) the 

first study included sow herds only, while the second study included a broader variety of 

herd types. However, it is interesting to note that in both analyses we had two groups that 

were considered to be of high biosecurity, but were distinguishable based on whether 

they were open or closed with respect to replacement animals. The low biosecurity group 

in both data sets was characterized by poor trucking and entrance sanitation standards 

when compared to the other groups. Additionally, in both data sets the variables that were 

the most important in differentiating between the groups related to trucking protocols. 
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The third objective of this project was met by combining geographic information 

about the farms in each of the identified biosecurity groups, using both data sets, with 

information about the density of swine herds and of grower-finisher pigs in the study 

region. Biosecurity and density were given equal weight in the development of the risk 

map, and the resulting raster was reclassified into quintiles and ranked qualitatively in 

terms of the risk of disease spread. 

The final component of this thesis project used multiple correspondence analysis 

to provide insight into strategies for the introduction and transportation of replacement 

gilts in sow herds. Gilt replacement strategies have been evaluated for sow herds in 

Quebec (Lambert et al., 2011), but such issues have not been addressed for the Ontario 

swine industry. In both solutions, the 1
st
 dimension clearly separated herds that were 

closed with respect to replacement animals from herds that were open, and the 2
nd

 

dimension related to how open herds managed replacements. 

LIMITATIONS 

One aspect of this work that may serve as a limitation is the recruitment of study 

farms. In the first study, information about the project was communicated through the 

Ontario Association of Swine Veterinarians (OASV) listserv and meetings, and herds 

were purposively selected by veterinarians. Thus, although not a specific requirement, 

herds were more likely to be included if their veterinarian was a member of OASV. In the 

second study, case herds were selected through submissions to the Animal Health 

Laboratory (AHL) at the University of Guelph, and non-case herds were selected through 

the OASV. It is possible that herds that use OASV veterinarians differ from those that do 

not, or that veterinarians submitting samples to the AHL differ from veterinarians that 

submit samples to other diagnostic laboratories. However, the use of two data sets in the 

production of the final risk map reduced the potential bias associated with the selection of 

study herds.  

Some important external biosecurity variables were not included in either data set: 

wildlife/rodent control, the use of netting to deter the entry of birds, whether other species 

of livestock were kept on the premises, and whether domestic animals were allowed into 

the facilities. Two additional aspects of biosecurity were not addressed in this project: air 
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filtration, and the use of zoning and compartmentalization. Although these are both 

important aspects of external biosecurity, these concepts are relatively new to the swine 

industry, and their importance was not well-known at the time of data collection. 

Additionally, the concepts of zoning and compartmentalization are implemented through 

governmental and industry organizations, not at the herd-level. Overall, the use of two 

data sets in the production of the final risk map broadened the scope of external 

biosecurity information. 

Another limitation of the study lies in the production of the final risk map. For 

some farms, the exact geographic location was not available in the database, and the 

farm’s address, or the town’s centroid was used instead. This may have biased the 

resulting risk map, particularly if the farm was located more than 30km from the town’s 

centroid. Additionally, the bandwidths selected in the development of the biosecurity and 

density rasters were based on visual interpretation of the variability of the data. The 

selection of different bandwidths may have resulted in differences in the final map. In 

fact, the use of parametric kernel smoothing, which relies on a fixed bandwidth in a 

population that is heterogeneous, represents a limitation in itself. Finally, density and 

biosecurity rasters were given equal weights, although we do not have any objective 

information to determine how these different aspects contribute to the overall risk, or how 

they should be weighted. 

FUTURE RESEARCH RECOMMENDATIONS 

The focus on the importance of good biosecurity protocols in the swine industry 

has been increasing in recent years. As evidenced by the Canadian Swine Health Board’s 

National Swine Farm-Level Biosecurity Standard (CSHB, 2010), there are now materials 

and training available to both producers and veterinarians that promote good biosecurity 

and best management practices. As a result of these changes, improvements have likely 

been accomplished since our data were collected. Future work should include a more 

comprehensive questionnaire that is designed to assess external biosecurity practices in 

general, and not necessarily those directed at controlling the PRRS virus only. The 

current study can be used as a baseline by which to investigate whether the increased 

focus on biosecurity protocols and the promotion of better practices has been successful. 
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This can be evaluated by: examining the overall distribution of good and poor practices 

across swine herds; determining how the biosecurity groups change, both in how many 

groups are identified, and in the major characteristics of the groups; and by determining 

how the geographical distribution of risk is altered. 

IMPLICATIONS 

The risk map developed here can be utilized for the purposes of planning 

surveillance activities. Ideally, surveillance programs should be focused in areas 

identified as having high risk; these areas have a combination of a high density of swine 

farms and pigs, and/or they have a low proportion of herds that are considered to have 

good biosecurity practices. However, the applicability of the map developed here will 

depend, in part, on the epidemiology of the disease of interest and the role that wildlife 

and other livestock species play in the persistence and spread of the pathogen. One 

important aspect to consider is that we have no way to predict where the next outbreak 

will occur. Producers must remain vigilant in their application of biosecurity protocols, 

regardless of whether they are located in an area that has been identified as high-risk or 

low-risk (Snow et al., 2008). 

Perhaps one of the most instructive findings of this thesis work is that we cannot 

view biosecurity as a set of individual practices. They are interrelated, and even if a 

producer engages in one practice that is generally considered risky, they may have other 

procedures in place to mitigate that risk. Evaluating biosecurity as a whole involves 

incorporating information about the practices on individual swine farms with knowledge 

about which variables are most important in differentiating between biosecurity groups, 

and which demographic and neighbourhood variables may contribute to their overall 

standing. The work presented here identified trucking protocols as an important aspect in 

differentiating between biosecurity groups, and identified several significant predictors of 

biosecurity group membership. The information obtained through this thesis work can be 

utilized to evaluate a farm’s overall biosecurity ranking, to inform decisions regarding the 

implementation of biosecurity protocols, and to aid in the planning of surveillance 

systems. 
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Appendix Table 1. Summary information for the most appropriate number of biosecurity 

groups in southern Ontario sow herds in 2007, according to two-step cluster analysis and 

latent class analysis 

Method Two-step cluster analysis Latent class analysis 

Number 

of 

groups 

BIC BIC 

Change
a 

Ratio of 

BIC 

Changes
b 

Ratio of 

Distance 

Measures
c 

BIC AIC Log 

likelihood 

Likelihood-

ratio statistic 

1 7067    5439 5285 -3406 5185 

2 6871 -196 1.0 1.2 5332 5021 -3223 4819 

3 6759 -112 0.6 1.5 5290 4822 -3073 4518 

4 6776 17 -0.1 1.2 5401 4775 -2999 4369 

5 6828 52 -0.3 1.1 5552 4769 -2945 4261 

6 6905 77 -0.4 1.1 5688 4748 -2883 4138 

a. Change from the previous number of clusters in the table 

b. Relative to the change for the two-cluster solution 

c. Based on the current number of clusters compared to the previous number of clusters 
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Appendix Table 2. Agreement between biosecurity groups, as classified by two-step 

cluster analysis and latent class analysis. 

 Two-step cluster analysis 

Latent class analysis High, Open High, Closed Low Total 

High, Open 57 3 1 61 

High, Closed 5 39 7 51 

Low 2 0 47 49 

Total 64 42 55 161 

Kappa statistic = 0.83, agreement=88.8%, expected agreement = 34%, p<0.01 

 

 


