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ABSTRACT 
 
 
 

TOWARDS UNDERSTANDING ANTIBIOTIC USE AND PRODUCER 
PERFORMANCE UNDER THE CANADIAN QUALITY MILK PROGRAM 

 

 

Mary Ellen Alexandrea Watters                            Advisor:  
University of Guelph, 2019       Dr. David F. Kelton 
 
  
 Canadian dairy producers have taken a proactive approach to addressing food 

safety through the Canadian Quality Milk (CQM) program; now known as the Food 

Safety module of proAction.  This thesis investigated the CQM program, antibiotic use, 

and CQM antibiotic record quality in Ontario.   

A survey was used to understand the experiences of CQM Advisors (n= 99) who 

administered a voluntary training program available to Ontario dairy producers prior to 

their first CQM audit.  In general, Advisors reported a positive experience and felt 

training was beneficial to producers.   

The Ontario CQM database (n=4,001 herds) was analyzed to evaluate producer 

performance at first and second audit.  Participation in the voluntary training program 

was high; 88.9% of Ontario dairy producers participated.  Success at first validation visit 

was also high (79.6%).  Training was associated with greater odds of producer success at 

first validation visit.  There appeared to be a cohort effect based on audit year as well as 

variability due to auditor variation.  This indicates a need for future research to 

understand these impacts. 

A cross-sectional approach was used to survey Ontario producers’ (n= 101) 
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approaches towards antibiotic use and mastitis treatment for the milking herd.  Dry cow 

therapy (DCT) was a common preventative approach (89%) with blanket DCT used by 

most producers (78%).  Respondents were divided as to their level of concern about 

potential changes to antibiotic regulations.   

A convenience sample of 2014 CQM antibiotic treatment records (n= 71 herds) 

was evaluated; all herds had been CQM validated.  Treatment of mastitis followed by 

DCT were the most common reasons for antibiotic administrations in adult dairy cows.  

Record quality was highly variable by herd.  The evidence of missing and inaccurate 

information in the records indicates a need for either greater scrutiny of records during 

CQM audits or for more frequent evaluation of records for CQM compliance. 

To conclude, the DFO voluntary producer training program was well received and 

effective.  Producer compliance with requirements for antibiotic treatment records outside 

of CQM audits was highly variable by herd.  Issues with missing information and 

recording inaccuracies signify that more producer outreach and education is merited. 
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CHAPTER 1: LITERATURE REVIEW 

 
 This literature review summarizes the impact of food safety and milk quality audits on 

dairy production, strategies for knowledge translation and transfer to dairy producers, antibiotic 

use in milking dairy cows, and perceptions towards antibiotic use in the dairy industry.  These 

topics will be described from a Canadian perspective through a description of the Canadian Quality 

Milk program and previous studies on antibiotic use on Canadian dairy farms with an objective to 

highlight the importance of research to further our understanding of on-farm food safety, producer 

training, producer perceptions, and approaches to antibiotic use for the continued assurance of 

milk quality in the dairy industry. 

1.1 FOOD SAFETY, MILK QUALITY AUDITS, AND HACCP ON DAIRY FARMS 

 Food safety and quality assurance has gained increasing focus with high profile cases and 

media coverage of adulteration in food products and food-related illnesses in recent years such as 

the melamine contaminated pet food recall of 2007 in North America, Listeria contaminated frozen 

foods recall of 2016 in Canada, Salmonella contaminated ground beef recall in the United States 

in 2018, and the Escherichia coli contaminated produce recall of 2018 in Canada and the United 

States (Canadian Food Inspection Agency; United States Department of Agriculture Food Safety 

and Inspection Services; United States Food and Drug Administration).  In Canada, it is estimated 

that four million Canadians are afflicted with a food-related illness each year and the Canadian 

Food Inspection Agency conducts approximately 3,000 food safety investigations each year 

(Canadian Food Inspection Agency, 2016; Health Canada, 2016).  Food safety concerns for the 

dairy industry can arise across multiple points of the dairy food chain from the farm, during 

transport, at processing facilities, and in the retail environment.  In order to adapt to changing food 

safety standards and to improve food safety and quality control, food industries, including the dairy 



	 2	

industry, are investigating and creating control and audit programs to improve food safety and 

quality. 

 Hazard Analysis Critical Control Point (HACCP) programs for food safety originated in 

1959, with formal use of the HACCP moniker occurring in 1971 (Hulebak and Schlosser, 2002; 

Sperber and Stier, 2009).  HACCP and HACCP-based programs seek to reduce risks to food safety 

and ensure quality control through the use of scientifically rigorous preventive and corrective 

safety strategies.  The dictates of HACCP are to identify and to mitigate all biological, chemical, 

and physical hazards through the identification of critical control points (CCP), establishing critical 

limits for CCPs, establishing monitoring protocols for CCPs, establishing corrective actions in 

instances of infraction of the critical limits, and establishing record keeping and verification 

strategies to ensure the HACCP program is functioning appropriately (Hulebak and Schlosser, 

2002).  Previous research on food safety of fluid milk within the dairy industry has placed an 

emphasis on quality assurance and traceability with each link looking to previous links for 

assurances of food safety (Valeeva et al., 2005).  Thus, food safety and quality assurance for the 

dairy food chain places a significant onus on dairy producers as the first link in the chain. 

 Milk quality and audit programs are employed on many dairy farms globally as a means of 

validating product quality and good production practices which have implications for food safety.  

An evaluation of Wisconsin herds completing milk quality programs showed that herds completing 

the program experienced significant reductions in mastitis, bulk milk bacteria counts, and culling 

of cows related to udder health (Rodrigues and Ruegg, 2005).  Flores-Miyamoto et al. (2014) 

observed that bulk milk bacteria counts on dairy farms in the Netherlands were impacted for a 

period of at least six months following auditing.  These authors noted that auditing may have 

provided an opportunity for producers to receive feedback to improve their production practices, 



	 3	

although findings suggest the long-term impacts of these improvements may be limited without 

ongoing interaction and evaluation (Flores-Miyamoto et al., 2014).  Velthuis and van Asseldon 

(2011) observed that while quality auditing provided additional information in relation to on-farm 

management practices, and had correlations with product quality, the association was limited.  In 

their study, farms given a negative audit assessment were more likely to have poor milk quality 

parameters on bulk milk assessment (Velhuis and van Asseldon, 2011).  Total variance in milk 

quality was explained by audit results on a limited basis, suggesting that other factors were 

impacting milk quality or that the audit was not inclusive enough to capture all variables (Velthuis 

and van Asseldon, 2011).  In a follow-up study, van Asseldon and Velthuis (2014) suggested that 

milk quality monitoring could be used as a selection tool to target farms which may require more 

frequent quality control audits.  They highlight the importance of continual milk quality 

monitoring by noting that short-term negative milk quality statistics likely indicate transient 

deviations in quality, possibly due to operational issues, whereas long-term negative milk quality 

statistics likely indicate an intrinsic issue with farm management (van Asseldon and Velthuis, 

2014).  While these studies demonstrate the importance of continual milk quality evaluation and 

on-farm audits as a means of product quality control, food safety on dairy farms extends beyond 

exclusively relying on milk quality testing and audits of good production practices.  As highlighted 

by the above studies, simply relying on the monitoring of these measures requires a decline in 

quality to occur before action takes place, while food safety programs should seek to mitigate any 

variation proactively.     

 Success of food safety programs requires the acceptance and understanding of multiple 

stakeholders.  A study of California dairy industry stakeholders indicated that 99% of dairy 

producers surveyed believed that they were responsible for the safety of milk and meat leaving 
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their farms (Payne et al., 1999).  This producer buy-in is essential to establish strong quality 

assurance and food safety programs on dairy farms.  Industry stakeholders in the Payne et al. 

(1999) study also indicated that these programs should be voluntary.  Dairy stakeholder concern 

about added regulations and record keeping has also been noted in previous Canadian studies 

(Young et al., 2010b; Le et al., 2014).  HACCP was observed to be overly arduous by artisan 

cheesemakers in Ontario (Le et al., 2014).  The perception was that HACCP could positively 

impact food safety, but the documentation and resource intensity required by these programs was 

unduly burdensome to smaller operations (Le et al., 2014).  Onerous documentation was also noted 

by Canadian dairy producers regarding an on-farm HACCP-based program targeting milk quality 

and food safety (Canadian Quality Milk program) (Young et al., 2010b).  Despite this attitude, 

previous evaluation of Canadian dairy producers indicated that most believe that the farm is the 

most critical control point for many facets of food safety (Young et al., 2010a).   

In-depth producer responses to Young et al. (2010a) noted discrepancies between producer 

attitudes towards food safety.  Although more than three-quarters of producers indicated that milk 

and meat should be tested for zoonotic pathogens as part of government food safety protocols, 

over one-third of respondents felt that consumers should be allowed to purchase unpasteurized 

milk (Young et al., 2010a); yet currently, it is not permissible for unpasteurized fluid milk to be 

sold to Canadian consumers (Health Canada, 2013).  Furthermore, despite producers highlighting 

the importance of food safety on-farm, only one-third indicated an interest in receiving educational 

courses regarding on-farm food safety (Young et al., 2010a).  While there was a positive 

association between producers having food safety training and them being less likely to support 

the idea of providing unpasteurized milk to consumers, the lack of interest in receiving continued 

food safety training is concerning (Young et al., 2010a).  Interestingly, Le et al. (2014) also noted 
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a disconnect in study participants, where the managers interviewed focused on the difficulties of 

HACCP and the workers interviewed more likely to focus on the benefits of HACCP.  As 

consumers demand increased food traceability and food safety (Charlebois and Haratifar, 2015), 

improving industry stakeholder understanding and acceptance of HACCP and food safety 

programs will be essential.  As shown by Boccas et al. (2001), varied education and information 

dissemination practices may improve understanding of HACCP.    

1.2 KNOWLEDGE TRANSFER AND DAIRY PRODUCER TRAINING 

 Developing and validating measures to improve food quality and food safety practices on 

dairy farms is just the initial step in translating that knowledge into action and adoption of practices 

by dairy producers on-farm.  Understanding human behavior and motivation to adapt to changes 

in knowledge, and establishing appropriate methodologies for outreach, are not simple.  Previous 

research has shown that prevailing attitudes are a dominant factor in behavioral adaptation and 

adoption of new practices (Ajzen, 1991; Garforth et al., 2004; Valeeva et al., 2007; Jansen et al., 

2010).  Outreach to dairy producers must be tailored not only to the particular topic of education, 

but also requires cognisance of the variability among operations given management practices are 

differ widely from size of farm to use of technology.   

As noted previously, California dairy stakeholders viewed training in food safety as useful 

and important, however, opinions were divided as to how training should be delivered (Payne et 

al., 1999).  Russell and Bewley (2011) observed that the most effective delivery methods for 

extension programming in Kentucky were paper-based, direct delivery materials such as farm 

magazines, agricultural newspapers, and newsletters as well as in-person dissemination at local or 

regional meetings.  They also observed that the least effective means to distribute information was 

through more indirect media such as university websites, webinars, podcasts, and blogs and 
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indirectly through industry consultants (Russell and Bewley, 2011).  This suggests that producers 

are most susceptible to new information when it is presented directly to them, without a 

requirement for them to conduct their own research.  However, effective distribution of 

information is only part of the process as producers need to take the information delivered and 

translate it into action on their farms. 

Factors internal to farm performance and the producer have been cited as more important 

or more motivating for producers to create change than external factors (Valeeva et al., 2007).  

Therefore, an effective training program will require producers to connect directly with the 

importance for their farm.  This may require variation in training and outreach depending on the 

producer (Jansen et al., 2010).  A 2015 study of Ontario dairy farmers observed that those 

producers completing a Focus Farm learning program were significantly more likely to adopt 

control practices for Johne’s disease on their farms than those producers who did not complete the 

program (Roche et al., 2015).  The authors noted that the participatory-based, experiential learning 

methods of the Focus Farm program proved effective (Roche et al., 2015).  Of note is the fact that 

the non-participating producers still had access to information on Johne’s disease control but this 

appears to have been less effective in changing producer behavior compared to the combination 

style training of the Focus Farm program.  Winder et al. (2018) also observed a positive effect of 

combination style training (online and in-person/hands-on) when evaluating knowledge of 

disbudding of dairy calves.  In contrast, a study examining Ontario dairy producers’ milking 

practices found that good knowledge transfer had occurred through communications from the dairy 

industry with dairy producers on recommended milking practices; most herds were compliant to 

recommendations on milking practices in their protocols (Belage et al., 2017b).  However, it was 

also found that many of these herds were not putting these protocols into practice (Belage et al., 
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2017b).  A cross-Canada evaluation of milking management practices also highlighted wide 

variation in adoption of good milking practices (Belage et al., 2017a).  This observation was made 

despite the fact that most Canadian dairy herds would have undergone certification for a national 

milk quality program at the time, where good milking management practices were part of the 

program and all producers were supplied with educational materials regarding good management 

practices.  This highlights the importance of achieving the intended outcomes of knowledge 

translation and transfer.   

Veterinarians are often cited as a trusted source of information by dairy producers (Young 

et al., 2010a; Young et al., 2012; Cipolla and Zecconi, 2015) and are also a reasonably accessible 

source of in-person information due to frequent on-farm visits.  Young et al. (2010a) specifically 

noted that Canadian producers rated veterinarians as very knowledgeable about on-farm food 

safety as well as being a favorable source for food safety information.  This points to a positive 

relationship between these two groups, which could contribute to knowledge transfer.  

Furthermore, Young et al. (2012) observed that 75% of dairy producers indicated that they spoke 

about food safety and good production practices with their veterinarians and that those producers 

who indicated frequent discussions on food safety and good production practices were more likely 

to use good production practices.  Again, this points to the strength of the veterinarian-producer 

relationship in knowledge dissemination and transmission to action, such as altering existing 

practices or implementing new management practices.   

While veterinarians certainly play a vital role in effectively communicating new and 

changing information regarding various aspects of dairy farming, Payne et al. (1999) observed 

concern from veterinarians as to their role in on-farm quality assurance programs.  Most 

veterinarians were opposed to acting as certifiers or regulators in the study (Payne et al., 1999).  
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Veterinarians prefer an educational role, an attitude also observed by Moore et al. (2000).  Herd 

veterinarians believed that their two most important roles in ensuring on-farm food safety were in 

developing treatment protocols and promoting residue avoidance; arguably these two roles are 

intrinsically linked (Moore et al., 2000).  Furthermore, when questioned about educational 

opportunities related to their practice or their personal interest, herd veterinarians ranked food 

safety lower than many other aspects of farm management such as milk quality, udder health, 

nutrition, and reproduction (Moore et al., 2000).  Veterinarians are uniquely positioned to educate 

and train farmers but addressing the disconnect regarding food safety programming will be 

essential to encourage producer motivation and adoption. 

1.3 THE CANADIAN QUALITY MILK PROGRAM 

In 1997, Canadian dairy producer organizations elected to initiate a proactive approach to 

food safety on Canadian dairy farms through the development of a HACCP-based program.  The 

development of the Canadian Quality Milk (CQM) program was introduced in 2003 by the Dairy 

Farmers of Canada (DFC) with three CCPs: 1) the milking of treated animals, 2) cooling and 

storage of milk, and 3) shipping of animals (Figure 1.1).  Under this program, Canadian dairy 

producers are required to develop standard operating protocols, corrective action plans, and are 

required to pass audits administered by trained validators on a biennial basis to improve and ensure 

food safety control and mitigate potential food safety issues on the dairy farm.  While CQM was 

designed as a national program with standardized training for validators, implementation, 

monitoring, and enforcement of the program are completed at the provincial level.  This resulted 

in variable timelines and approaches to implementation of CQM across Canada.  However, by 

2015 it was anticipated that all Canadian dairy herds registered to ship milk would be CQM 

validated; as of the writing of this thesis the last update from DFC indicated that 99% of Canadian 
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herds were CQM registered (DFC, 2016).  Additionally, as of 2015, the CQM program has been 

re-labelled as the Food Safety module of the DFC proAction Initiative which encompasses six key 

on-farm quality assurance modules into one overarching enterprise and continues into the future.  

For the purposes of this thesis, the term CQM will be used as that was the program identifier 

recognized during data collection for this research.
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Figure 1.1. Schematic of the CQM program.  Outer ring indicates best management practices 

(BMP) and inner ring indicates critical control points (CCP).
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The Dairy Farmers of Ontario (DFO) administer CQM for Ontario’s dairy producers.  

Ontario began first CQM validation visits in 2011 and concluded the first round of validations of 

registered herds in 2015 (Figure 1.2).  Following a period of voluntary producer enrolment, 

remaining Ontario herds were assigned an initial enrollment and validation date within the 2011 

through 2015 timeframe.  DFO field service representatives (FSRs) are responsible for auditing 

Ontario producers for compliance with CQM.  Full CQM audits are completed biennially with 

producers completing self-audits in the intervening year.  Additionally, random herds are selected 

each year for an unscheduled audit to maintain program integrity.  These audits are performed by 

the FSRs using a standardized checklist applicable for all CQM audits across Canada.  Farms are 

evaluated under the three CCPs as well as according to several best management practices (BMP).  

Herds may be assigned major or minor corrective action requests (CARS), depending on perceived 

hazard to food safety, or demerits.  Producers are required to resolve any CARS received before 

validation is granted, however, demerits are not required to be resolved for CQM validation.  In 

order to pass their first CQM audit, producers were required to have no major CARS, less than 

five minor CARS, and less than ten demerits.  For subsequent CQM audits, producers must have 

no major CARS, less than five minor CARS, and less than five demerits to receive continued CQM 

validation.  

 

Figure 1.2. Timeline of CQM implementation in Ontario. 
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DFO elected to offer Ontario dairy producers a free, voluntary training program prior to 

their mandatory enrollment date to help producers prepare for their first CQM audit.  This program 

was provided by specifically trained CQM Advisors.  Advisors were predominantly veterinarians, 

although the training program to become a CQM Advisor was open to other dairy industry 

personnel.  An individual producer could receive up to three hours of subsidized training according 

to this program.  Training could be completed in a classroom setting, on-farm setting, or as a 

combination of both classroom and on-farm.  CQM Advisors were required to train at least five 

producers in order to initiate payment for their services from DFO.  

A focus of the CQM program is the prevention of residues in milk and meat through the 

use of on-farm treatment records.  Two of the three critical control points of CQM correspond to 

addressing risk prevention and mitigation for residues; the milking of treated animals and shipping 

of animals.  Producers must record all treatments administered which have a withdrawal for milk 

or meet indicating when and how the treatment was administered as well as the label withdrawal 

time and the milk and meat clear date for any animal treated. 

1.4 ANTIBIOTIC USE AND TREATMENT RECORDS FOR MILKING DAIRY COWS 

 The Merck Manual defines antibiotics (antibacterial drugs) as drugs which have been 

derived from bacteria or molds or have been synthesized and which have mechanisms which 

ultimately inhibit bacterial growth or impact bacterial cell mechanisms in such a way as to cause 

cell death (Merck Manual, 2019).  These substances may be grouped into classes, mainly by 

chemical structure and targeted antibacterial mechanism, such as ß-lactams which all contain a 

lactam ring.  Antibiotics are a vital tool in the treatment of bacterial infections in humans, animals, 

and plants.  Additionally, they may also be used preventatively to discourage bacterial growth and 
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infection.  The World Health Organization (WHO) has produced a list of antibiotics of critical 

importance for human medicine since 2005.  This list categorizes antibiotic classes as critically 

important, highly important, and important to human medicine with an aim to promote prudent use 

and to reduce the risk of antibiotic resistance (WHO, 2017).  The World Organization for Animal 

Health (OIE) also established a list of antibiotics for importance to veterinary medicine in parallel 

with the WHO and adopted by the OIE International Committee in 2007.   

In Canada, the federal department for health, Health Canada, maintains a categorization of 

veterinary antibiotics based on importance in human medicine (Health Canada, 2009).  A large 

amount of antibiotic use globally corresponds to agriculture-related uses (Landers et al., 2012).  

This has led to an increased scrutiny of antibiotic use practices in agriculture in recent years; 

specifically, in food animal agriculture.  In response to this increasing concern and scrutiny of 

antibiotic consumption by animal agriculture, several action plans have been initiated globally.  

Certain countries have mandated reductions in antibiotic use (Kuipers et al., 2016), there has been 

increased focus on certain approaches to re-evaluate prophylactic and metaphylactic use of 

antibiotics such as with selective dry cow therapy (Scherpenzeel et al., 2014), and investigations 

of correlations between certain farm management approaches and antibiotic resistance have also 

occurred (Saini et al., 2012b).  The Food and Agriculture Organization of the United Nations has 

also highlighted a need for strategies to survey and monitor antibiotic use and resistance in food 

and agriculture under their FAO Action Plan on Antimicrobial Resistance 2016-2020 (FAO, 

2016).  

 Within the dairy industry, antibiotic use often has a focus on adult dairy cows due to 

associations with milk and meat residue infractions and concerns around transfer of resistance 

from cows to people; either through direct contact for farm workers or through transfer from food 
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products to consumers.  From a global perspective, the majority of antibiotic use in dairy 

production is targeted at mastitis treatment or prevention (Pol and Ruegg, 2007; Menéndez 

González et al., 2010; Wenz and Giebel, 2012).  However, the class of antibiotic most frequently 

administered and proportion of antibiotics used that are critically important to human health vary 

greatly across individual farms and at the country level. 

 A study of Washington State dairy farms observed that, for overall on-farm antibiotic use, 

penicillins (ß lactam) were administered most commonly followed by ceftiofur (ß lactam) and 

oxytetracycline (Raymond et al., 2006).  Similarly, a Wisconsin study also noted that penicillins 

(ß lactam) were administered most commonly for dry cow therapy (DCT) and cephapirin (ß 

lactam) was the most common administration when treating mastitis (Pol and Ruegg, 2007).  A 

similar result was noted in a German study for mastitis and DCT (Tenhagen et al., 2006).  A 

Flemish study also noted a high treatment incidence with 3rd and 4th generation cephalosporins (ß 

lactams) and overall 37% of on-farm antibiotic consumption in this region was classed as critically 

important for human health (Stevens et al., 2018).  Overall, ß lactams have been documented to be 

the most commonly used antibiotics in other countries as well (Zwald et al., 2004; Menéndez 

González et al., 2010; Stevens et al., 2016).  In an earlier study of Belgian dairy herds, there was 

a correlation between antibiotic use and certain herd management factors (Stevens et al., 2016).  

In herds classed as low users of antibiotics, the majority of antibiotic administrations were 

attributed to DCT, a preventive practice, while high use herds had the majority of antibiotic 

treatments attributed to mastitis treatment and systemic administrations overall (Stevens et al., 

2016).  Treatment incidence with antibiotics was also lower in herds with a greater proportion of 

primiparous animals (Stevens et al., 2016).  Quantifying use is important but understanding 

reasons for treatment and approaches to treatment are also important. 
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The majority of treatments in Stevens et al. (2018) were for mastitis and were administered 

via the intramammary route, which aligns with the previous noted findings that most dairy 

antibiotic use is attributed to mastitis.  Pol and Ruegg (2007) also noted that most parenteral 

administrations in their study of Wisconsin dairy farmers were a result of DCT or mastitis 

treatment.  To better understand producer antibiotic use practices, on-farm treatment records 

become an important diagnostic tool for evaluating not only consumption but also treatment 

approaches such as reason for treatment, dosage, route of administration, and extra-label use.   

Esptvedt et al. (2013) observed a high level of completeness and correctness during an evaluation 

of Norwegian dairy farmer treatment records.  Despite this finding, the authors still noted that at 

least 10% of the data were missing (Espetvedt et al., 2013).  Variable on-farm record quality has 

also been noted in other studies.  Trauffler et al. (2014) reported that inaccurate information was a 

frequent finding when evaluating records of Austrian pig farmers.  A study of American dairy 

farms’ treatment records indicated that most records lacked the level of accuracy and consistency 

needed to be meaningful tools for evaluating and informing herd-level health management and 

that farmers were not consistently recording antibiotic treatments (Wenz and Giebel, 2012).  

Menéndez González et al. (2010) observed that, for Swiss dairy farms, electronic recording 

systems were associated with better traceability but that overall, many records were incomplete or 

inaccurate when it came to recording drug name or dosage.     

1.5 PERCEPTIONS TOWARDS ANTIBIOTIC USE IN THE DAIRY INDUSTRY 

 Documenting antibiotic use is only one component of understanding antibiotic use in 

milking dairy cows.  Perceptions and attitudes towards antibiotics are also an important component 

to predict usage patterns.  As concern about antibiotic resistance has grown globally, dairy 

producers are also expressing concern about antibiotic resistance and its potential impact on their 
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farms (Raymond et al., 2006; Young et al., 2012; van Dijk et al., 2017).  Young et al. (2012), in a 

study of producers in Argentina, observed that most producers already believed that antibiotic 

resistance was affecting their treatment of sick cows.  Similarly, a study of dairy producers in the 

Eastern United States noted that over one-third believed antibiotic efficacy had declined when 

treating diseases compared to past treatments (Raymond et al., 2006).  Interestingly, despite 

concerns in the Young et al. (2012) study, 11% of dairy producers still indicated they used 

antibiotics to prevent disease on farm with 0.7% indicating use as a growth promoter while 

Raymond et al. (2006) observed that only 34% of producers believed an antibiotic resistant 

infection in a cow could pose a risk to farm workers.  Across these studies, there was a 

demonstrated lack of clarity and producer understanding of the risks of antibiotic resistance and 

how antibiotic use can contribute to resistance.   

In a 2009 study of bovine veterinarians in Ohio, a majority of veterinarians indicated that 

at least one quarter of dairy clients in their practice asked them about antibiotic resistance, 

however, most of these veterinarians also felt that dairy producers were using antibiotics without 

veterinary consult (Cattaneo et al., 2009).  It appears that despite concern about antibiotic 

resistance amongst dairy producers, changing antibiotic use practices may be lagging.  A study of 

dairy producers and veterinarians in the United Kingdom noted that 79% agreed that antibiotic use 

in livestock, including dairy cows, was too high (van Dijk et al., 2017).  Responsibility for 

mitigating the risk of the development of antibiotic resistance was varied with only 70% of 

respondents indicating that dairy farmers are an important component to risk reduction while 87% 

of respondents indicated that veterinarians are important (van Dijk et al., 2017).  Addressing dairy 

producer concerns regarding antibiotic use is essential to promote prudent usage and to decrease 



	
	

	 17	

the likelihood of practices which may place selective pressure towards the development of 

antibiotic resistance.   

Dairy producers generally indicate a desire to maintain prudent antibiotic use as part of 

maintaining high quality milk production (Young et al., 2012; Jones et al., 2015; Kayitsinga et al., 

2017).  Previous studies have indicated that dairy producers will frequently use antibiotics to treat 

mastitis based on clinical signs rather than bacterial identification of the causal organism to 

determine appropriate treatment course (Raymond et al., 2006; Jones et al., 2015; Swinkels et al., 

2015).  A study of dairy producers in the United States showed that most producers thought of 

antibiotic DCT as an antibiotic treatment rather than a preventative measure (Raymond et al., 

2006).  Furthermore, almost 80% of producers in the study believed that decreased antibiotic use 

for DCT would negatively impact milk production on their farms (Raymond et al., 2006).  While 

70% of dairy producer respondents to a study in England and Wales felt that reduction of antibiotic 

use in the dairy industry would be a good thing, 32% still stated that a reduction would be difficult 

for them to achieve (Jones et al., 2015).  This was despite a majority of producers indicating they 

possessed the skills and knowledge to decrease antibiotic use (Jones et al., 2015).  Swinkels et al. 

(2015) observed that dairy producers perceived administering extended treatments beyond label 

indications for mastitis cases as being a “good farmer.”  These producers believed that they were 

not treating a case of mastitis effectively if clinical signs persisted following treatment cessation 

(Swinkels et al., 2015).  In these situations, communication between veterinarians and other farm 

advisors is important to positively influence producer perceptions of antibiotic use.  

 A majority of Dutch veterinarians indicated that they actively encourage dairy clients to 

decrease their antibiotic usage (Scherpenzeel et al., 2018).  A study of Dutch and German dairy 

producers found that veterinarians are viewed as an information source for antibiotic use (Swinkels 
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et al., 2015).  In general, both veterinarians and producers believe that written treatment protocols 

are valuable for prudent antibiotic use (Raymond et al., 2006; Cattaneo et al., 2009; Kayitsinga et 

al., 2017).  However, this belief does not always translate into veterinarians aiding producers in 

developing treatment protocols or producers writing treatment protocols (Raymond et al., 2006; 

Cattaneo et al., 2009).  Zwald et al. (2004) observed, in a study of U.S. dairy producers, that 

veterinarians were most often cited as a reference for information on antibiotic use and dosage on 

conventional dairy farms.  Conventional farmers cited personal experience as the next most 

influential reference for information on antibiotic use and dosage, second to veterinary advice 

(Zwald et al., 2004).  Regarding withdrawal time, conventional producers again cited veterinarians 

as the main reference followed by product label information (Zwald et al., 2004).  While 

veterinarians were a main source of antibiotic information for conventional producers, organic 

producers cited personal experience as their main influence for antibiotic use and dosage (Zwald 

et al., 2004).  Communication with veterinarians may be an important source of antibiotic 

information for dairy farmers, but the degree of influence may be variable depending on farm type.  

Perceptions, attitudes, and beliefs towards antibiotic use by the dairy industry appears to be 

dynamic and attaining strategies for promotion of prudent use and risk reduction for antibiotic 

resistance must take this into consideration. 

1.6 ANTIBIOTIC USE AND TREATMENT RECORDS ON CANADIAN DAIRY FARMS 

 In a 2010 survey of Canadian dairy producers, over 93% indicated that the farm is the most 

critical control point for antibiotic residues in the dairy food chain (Young et al., 2010a).  In 

addition, two-thirds of these producers were concerned about the development of antibiotic 

resistance and its potential impact on their ability to effectively treat sick animals (Young et al., 

2010a).  This highlights that Canadian dairy producers are thinking about antibiotic use on their 



	
	

	 19	

dairy farms and that antibiotic resistance is also an area of concern for producers.  This concern 

about antibiotic resistance was greater for those producers that reported completing a health 

management course, were organic milk producers, and/or were based in the province of Quebec 

(Young et al., 2010a).  Despite these concerns, in a 2010 Canada-wide study, 29% of producers 

stated that they treat 100% of cases of clinical mastitis with antibiotics (Young et al., 2010b).  This 

demonstrates a disconnect between producer perceptions and attitudes or understanding of 

antibiotic use and antibiotic use practices. 

Similar to other dairy producing countries globally, the most common reason for antibiotic 

treatments in the milking herd on Canadian dairy farms is mastitis treatment or prevention (DCT) 

(Léger et al., 2017; Nobrega et al., 2017; Saini et al., 2012a).  However, regional differences in 

antibiotic use profiles have been observed in previous studies.  A Canada-wide study of antibiotic 

use observed that cephalosporins were used most commonly followed by penicillins, penicillin 

combinations, tetracyclines, trimethoprim-sulfonamide combinations, and lincosamides (Saini et 

al., 2012a).  The study observed that 3rd generation cephalosporin use was greater in Ontario than 

in Quebec.   In a previous study, Léger et al. (2017) noted that antibiotic use in Ontario was 

primarily driven by mastitis treatment while Nobrega et al. (2017) observed that 3rd generation 

cephalosporin use was most commonly associated with treatment of reproductive conditions or for 

hoof-related issues.  This may point to an evolution of approaches to antibiotic use over time, 

changing veterinary advice, or marketing impacts.  On Canadian dairy farms, penicillin 

combinations are the most common antibiotic treatment for mastitis followed by 1st generation 

cephalosporins (Saini et al., 2012a; Nobrega et al., 2017).  Similarly, DCT is most commonly 

penicillin followed by 1st generation cephalosporins (Saini et al., 2012a; Nobrega et al., 2017).  

Intramammary antibiotic use was observed as being higher for clinical mastitis treatments than 
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DCT in a 2012 Canadian study (Saini et al., 2012a).  As with other countries, ß lactam use 

predominates in Canadian herds.   

Despite the prevalence of antibiotic treatments for udder health, the intramammary route 

of administration is not necessarily the most common route based on dosage units and frequency.  

Léger et al. (2017) observed that the majority of antibiotics administered to Ontario dairy cows, 

based on veterinarian records of frequency of dispensing, were administered by injection, followed 

by intramammary, intrauterine, topical, and oral route of administration.  Similarly, Saini et al. 

(2012a) observed that antibiotic use on Canadian herds was higher for systemic routes of 

administration compared to intramammary and other routes of administration although calf 

treatments may have been a contributing factor as usage was calculated from garbage bin audits 

of empty drug containers for the entire farm.  

With the implementation of CQM in Canada, dairy producers are now required to record 

most antibiotic treatments of the milking herd as the majority of antibiotic use in these cows is 

correlated with a product’s milk or meat withdrawals.  To date an evaluation of antibiotic use based 

on CQM records has not been published, but Nobrega et al. (2017) did complete a comparison 

study evaluating on-farm antibiotic use based on empty drug container inventories and producer 

recorded treatments on a provided paper record sheet.  Antibiotic use was higher for participating 

farms when evaluating empty drug containers compared to the completion of the provided 

treatment record sheet (Nobrega et al., 2017).  Furthermore, over 90% of treatment records were 

missing information regarding dosage administered (Nobrega et al., 2017).  This highlights 

potential concerns regarding producer record keeping and prudent use.  Prevalence of antibiotic 

resistance on dairy farms and risk of transmission to dairy consumers in Canada is presently 

considered to be very low (Saini et al. 2012b; Saini et al., 2012c; Saini et al., 2013; Nobrega et al., 
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2018), however, prudent use and accurate dispensing and dosing of antibiotics administered is 

critical to ensuring that this trend continues.  Treatment records play a vital role in detailing total 

antibiotic use as well as type of antibiotic use and accurately recording treatments is essential to 

not only prevent residue infractions in milk and meat but to ensure that a cow is treated 

appropriately based on label and veterinary advice.        

1.7 CONCLUSIONS 

 Milk quality and food safety are paramount to the continued success of the Canadian dairy 

industry.  Canadian dairy producers have taken a proactive approach to addressing quality 

assurance and food safety through the implementation of CQM and the proAction initiative.  

Ontario is the second largest milk producing province in Canada (Canadian Dairy Commission, 

2018) and concluded their CQM certification of herds in 2015.  Since the completion of this 

certification an analysis of outcomes and impacts of the CQM program has yet to occur.  

Understanding the impacts of training on producer ability to prepare for and successfully complete 

CQM validation is essential in order to develop and deliver future training programs for dairy 

producers.  Furthermore, evaluating ongoing compliance with the CQM program is crucial to 

demonstrate the efficacy of the objectives of the program and producer compliance with the 

program beyond the validation process.  Additionally, as consumer concern around antibiotic use 

in agriculture increases it will be necessary to demonstrate prudent use.  Therefore, evaluation of 

record keeping for on-farm antibiotic use is critical to determine the effectiveness of on-farm 

treatment records as a means to quantify and evaluate prudent antibiotic use in the dairy industry. 

The objectives of the work described in this thesis are:  
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1) To understand the attitudes, perceptions, and experiences of CQM Advisors towards the 

voluntary producer training program offered by DFO to Ontario dairy producers prior to their first 

CQM validation visit (Chapter 2);  

2) To understand the impacts of a voluntary Ontario dairy producer training program 

offered by DFO prior to the first CQM validation visits and to determine potential predictors of 

training completed by producers (Chapter 3);  

3) To determine the most common problem areas for Ontario dairy producers during their 

first and second CQM validation visit and to determine predictors associated with CQM audit 

outcomes (Chapter 4);  

4) To describe Ontario dairy producer perceptions and approaches to mastitis treatment 

and prevention (Chapter 5 and 6); and  

5) To describe antibiotic use in the milking herd on Ontario dairy farms as captured by 

CQM records and to evaluate Ontario dairy producers’ CQM records for compliance with the 

CQM standards (Chapter 7). 
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CHAPTER 2: EXPERIENCES, ATTITUDES, AND PERCEPTIONS OF ACCREDITED 

ADVISORS TOWARDS A VOLUNTARY PRODUCER TRAINING PROGRAM FOR 

CANADIAN QUALITY MILK 

 

2.1 ABSTRACT 

 This study was conducted to understand the attitudes and perceptions of Advisors towards 

the voluntary producer training program offered in Ontario prior to the first Canadian Quality Milk 

(CQM) validation.  Advisors were credentialed to provide Ontario dairy producers with training 

for preparation for their first CQM validation.  A survey was used to gather Advisor opinions and 

was sent by e-mail to all Advisors listed on the Dairy Farmers of Ontario (DFO) website.  ANOVA 

and Chi-Square analyses were utilized to identify significant differences among respondent groups 

(veterinarian, non-veterinarian, and unidentified), linear regression was used to evaluate 

associations with the number of producers an Advisor trained, and logistic regression was 

performed to evaluate associations with Advisor opinions. Advisors who trained more producers 

were more likely to provide both classroom and on-farm sessions, train producers with greater 

consistency in audit results, and remained in communication with producers they had trained.  

Advisor-suggested improvements for similar programs in the future were increased compensation, 

more use of interactive learning, and re-structured Advisor training.   

Key words: food safety, milk quality, veterinarian advisors, education 

2.2 INTRODUCTION 

Each year in Canada, approximately four million people are afflicted with food-related 

illnesses across all food source categories with approximately 3,000 food safety investigations 

conducted by the Canadian Food Inspection Agency (CFIA, 2016; Health Canada, 2016).  Within 
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the dairy food chain, food safety concerns can arise on-farm, during transport, at the processor, in 

the retail or food service environment, and at home.  Previous work focusing on improving food 

safety for fluid milk found that there was a high level of importance placed on quality assurance 

and traceability (Valeeva et al., 2005).  When evaluating the entire production and delivery chain, 

subsequent links in the chain looked for food safety assurance from previous links (Valeeva et al., 

2005).  Within the dairy chain, this places an intense focus on producers to ensure a high level of 

food safety and quality assurance on their farms.  Hazard analysis critical control point (HACCP)-

based programs have been used by many industries to structure scientifically rigorous preventative 

and corrective safety strategies thereby ensuring quality control.  Canadian dairy producer 

organizations chose proactively to improve on-farm food safety by initiating a HACCP-like food 

safety program in 1997 (Dairy Farmers of Canada, 2016a).  The 2003 Canadian Quality Milk 

(CQM) program focused on three critical control points: 1) the milking of treated animals, 2) 

cooling and storage of milk, and 3) shipping of animals (4).  Through the creation of standard 

operating protocols, corrective action plans, and the use of audits to ensure compliance, the CQM 

program helps provide food safety control at the dairy farm.  The CQM program has become the 

Food Safety Module of the Dairy Farmers of Canada’s broader proAction program (Dairy Farmers 

of Canada, 2016b), but will be identified as CQM throughout this paper.  

 Although CQM is a national program designed by the Dairy Farmers of Canada, 

implementation, monitoring, and enforcement are dealt with provincially, and, within Ontario, 

Dairy Farmers of Ontario (DFO) has implemented the program.  DFO field service representatives 

(FSRs) fully audit producer compliance to the program on-farm biennially.  A full CQM audit 

consists of an inspection by the FSR utilizing a checklist process.  During the audit, farms may be 

assigned corrective action requests (CARS), either major or minor depending on perceived hazard 
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to food safety, which must be resolved for a producer to pass the audit.  Additionally, producers 

may be assigned demerits, which do not have to be resolved.  For the first CQM audit, each Ontario 

producer was required to have no major CARS, less than five minor CARS, and less than ten 

demerits to receive a pass.   

Prior to the mandatory enrollment date for CQM in Ontario, DFO offered a free voluntary 

training program to producers to help them prepare for their first CQM audit.  Training was 

provided by individuals who had completed a CQM Advisor training program.   These CQM 

Advisors were predominantly veterinarians, but approximately 10% were non-veterinarians with 

various other affiliations in the agriculture industry.  Producers were offered up to three hours of 

training, which could occur exclusively in a classroom, exclusively on-farm, or as a combination 

of classroom and on-farm (Dairy Farmers of Ontario, 2016).  Advisors were compensated for 

training conducted once they had trained a minimum of five producers; advisor names and contact 

information were provided to producers on the DFO website so that producers could contact an 

advisor of their choice (Dairy Farmers of Ontario, 2016).     

 To date, the experiences of Advisors in this training program have not been chronicled.  

Therefore, the objective of this study was to understand the experiences, attitudes, and perceptions 

of CQM Advisors towards the voluntary producer training program offered by DFO to Ontario 

dairy producers prior to their first CQM validation visit. 

2.3 MATERIALS AND METHODS 

 This study received ethics approval from the University of Guelph Research Ethics Board 

(REB#14OC012). 
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2.3.1 Questionnaire Design 

 A questionnaire was developed, in collaboration with the veterinarians who had created the 

DFO Advisor training program, to acquire information about the experiences and attitudes of CQM 

Advisors.  The questionnaire consisted of 15 questions including a mixture of open (n=3), closed-

ended (n=11), and Likert-scaled (n=1) questions (see Appendix A).  The survey was designed to 

be completed in less than five minutes in an attempt to maximize responses.  The questionnaire 

was pre-tested for clarity and completion time with three veterinarians who had familiarity with 

the CQM Advisor program.  Based on the pre-test findings, questions were revised as needed.  The 

pre-test indicated that the targeted completion time of less than five minutes was realistic. 

2.3.2 Questionnaire Administration 

The final survey was distributed online using web-based survey software (Qualtrics, 2002).  

This platform enabled efficient questionnaire distribution and anonymous responses.  Only invited 

respondents could complete and submit the survey using their e-mail address as an access code.  

These e-mail addresses were associated with the recorded questionnaire responses and the program 

only allowed for one questionnaire submission from each e-mail address.  A list of all eligible 

CQM Advisors in Ontario, as of November 2014, was obtained from the DFO website 

(www.milk.org).  An e-mail invitation was sent to the 195 advisors on the list in November 2014, 

with reminders sent in December 2014 and January 2015.  The questionnaire was closed on 

January 31, 2015.  All questionnaire responses were exported from Qualtrics to Microsoft Excel 

for data management.  Additionally, DFO supplied a database of individual producer CQM audit 

results matched to the Advisor who provided producer training.  
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2.3.3 Statistical Analysis 

All variables were screened for normality using the UNIVARIATE procedure of SAS 9.4 

(SAS Institute, 2011).  The number of producers trained by each Advisor was slightly right skewed 

and transformed using a natural logarithm.  A Chi-Square exact analysis with Monte Carlo 

simulation was performed to test whether respondent groups (veterinarian, non-veterinarian, or 

unspecified) answered categorical questions differently.  A one-way ANOVA was used to analyze 

whether respondent groups (veterinarian, non-veterinarian, or unspecified) answered continuous 

or rank order questions differently.  For both of these analyses, the null hypothesis was rejected if 

p<0.05. 

A linear regression analysis (MIXED procedure of SAS) was performed to identify factors 

associated with the number of producers trained by the Advisors.  Unconditional associations were 

evaluated using univariable analysis.  An a priori threshold of p≤0.3 was chosen to determine 

which variables were submitted to a multivariable model.  Prior to model building all variables 

that met the threshold were screened for correlation using the CORR procedure of SAS.  If two 

variables were highly correlated (r>0.6), the explanatory variable with the lower p-value in the 

unconditional associations was retained.  Given the small size and discrete nature of the dataset, it 

was determined that the final model would need to be limited to no more than four degrees of 

freedom.  Where the univariable analysis resulted in many explanatory variables being eligible to 

be submitted to the final multivariable model, a dynamic backward and forward elimination 

process was used to arrive at a final multivariable model.  Of the multiple multivariable models 

built, the model presented in this paper was the one with best fit based on Akaike’s Information 

Criterion.  Initially, the variables of greatest univariable significance were sequentially submitted 

to the model with up to four degrees of freedom and then removed, based on non-significance 
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(p>0.10).  Plausible two-way interactions were evaluated in instances in which variable removal 

resulted in a >10% change in a remaining variable’s coefficient and in instances in which testing 

for interaction was deemed logical a priori.  In instances in which a variable’s removal resulted in 

a >10% change in the remaining variable’s coefficient, that variable was retained in the model 

regardless of p-value as it was deemed to be a confounder. Residuals were analyzed to assess 

model fit and a Shapiro-Wilk test was utilized to ensure the assumption of normality was not 

violated. 

Logistic regression analyses (GLIMMIX procedure of SAS) were performed to assess 

potential associations of predictor variables with the following outcomes; 1) respondents would 

become CQM Advisors again only if the program was changed compared to not changed, 2) 

respondents who felt being a CQM Advisor had a positive impact on their relationship with clients 

compared to no impact, 3) respondents who felt that CQM Advisor tasks took too much of their 

time compared to those who did not feel CQM Advisor tasks took too much time, 4) CQM 

Advisors who billed for extra training time compared to those who did not, and 5) CQM Advisors 

who indicated they spent less than three hours with clients compared to those Advisors who spent 

more than three hours.  Model building procedures were identical to those used for the linear 

regression model, with the exception that residuals were not assessed given the binary nature of 

logistic regression.  

2.3.4 Content Summary of Descriptive Responses 

 A thematic approach was used to evaluate and summarize the descriptive responses to the 

open questions (Creswell and Miller, 2000; Braun and Clarke, 2006).  Familiarity with the data 

was achieved by reading and re-reading the responses to the open questions.   Content analysis 

was completed using an inductive coding process, in which the constant comparative method, 
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initial coding and then reflection and re-coding, were used during the coding process to improve 

code refinement (Glaser, 1965; Redding et al., 2013).  Codes were then organized into themes and 

quantified to complete the content analysis (Creswell and Miller, 2000). 

2.4 RESULTS 

 A total of 99 Advisors submitted a survey for a response rate of 51%.  The survey average 

respondent completed 79% of the questions.  Veterinarians represented 83% of the respondents, 

non-veterinarians 10%, and 7% did not indicate their occupational demographic.  The average 

number of producers trained per Advisor was 31 (SD ± 26; min. 1; max. 150).  The average number 

of Advisors in a veterinary practice was three (SD ± 2; min. 1; max. 7).  Veterinarian respondents 

represented 52 practices in Ontario, one pharmaceutical company, and one federal agency.  The 

average number of years since graduation of veterinarian respondents was 18 (SD ± 13; min. 1; 

max. 50).   

CQM audit results for producers who had completed training prior to their first audit were 

available for 147 Advisors.  To evaluate the impact of training, the number of major and minor 

CARS and demerits assigned during each audit were tabulated for each Advisor.  Audit results for 

the province and by CQM Advisor group (veterinarian, non-veterinarian, and other) are presented 

in Figure 2.1, representing 4,001 herds in Ontario.  There were no statistical differences in audit 

outcome for producers based on Advisor category.  Descriptive statistics of Advisor training 

experiences categorized by the occupational demographic declared by Advisor survey respondents 

(n=99) are presented in Table 2.1.  Descriptive statistics of temporal aspects of Advisor training 

experiences categorized by Advisor group are presented in Table 2.2. 
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2.4.1 Comparison of Respondent Groups 

  Respondent groups differed significantly in their responses to four survey questions. When 

asked about the impact of CQM training on their relationship with clients, 88% of veterinarians 

indicated CQM training had a positive impact on their relationship with clients while only 43% of 

non-veterinarians indicated CQM training had a positive impact on their relationship with clients 

(p=0.02).  When asked whether they agreed that veterinarians were the best choice to act as CQM 

Advisors, 99% of veterinarians agreed that veterinarians were the best choice for CQM Advisors 

whereas only 11% of non-veterinarians agreed that veterinarians were the best choice (p<0.01).  

Thirdly, respondent groups differed in whether they felt that CQM training was beneficial to 

veterinarians (p=0.03); 98% of veterinarians agreed or strongly agreed CQM training was 

beneficial to veterinarians while 67% of non-veterinarians felt that CQM training was beneficial 

to veterinarians.  Lastly, veterinarian respondents were more likely to indicate that they were part 

of a practice that had other CQM Advisors, whereas non-veterinarians were more likely to work 

alone (P<0.05). 

2.4.2 Associations Between Training Characteristics and Advisor Perceptions 

 The final linear regression model to describe associations with the “number of producers 

an advisor trained,” yielded three significant explanatory variables (Table 2.3).  Advisors who 

trained more producers were: more likely to provide both classroom and on-farm sessions, have 

producers with a greater consistency in audit results, and to remain in communication with the 

producers they had trained. 

 Results of the five logistic regression models are presented in Tables 2.4 and 2.5.  Advisors 

whose trainees were receptive to the CQM program were less likely to want changes to the CQM 

training program (Model 1).  Advisors who felt CQM had a positive impact on their relationship 
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with clients were more likely to have more CQM Advisors in their practice and be less concerned 

that CQM tasks took too much of their time (Model 2).  When they were from a practice with 

fewer Advisors, the Advisors were much more likely to indicate that CQM had a positive impact 

on client relations than no impact (Model 2).  Advisors who felt that CQM tasks took too much 

time from their other tasks had a greater consistency in audit results with regards to the major 

CARS assigned to their trainees (Model 3).  Advisors who billed clients for extra time (over and 

above the compensation provided by the program) were more likely to: have other CQM Advisors 

in the practice, perceive that CQM benefitted producers, and have more clients seeking additional 

training prior to their second full CQM audit (Model 4).  Finally, Advisors who spent more time 

engaged with CQM training: trained more producers, had more years in practice, and had more 

demerits assigned to their trainees compared to those Advisors who spent less time engaged with 

CQM training (Model 5).   

2.4.3 Qualitative Responses 

 Tables 2.6 and 2.7 contain the thematic analysis results of the open-ended questions in the 

survey.  

2.5 DISCUSSION 

2.5.1 Veterinarian vs Non-Veterinarian Advisors 

 Veterinarian and non-veterinarian respondents were comparable across the majority of 

survey questions.   

It was anticipated that veterinarians would train a greater number of producers because of 

their existing client base and relationship with producers.  Previous studies have indicated that 

strong producer-veterinarian relationships are viewed positively by producers and that 

veterinarians are a trusted source of information (Payne et al., 1999; King, 2000; Young et al., 
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2010; Young et al., 2012).  Thus, producers likely were motivated to continue utilizing their herd 

veterinarian, if trained and available, as a CQM Advisor.  Combined with the fact that more 

veterinarians were trained as CQM Advisors, it is not surprising that the majority of producers 

utilized veterinarians as Advisors. 

It is notable that regardless of whether a producer’s Advisor was a veterinarian or not, there 

were no significant differences among producers in audit outcomes.  This supports the 

standardization of the overall training program offered to both Advisors and producers.  It also 

suggests that utilizing non-veterinarian Advisors could be a viable option for producer training.  In 

a previous study, Canadian dairy producers listed veterinarians as the preferred source of food 

safety information over other sources such as educational courses, newsletters, and websites 

(Young et al., 2010). However, over one-third of meat packers and veterinarians surveyed in 

California, indicated that non-veterinarians were a marketable option for delivery of on-farm food 

safety education (Moore et al., 2000) and a Wisconsin study of multi-personnel milk quality teams 

that included veterinarians and others, showed improved herd performance following interaction 

with all of these team members (Rodrigues and Ruegg, 2005).  These results, in combination with 

the current results, suggest that while veterinarians will remain a trusted source of information for 

producers, a high-quality training program can be effective regardless of the administering 

personnel and offers programs flexibility in Advisor backgrounds.  

2.5.2 Factors Influencing Advisor Behaviour  

 Advisors who offered both classroom and on-farm training sessions trained a greater 

number of producers.  Offering a variety of training options may have been more attractive to a 

greater number of producers.  Veterinary practices with multiple veterinarians trained as Advisors 

likely had larger client bases, facilitating an economic and efficiency advantage with offering 



	
	

	 41	

combination training styles.  Training more producers over a shorter time period likely allowed 

practices to group producers for classroom sessions, offer more classroom sessions and to initiate 

training with more producers at one time.  With more Advisors, these practices could dedicate 

specific Advisors to certain types of training sessions and share feedback on producer performance 

to enhance training sessions.  A previous study which evaluated classroom-style training and an 

on-site session for HACCP for Lithuanian dairy processors found that, while classroom-style 

sessions may be most feasible to quickly disseminate information, on-site training provided a more 

specific and in-depth experience (Boccas et al., 2001).  Roche et al. (2015) showed Ontario dairy 

producers preferred a combination of learning formats in the Johne’s Focus Farms project.  

Further, a project focusing on communication strategies for improving udder health and mastitis 

management in the Netherlands also showed that varied communication techniques may be best 

to reach all producers (Jansen et al., 2010).  Offering training programs with a combination of 

training formats appears to promote success for producers in gaining and utilizing skills from these 

programs.  

The greater variability in the number of major CARS assigned to producers of Advisors 

who had trained more producers was an interesting association.  Advisors who trained more 

producers were also associated with spending more time with their producers.  Conversely, 

Advisors who spent less training time, had producers with fewer demerits assigned.  Previous 

research focusing on mastitis management has shown that motivation is an important factor for 

producers to improve on-farm management (Valeeva et al., 2007).  Exposure to information (i.e. 

training) is not the same as implementation of recommendations by producers.  Producers control 

the implementation, not Advisors, therefore, it is likely that Advisors spent extra time with 
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producers who were more challenged by the CQM process and despite the Advisor’s training 

efforts there were some producers who simply did not perform as well as other trainees.  

Interestingly, the only correlation with CQM Advisors indicating that CQM-related work 

took too much time from their other obligations, was to the consistency of audit results regarding 

major CARS assigned to their trainees.  Greater consistency of trained producer audit results was 

expected from Advisors who had trained more producers and provided more hours of training; 

however, this did not occur.  Advisors who indicated a time constraint had producers with less 

consistency of audit results manifested as a wider range in the number of major CARS assigned to 

their trained producers.  However, an evaluation of range in number of major CARS does not 

capture the area in which CARS were assigned during the audit.  Therefore, this may reflect 

producer motivation and difficulty with the program or it may be indicative of Advisor challenges.  

Further investigation of Advisor and producer performance may be beneficial in future to 

disentangle this relationship. 

Among veterinarian respondents, overall 88% indicated that CQM had a positive impact 

on their relationship with clients.  Number of Advisors in a practice appeared to have an impact 

on the client-relationship.  Veterinary Advisors in practices with fewer Advisors felt that doing the 

producer CQM training had a positive impact.  This may be because CQM provided opportunity 

for these veterinarians to spend more quality time with producers, and thus enhanced their 

veterinarian-client relationship.  Without CQM, these smaller practices may have had more limited 

interaction with producers due to time constraints.       

Increased compensation was a recurrent suggestion made by Advisors, thus associations 

with billing for extra training time were anticipated.  More billing for extra time when there were 

fewer Advisors in a practice may have been influenced by a greater awareness of time constraints.  
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Those Advisors who strongly agreed that the CQM program was beneficial, as compared to those 

who simply agreed, were more likely to bill for extra training time.  This suggests that these 

Advisors perceived their training was of greater value and billed accordingly.   Veterinarian 

Advisors may have provided additional CQM training during non-training farm visits such as herd 

health, which was not an aspect captured in our survey. This may or may not have been included 

in the response to additional billing time.  Billing of producers for additional training prior to a 

second audit was not included in the funding for DFO training. 

The association between Advisors spending more than three hours training per client and 

an increase in number of producers trained, may be a function of those Advisors offering the 

combination style of training.  It was hypothesized a priori that combination training would be 

associated with increased training hours.  However, combination training was not significant in 

our final model for factors impacting Advisor training time.  Additionally, we hypothesized that 

an interaction with number of producers trained and type of training offered might impact the total 

time spent training, but this was not true in this study.   

2.5.3 Study Limitations 

 Response to the survey was 51% based on the available list of CQM Advisors.  However, 

the percentage of active Advisors participating in the study may have been higher as some 

Advisors on the list responded that they were in fact not active advisors.    The response may have 

been driven by interest in the next phase of proAction, under development at the time of our survey.  

CQM Advisors may have provided feedback about their CQM experience to improve the future 

phases of proAction.  Use of a short survey format during the current study may have increased 

Advisors’ response to our study; however, it also limited the quantity and type of information we 

could obtain.   Considering the Advisor-producer relationship is complicated, this survey approach 
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could not provide a complete explanation for the complexities of this relationship.  Future studies 

using additional qualitative approaches may be beneficial to fully explore and describe CQM 

Advisors perceptions and the CQM Advisor-producer relationship.  Additionally, based on sample 

size, despite a high response rate, statistical analyses were limited.  Finally, this research 

exclusively describes a DFO-supported training program for the CQM program as it was 

implemented in Ontario and the perceptions of the Advisors for this program may therefore be 

exclusive to Ontario.  Thus, the internal validity of this study is expected to be high and the external 

validity is likely to be relevant for the province of Ontario, but may be limited in other populations 

where Advisor and producer attributes are not comparable to the current study.    

2.6 CONCLUSIONS 

 In conclusion, this study provides a short, survey-based analysis of CQM Advisor 

perceptions towards a voluntary producer training program.  Veterinarians were the predominant 

Advisors although there were no group differences between veterinarians and non-veterinarians in 

regards to: number of producers trained, perceptions about the program, or producer performance 

on first audit.  Advisors who offered both classroom and on-farm training sessions reported having 

trained more producers, and were more likely to indicate that they spent greater than three hours 

training per producer.    This suggests that future producer training programs may benefit from 

offering a multi-format training approach, enabling, Advisors to spend more time with producers.  

Advisors indicated a high level of support for the program and indicated it enhanced their 

relationship with their clients.  Suggested improvements included: increased compensation, 

incorporating more interactive learning, and re-structuring Advisor training.  Further research 

would be beneficial to further understand Advisor perceptions, Advisor-producer relationships, 
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and training outcomes.  This would benefit development of future educational programs delivered 

to producers by farm advisors. 
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Table 2.1. Descriptive statistics of Advisor training experiences over types of training conducted, training group sizes, and number of 

producers trained. 

Variable Total Veterinarian (n/%) Non-veterinarian 
(n/%) Unspecified (n/%) 

Number of trained CQM Advisors in the practice     
            1 49 35 (43%) 10 (100%) 4 (57%) 
            2 11 11 (13%) 0 0 
            3 21 21 (26%) 0 0 
           >3 18 15 (18%) 0 3 (43%) 
           Total 99 82 10 7 
Type of trainings sessions personally conducted     
           Classroom Only 0 0 0 0 
           On-Farm Only 43 33 (40%) 7 (78%) 3 (50%) 
           Combination1 54 49 (60%) 2 (22%) 3 (50%) 
           Total 97 82 9 6 
Estimated group size for classroom training2     
           <5  31 27 3 1 
           5-10 20 19 0 1 
           10-15 2 2 0 0 
           >15 0 0 0 0 
Number of producers trained for CQM3     
          <5 6 5 1 0 
          5-25 35 31 4 0 
          25-50 42 34 4 4 
          >50 11 10 1 0 

1Indicates that they conducted both classroom and on-farm training sessions with their clients. 

2Number of producers in attendance. 

3At time of survey response. 
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Table 2.2. Descriptive statistics of temporal aspects of Advisor training experiences. 

Variable Total Veterinarian Non-
veterinarian Unspecified 

Average time prior to CQM audit 
producers asked for training 
(months) 

    

         <3 6 5 0 1 

         3-6 80 69 9 2 

         >6 9 8 0 1 

Duration of time spent training 
average producer (hours)     

         1 0 0 0 0 

         2 29 27 2 0 

         3 43 37 4 2 

         >3 21 18 3 0 

Frequency of charging producers 
for extra training     

        Never 46 38 7 1 

        <50% of producers 39 36 2 1 

        >50% of producers 8 8 0 0 

Percentage of producers seeking 
additional training prior to their 2nd 
full CQM audit 

    

         None 15 13 0 2 

         <25 38 29 7 2 

         25-50 22 21 1 0 

         50-75 5 5 0 0 

         >75 15 14 1 0 
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Table 2.3. Final linear regression model for factors associated with number of producers trained1.   

Variable β2 SE P-value 

Intercept 0.6 0.1 <0.01 

Type of training sessions conducted  - - <0.01 

                    On-farm Ref3 - - 

                    Combination4 0.3 0.07 <0.01 

Percentage of producers seeking additional training prior 
to their 2nd full CQM audit5 - - <0.01 

                    None Ref - - 

                    1-50% 0.5 0.1 <0.01 

                    >50% 0.6 0.1 <0.01 

Range of major CARS assigned to producer 0.04 0.01 <0.01 
1 Transformed by natural log for analyses. 

2β= estimated regression coefficient. 

3Ref= reference category. 

4Indicates that they conducted both classroom and on-farm training sessions with their clients. 

5Trichotomized for statistical analysis.  
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Table 2.4. Final logistic regression models for Advisor perceptions of CQM training. 

Variable OR SE P-value 95% CI 

Model 1:  Participate again with changes vs no changes  - - - - 

Producers were receptive to CQM   0.08  

                    Strongly agree  0.47 1.0 0.45 0.06-3.4 

                    Agree 0.23 0.5 0.03 0.06-0.8 

                    Disagree Ref1 - - - 

Model 2:  CQM training program had a positive impact vs no 
impact - - - - 

Number of CQM Advisors in practice 4.0 0.4 0.03 1.2-13.5 

CQM tasks took too much time     

                    Agree 0.16 1.0 0.07 0.02-1.2 

                    Disagree 0.78 0.9 0.8 0.14-4.5 

                    Strongly Disagree Ref - - - 

Model 3:  CQM training tasks took too much time vs did not  - - - - 

Range of major CARS assigned to producer 2.1 0.1 0.05 1.0-4.2 
1Ref= reference category. 
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Table 2.5. Final logistic regression models for Advisor training time. 

Variable OR SE P-value 95% CI 

Model 4:  Billed clients for extra training time 
vs did not - - - - 

Number of CQM Advisors in practice 1.6 0.2 0.07 1.0-2.8 

CQM benefits producers   0.06  

                    Strongly agree  2.5 0.5 0.06 1.0-6.4 

                    Agree Ref1 - - - 
Percentage of producers seeking additional 
training prior to their 2nd full CQM audit2   0.09  

                    None Ref - - - 

                    0-50% 3.9 0.7 0.07 0.9-16.8 

                    >50% 7.0 0.9 0.03 1.2-41.5 
Model 5:  Average training time was ≤3h vs 
>3h - - - - 

Number of producers trained 0.4 0.01 <0.01 0.2-0.7 

Years in practice3 0.5 0.03 0.09 0.2-1.1 
Number of demerits assigned to the average 
producer trained 0.5 0.2 0.06 0.2-1.0 

1Ref= reference category. 

2Trichotomized for statistical analysis. 

3Only available for veterinarian respondents.  
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Table 2.6. Themes identified from Advisor suggested changes to the training program. 

Question Theme Sample Quote Number of 
Respondents 

If you felt there were 
changes needed to the 
training program could 

you briefly describe 
them below? 

Provide more training 
to producers A LOT MORE TIME both in class and on farm 3 

Be better organized 
prior to initiating 
training sessions 

If I had the knowledge I have now, I would standardize 
the info to provide for clients ahead of time 3 

Utilize dynamic 
communication 

methods 

Provide an example package during class session, 
publish responses to common questions in regional farm 

news, and share testimonial profiles in early days to 
proactively address outrageous rumors which rapidly 

spread throughout farm community 

3 

Eliminate the 
classroom/group 
training sessions 

I felt the classroom portion was not of enough value to 
bring producers to a meeting.  I would integrate it all 

into a single farm session 
4 

Increase group sizes 
during classroom/group 

training sessions 

I would do more training in groups so the farmers could 
listen to each other’s thoughts 5 

Improve training for 
CQM Advisors 

The Advisor training that I received was absolutely 
useless.  I pretty much learned, myself, from observing 

validations 
6 

Better compensation 
for CQM Advisors 

Increased compensation is required as on-farm training, 
plus the additional paperwork to summarize treatment 

protocols and create prescriptions, is very time 
consuming and $300 does not cover our costs 

6 
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Table 2.7. Themes identified from Advisor suggested resources to aid in training. 

Question Theme Sample Quote Number of 
Respondents 

What additional 
resources do you feel 

could help you to 
become a better trainer? 

Increase compensation 
for CQM Advisors Greater financial contribution from DFO for my time 2 

Provide CQM Advisors 
with more information 
concerning drug and 

product regulations and 
requirements for CMQ 

Clarification of multiple drug regimens and need for 
scripts in general 6 

Provide a 
communication link 

between CQM Advisors 
and the FSRs 

conducting CQM audits 

Possible meetings between the validator and the 
veterinarians involved in the area so they are on the 

same page 
7 

Provide CQM Advisors 
with updates on CQM 
audit results and areas 

of contention 

Information about some of the aspects that are part of 
Grade A evaluation but seem to be expected of CQM 

trainers (e.g. how to store pet food in barn) 
8 

Improve the CQM 
Advisor training and 

training materials 

It would have been useful to have training on all the 
software programs currently on the market to better 
answer a lot of questions.  I had to develop my own 
carbon copy books for producers and it would have 

been better if they had been supplied. 

12 
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Figure 2.1. Comparison of major and minor corrective action requests (CARS) and 

demerits (±SE) assigned during first validation visit by training and Advisor group (n 

herds= 4,001).  
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APPENDIX 2.1 
 

Instructions: 
 The following questionnaire is part of a University of Guelph study focusing on 
the current results of the Canadian Quality Milk program (CQM) for Ontario dairy herds.  
We are seeking to understand some of the experiences CQM advisors have had with the 
program.  This should take <5min of your time and your feedback is greatly appreciated.  
Please feel free to add additional comments to any of the questions asked. 
 
Questions: 
 

1. How	many	CQM	advisors	of	any	kind,	either	classroom	and/or	on-farm	
training	sessions,	in	your	practice?	
	

 
Just	myself	

	
2. What	type	of	training	sessions	did	you	personally	conduct?	

 
Only	classroom	
	
Only	on-farm	
	
Both	
	

3. If	you	conducted	classroom	training	sessions	what	was	your	average	group	
size?	
	

<5	farms/herds	
	
5-10	
	
10-15	
	
>15	

 
4. How	many	producers	have	you	trained	in	CQM	up	to	October	1,	2014?	

 
5. 	Generally,	how	far	in	advance	of	their	first	CQM	audit	by	DFO	did	producers	

seek	training	from	you?	
	

<1	month	
	
1-3	months	
	
3-6	months	
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>6	months	
	

6. Are	producers	facing	their	second	full	CQM	audit/validation	(their	3rd	year	
on	CQM)	re-contacting	you	for	CQM	advice?	

 
More than 75% of my clients 
 
50-75% of my clients 
 
25-50% of my clients 
 
Less than 25% of my clients 
 
None have 
 

7. On	average,	what	duration	of	time	did	you	spend	training	clients	(time	per	
client),	including	any	classroom	and	on-farm	sessions	you	gave?	

 
8. How	frequently	did	you	bill	clients	for	extra	training	time	(i.e.	time	that	

exceeded	the	amount	DFO	compensated	you	for)?	
 

Frequently (for more than 50% of clients I trained) 
 
Sometimes (for less than 50% of clients I trained) 
 
Never 

 
9. Please	state	your	level	of	agreement	with	the	following	statements:	

 
CQM	tasks	took	too	much	time	away	from	my	other	work-related	activities.		

 
Strongly Agree 
 
Agree 
 
Disagree 
 
Strongly Disagree 

 
The	majority	of	producers	I	trained	were	receptive	to	the	CQM	program:	

 
Strongly Agree 
 
Agree 
 
Disagree 
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Strongly Disagree 

 
CQM	training	is	beneficial	for	producers:	

 
Strongly Agree 
 
Agree 
 
Disagree 
 
Strongly Disagree 

 
CQM	training	is	beneficial	for	veterinarians:	

 
Strongly Agree 
 
Agree 
 
Disagree 
 

  Strongly Disagree 
 

10. 		CQM	training	impacted	my	relationship	with	my	producer	clients?	
	

No	impact	
	
Yes	it	impacted.		Training	had	a	positive	impact	
	
Yes	it	impacted.		Training	had	had	a	negative	impact	

	
11. 			If	you	had	the	option	to	become	a	CQM	trainer	again	would	you	agree	to	it?	

 
Yes,	with	no	changes	to	how	I	or	my	practice	conducted/structured	
the	training	program	
	
Yes,	with	changes	to	how	I	or	my	practice	conducted/structured	the	
training	program	
	
No	
	
	
	

12. 			If	you	felt	there	were	changes	needed	to	the	training	program	could	you	
briefly	describe	them	below?	
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13. 			What	additional	resources	do	you	feel	could	help	you	to	become	a	better	
trainer?	
	

14. 			Do	you	feel	that	using	veterinarians	as	CQM	advisors	is	the	best	choice	of	
dairy	farm	professionals?	

 
Yes	
	
No	(Please	indicate	which	dairy	farm	professional	you	feel	would	be	a	
better	choice	as	a	CQM	advisor)	

 
15. 			Are	you	a	veterinarian/hold	a	DVM	degree?	

	
Yes	(details)	
	
No		
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CHAPTER 3: IMPACT OF PRODUCER PREPARATION TRAINING ON 

PRODUCER PERFORMANCE AT FIRST CANADIAN QUALITY MILK 

PROGRAM VALIDATION VISIT (AUDIT) 

 

3.1 ABSTRACT 

 Prior to implementation of the Canadian Quality Milk (CQM) program in Ontario, 

dairy producers were offered a voluntary training program to help them prepare for their 

CQM audit.  Through this voluntary training program, producers could complete classroom 

only training, on-farm only training, or a combination of classroom and on-farm training.  

The objectives of this study were to: 1) understand the impacts of producer training on the 

outcome of the first Canadian Quality Milk program audit on Ontario dairy farms, and 2) 

determine the potential predictors of type of training producers received.  Databases from 

the Dairy Farmers of Ontario (DFO) were analyzed for type of producer training completed 

and first CQM audit outcome as well as results of bulk milk testing for herd milk quality.  

Records consisted of first audits from 2011 to 2015 for a total of 4,001 herds.  Overall,  

79.6% of Ontario dairy producers were successfully validated at their first CQM audit.  

Participation in the training program was high with 88.9% of Ontario dairy producers 

participating.  Combination training was associated with greater odds of success at the first 

CQM audit and having fewer issues arise during the audit that were related to corrective 

action requests, critical control points, and contraventions of best management practices.  

Herds classed as having medium or high average bacteria count and pipeline milking 

compared to parlor milked herds were more likely to complete training of any type.  Herds 

which had completed their first audit in 2012, 2013, or 2014 were more likely to have 
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completed combination training than classroom only or on-farm only training.  Parlor 

milking herds were less likely to have completed combination training compared to 

pipeline milking herds.  Variations in success were observed across the different types of 

training offered.  To improve the efficacy of producer training programs and outreach it is 

necessary to understand what type of training approach is best suited to the educational 

material.  Additionally, it is necessary to understand the predictors of producer participation 

according to type of training offered.  The results of the present study suggest that 

combination training was the most effective means to educate and prepare dairy producers 

for a milk quality and food safety on-farm audit. 

Key words: food safety, milk quality, producer education, audits 

3.2 INTRODUCTION 

Food safety and quality are increasingly important to today’s consumer and 

consequently to the food industry.  Consumers expect that their food products are of high 

quality, they perceive quality and safety as interchangeable, and they have significant 

emotional connections to their perceptions of food quality and safety (van Rijswijk and 

Frewer, 2008; Walsh et. al, 2017).  These consumer concerns are well founded, as 

foodborne illness remains a relatively common public health concern (CDC, 2018).  A 

decade-long analysis of foodborne outbreak data by the CDC highlighted dairy products as 

being responsible for the most instances of hospitalization and bacterial illnesses, and 

causing the second highest number of deaths due to food-related illness among the 

seventeen food commodities investigated (Gould et al., 2013).  This analysis did not 

separate raw and pasteurized products, the authors noted that there was likely an 

overrepresentation of dairy due to outbreaks related to raw milk consumption.  Still, these 
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findings highlight the necessity to ensure good food safety practices from farm to table in 

the dairy industry. 

 Hazard analysis critical control point (HACCP) programs have been utilized across 

the food industry at all levels from production and processing to transport and sale.  They 

are continually being developed for new industry sectors and improved to ensure greater 

risk mitigation.  In 2003, the Dairy Farmers of Canada (DFC) developed the Canadian 

Quality Milk (CQM) program to evaluate and accredit on-farm food safety practices of 

Canadian dairy farmers.  The program was developed based on HACCP principles and had 

a focus of three critical control points: 1) the milking of treated animals, 2) the cooling and 

storage of milk, and 3) shipping of animals (mainly focused on shipping cull animals to 

slaughter) (DFC, 2010; DFC, 2015).  Ongoing program requirements include the creation 

of standard operating protocols, corrective action plans, and the use of second party on-

farm audits to ensure compliance; this process ensures that the CQM program provides 

food safety control at the origin of the dairy supply chain in Canada.  While the program 

was nationally mandated, CQM implementation and monitoring falls under provincial 

jurisdiction.  This has led to differences in the approach to executing the program.   

Within Ontario, the Dairy Farmers of Ontario (DFO) are responsible for delivering 

the CQM program.  Prior to the initiation of the biennial auditing process of CQM by DFO 

field service representatives (FSRs), DFO offered producers a voluntary-enrollment 

training program.  This program was administered by trained CQM Advisors.  All aspects 

of training were fully funded and producers could receive up to three hours of training in 

preparation for their first CQM audit.  The training could occur in a classroom setting with 

other producers, one-on-one in an on-farm session, or as a combination of both.   
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Ontario producers had at least six months to prepare for their first audit.  All Ontario 

dairy producers were mailed CQM information packets, indicating their designated 

validation month, in April of 2011.  The first round of validation visits (i.e. audits) began 

in November 2011.  The audits consist of an on-farm inspection based on a checklist to 

determine compliance with CQM program requirements.  The CQM audit occurred 

following the provincial Grade A inspection for milk quality; herds had to be Grade A 

compliant in order to proceed with their CQM validation.  Farms could be assigned major 

or minor corrective action requests (CARS), depending upon audit findings and perceived 

risk of deficiencies to food safety according to a standardized validation protocol.  Any 

CARS are required to be resolved, within seven days for a major and 30 days for a minor, 

for a farm to successfully receive CQM accreditation.  Producers may also be assigned 

demerits which do not have to be resolved for accreditation to occur.  Audits (validations) 

could therefore have three possible outcomes: full validation with recommendation for 

accreditation, full validation with recommendation pending, and non-compliance with 

CQM program.  To be recommended fully for approval at the first CQM audit, a producer 

could not receive any major CARS, had to have less than five minor CARS, and less than 

ten demerits.     

The objectives of this study were to understand the impacts of producer training on 

the outcome of the first on-farm Canadian Quality Milk program audit on Ontario dairy 

farms and to determine potential predictors of type of training completed by producers.  It 

is of note that while this paper will reference the CQM program, as this was its identifier 

during study design and data collection, the program has since been renamed as the Food 

Safety module of the national proAction program.  The proAction program is a six module 
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(Milk Quality, Food Safety, Animal Care, Traceability, Biosecurity, and Environment) 

program which promotes good farming practices, environmental stewardship, and provides 

customers with assurance that Canadian dairy farmers engage in responsible production 

practices (DFC, 2010; DFC, 2015). 

3.3 MATERIALS AND METHODS 

3.3.1 CQM Database 

 The CQM database for all Ontario dairy producers was obtained from the Dairy 

Farmers of Ontario.  This database included all CQM farm audit results since the program’s 

inception in 2011 through to the end of 2015.  Data were screened by date to identify each 

farm’s first audit record for extraction and analysis.   

Assigned CARS and demerits were used to determine success or failure at first 

audit.  Herds which had 0 major CARS, <5 minor CARS, and <10 demerits were assigned 

a pass at first audit while all herds not meeting these criteria were assigned a fail.  The 

database also included details about specific problems identified during the first audit with 

regards to the critical control points (CCP) and best management practices (BMP) defined 

by the CQM program.  All herds had a training status of no training, classroom training 

only, on-farm training only, or combination training (both classroom and on-farm 

sessions).   

3.3.2 Herd Data 

 Herd level data acquired as potential explanatory variables included DFO zone 

(geographical region in which the herd is located), monthly volume of milk shipped, 

average monthly milk components (fat and protein) produced, average monthly bulk milk 

somatic cell count (SCC), average monthly milk bacteria count (ibc/mL milk), and 
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penalties incurred (penalties assigned for inhibitors detected in milk, inappropriate freezing 

point of milk, too high bacteria count (>110,000 ibc/mL), and too high SCC (>400,000 

cells/mL)) (DFO, 2018).  DFO zone density (number of herds within a field region), Herd 

FSR, CQM advisor, and advisor credentials (i.e.- DVM or non-DVM) were also available.  

All herd level data were summarized for analysis by first audit month and first audit year. 

3.3.3 Statistical Analysis 

Summary descriptive statistics were generated and all data were screened for 

normality using the UNIVARIATE procedure of SAS 9.4 (SAS Institute, 2011).  Logistic 

regression models (GLIMMIX procedure of SAS, distribution binary) were used to 

determine the impact of training on audit outcome, pass or fail, and assignment of CCP or 

BMP infractions during the audit.  CQM advisor was submitted as a random intercept to 

all of the logistic regression models to determine whether outcome was influenced by the 

person who conducted the training.  FSR was also submitted as a random intercept to 

evaluate whether there was variation attributable to the person completing the audit.  

Significant variation was observed for both FSR and CQM advisor; however, model 

limitations, related to degrees of freedom, prevented FSR and CQM advisor being 

simultaneously utilized as random intercepts in the same model.  Given that FSR explained 

the majority of the variation observed, only FSR was utilized as a random intercept during 

subsequent analyses.  A main effects model including only training as the explanatory 

variable was evaluated for each of the binary outcomes of interest in order to interpret the 

impact of training on audit outcome.  For the evaluation of training impact on CCP and 

BMP infractions, only the models where training was significant are presented in the 
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results.  For all models a p-value of <0.05 was chosen a priori to represent statistical 

significance. 

Negative binomial regression (GLIMMIX procedure of SAS, distribution negative 

binomial) was used to evaluate the count data audit outcomes; major and minor CARS and 

demerits, by training type.  Negative binomial regression was selected given the count 

nature of the data and apparent over-dispersion; variance was greater than mean.  As with 

the logistic regression models, variance due to FSR was investigated.  

To evaluate potential predictors of training type completed by producer, logistic 

regression was utilized (GLIMMIX procedure of SAS, distribution binary).  Two models 

were built to compare predictors of training completed; 1) Training (all types) compared 

to no training, and 2) Combination training compared to classroom and on-farm training.   

Potential predictor variables were evaluated in univariable models with a liberal p-value of 

0.3 chosen as the cut-point for retention and submission to the final multivariable models.  

Monthly milk quality (overall monthly average SCC, fat %, protein %, bacteria count, and 

total milk production) in the 12-months prior to first audit date, 12-month sum of all 

penalties (SCC, bacteria, inhibitor, and freezing point), milking system (pipeline, parlour, 

robot, or other), first audit year, season of first audit, DFO zone, zone density, and advisor 

were submitted as potential predictor variables.  All penalty data were dichotomized into 

receiving or not receiving a penalty, for each of the four specific penalties, in the 12-month 

period prior to first audit date.  Given the variability in average monthly production 

amongst herds, production data were trichotomized evenly based on percentiles, to 

facilitate interpretation of results, for monthly production (kg) and a herd was identified as 

a low (<30,323 kg/month), medium (30,323-50,575 kg/month), or high producer (>50,575 
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kg/month).  Average monthly bacteria count, zone density, and county density were also 

trichotomized using a similar approach.  Monthly bacteria count was defined as low 

(<13,000 ibc/mL), medium (13,000-15,000 ibc/mL) and high (>15,000 ibc/mL).  Zone 

density was defined as low (<232 herds in zone), medium (232-272 herds in zone), and 

high (>272 herds in zone).  Zone was treated as a random effect in all training models.  

Following univariable screening all retained variables were evaluated for correlation using 

PROC CORR in SAS.  If a correlation of greater than 0.6 was observed, only the variable 

with the lower univariable p-value was retained for final model building.  The final 

multivariable models for comparison of training types were built using a manual backwards 

elimination process whereby all variables retained from the univariable modeling were 

submitted to the model.  Subsequently, variables were eliminated systematically until all 

remaining variables had a p-value of less than or equal to 0.05.  For categorical variables, 

only category comparisons that were statistically significant (p≤0.05) are presented in the 

results. 

3.4 RESULTS 

 First audit results were available for 4,006 herds in Ontario.  Five herds were 

excluded as their first audit was a self-audit or their completion date was not available, 

leaving a total of 4,001 herds available for analysis.  Twenty-four FSRs were identified as 

having conducted audits and all 15 DFO zones were represented; the average number of 

first audit herds per zone was 248±39 (min. 110 herds, max. 311 herds).  A total of 147 

individual CQM advisors were identified (number of herds trained by advisor ranged from 

1 to 114) and 72 different veterinary clinics were identified.  Of these 147 advisors, 135 

were affiliated with veterinary clinics and of these 72 veterinary clinics, the minimum 
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number of advisors was 1 and maximum was 8.  Success at first audit was 79.6%, and 

88.9% of producers were noted as having participated in a training program prior to their 

first audit.  Of the three types of training available, 39.8% received combination training, 

35.2% received on-farm only training, and 13.9% received classroom only training.  

The distribution of audits across season was virtually equal while year varied, with 

the majority of first audits being completed in 2012 and 2013 (2011: 4%; 2012: 27%; 2013: 

27%; 2014: 23.8%; 2015: 18.2%; year: % completed).  A total of 15,395 individual 

citations for CCP and BMP were available; 3,652 (91%) of the herds received at least one 

CCP or BMP citation.  Of the three CCPs in the CQM program, 6.2%, 5.3%, and 4.3% of 

all penalties were assigned to the control points of milking of treated animals (range= 0-

3/herd), cooling and storage of milk (range= 0-2/herd), and shipping of animals (range= 0-

2/herd), respectively.  When evaluated at herd level, 22% of herds were cited for an 

infraction of the CCP of milking of treated animals, 20% were cited for cooling and storage 

of milk, and 16.5% were cited for shipping of animals.  Of the eight BMPs evaluated as 

part of the CQM program the majority of penalties were assigned to three: 1) medicines 

and chemicals used on livestock (24.3%, range= 0-8/herd), 2) milking equipment (19.9%, 

range= 0-4/herd), and 3) facility and equipment sanitation (21.4%, range= 0-7/herd).  At 

the herd level, 56% of herds were cited for an infraction of the BMP of medicines and 

chemicals used on livestock, 51% for milking equipment, and 53% for facility and 

equipment sanitation.  Herd level milk quality data were available for 3,991 (99.6%) herds.  

Based on a 2014 census of milking system types, 1.6% of herds used bucket milkers, 7.7% 

of herds were using automated or robotic milking systems, 27.1% of herds were milked in 

parlors, 62.9% of herds were milked in a pipeline system, and 0.7% were classified as 
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unknown.  Table 3.1 presents descriptive characteristics of herd production records during 

the month of first audit.  Figure 3.1 represents success at first CQM audit based on type of 

training and Figure 3.2 represents CARS and demerits at first CQM audit by type of 

training.   

 Final models for impact of training on binary CQM audit outcome are shown in 

Table 3.2.  Table 3.3 presents the final models for impact of training on assignment of 

major CARS.  Table 3.4 represents final models for impact of training on assignment of 

infractions for the three CCP and the three most commonly cited BMP.  The CCP of milking 

of treated animals was not found to be statistically associated with any of the types of 

training and is therefore not represented in Table 3.4.  

 Table 3.5 shows all final model results for training predictors.   

3.5 DISCUSSION 

Producer response to the voluntary CQM training program offered by DFO was 

considered positive given the high proportion of producers participating; almost 90% of 

active Ontario dairy producers.  The success at first CQM audit was also high and, coupled 

with the high training participation, there would appear to be strong reason to believe that 

training influenced the success of producers at first audit.  Results of the analysis confirm 

that trained herds, specifically combination training and classroom only herds, had a higher 

pass proportion than untrained and on-farm only training.  This trend was similarly 

observed when evaluating the impact of training on number of major CARS herds accrued 

at their first audit; combination training was associated with lower major CARS accrued 

compared to no training, classroom only training, and on-farm only training.  Thus, while 
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the DFO training program did result in a higher likelihood of success at first audit for 

trained herds, the results were not equivalent across training types. 

The finding that combination trained herds were over two times more likely to pass 

their first CQM audit compared to herds which had not received training indicates that the 

combination training was a highly effective approach to disseminating information on the 

CQM program requirements.  It was unexpected that classroom and on-farm only training 

herds did not outperform no training herds in a similar fashion.  Boccas et al. (2001) noted, 

in an evaluation of a HACCP training program for Lithuanian dairy producers, that class-

room style sessions were the most feasible to quickly deliver information, however, they 

also found that on-site training provided more in-depth training and resulted in improved 

understanding of HACCP requirements.  In the present study, this on-site impact was not 

observed for the on-farm only training, as evaluated by pass/fail at first audit, with 

classroom only training appearing to be more effective when comparing these two 

methods.   

In theory, the combination training option would capture the benefits of feasibility 

in quickly disseminating information and theory in the classroom session while providing 

application and detailed information at the on-farm session.  In essence, this approach 

yields itself to both theory-based and practical or experiential learning.  In a study of farmer 

approaches to learning, Franz et al. (2010) observed that farmers indicated experiential 

learning as a valuable learning process.  Combination training has proven to be popular 

with Ontario producers for evaluation of biosecurity and Johne’s disease prevention (Roche 

et al., 2015) as well as in teaching proper technique for disbudding of dairy calves (Winder 

et al., 2018).  Interestingly, while Winder et al. (2018) noted that there was not a statistically 
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significant difference in efficacy of a nerve block for disbudding based on producers’ 

training experience, a numerically lower percentage of successful producers who received 

hands-on only training compared to a combination training approach was noted.  During 

the study, evaluation of producer background knowledge following training showed a 

significantly higher performance rating for combination trained producers compared to 

hands-on, with no significance when comparing on-line training to these two groups 

(Winder et al., 2018).  This is similar to the findings of the present study where combination 

trained producers significantly outperformed producers with on-farm or hands-on only 

training.  Those who had received classroom only training were not significantly different 

from these two training types, although they did numerically outperform the on-farm only 

trained herds.  More research is needed to better understand the differences between the 

on-farm only and classroom only training.  Anecdotally, it appears that producers who 

received on-farm training had the session tailored specifically to their farm whereas the 

classroom session was more generalized but possibly covered more detail around the CQM 

requirements overall due to a more structured setting.   

Varied communication strategies appear to provide optimal outreach for producers 

(Jansen et al., 2010).  A multi-pronged training or communication approach enables a 

training program to appeal to different learning types and, based on the results of this study, 

resulted in improved application of a food safety HACCP-based program.  This was further 

shown by the smaller number of major CARS assigned to combination trained herds.  

Future producer training programs should seek to provide a combination format.  While 

combination training could be considered the gold standard, classroom only or on-farm 

only approaches are not without merit.  In instances of limited resources using singular 
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training approaches may still enable producers to improve their understanding as compared 

to a no training approach.  The results of this study support this despite the fact that there 

was not always a statistically significant association comparing on-farm only and class-

room only training.  These training types still had a numerically higher audit success 

percentage and numerically lower assignment of infractions during the audit. 

Combination training also outperformed other training types when evaluating 

detailed audit results by CCP, however, it was interesting that there was no impact from 

any type of training on the assignment of CCP infractions for milking of treated animals.  

This lack of training impact warrants further investigation and may indicate a need for 

specialized training approaches to ensure producer understanding of the HACCP-based 

principles in this CCP.  It could be that producer interest in mastitis management and milk 

quality (Russell and Bewley, 2011), prior evaluation of milk quality through grading audits, 

or regulatory requirements for milk quality led to a lack of impact from any training type 

on the milking of treated animals CCP.  However, as producers were not perfect performers 

in this area of evaluation (this was the CCP with the most infractions by overall percent), 

it may be that there is an attitude or behavioral component that the training programs 

offered were not able to address.  Alternately, this may reflect a discrepancy in the training 

program or training style of the CQM advisors which resulted in producers being more 

poorly prepared for this CCP.  Classroom sessions would have provided producers with 

theory on requirements and may also have provided examples for the treatment records that 

are required under CQM while on-farm sessions would have potentially offered producers 

an opportunity to have certain elements “pre-audited” by their advisors; advisors may have 

had the opportunity to evaluate treatment protocols and records during on-farm sessions.  
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The fact that a training impact did not materialize warrants future investigation, especially 

given that all three types of training were associated with significantly lower instances of 

BMP infractions for medicines and chemicals used on livestock.  The CCP for milking of 

treated animals includes many record keeping and administrative aspects which producers 

may have been less inclined to adequately adopt.  Young et al. (2010) noted in an early 

study of CQM that almost ten percent of producers felt that CQM required too many 

records.  Producers may feel that record requirements for treated animals are especially 

onerous if they do not have a history of residue infractions.  Future research is needed that 

focuses on efficacy of training dedicated to improve record keeping and other on-farm 

administrative tasks and that overcomes barriers, for producers, to record keeping. 

There was no association with training for the milking management BMP, yet 

combination and classroom only training were significantly associated with fewer 

infractions for facility and equipment sanitation BMP.  Belage et al. (2017b) found, during 

a 2013 evaluation of milking practices on Ontario dairy herds that the majority of producers 

were compliant with creating milking protocols, however, many did not follow the 

protocols they had created.  Thus, there is precedent for Ontario farms to have some 

management issues around milking protocols.  Furthermore, a 2015 national dairy study in 

Canada demonstrated that some milking management practices were more widely adopted 

on Canadian herds than others (Belage et al., 2017a) indicating that constraints to adoption 

of best practices for milking management continue.  Further studies are needed to 

determine reasons for lack of adoption of milking practices, as noted by Belage et al. 

(2017a), and also to further evaluate the lack of significant impact of training in this area.  

Either the CQM training program failed to readily address this area, or the means of 
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communication for this issue were not effective for producers.  The paradox of training is 

that exposure does not necessarily result in implementation of knowledge gained through 

training.  

 Overall, the CQM training program proved effective in communicating CQM 

requirements to Ontario dairy producers and enabling them to be successful at their first 

CQM audit.  However, it is important to note, while training proved more effective than no 

training, there was variability amongst advisors who administered the training program and 

also the FSRs who audited the farms.  Variability in producer performance observed based 

on CQM advisor was not within the scope of this study, yet it does indicate that there may 

be a lack of standardization in the delivery of training.  We found no impact of producer 

performance based on whether their CQM advisor was associated with a veterinary 

practice, suggesting that advisor background is not a factor and that variation amongst 

advisors is likely a result of individual advisor or producer factors.  Regardless, future 

training programs should seek to decrease variability in advisor and training quality.  The 

variability observed amongst FSRs was of greater concern given that FSRs were 

responsible for evaluating herd compliance with CQM.  CQM validation is reasonably 

standardized with a checklist style evaluation process to decrease subjectivity and 

variability.  The fact that variability was still observed indicates further need for 

investigation, especially since CQM validations will continue to impact producers on a 

biennial basis.  Establishing standardized processes and training evaluators prior to 

assessment to achieve assessor agreement and repeatability of results is necessary (Lievens, 

2001; Vasseur et al., 2013).  For CQM, ensuring equivalency of the audit process is 

important not only from a producer perspective, but also to ensure and maintain the 
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objectives for a food safety audit.  If certain evaluators are too harsh or too lenient, the 

objectives of the program could be jeopardized as well as potentially resulting in a 

devaluation of the program for producers and consumers.  Alternatively, it may be that 

there is a performance issue in certain regions and that this is simply being captured as FSR 

variability given that they have an assigned region.  Regardless, this merits further 

investigation to determine the actual cause of variability. 

3.5.1 Predictors of Producer Participation in CQM Training Program 

In 2010, Young et al. evaluated producer attitudes towards the national CQM 

program and noted that over 60% of producers in provinces that had implemented CQM 

indicated that program requirements were easy to implement.  The timing of the Young et 

al. (2010) study preceded the initiation of CQM in Ontario, and given that national 

requirements are standardized, the fact that earlier adopting producers and provinces noted 

ease of adoption may explain the high percentage of producers successful at first audit for 

Ontario producers as well.  Additionally, these Ontario herds routinely undergo milk 

quality audits as part of the provincial Grade A inspection process, and while CQM covered 

additional food safety aspects, these producers were not complete neophytes to the idea of 

a quality control audit.   

The high percentage of participating producers in the CQM training program 

offered to Ontario producers may indicate either producer concern regarding CQM 

requirements or that producers simply sought to take advantage of a subsidized program 

where an advisor could provide additional help for the first CQM audit.  Previous research 

has noted that dairy producers cite mastitis and milk quality as the most important 

management topics (Russell and Bewley, 2011).  Given that one of the CQM focuses was 
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on ensuring quality milk, producers may have been highly motivated to take advantage of 

the training.  Attitudes are a dominant factor in determining behavior and intent to adopt 

new practices (Ajzen, 1991; Garforth et al., 2004), so having an attitude that was 

complementary with the program topic may explain the high percentage of Ontario 

producers participating in training.    

Classroom only training was the least popular training method observed in this 

study, however, given the study parameters there were no means to measure whether this 

was a result of producer interest or a result of the training type readily available.  The 

majority of advisors who administered CQM training to Ontario producers were associated 

with veterinary clinics and, in many instances, these were the producers’ herd veterinarian.  

Thus, the ease for advisors to complete on-farm visits was likely influential.  In geographic 

areas with lower herd density it was likely easier to complete on-farm only training as 

producers may have been less likely to travel longer distances.  In geographic areas with 

high herd density, multiple options for classroom training sessions were likely feasible.  

Future studies should seek to better understand the influence of herd density on training 

offered and producer attendance regarding these issues.  

Comparing all types of training to no training yielded two herd-level associations: 

milking system type and average annual bacteria count.  Parlor milking herds were less 

likely to complete training than pipeline milking herds while those herds classified as 

“other” (not robotic, parlor, or pipeline milking) were less likely to complete training than 

pipeline, parlor, and robotic milking herds.  Parlor milked herds being less likely to have 

completed training than pipeline herds may be a surrogate measure of producer confidence.  

These producers could be more likely to be running computer-based management systems 
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before CQM implementation, with associated records and protocols for treatment and 

parlor and milking management, and therefore may have seen less potential benefit in 

training.  The expectation was that herd size would also be an impact on this decision in 

relation to milking systems, although this was not found to be a significant association.  

Future studies should seek to further understand this potential causal link with training 

adoption and milking system. 

A priori expectations were that milk quality would be associated with training, 

hypothesizing that producers who had experienced some milk quality issues would be more 

concerned about the CQM audit and thus more likely to take part in training.  Only bacteria 

count was found to be associated with training compared to no training.  Herds categorized 

as having a low bacteria count were less likely to complete training compared to medium 

and high bacteria count herds.  Low count bacteria herds may have lower bacteria counts 

due to management practices and therefore may have felt confident in their management 

practices and ability to succeed at their first CQM audit.  As a result, these herds may have 

been less likely to participate in training than herds that may be close to or experiencing 

penalties for bacteria count.  Future studies should seek to further understand milk quality 

impacts on producer motivations to engage in training opportunities. 

When comparing predictors of combination training to on-farm and classroom only 

training, audit year and milking system were the only statistically significant associations.  

Herds which completed training in 2012, 2013, or 2014 compared to 2015 were more likely 

to have completed combination training compared to on-farm or classroom only training.  

CQM auditing was initiated in Ontario in 2011 and the final year of first audit herds was 

in 2015, therefore, this result may be a reflection of producers in the final year no longer 
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feeling a need to complete a more rigorous training option.  These producers likely engaged 

with other local producers who had completed CQM and also with their herd veterinarians 

who would have overseen other herds from their practice go through the process.  Thus, 

this last group of producers may have benefitted from knowledge transfer from the earlier 

groups and consequently chose a less intensive training program.  Alternatively, it is 

possible that there were fewer combination training options available to this final group of 

producers given that over 80% of Ontario herds had already completed their first CQM 

audit by 2015.  The scope of this study did not address any temporal aspects of the 

voluntary training program.  However, further understanding this as well as potential 

relationships between producers receiving advice and feedback from other producers and 

their herd veterinarians would be beneficial for future training programs which could be 

impacted by prolonged timelines as demonstrated in this study. 

Parlor milked herds being less likely than pipeline milked herds to complete 

combination training compared to classroom or on-farm only training may once again be 

related to management practices as noted in the comparison of these two milking system 

types for training compared to no training.  Along with “other” herds being more likely to 

complete combination training than parlor milking herds, more research is needed to 

further understand associations between on-farm management practices and producer 

decisions when selecting training program options. 

3.5.2 Study Limitations 

 This study focused exclusively on the CQM training program available to Ontario 

producers prior to their first CQM audit.  As all Ontario producers were included in this 

study, the associations found are highly applicable within the province.  There may be 
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limits to extrapolating this information to other regions which are not comparable to those 

in Ontario or to training programs which are not comparable to the CQM training program 

in Ontario.  Additionally, while this study sought to evaluate the impact of training on first 

CQM audit results, study design limited the ability to evaluate producer adherence or 

absorption of what was learned during their CQM training.  We believe that given the 

province-wide scope of the study, evaluations of training impacts are sound for the average 

producer, and yet individual variations do exist and further understanding of how producers 

responded to training was not evaluated.  Learning and behavioral change is a complex 

process and while producer participation in CQM training was high, overall success of 

producers at their first CQM audit was also quite high in general.  Future studies should 

seek to better understand how training impacted first audit results compared to other herd-

level and program factors.   

3.6 CONCLUSIONS 

 Producer participation in a voluntary training program offered to Ontario producers 

prior to their first CQM audit was high.  Combination style training (classroom and on-

farm) was the most popular training option completed by producers and was also 

statistically associated with greater producer success in passing the first CQM audit.  

Producer success at first CQM audit was very high in Ontario with almost 80% of 

producers passing their first CQM audit at their first audit visit.  First audit year, milking 

system, season in which first audit was completed, and average annual bacteria count were 

all associated as predictors of whether producers participated in training.  Given the study 

limitations and a lack of ability to evaluate when a producer completed training in relation 

to their first CQM audit, understanding the importance of these associations is limited.  
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Further research is needed to evaluate producer decisions surrounding completion of 

training related to food safety and food safety on-farm audits. 
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Table 3.1. Descriptive statistics for herd attributes in first audit month (n= 3,991). 

Variable Mean SD Min. Max. 

Volume of milk shipped (kg)    54095 54794 3478 755282 

Fat (%) 4.1 0.3 3.1 5.9 

Protein (%) 3.4 0.2 2.9 4.5 

SCC (x1000 cells/mL) 225 93 38 862 

Bacteria count (x 1000 ibc/mL) 20 72 2 4038 

SCC penalties1 - - 0 1 

Bacteria penalties1 - - 0 1 

Freezing point penalties1 - - 0 1 

Inhibitor penalties1 - - 0 1 

1represents the maximum and minimum number of penalties assigned to herds in a 

month.
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Table 3.2. Final logistic regression model for impact of training on CQM audit outcome 

(pass/fail) (n=4,001).  

Variables Odds ratio  
(95% CI) P-value1 

Intercept- FSR2 0.343 (0.2, 0.8) <0.01 

Comparison of training types:   

           Combo (n=1594) vs. Class (n=556) 1.39 (1.0, 2.0) 0.06 

           Combo (n=1594) vs. Farm (n=1407) 1.56 (1.2, 2.0) <0.01 

           Combo (n=1594) vs. No (n=444) 2.03 (1.4, 2.9) <0.01 

           Class (n=556) vs. Farm (n=1407) 1.12 (0.8, 1.6) 0.82 

           Class (n=556) vs. No (n=444) 1.45 (1.0, 2.2) 0.09 

           Farm (n=1407) vs. No (n=444) 1.01 (0.9, 1.8) 0.18 

1Adjusted p-value reported due to multi-level comparisons. 

2FSRs were included in the model as a random effect due to variation in audit outcome 

attributed to effect of FSR (auditor). 

3Estimate of FSR effect.
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Table 3.3. Final negative binomial regression model for impact of training on number of 
major CARS accrued at first audit (n=4,001).  

Variables Incidence Rate 
Ratio (95% CI)1 P-value2 

Dispersion factor 476.0 (253.1, 
1004.1)3 <0.01 

FSR (auditor)4 1.38 (1.2, 2.3)3 <0.01 

Comparison of training types:   

          Combo (n=1594) vs. Class (n=556) 0.65 (0.4, 0.9) 0.02 

          Combo (n=1594) vs. Farm (n=1407) 0.59 (0.4, 0.8) <0.01 

          Combo (n=1594) vs. No (n=444) 0.49 (0.3, 0.7) <0.01 

          Class (n=556) vs. Farm (n=1407) 0.90 (0.6, 1.3) 0.90 

          Class (n=556) vs. No (n=444) 0.76 (0.3, 1.2) 0.45 

          Farm (n=1407) vs. No (n=444) 0.84 (0.6, 1.3) 0.69 

1Inverse natural log transformed from model estimate. 

2Adjusted p-value reported due to multi-level comparisons. 

3Model estimates, not IRR. 

4FSRs were included in the model as a random effect due to variation in the number of 

major CARS received attributed to effect of FSR (auditor).
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Table 3.4. Final logistic regression model for impact of training on assignment of CCP 

and BMP infractions (yes/no) (n=4,001).  

Variables Odds ratio  
(95% CI) P-value1 

CCP- Cooling and storage of milk   

Intercept- FSR2 0.683 (0.4, 1.6) <0.01 

Comparison of training types:   
        Combo (n=1594) vs. Class (n=556) 0.81 (0.6, 1.2) 0.40 

        Combo (n=1594) vs. Farm (n=1407) 0.73 (0.6, 0.9) <0.01 

        Combo (n=1594) vs. No (n=444) 0.78 (0.6, 1.1) 0.27 

        Class (n=556) vs. Farm (n=1407) 0.90 (0.6, 1.3) 0.86 

        Class (n=556) vs. No (n=444) 0.96 (0.6, 1.5) 0.99 

        Farm (n=1407) vs. No (n=444) 1.06 (0.8, 1.5) 0.97 

CCP- Shipping of animals   

Intercept- FSR2 0.263 (0.1, 0.7) <0.01 

Comparison of training types:   
        Combo (n=1594) vs. Class (n=556) 0.87 (0.6, 1.3) 0.77 

        Combo (n=1594) vs. Farm (n=1407) 0.67 (0.5, 0.9) <0.01 

        Combo (n=1594) vs. No (n=444) 0.57 (0.4, 0.8) <0.01 

        Class (n=556) vs. Farm (n=1407) 0.77 (0.5, 1.1) 0.26 

        Class (n=556) vs. No (n=444) 0.66 (0.4, 1.0) 0.07 

        Farm (n=1407) vs. No (n=444) 0.85 (0.6, 1.2) 0.66 

BMP- Medicines and chemicals used on 
livestock   

Intercept- FSR2 0.663 (0.4, 1.4) <0.01 

Comparison of training types:   
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        Combo (n=1594) vs. Class (n=556) 0.91 (0.7, 1.2) 0.82 

        Combo (n=1594) vs. Farm (n=1407) 0.92 (0.8, 1.1) 0.74 

        Combo (n=1594) vs. No (n=444) 0.61 (0.5, 0.8) <0.01 

        Class (n=556) vs. Farm (n=1407) 1.01 (0.8, 1.3) 1.0 

        Class (n=556) vs. No (n=444) 0.67 (0.5, 1.2) 0.02 

        Farm (n=1407) vs. No (n=444) 0.66 (0.5, 0.9) <0.01 

BMP- Milking management   

Intercept- FSR2 0.513 (0.3, 1.1) <0.01 

Comparison of training types:   
        Combo (n=1594) vs. Class (n=556) 1.05 (0.8, 1.4) 0.97 

        Combo (n=1594) vs. Farm (n=1407) 0.96 (0.8, 1.4) 0.95 

        Combo (n=1594) vs. No (n=444) 0.77 (0.6, 1.0) 0.10 

        Class (n=556) vs. Farm (n=1407) 0.92 (0.7, 1.2) 0.85 

        Class (n=556) vs. No (n=444) 0.73 (0.5, 1.0) 0.10 

        Farm (n=1407) vs. No (n=444) 0.80 (0.6, 1.1) 0.20 

BMP- Facility and equipment sanitation   

Intercept- FSR2 0.443 (0.3, 1.0) <0.01 

Comparison of training types:   
       Combo (n=1594) vs. Class (n=556) 1.04 (0.8, 1.4) 0.99 

       Combo (n=1594) vs. Farm (n=1407) 0.85 (0.7, 1.0) 0.17 

       Combo (n=1594) vs. No (n=444) 0.68 (0.5, 0.9) 0.01 

       Class (n=556) vs. Farm (n=1407) 0.82 (0.6, 1.1) 0.26 

       Class (n=556) vs. No (n=444) 0.66 (0.5, 0.9) 0.01 

       Farm (n=1407) vs. No (n=444) 0.80 (0.6, 1.1) 0.24 

1Adjusted p-value reported due to multi-level comparisons. 
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2FSRs were included in the model as a random effect due to variation in audit outcome 

attributed to effect of FSR (auditor). 

3Estimate of FSR effect.
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Table 3.5. Final logistic regression models for predictors of training completed 

(n=4,001).  

Variables Odds ratio (95% CI) P-value 

Training (n=3,557) vs no training 
(n=444):   

Zone effect1 0.41 (0.2, 1.1) <0.01 

Milking system  <0.01 

     Other compared to parlor 0.61 (0.4, 1.0) 0.03 

     Other compared to pipeline 0.41 (0.3, 0.7) <0.01 

     Other compared to robot 0.54 (0.3, 0.9) 0.03 

     Parlor compared to pipeline 0.67 (0.5, 0.9) 0.01 

Bacteria count2  <0.01 

     Low compared to medium 0.72 (0.6, 0.9) <0.01 

     Low compared to high 0.65 (0.5, 0.9) <0.01 

Combination (n=1,594) vs training 
(classroom and on-farm) (n=1,963): 

  

Zone effect1 0.13 (0.06, 0.37) 0.01 

Audit year  <0.01 

     2012 compared to 2015 1.27 (1.0, 1.6) 0.03 

     2013 compared to 2015 1.43 (1.2, 1.8) <0.01 

     2014 compared to 2015 1.40 (1.1, 1.7) <0.01 

Milking system  0.03 

     Other compared to parlor 1.46 (1.0, 2.1) 0.05 

     Parlor compared to pipeline 0.81 (0.7, 1.0) 0.01 

1Zone included in model as a random effect. 
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2Average monthly bacteria count for the 12-month period prior to first audit.  Categorized 

as low, medium, or high. 
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Figure 3.1. Comparison of producer success at first audit by training received (n= 4,001).  

Dashed line denotes overall proportion that passed first audit.
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Figure 3.2. Comparison of performance at first CQM audit based on type of training 

(n=4,001).  Panel A represents average number of major CARS assigned (±SD) by 

training type, Panel B represents average number of minor CARS assigned (±SD) by 

training type, Panel C represents average number of demerits CARS assigned (±SD) by 

training type.  Dashed line denotes overall averages for each respective penalty assigned. 
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APPENDIX 3.1 
 

Table A.3.1. Comparison of training completed by DFO zone density (n=3,991). 

 Zone Density1 

Training Type Mean SD 

No training 245.9 42.3 

Classroom only 262.0 34.0 

On-farm only 244.6 36.8 

Combination 247.3 39.5 

Overall 248.3 38.6 

1Zone density= number of herds per geographic DFO zone. 
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CHAPTER 4: VALIDATION RESULTS OF THE CANADIAN QUALITY MILK 

PROGRAM FOR ONTARIO DAIRY PRODUCERS AND ASSOCIATIONS WITH 

PRODUCER PERFORMANCE AT FIRST AND SECOND AUDIT 

 

4.1 ABSTRACT 

Implementation of the Canadian Quality Milk (CQM) program began in 2011 in Ontario.  

This HACCP-based program is now part of the Food Safety module of proAction and dairy 

producers across Canada are audited for compliance on a biennial basis.  The first round of 

validation visits (audits) for Ontario dairy herds was completed in 2015.  Herds are audited for 

compliance with the three critical control points (CCP) of the program: 1) milking of treated 

animals, 2) cooling and storage of milk, and 3) shipping of animals.  Additionally, unique to 

Ontario was a voluntary training program offered by the Dairy Farmers of Ontario (DFO) to help 

prepare producers for their first audit.  To date a detailed analysis of Ontario producer performance 

under CQM has not been completed, therefore the objectives of this study were to: 1) to determine 

the most common problem areas for producers during their first and second CQM audits, 2) to 

determine herd-level and geographic characteristics associated with CQM audit outcomes for the 

first and second audit, and 3) to evaluate whether there were temporal changes to pass/fail rates 

and audit problem areas across program implementation.  Databases from the Dairy Farmers of 

Ontario (DFO) were analyzed for first and second CQM audit outcome.  Herd-level factors such 

as housing type were also analyzed as potential associations with producer performance at first 

and second audit.  Records consisted of first audit results from 2011 to 2015 (4,001 herds) and 

second audit results from 2013 to 2015 (2,203 herds) with a total of 6,204 individual CQM audit 

results analyzed.  Overall, 79.6% Ontario dairy producers were successful at their first validation 
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visit for their first CQM audit and 84.1% were successful at their first validation visit for their 

second CQM audit.  Participation in the voluntary training program was high with 88.9% of 

Ontario dairy producers participating.  Training was only analyzed for association with the first 

CQM audit.  Training was associated with a greater odds of success at the first CQM audit and 

also fewer issues during the audit related to corrective action requests, critical control points, and 

contraventions of best management practices compared to no training.  Across the three training 

options offered to producers (classroom only, on-farm only, or a combination of a classroom and 

on-farm session), combination training outperformed classroom only and on-farm only for odds 

of producer success at first CQM audit.    Audit year, herd-level bacteria count, and whether 

penalties for bacteria count were assigned during audit year were associated with overall outcome 

for both the first and second CQM audit.  Lower bacteria count levels and penalties were associated 

with greater odds of success for both audits.  Interestingly, there appeared to be a cohort effect 

based on audit year which merits further investigation as to whether this observation is a result of 

actual performance differences in the herds audited or possibly administrative or assessment 

differences within the CQM program.  The results of the present study indicate that Ontario dairy 

producers were well prepared for their first food safety on-farm audit under the CQM program.  

Herd level parameters such as a herd’s bacteria count level may be a beneficial marker to identify 

herds which would benefit from additional training or more frequent compliance assessment. 

Key words: food safety, milk quality, producer training, audit programs 

4.2 INTRODUCTION 

Food safety and quality are increasingly important to consumers.  In addition to expecting 

quality, consumers increasingly demand traceability for the food they purchase (van Rijswijk and 

Frewer, 2008; Charlebois and Haratifar, 2015; Walsh et. al, 2017).  An emotional connection to 
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consumer perceptions of food quality and safety has also been noted, and consumers may now 

perceive quality and safety as interchangeable (van Rijswijk and Frewer, 2008; Charlebois and 

Haratifar, 2015; Walsh et. al, 2017).  In Canada, the Canadian Food Inspection Agency conducts 

approximately 3,000 food safety investigations per year and it is estimated that four million 

Canadians experience a food-related illness each year (Canadian Food Inspection Agency, 2016; 

Health Canada, 2016).   

Formal use of the term Hazard Analysis Critical Control Point (HACCP) program began 

in 1971 with program origins for food safety dating to 1959 (Hulebak and Schlosser, 2002; 

Sperber and Stier, 2009).  HACCP programs use a scientific, systematic, and preventive 

approach to identify and mitigate risks to food safety.  Previous research on food safety and fluid 

milk has indicated that, within the dairy food production chain, each subsequent link will look to 

the previous one to assure food safety (Valeeva et al., 2005).  This places an important emphasis 

on ensuring food safety, quality control, and traceability from the farm origin point forward in 

the dairy production chain.  

 The Canadian dairy industry elected to take a proactive approach to food safety on 

Canadian dairy farms through the development of a HACCP-based program introduced by the 

Dairy Farmers of Canada (DFC) in 2003: The Canadian Quality Milk (CQM) program.  The 

program focused on three critical control points which could impact food safety: 1) milking of 

treated animals, 2) cooling and storage of milk, and 3) shipping of animals (DFC, 2010; DFC, 

2015).  Dairy producers must develop and implement standard operating protocols, corrective 

action plans, and undergo second-party farm audits biennially to ensure program compliance.  

CQM is a national program with implementation and monitoring under provincial jurisdiction.  
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Standard evaluation tools and training of program auditors is used, but this approach has led to 

variable timelines in program implementation across Canada.   

The Dairy Farmers of Ontario (DFO) are responsible for oversight of the CQM program 

for Ontario dairy producers.  DFO field service representatives (FSRs) administer CQM audits 

on Ontario farms.  As part of their strategy to ensure producers were prepared for program 

implementation, DFO offered producers a voluntary-enrollment training program.  Specially 

trained CQM Advisors administered the training program where producers could receive up to 

three hours of training in preparation for their first CQM audit in: 1) a classroom setting with 

other producers, 2) one-on-one in an on-farm session, or 3) as a combination of both.  CQM 

validation began in 2011 in Ontario with all herds having completed their first validation visit by 

Fall of 2015. 

CQM validation visits, or audits, consist of an on-farm inspection based on a 

standardized checklist of program requirements.  Perceived risk to food safety is quantified 

through the use of major and minor corrective action requests (CARS).  Producers must resolve 

major CARS within seven days and minor CARS within 30 days in order to receive 

recommendation for approval (accreditation as a CQM compliant herd).  Additionally, farms 

may incur demerits, which are minor infractions that do not require immediate resolution, but 

identify areas for improvement.  Audits can result in three possible outcomes: 1) full validation 

with recommendation, 2) full validation with recommendation pending, and 3) non-compliance 

with CQM program.  To be recommended fully for approval at the first CQM audit, a producer 

must not receive any major CARS, less than five minor CARS, and less than ten demerits.  

Following the first CQM audit, CQM compliant herds will continue to receive a full validation 

with recommendation at subsequent biennial CQM audits under the following criteria; a 
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producer must not receive any major CARS, less than five minor CARS, and less than five 

demerits during the audit.   

 To date, detailed analysis of Ontario producer performance under CQM has not been 

completed.  The objectives of this study were: 1) to determine the most common problem areas 

for producers during their first and second CQM audits, 2) to determine herd-level and geographic 

characteristics associated with CQM audit outcomes for the first and second audit, and 3) to 

evaluate whether there were temporal changes to pass/fail rates and audit problem areas across 

program implementation. 

 Note: as of 2015 the CQM program has been renamed by DFC as the Food Safety module 

of the proAction Initiative, a six module on-farm quality assurance program.  In this paper we use 

the term CQM as that was the program title during implementation in Ontario. 

4.3 MATERIALS AND METHODS 

4.3.1 CQM Data 

 The CQM data for all Ontario dairy producers were obtained from DFO.  The database 

included all CQM audit results since the program’s inception in 2011 through to the end of 2015; 

2015 marked the first year for third round audits. The first and second audits were the focus of this 

study.  Data were screened by date to identify first and second audit records for all herds, and these 

audit results were extracted from the database for analysis.  The CQM database automatically 

updates the audit outcome with the most recent audit result, meaning that even if a herd had initially 

failed their audit, upon passing their status would only read as having passed the audit, however, 

CARS and demerits remain the same as first assigned.  Therefore, this study utilized the 

assignment of CARS and demerits to determine status at initial audit visitation, for either the first 

round or second round of CQM audits, and labeled each herd as success or failure at that audit.  
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Data were also available for specific problems identified during the audit pertaining to the critical 

control points (CCP) and best management practices (BMP) described in the CQM program.  

Additionally, whether a herd had undergone training prior to their first audit, and the type of 

training completed (on-farm only, classroom only, or combination), was also available. 

4.3.2 Herd and Milk Quality Data 

 Herd level data were acquired from DFO which included county (geographic region), 

administrative zone (region in which herd is located defined by DFO), average monthly volume 

of milk shipped (kg), average monthly components (% fat and % protein), average monthly SCC 

(cells/mL), average monthly milk bacteria count (ibc/mL milk), and penalty data as well as data 

on county density (number of herds within a county) and DFO zone density (number of herds 

within a field region).  Both county and DFO zone were considered as separate geographic areas 

for each are different with counties representing a smaller geographic region and administrative 

zones a larger geographic region.  Data on barn type and milking system used were available from 

the last census in 2014.  Production data were available from January 2010 to December 2016.  All 

herd level data were summarized for analysis by month and year.  Only herds with 12-months of 

production data for each respective year from 2010-2016 were included in analysis of milk quality 

across those years.  This was done to maintain consistency across the timeframe analyzed. 

4.3.3 Statistical Analysis 

Prior to analyses, all data were screened for normality using the UNIVARIATE procedure 

of SAS 9.4 (SAS Institute, 2011).  Monthly milk production and quality (overall monthly average 

SCC, fat %, protein %, bacteria count, and production total) in the 12-months prior to audit date, 

12-month sum of all penalty data (SCC, bacteria, inhibitor, and freezing point), milking system 

(pipeline, parlor, robot, or other), audit year (calendar year of audit), season of audit, DFO zone, 
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zone density (number of herds within a DFO zone), county density (number of herds within a 

county), and advisor were submitted as risk factors for audit outcome, assignment of major CARS, 

and assignment of CCP and BMP infractions.  Training was also submitted exclusively as a first 

audit predictor variable.  All penalty data were dichotomized into receiving or not receiving a 

penalty, for each of the four specific penalties, in the 12-month period prior to first audit date.  

Given the variability in average monthly production amongst herds, production data were 

trichotomized evenly based on percentiles for average monthly milk production (kg) and a herd 

was identified as a low (milk production <30,322 kg/month (first audit) and <29,933 kg/month 

(second audit)), medium (milk production 30,322-50,575 kg/month (first audit) and 29,933-52,558 

kg/month (second audit)), or high producer ( >50,575 kg/month (first audit) and >52,558 kg/month 

(second audit)).  Average monthly bacteria count, zone density, and county density were similarly 

trichotomized.  Monthly bacteria count was defined as low (<12,000 ibc/mL (first audit) and 

<12,100 ibc/mL (second audit)), medium (12,000-21,000 ibc/mL (first audit) and 12,100-20,900 

ibc/mL (second audit)) and high (>21,000 ibc/mL (first audit) and >20,900 ibc/mL (second audit)).  

Zone density was defined as low (<231 herds in zone (first audit) and <238 herds in zone (second 

audit)), medium (231-272 herds in zone (first audit) and 238-280 herds in zone (second audit)), 

and high (>278 herds in zone (first audit) and >280 herds in zone (second audit)).  County density 

was defined as low (<90 herds in county (first audit) and <86 herds in county (second audit)), 

medium (90-175 herds in county (first audit) and 86-252 herds in county (second audit)), and high 

(>175 herds in county (first audit) and >252 herds in county (second audit)).   

Logistic regression models (GLIMMIX procedure of SAS, distribution binary) were used 

to determine risk factors for audit outcome, pass or fail, and assignment of CCP or BMP infractions 

to herds during both first and second audit.  FSR was submitted as a random intercept to evaluate 
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whether there was variation attributable to the FSR completing the audit.  Predictors were screened 

in univariable models with the outcome of interest and retained for final model building based on 

a liberal p-value of 0.30, chosen a priori.  Following univariable screening all variables with a p-

value less than 0.3 were evaluated for correlation using PROC CORR in SAS and if a correlation 

of greater than 0.6 was observed, only the variable with the lower univariable p-value was retained 

for final model building.  Final models for both audits were built using a manual backward 

elimination process of all variables retained from univariable screening.  Only those variables 

deemed statistically significant, p-value of <0.05, chosen a priori to represent statistical 

significance, were retained in the final model.  For categorical variables, only category 

comparisons that were statistically significant (p≤0.05) are presented in the results. 

Negative binomial regression (GLIMMIX procedure of SAS, distribution negative 

binomial) was used to evaluate risk factors for major CARS.  Negative binomial regression was 

selected given the count nature of the data and apparent over-dispersion; variance was greater than 

mean.  Model building followed the same procedure as that described in the above paragraph for 

logistic regression models.  FSR was submitted as a random intercept. 

A Chi-Square exact analysis with Monte Carlo simulation was performed to test whether 

first audit and second audit outcome (pass/fail) and assignment of CCP and BMP numerical 

differences were significantly different.  The null hypothesis was rejected if Pearson’s Chi-Square 

test was p<0.05.  A one-way ANOVA was performed to analyze whether first audit and second 

audit assignment of major CARS was statistically different.  The null hypothesis was rejected if 

p<0.05. 
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4.4 RESULTS 

 The available data consisted of 6,573 audit results with 6,246 of those audit results being 

attributed to first or second audits.  Fourteen of these records were found to include no audit 

information and were removed.  Twenty-eight entries were removed as the audit was incomplete.  

Thirty-one entries did not have a listed approval date for having passed their CQM audit; these 

entries were retained as they did contain information on the audit results with regards to number 

of CARS and demerits assigned.  There is sometimes a delay between audit results submission by 

FSRs and assignment of an approval date in the CQM database.  A total of 6,204 entries were 

submitted for analysis.  Twenty-four individual DFO FSRs were identified as having conducted 

audits and all 15 DFO zones were represented.  First audit results were available from 4,001 herds 

and second audit results were available for 2,203 of these 4,001 herds.  Prior to their first CQM 

audit, 88.9% of producers received training; 39.8% received combination training, 35.2% received 

on-farm only training, and 13.9% received classroom only training.  Overall CQM audit success 

at first visit was 81.2% of Ontario herds: for the first audit, 79.6% of producers were successful at 

first validation visit and for the second audit, 84.1% of producers were successful at first validation 

visit.  Figure 4.1 represents audit performance by audit event.  Table 4.1 presents select herd 

descriptive statistics.  Herd level production data were available for 3,991 (99.6%) of first audit 

herds and for 2,178 (98.9%) of second audit herds.  Table 4.2 presents select herd production 

attributes by CQM audit event.  A total of 15,395 detailed audit outcomes were available from 

3,652 of the first audit herds.  Detailed audit outcomes were comprised of penalties (major or 

minor CAR or demerit) assigned for an infraction of a CCP or BMP.  Of the three CCPs of the 

CQM program, 6.2%, 5.3%, and 4.3% of total audit penalties were assigned to the control points 

of milking of treated animals (range= 0-3/herd), cooling and storage of milk (range= 0-2/herd), 
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and shipping of animals (range= 0-2/herd), respectively.  Of the eight BMPs included in the CQM 

program, the majority of penalties were assigned to three: 1) medicines and chemicals used on 

livestock (24.3%, range= 0-8/herd), 2) milking equipment (19.9%, range= 0-4/herd), and 3) facility 

and equipment sanitation (21.4%, range= 0-7/herd).  A total of 5,981 detailed audit outcomes were 

available for 1,893 second audit herds.  For the second audit, infractions of CCP comprised 17.6% 

of total penalties assigned; 6.6% were assigned to milking of treated animals (range= 0-2/herd), 

8.4% to cooling and storage of milk (range= 0-2/herd), and 2.6% to shipping of animals (range= 

0-2/herd).  Similar to the first audit penalties, the majority of BMP assigned penalties were 

affiliated with: 1) medicines and chemicals used on livestock (29.0%, range= 0-6/herd), 2) milking 

equipment (13.0%, range= 0-4/herd), and 3) facility and equipment sanitation (25.2%, range= 0-

8/herd).  Figure 4.2 provides a visual comparison of audit problem areas between first and second 

audit.   

4.4.1 Herd-Level Associations with First and Second Audit Performance 

 Table 4.3 compares the final logistic regression model for audit outcome (pass/fail) 

predictors for first and second CQM audit.  Table 4.4 provides the final negative binomial 

regression model for predictors of number of major CARS assigned at first and second CQM audit.  

Table 4.5 compares the final logistic regression models for predictors of assignment of CCP or 

BMP at first and second audit. 

4.4.2 Comparison of First and Second Audit Performance 

 The percent of producers who passed/failed for the first and second CQM audit were 

significantly different with the second CQM audit having a significantly higher percentage of 

producers who passed.  The first and second audit results differed when comparing the number of 

major CARS received by herds with first audit herds having a significantly greater number of 
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major CARS.  First and second audit outcomes for all three CCP and the three most cited BMP 

were also significantly different, with first audit herds being more likely to receive a milking of 

treated animals CCP infraction, a cooling and storage of milk CCP infraction, and a shipping of 

animals CCP infraction.  First audit herds were also more likely to receive a BMP infraction for 

medicines and chemicals used on livestock, milking equipment, and facility and equipment 

sanitation. 

4.4.3 Production and Milk Quality Changes During Implementation of CQM 

 Figure 4.3 compares annual differences in penalties assessed from 2010 through 2016.   

4.5 DISCUSSION 

Success at both the first and second CQM audit visits was high overall for Ontario herds.  

The higher second audit pass proportion is predominantly due to the lower number of major CARS 

assigned during the second audit.  The significance of producer improvement on the second audit 

for all three CCP’s as well as the three most common BMP’s indicates that producers were not 

complacent following their first audit and prepared for success at their second CQM audit.  A 

previous study on producer attitudes towards CQM from earlier adopting provinces noted that over 

60% of producer respondents felt CQM was easy to implement on their farm (Young et al., 2010).  

Ease of adoption and experience with previous on-farm milk quality audits through the provincial 

Grade A inspection process likely helped Ontario producers to achieve success at both their first 

and second audit.  Additionally, dairy producers view milk quality as a topic of importance (Russel 

and Bewley, 2011).  This coupled with the significance of being accredited under the program 

likely served as a strong motivator for producers to succeed at each CQM audit.   

Despite high success rates, there were some herds that continued to struggle at their CQM 

audit on the second round of audits.  Understanding associations with and potential predictors of 
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audit success may be useful in aiding those producers who struggle, but also potentially as a means 

to identify herds which may require more frequent evaluation to ensure program compliance.  

Aside from the experience of having previously completed an audit, for Ontario herds there was a 

distinction between the first and second CQM audits due to the producer training program offered.  

A univariable analysis of the impact of the voluntary DFO producer training program on Ontario 

dairy producer performs at first CQM audit was previously discussed (Chapter 3).  Impact of 

training was also observed in the present multivariable analysis which further validates the 

significance and impact of this training program for Ontario dairy producer success.  Interestingly, 

a greater impact of training on overall audit outcome was observed in the multivariable model in 

the present study with all types of training being significantly associated with a greater likelihood 

of a successful audit outcome.  However, similar to the univariable analysis (Chapter 3), the 

greatest impact was observed from combination training.  Additionally, combination training was 

the only training type significantly associated with major CARS; this was an inverse relationship 

with combination trained producers less likely to incur major CARS at first audit.  Training was 

not evaluated for the second audit as the voluntary training program was not offered.  It is possible 

that producers sought to prepare for their second audit in a similar manner by speaking with their 

herd veterinarian or other herd advisors but capturing this was outside the scope of this study.  

Future work should seek to understand whether continuing education programs are seen as 

valuable to producers with respect to the CQM program as well as other modules within the DFC 

proAction initiative. 

 The significance of an audit year association with producer success and assignment of 

infractions on both the first and second CQM audit is disconcerting.  This suggests that there was 

either variability in producer preparation and performance by audit year or, of greater concern, that 
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evaluation of producer compliance with CQM requirements varied by audit year.  Variation due 

to audit evaluator was observed for both the first and second audit results.  The scope of this study 

did not enable an analysis of auditor performance in order to determine whether auditor variation 

was actually justified, based on producer performance, or due to individual variability in auditor 

assessment of producer compliance with CQM.  Given that the CQM evaluation is standardized in 

an attempt to ensure uniform evaluations across auditors, and nationally across Canada, further 

understanding of the reasons and causes of auditor variation are warranted.  There may be a need 

for additional auditor training or evaluation of auditor agreement to ensure program integrity and 

uniform evaluation.  Auditor or evaluator agreement and repeatability is an essential component 

for evaluation and compliance assessment (Lievens, 2001; Vasseur et al., 2013).   

Given that variation was observed based on CQM auditor (FSRs), random intercept 

modelling was used to disentangle the effect of auditor from the other variables of interest.  

Significance of audit year continued to remain in the model once auditor variation was accounted 

for.  Thus, there seems to be a cohort effect in play, in that certain groups of producers assessed, 

based on audit year, were more likely to pass their first CQM audit than other groups.  This cohort 

effect was also observed for the first two years of cohorts available for the second audit analysis, 

but there was less of a cohort impact evident when analyzing assignment of major CARS or CCP 

or BMP infractions.  The first cohort of herds audited for CQM (those audited in 2011 for their 

first audit and 2013 for their second audit) had a much greater odds of success at audit than any 

subsequent cohort for both the first and second audit.  Interestingly, the second cohort of herds 

audited for CQM (those audited in 2012 for their first audit and 2014 for their second audit) 

actually had reduced odds for success compared to subsequent cohorts for the first audit and for 

the single year of comparison available for the second audit.  Analysis of associations with training 
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completed by producers prior to first CQM audit (Chapter 3) reported no difference by audit year 

on whether producers did or did not complete training.  Thus, producer preparation exclusively 

explained by training does not appear to be a driving factor in performance differences between 

these cohorts.  

There do appear to be some differences in milk quality parameters among the audit cohorts.  

Given that average annual bacteria count, high bacteria count and SCC penalties were associated 

with overall audit outcome, as well as other aspects of audit performance, this may explain the 

differences in odds of success across the respective cohorts.  First audit herds from the 2011 cohort 

received no elevated bacteria penalties compared to the following cohort years.  However, elevated 

bacterial and SCC penalties were very low across all years evaluated.  With regards to average 

annual bacteria count, the 2011 cohort of herds was observed to a have a proportionately higher 

representation of high bacteria count herds than subsequent years.  This is interesting given that 

lower average bacteria counts were associated with a greater odds of success at first audit.  This 

cohort actually performed better in terms of proportion of herds assigned to the category of high 

average annual bacteria for the second audit.  Thus, it appears that associations between milk 

quality parameters and cohort success may be better explained at the second CQM audit.  Bulk 

tank bacteria counts have been previously correlated with cow hygiene and management of parlor 

hygiene during milking, as well as bulk tank cooling (van Schaik et al., 2002; Elmoslemany et al., 

2009; Velthuis and van Asseldonk, 2011).  The associations between bacteria count and CQM 

audit aspects related to hygiene and cooling of milk in the present study are similar to the 

associations observed by Velthuis and van Asseldonk (2011) regarding total bacteria count and 

management of milk equipment and the bulk tank.  However, Velthuis and van Asseldonk were 

evaluating associations with quality control only, whereas the scope of CQM extends beyond milk 
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quality.  Flores-Miyamoto et al. (2014) also observed an impact of total bacteria count and 

successful approval at farm audit; unsuccessful herds had higher total bacteria counts. Again, the 

Flores-Miyamoto et al. (2014) study focused on milk quality audits rather than overall food safety 

audits.  In the present study, the results suggest that despite the correlation of certain milk quality 

variables (namely average annual bacteria count) with overall audit outcomes, it appears that these 

milk quality parameters have a better ability to explain the components of the CQM audit more 

directly related to milk quality, rather than those targeting other aspects of food safety.  Therefore, 

more work is needed to better disentangle what is occurring on-farm and during audit which may 

explain individual herd variability as well as audit cohort difference with respect to food safety in 

the broader sense.   

Previous research has concluded that implementation of HACCP-based programs on dairy 

herds is highly dependent on farm and farm worker participation (Vilar et al., 2012).  Outside of 

analyzing training for its association with CQM audit outcome, we were otherwise unable to 

evaluate individual farm characteristics beyond macro herd-level attributes related to location, 

milking system, milk production, and milk quality.  More research is needed to further understand 

potential individual farm variables associated with success during CQM audits.  Further 

understanding these associations may aid in improved education regarding on-farm food safety 

compliance. 

 There is substantial variation in milk quality penalties (inhibitor, bacteria, freezing point, 

and SCC) from pre- to post-CQM implementation across the seven-year period from 2010 through 

2016.  Interestingly, a decline in the overall percentage of herds receiving a penalty was observed 

from 2010 through 2012 which may suggest that CQM implementation positively impacted milk 

quality, at least initially.  Indeed, milk quality and penalties were a focus during this time period, 
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not only as a result of CQM implementation but also due to the Canadian dairy industry lowering 

the permissible bulk tank SCC from 500,000 cells/mL to 400,000 cells/mL (DFO, 2012).  Perhaps 

as a result of this new threshold, the percentage of herds assigned a milk quality penalty in 2013 

was elevated with an increase in SCC penalties being the primary driver; although percentage of 

herds assigned bacteria and inhibitor penalties was also raised.  Additionally, penalty assignment 

has continued to remain higher through 2016 compared to that observed in the 2010 through 2012 

time period.  This raises the question of long-term impacts of the CQM program on milk quality 

in addition to food safety.  However, given that regulatory changes impacting milk quality 

penalties occurred across that time period as well as changes in the criteria for incurring a penalty, 

disentangling the true impacts of various programming and penalty programs will be more 

complex than simply observing variations in trends.  Future studies should further investigate these 

milk quality penalty changes through CQM implementation, especially given the association of 

milk quality as potential predictors of CQM audit outcomes. 

 This study evaluated CQM audit results for the first and second audit for Ontario dairy 

herds.  As CQM is a national program with standardized criteria to evaluate herd compliance, 

results should also be applicable across Canada.  However, given the impact of producer training 

(which was exclusive to Ontario) on audit performance, caution should be exercised when 

extrapolating first audit findings to other provinces.  Additionally, second audit evaluations were 

available for slightly more than half of Ontario dairy herds.  This represented an adequate sample 

size, but there is potential that the significant risk factors may change once the full dataset of 

second audits is completed.  Future interpretations of the data should consider these possibilities. 
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4.6 CONCLUSIONS 

 Ontario dairy producer success at both the first and second CQM audit was high.  Overall 

audit success at the second CQM audit was significantly higher compared to the first based on the 

three-years of data available.  A temporal cohort effect was observed based on audit year for herds, 

primarily related to herds which completed their first CQM audit in 2011 and 2012.   Milk quality 

parameters, such as SCC, bacteria count, and penalty data, were associated with some aspects of 

audit performance, especially in those areas of the CQM audit related more directly to milk quality.  

Further investigation of more detailed herd level management characteristics may be beneficial to 

better understand associations with dairy producer performance on food safety audits.  Variation 

related to auditor warrants further investigation to ensure standardization of program assessment 

across all herds.  Additional research is needed to determine what factors are driving the apparent 

cohort effect observed during the first and second CQM audit results. 
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Table 4.1. Descriptive statistics of select herd demographics by audit event (first or second 

audit) for the 12-month period prior to first audit (n=6,169). 

Variable 

First Audit (n=3,991) Second Audit (n=2,178) 

Percent Percent 

Milking system   

Robotic    7.7 8.0 

Parlor 27.1 26.7 

Pipeline 62.9 63.4 

Other 2.3 1.9 

Season of CQM audit   

Spring 25 23 

Summer 23 19 

Autumn 26 31 

Winter 27 27 

Average county density 
(# herds in area) 

179±125.81 175±124.41 

Average administrative 
zone density (# herds 
in area) 

248±38.61 253±40.21 

1Number of herds ±SD. 
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Table 4.2. Descriptive statistics of select herd production attributes by audit event (first or 

second audit) for the 12-month period prior to first audit (n=6,169). 

Variable 

First Audit (n=3,991) Second Audit (n=2,178) 

Mean SD Min. Max. Mean SD Min. Max. 

12-months Prior to 
1st Audit (overall 
monthly averages) 

        

Volume of 
milk shipped 
(kg)    

53562 53868 3357 761114 56573 58440 3710 754248 

Fat (%) 4.1 0.3 3.1 5.6 4.1 0.3 3.4 5.5 

Protein (%) 3.4 0.2 3.0 4.2 3.4 0.2 3.0 4.2 

SCC (x1000 
cells/mL) 

233 78 50 546 221 74 51 426 

Bacteria 
count (x1000 
ibc/mL) 

30 112 2 3183 30 146 3 5503 

SCC 
penalties1 

- - 0 10 - - 0 10 

Bacteria 
penalties1 

- - 0 10 - - 0 6 

Freezing 
point 
penalties1 

- - 0 7 - - 0 6 

Inhibitor 
penalties1 

- - 0 3 - - 0 3 

1represents the maximum and minimum number of penalties assigned to herds in a month.
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Table 4.3. Final logistic regression model for predictors of first and second audit outcome (pass/fail) (n=6,203).  

Variables 

First Audit (n=4,001) Second Audit (n=2,203) 

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value 

FSR effect1 2.002 (1.4, 5.7) <0.01 0.822 (0.06, 10.7) 0.88 
Training level  <0.01  - 
     Combination compared to classroom 1.43 (1.1, 1.9) <0.01 - - 

     Combination compared to on-farm 1.59 (1.3, 1.9) <0.01 - - 

     Combination compared to none 2.25 (1.7, 3.0) <0.01 - - 

     Classroom compared to none 1.58 (1.1, 2.2) <0.01 - - 

     On-farm compared to none 1.42 (1.1, 1.9) 0.01 - - 

Audit year  <0.01  <0.01 
     2011 compared to 2012 3.40 (2.0, 5.9) <0.01 - - 
     2011 compared to 2013 2.66 (1.5, 4.7) <0.01 - - 
     2011 compared to 2014 1.94 (1.1, 3.4) 0.02 - - 
     2011 compared to 2015 2.4 (1.2, 4.3) <0.01 - - 
     2012 compared to 2013 0.78 (0.6, 1.0) 0.03 - - 
     2012 compared to 2014 0.57 (0.4, 0.7) <0.01 - - 
     2012 compared to 2015 0.71 (0.5, 0.9) 0.02 - - 
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     2013 compared to 2014 0.73 (0.6, 0.9) 0.02 2.72 (1.5, 5.0) <0.01 
     2013 compared to 2015 - - 1.88 (1.0, 3.5) 0.05 
     2014 compared to 2015 - - 0.69 (0.5, 0.9) <0.01 
Bacteria count3  <0.01  <0.01 
     Low compared to medium 1.45 (1.2, 1.8) <0.01 1.75 (1.3, 2.4) <0.01 

     Low compared to high 1.77 (1.4, 2.2) <0.01 2.48 (1.8, 3.4) <0.01 

     Medium compared to high 1.22 (1.0, 1.5) 0.05 1.42 (1.1, 1.9) 0.02 

Bacteria penalties4 2.37 (1.1, 5.1) 0.03 4.26 (1.5, 11.9) <0.01 

SCC penalties4 1.66 (1.2, 2.4) <0.01 - - 

1FSR included in model as a random effect. 

2Estimate of FSR effect. 

3Average monthly bacteria count for the 12-month period prior to first audit.  Categorized as low, medium, or high. 

4Assignment of a penalty for either bacteria count or SCC in the 12-month period prior to first audit. 
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Table 4.4. Final negative binomial regression model for predictors of number of major CARS accrued at first and second audit 

(n=6,204).  

Variables 

First Audit (n=4,001) Second Audit (n=2,203) 

Incidence Rate Ratio 
(95% CI)1 P-value Incidence Rate Ratio 

(95% CI)1 P-value 

FSR effect2 1.363 (1.2, 2.2) <0.01 0.313 (0.2, 0.6) <0.01 
Training level  <0.01  - 
     Combination compared to classroom 0.61 (0.5, 0.8) <0.01 - - 

     Combination compared to on-farm 0.56 (0.5, 0.7) <0.01 - - 

     Combination compared to none 0.43 (0.3, 0.6) <0.01 - - 

Audit year  <0.01  - 

     2011 compared to 2012 0.37 (0.2, 0.6) <0.01 - - 

     2011 compared to 2013 0.35 (0.2, 0.6) <0.01 - - 

     2011 compared to 2014 0.49 (0.3, 0.9) 0.01 - - 

     2011 compared to 2015 0.39 (0.2, 0.7) <0.01 - - 

     2013 compared to 2014 1.38 (1.0, 1.8) 0.03 - - 

SCC4 1.00 (1.0, 1.0) 0.02 1.00 (1.0, 1.0) 0.04 

Bacteria count5  <0.01  <0.01 
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     Low compared to medium 0.68 (0.5, 0.9) <0.01 - - 

     Low compared to high 0.55 (0.4, 0.7) <0.01 0.50 (0.3, 0.7) <0.01 

     Medium compared to high - - 0.65 (0.5, 0.9) 0.01 

1Inverse natural log transformed from model estimate. 

2FSR included in model as a random effect. 

3Estimate of FSR effect. 

4Average monthly SCC for the 12-month period prior to first audit. 

5Average monthly bacteria count for the 12-month period prior to first audit.  Categorized as low, medium, or high. 
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Table 4.5. Final logistic regression model for predictors of assignment of CCP and BMP infractions (yes/no) at first and second CQM 

audit (n=6,204).  

Variables 

First Audit (n=4,001) Second Audit (n=2,203) 

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value 

CCP- Milking of treated animals     

FSR effect1 1.622 (1.3, 3.0) <0.01 1.722 (1.3, 6.1) 0.02 

Average monthly production3  <0.01  - 

     Low compared to high production 0.76 (0.6, 0.9) <0.01 - - 

     Medium compared to high production 0.70 (0.6, 0.9) <0.01 - - 

Bacteria count4  0.01  <0.01 

     Low compared to medium bacteria count - - 0.72 (0.5, 1.0) 0.05 

     Low compared to high bacteria count 0.73 (0.6, 0.9) <0.01 0.57 (0.4, 0.8) <0.01 

SCC5 - - 1.00 (1.0, 1.0) 0.04 

DFO zone density6  <0.01  - 

     Medium compared to high density 1.72 (1.3, 2.3) <0.01 - - 

County density7  -  <0.01 

     Low compared to high density - - 0.57 (0.4, 0.9) 0.02 
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     Medium compared to high density - - 0.46 (0.3, 0.8) <0.01 

CCP- Cooling and storage of milk     

FSR effect1 1.932 (1.4, 4.7) <0.01 5.332 (2.4, 67.6) <0.01 

Training level  0.01 - - 

     Combination compared to on-farm 0.72 (0.6, 0.9) <0.01 - - 

     Combination compared to none 0.74 (0.6, 1.0) 0.05 - - 

Average monthly production3  <0.01   

     Low compared to medium production 1.46 (1.2, 1.8) <0.01 - - 

     Low compared to high production 1.23 (1.0, 1.5) 0.05 - - 

Season  0.01 - - 

     Spring compared to summer 0.77 (0.6, 1.0) 0.04 - - 

     Summer compared to winter 1.50 (1.2, 1.9) <0.01 - - 

Bacteria count4  <0.01   

     Low compared to medium bacteria count 0.68 (0.5, 0.8) <0.01 - - 

     Low compared to high bacteria count 0.55 (0.5, 0.7) <0.01 - - 

     Medium compared to high bacteria count 0.82 (0.7, 1.0) 0.05 - - 

SCC penalty8 0.55 (0.4, 0.8) <0.01 - - 

Audit year  <0.01 - - 

     2011 compared to 2014 1.60 (1.0, 2.5) 0.05   
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     2012 compared to 2014 1.62 (1.3, 2.1) <0.01 - - 

     2013 compared to 2014 1.47 (1.1, 1.9) <0.01 - - 

     2014 compared to 2015 0.73 (0.6, 1.0) 0.04 - - 

Milking system  -  0.04 

     Other compared to robot - - 3.02 (1.3, 6.9) <0.01 

     Parlor compared to robot - - 1.68 (1.1, 2.7) 0.03 

     Pipeline compared to robot - - 1.58 (1.0, 2.5) 0.04 

SCC5 - - 1.00 (1.0, 1.0) 0.01 

CCP- Shipping of animals     

FSR effect1 1.262 (1.1, 1.8) <0.01 1.592 (-1.1, 43.9) 0.08 

Comparison of training levels:  <0.01  - 

     Combination compared to on-farm 0.67 (0.5, 0.8) <0.01 - - 

     Combination compared to none 0.55 (0.4, 0.7) <0.01 - - 

     Classroom compared to none 0.65 (0.5, 0.9) 0.01 - - 

Audit year  <0.01  <0.01 

     2011 compared to 2014 2.36 (1.5, 3.8) <0.01 - - 

     2011 compared to 2015 1.71 (1.1, 2.7) 0.03   

     2012 compared to 2013 1.40 (1.1, 1.8) <0.01 - - 

     2012 compared to 2014 2.80 (2.1, 3.7) <0.01 - - 
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     2012 compared to 2015 2.02 (1.5, 2.7) <0.01 - - 

     2013 compared to 2014 2.00 (1.5, 2.6) <0.01 - - 

     2013 compared to 2015 1.45 (1.1, 1.9) 0.01 3.27 (1.8, 5.9) <0.01 

     2014 compared to 2015 0.72 (0.5, 1.0) 0.04 2.26 (1.5, 3.3) <0.01 

County density7  -  <0.01 

     Low compared to high density - - 0.39 (0.2, 0.7) <0.01 

     Medium compared to high density - - 0.43 (0.2, 0.8) <0.01 

BMP- Medicines and chemicals used on 
livestock     

FSR effect1 1.872 (1.4, 3.9) <0.01 2.862 (1.8, 12.3) <0.01 

Comparison of training levels:  <0.01  - 

     Combination compared to none 0.61 (0.5, 0.8) <0.01 - - 

     Classroom compared to none 0.66 (0.5, 0.9) <0.01 - - 

     On-farm compared to none 0.67 (0.5, 0.9) <0.01 - - 

Average monthly production3  0.02  - 

     Low compared to high production 0.78 (0.7, 0.9) <0.01 - - 

Audit year  <0.01 - - 

     2012 compared to 2014 1.36 (1.1, 1.7) <0.01 - - 
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     2012 compared to 2015 1.27 (1.0, 1.6) 0.04   

     2013 compared to 2014 1.45 (1.2, 1.8) <0.01 - - 

     2013 compared to 2015 1.35 (1.1, 1.7) <0.01 - - 

SCC penalties8 - - 0.52 (0.3, 0.8) <0.01 

BMP- Milking management     

FSR effect1 1.592 (1.3, 2.8) <0.01 1.902 (1.4, 6.0) <0.01 

Comparison of training levels:  0.02  - 

     Combination compared to none 0.69 (0.5, 0.9) <0.01 - - 

     Classroom compared to none 0.68 (0.5, 0.9) <0.01 - - 

     On-farm compared to none 0.71 (0.6, 0.9) <0.01 - - 

Average monthly production3  0.04  - 

     Medium compared to high production 0.80 (0.7, 1.0) 0.03 - - 

Bacteria Count4  <0.01  0.05 

     Low compared to medium bacteria    
     count 0.73 (0.6, 0.9) <0.01 0.74 (0.6, 1.0) 0.02 

     Low compared to high bacteria count 0.72 (0.6, 0.9) <0.01 - - 

Inhibitor penalties8 0.33 (0.2, 0.8) <0.01 - - 

Freezing point penalties8 0.71 (0.5, 1.0) 0.05 - - 

Audit year  <0.01  <0.01 

     2011 compared to 2012 0.68 (0.5, 1.0) 0.03   
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     2012 compared to 2014 1.85 (1.5, 2.3) <0.01 - - 

     2012 compared to 2015 1.62 (1.3, 2.0) <0.01 - - 

     2013 compared to 2014 1.54 (1.3, 1.9) <0.01 - - 

     2013 compared to 2015 1.34 (1.1, 1.7) <0.01 2.18 (1.4, 3.3) <0.01 

     2014 compared to 2015 - - 1.63 (1.3, 2.0) <0.01 

Season  -  <0.01 

     Autumn compared to spring - - 0.74 (0.6, 1.0) 0.04 

     Autumn compared to winter - - 0.59 (0.5, 0.8) <0.01 

     Summer compared to winter - - 0.70 (0.5, 0.9) 0.02 

Milking system  -  <0.01 

     Other compared to robot - - 0.27 (0.1, 0.6) <0.01 

     Parlor compared to robot - - 0.27 (0.2, 0.4) <0.01 

     Pipeline compared to robot - - 0.30 (0.2, 0.4) <0.01 

BMP- Facility and equipment sanitation     

FSR effect1 1.472 (1.2, 2.3) <0.01 2.862 (1.8, 13.6) <0.01 

Comparison of training levels:  <0.01  - 

     Combination compared to none 0.63 (0.5, 0.8) <0.01 - - 

     Classroom compared to none 0.63 (0.5, 0.8) <0.01 - - 

     On-farm compared to none 0.73 (0.6, 0.9) 0.01 - - 
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Audit year  0.03  - 

     2012 compared to 2014 1.26 (1.0, 1.6) 0.03 - - 

     2012 compared to 2015 1.43 (1.1, 1.8) <0.01 - - 

     2013 compared to 2015 1.34 (1.1, 1.7) <0.01 - - 

Bacteria count4  <0.01  <0.01 

     Low compared to medium bacteria    
     count 0.76 (0.7, 0.9) <0.01 0.79 (0.6, 1.0) 0.05 

     Low compared to high bacteria count 0.66 (0.6, 0.8) <0.01 0.58 (0.5, 0.7) <0.01 

     Medium compared to high bacteria count - - 0.74 (0.6, 0.9) 0.01 

Freezing point penalties8 0.62 (0.4, 0.9) <0.01 - - 

1FSR included in model as a random effect. 

2Estimate of FSR effect. 

3Average monthly production (kg) for the 12-month period prior to first audit.  Herds were categorized as low, medium, or high. 

4Average monthly bacteria count for the 12-month period prior to first audit.  Categorized as low, medium, or high. 

5Average monthly SCC for the 12-month period prior to first audit. 

6DFO zone density (number of herds in a DFO zone; geographic region). Categorized as low, medium, or high. 

7County density (number of herds in a geographic county). Categorized as low, medium, or high. 

8Assignment of a penalty for either bacteria count, freezing point, inhibitors, or SCC in the 12-month period prior to first audit.
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Figure 4.1. Comparison of performance, average number of major and minor CARS and demerits 

assigned (±SD), at CQM audit based on audit event (n=6,204).   Solid line denotes overall average 

number of major CARS assigned, dotted line denotes overall average number of minor CARS 

assigned, and dashed line denotes overall number of demerits assigned. 
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Figure 4.2. Comparison of penalties assigned for the three CCP and the three most commonly 

cited BMP at first and second CQM audit.  CCP1) milking of treated animals, CCP2) cooling and 

storage of milk, CCP3) shipping of animals, BMP1) medicines and chemicals used on livestock, 

BMP2) milking equipment, BMP3) facility and equipment sanitation by first and second audit.  

Percent of herds assigned a CCP or BMP represents the overall percentage of herds in the 

respective audit receiving at least one penalty (n= 6,204).
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Figure 4.3. Comparison of milk quality penalties assigned for herds with milk quality data available for the period 2010 to 2016 

(n=3,306).  New thresholds for SCC penalties were adopted in August 2012 (red line).  CQM was initiated in 2011 and first audits were 

concluded in 2015 (blue line).
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APPENDIX 4.1 
 
Table A.4.1. Descriptive statistics of select herd production attributes averaged monthly by year. 
 

Variable 

2010  
(n=3,685) 

2011  
(n=3,736) 

2012  
(n=3,767) 

2013  
(n=3,778) 

2014  
(n=3,770) 

2015  
(n=3,679) 

2016  
(n=3,456) 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Volume of 
milk 

shipped 
(kg)    

50735 50868 51981 52384 53806 53952 53391 53329 54075 53911 58852 59679 62968 63496 

Fat (%) 4.0 0.2 4.0 0.3 4.0 0.3 4.1 0.3 4.1 0.3 4.1 0.3 4.1 0.3 

Protein 
(%) 3.3 0.1 3.4 0.2 3.4 0.2 3.3 0.2 3.4 0.2 3.4 0.2 3.4 0.2 

SCC 
(x1000 

cells/mL) 
255 90 256 89 238 78 222 74 220 74 227 73 226 73  

Bacteria 
Count 
(x1000 

ibc/mL) 

45 231 29 95 31 148 32 122 33 143 27 95 30 109 
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Table A.4.2. Descriptive statistics of penalties assigned per herd by year. 

Variable 

2010  
(n=3,685) 

2011  
(n=3,736) 

2012  
(n=3,767) 

2013  
(n=3,778) 

2014  
(n=3,770) 

2015  
(n=3,679) 

2016  
(n=3,456) 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

SCC 
penalties 0 3 0 4 0 5 0 5 0 4 0 4 0 4 

Bacteria 
penalties 0 3 0 3 0 4 0 4 0 5 0 2 0 3 

Freezing 
point 

penalties 
0 4 0 2 0 4 0 3 0 3 0 3 0 3 

Inhibitor 
penalties 0 1 0 1 0 2 0 1 0 2 0 1 0  1 
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Table A.4.3. Comparison of penalties assigned by year from 2010 through 2016 for all Ontario herds and for select herds with data 

from all seven years (n=3,306). 

Year 
% all herds 
receiving 

SCC penalty 

% select 
herds 

receiving 
SCC penalty 

% all herds 
receiving 
Bacteria 
penalty 

% select 
herds 

receiving 
Bacteria 
penalty 

% all herds 
receiving 
Inhibitor 
penalty 

% select 
herds 

receiving 
Inhibitor 
penalty 

% all herds 
receiving 
Freezing 

point 
penalty 

% select 
herds 

receiving 
Freezing 

point 
penalty 

2010 
(n=3,685) 

3.81 

1st- 2.12 
2nd- 1.2 
3rd- 0.5 

3.6 

1st- 2.2 
2nd- 1.0 
3rd- 0.4 

2.1 

1st- 1.7 
2nd- 0.3 
3rd- 0.1 

2.0 

1st- 1.7 
2nd- 0.3 

0.6 

1st- 0.6 

0.7 

1st- 0.7 

2.7 

1st- 2.4 
2nd- 0.2 
4th- 0.1 

2.7 

1st- 2.4 
2nd- 0.2 
4th- 0.1 

2011 
(n=3,736) 

3.4 

1st- 1.7 
2nd- 1.2 
3rd- 0.4 
4th- 0.1 

2.9 

1st- 1.5 
2nd- 1.1 
3rd- 0.2 
4th- 0.1 

0.7 

1st- 0.4 
2nd- 0.2 
3rd- 0.1 

0.8 

1st- 0.4 
2nd- 0.3 
3rd- 0.1 

0.4 

1st- 0.4 

0.4 

1st- 0.4 

4.1 

1st- 3.9 
2nd- 0.2 

4.2 

1st- 4.1 
2nd- 0.1 

2012 
(n=3,767) 

3.0 

1st- 1.8 
2nd- 0.8 
3rd- 0.3 
5th- 0.1 

2.7 

1st- 1.7 
2nd- 0.8 
3rd-0.2 

0.6 

1st- 0.3 
2nd- 0.1 
3rd- 0.1 
4th- 0.1 

0.5 

1st- 0.3 
2nd- 0.1 
3rd- 0.1 

0.8 

1st- 0.7 
2nd- 0.1 

0.8 

1st-0.7 
2nd- 0.1 

4.2 

1st- 3.5 
2nd- 0.5 
3rd- 0.1 
4th- 0.1 

4.0 

1st- 3.3 
2nd- 0.5 
3rd- 0.1 
4th- 0.1 
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2013 
(n=3,778) 

5.5 

1st- 3.3 
2nd- 1.3 
3rd- 0.7 
4th- 0.1 
5th- 0.1 

4.9 

1st- 3.0 
2nd- 1.2 
3rd- 0.5 
4th- 0.1 
5th- 0.1 

1.1 

1st- 0.7 
2nd- 0.2 
3rd- 0.1 
4th- 0.1 

1.0 

1st- 0.6 
2nd- 0.2 
3rd- 0.1 
4th- 0.1 

0.6 

1st- 0.6 

0.6 

1st- 0.6 

4.7 

1st- 4.3 
2nd- 0.3 
3rd- 0.1 

4.5 

1st- 4.1 
2nd- 0.3 
3rd- 0.1 

2014 
(n=3,770) 

5.4 

1st- 3.1 
2nd- 1.6 
3rd- 0.6 
4th- 0.1 

5.0 

1st- 3.1 
2nd- 1.4 
3rd- 0.4 
4th- 0.1 

1.1 

1st- 0.7 
2nd- 0.1 
3rd- 0.1 
4th- 0.1 
5th- 0.1 

1.0 

1st- 0.6 
2nd- 0.1 
3rd- 0.1 
4th- 0.1 
5th- 0.1 

0.7 

1st- 0.6 
2nd- 0.1 

0.7 

1st- 0.7 

4.1 

1st- 3.6 
2nd- 0.4 
3rd- 0.1 

4.0 

1st- 3.5 
2nd- 0.4 
3rd- 0.1 

2015 
(n=3,679) 

5.1 

1st- 2.8 
2nd- 1.7 
3rd- 0.5 
4th- 0.1 

4.9 

1st- 2.8 
2nd- 1.6 
3rd- 0.4 
4th- 0.1 

0.4 

1st- 0.2 
2nd- 0.1 
3rd- 0.1 

0.3 

1st- 0.2 
2nd- 0.1 

0.5 

1st- 0.5 

0.6 

1st- 0.6 

3.5 

1st- 3.1 
2nd-0.3 
3rd- 0.1 

3.3 

1st- 2.9 
2nd- 0.3 
3rd- 0.1 

2016 
(n=3,546) 

4.2 

1st- 2.4 
2nd- 1.2 
3rd- 0.5 
4th- 0.1 

4.2 

1st- 2.3 
2nd- 1.3 
3rd- 0.5 
4th- 0.1 

0.8 

1st- 0.4 
2nd- 0.3 
3rd- 0.1 

0.8 

1st- 0.4 
2nd- 0.3 
3rd- 0.1 

0.8 

1st- 0.8 

0.8 

1st- 0.8 

4.1 

1st- 3.6 
2nd- 0.4 
3rd- 0.1 

3.9 

1st- 3.4 
2nd- 0.4 
3rd- 0.1 

1Overall percentage of herds assigned a penalty for the year. 

2Percentage of herds assigned 1st, 2nd, 3rd, 4th, or 5th penalties for the year.  
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CHAPTER 5: ONTARIO DAIRY PRODUCER APPROACHES TOWARDS 

TREATMENT AND PREVENTION OF MASTITIS 

 

5.1 ABSTRACT 

Mastitis is a ubiquitous disease in the global dairy industry and, in many countries, udder 

health is the primary reason for antibiotic administration.  Understanding how dairy producers 

approach antibiotic treatment and prevention for this condition is important to promote judicious 

antibiotic use.  Ontario dairy producers were recruited to participate in a survey about their 

approaches to antibiotic use for the treatment and prevention of mastitis.  Producers could 

participate in the survey through a web-based platform or by paper copy of the survey.  Survey 

response rate was small (n= 101) but producer respondents represented all geographic dairy zones 

of Ontario.  The primary treatment decision maker for the majority of herds was the farm owner, 

male, and between 50 and 60 years of age.  The majority of herds used dry cow therapy (DCT) 

(89%) with blanket dry cow therapy being most common (78% of those using DCT).  Almost all 

herds (96%) reassess a clinical mastitis cow following treatment completion and 81% of producers 

indicated that following-up on treatment success or failure was an important farm management 

practice.  Half of producers indicated that they consider bacteria type when selecting a treatment 

course for a case of mastitis, however, less than 30% of producers indicated that obtaining milk 

culture results was a common practice when selecting an antibiotic for treatment.  There was a 

lack of clarity as to the impact of veterinary advice on producer treatment approaches that merits 

further investigation.   

Key words: mastitis, antibiotic use, prevention, milk quality 
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5.2 INTRODUCTION 

The ubiquitous nature of mastitis, both clinical and subclinical, in the dairy industry results 

in udder health being a common concern and focus in dairy herds.  Prevalence and incidence rates 

are variable and with a complex web of causal factors reported in previous research, mastitis 

treatment and prevention are high priority issues for the dairy industry.  The economic impacts of 

mastitis are variable as impacts are multifactorial, potentially resulting in premature culling, 

decreased milk production, decreased fecundity, and impacts on bulk tank milk quality which may 

result in producers incurring penalties or losing premiums (Seegers et al., 2003; Hagnestam-

Nielsen et al., 2009; Hertl et al., 2010; Geary et al., 2012).  The most recent economic analysis of 

the cost of mastitis for Canadian dairy herds places average cost at $622 CAD per milking cow 

per year (Aghamohammadi et al., 2018).  The majority of mastitis-associated costs in Canada are 

attributed to subclinical mastitis (48%) followed by clinical mastitis (34%) and preventive 

measures (15%), such as dry cow therapy (Aghamohammadi et al., 2018).  Unsurprisingly, mastitis 

prevention and treatment are responsible for the majority of antibiotic use in dairy cows globally 

(Pol and Ruegg, 2007; Menéndez González et al., 2010; Wenz and Giebel, 2012).   

In a previous study of Canadian dairy herds, 29% responded that they treat 100% of their 

clinical mastitis cases with antibiotics, despite a high level of producer concern about antibiotic 

use (Young et al., 2010).  During a two-year longitudinal study of milk samples from a cohort of 

Canadian dairy farms, Staphylococcus aureus was identified as the most common clinical mastitis 

pathogen isolated followed by Escherichia coli and Enterococcus spp. with coagulase-negative 

staphylococci (CNS) as the most common family of pathogens isolated from non-clinical lactating 

cows (Reyher et al., 2011).  Previous studies have observed that antibiotic use for mastitis 

treatment is frequently based on clinical signs rather than other diagnostics (Raymond et al., 2006; 
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Jones et al., 2015; Swinkels et al., 2015).  This may result in a less efficacious treatment approach 

being used or result in an unnecessary use of antibiotics.  Therefore, it is important to understand 

producer approaches towards antibiotic use for the treatment and prevention of mastitis to ensure 

prudent use in the future.  Furthermore, understanding the information sources producers are 

consulting in regards to antibiotic use to manage mastitis is essential to engage producers on the 

topic of prudent and judicious antibiotic use for mastitis treatment and prevention.  

 The objectives of this study were to describe the approach to antibiotic use for mastitis 

treatment and prevention practices currently used by a sample of Ontario dairy producers.   

5.3 MATERIALS AND METHODS 

This study received ethics approval from the University of Guelph Research Ethics Board 

(REB#14OC012). 

5.3.1 Survey Design 

 A 46-question survey was designed to inquire about Ontario dairy producers’ approaches 

to mastitis treatment and prevention.  The survey composition was a mixture of open (n=8), closed 

(n=37), and Likert-scaled (n=1) questions (see Appendix 5.1 for survey).  The survey was available 

to producers as a paper version or electronically using web-based survey software (Qualtrics, 

2002).  A pre-test was completed with three local dairy producers known to members of the 

University of Guelph’s Ruminant Field Services; this was to ensure that the on-line platform was 

operating, to determine duration to complete, and to confirm that questions were easily understood.  

Following the pre-test each producer was interviewed to gather insight into clarity of questions 

and time needed to complete the survey; questions were clarified as necessary and a survey 

duration of <30 minutes was confirmed.  The electronic survey was set-up to be accessible for 30 

days, after which the survey was automatically closed and all question responses submitted to that 
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point were made available for analysis.  Producers could choose to complete the survey in a single 

sitting or over many days depending on what best suited their individual schedules.     

5.3.2 Producer Recruitment 

 Recruitment of Ontario dairy producers began in January 2015 and concluded in October 

2015.  A three-pronged approach was initially utilized to recruit producers.  A random selection 

of 520 Ontario dairy herds subscribed to a dairy herd management company, operating in Ontario 

and the western provinces (CanWest DHI), were mailed a letter of information containing the link 

for the electronic survey, a paper survey, and a consent form along with a pre-stamped return 

envelope should they choose to complete the paper survey.  Additionally, all Ontario DHI herds 

received an e-mail from CanWest DHI inviting them to participate in the study and including the 

electronic survey link.  All non-DHI herds (n=429) in Ontario were also mailed the packet of 

information described above.  The final means of producer recruitment occurred through the Dairy 

Farmers of Ontario (DFO), which sent all Ontario producers (approximately 4,000 herds) a letter 

explaining the study and including a link to the electronic survey.  DFO also placed the survey link 

in the producer hub on their website.  Given an underwhelming response to these initial recruitment 

procedures a second recruitment phase was initiated in July 2015 by reaching out to veterinarians 

through the Ontario Association of Bovine Practitioners (OABP) to help spread the word amongst 

their dairy producer clients about the study.  OABP veterinarians were e-mailed a letter of 

information about the study using their educational organization’s list serve. A second e-mail was 

sent through the same list serve in August 2015.  Veterinarians (n=6) then responded that they had 

producers interested and these veterinarians were mailed out the survey packets to share with their 

producers at their next herd visit.  
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5.3.3 Herd and Milk Quality Data 

 Herd level data were acquired from DFO to compare study sample herds to Ontario 

averages.  These data included DFO zone (region in which herd is located), average monthly 

volume of milk shipped (kg), average monthly components (percent fat and protein), average 

monthly SCC (cells/mL), average monthly milk bacteria count (ibc/mL milk), and penalties 

assessed for above threshold SCC, bacteria, inhibitors, and abnormal freezing point.  All herd level 

data were summarized as monthly averages for 2014, with the exception of penalty data which 

were summarized for the 2014 calendar year.   

5.3.4 Descriptive Statistics 

 Closed question responses were tabulated to describe frequency of categorical responses 

given by producers.  Written responses to questions were cross-evaluated to determine whether 

producers had written a response that should have been answered through selection of one of the 

categorical options.  Where this was indicated, the appropriate categorical response was assigned 

to that producer. 

5.4 RESULTS 

A total of 122 surveys were submitted across all platforms with an average survey 

completion rate of 78%.  Of these 122 surveys, 21 were blank, 93 supplied a DFO and/or DHI 

number, and 89 of those 93 could be matched with an existing DFO or DHI number to acquire 

herd production data.  Only 87 herds had 12-months of production records.  Therefore, 101 

individual herds had survey responses available for analysis and 87 herds had both survey and 

production data.  Survey response rate for the province of Ontario, as a whole, was approximately 

2.5%.  Table 5.1 presents a comparison of respondent herd production attributes with the average 

Ontario herd.  Four respondent herds indicated they were certified organic and 67 herds indicated 
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they were on DHI (68%).  Lactating cow housing was 53% free-stall and 47% tie-stall while 

milking system type distribution was 47% pipeline, 42% parlor, and 11% robotic.  The majority 

of mastitis treatment decisions and treatment administrations were made by the farm owner (83%) 

and farm owners were also listed as the most common person responsible for keeping the on-farm 

treatment records (80%).  Almost 91% of those making mastitis treatment decisions were males, 

while the age distribution of those making decisions was: 1% <20 years old, 20% 20-30 years old, 

24% 30-40 years old, 20% 40-50 years old, 29% 50-60 years old, and 6% >60 years old.  The 

distribution of highest education level achieved was: 16% elementary, 18% secondary, 43% 

diploma, 20% degree, and 3% graduate.  The majority of respondent herds indicated that they were 

closed (68%) as defined by the survey; not having introduced any new cows or heifers from an 

outside source in the past 2yrs.  Table 5.2 summarizes the biosecurity procedures for mastitis in 

herds identifying as open.  Producer management of close-up and due-to-calve cows and heifers 

is presented in Table 5.3. 

5.4.1 Approaches to Antibiotic Use for Mastitis Treatment and Prevention 

 The majority of respondents (89%) indicated that they use some form of DCT; 43% 

intramammary antibiotics only, 41% intramammary antibiotics plus teat sealant, and 5% teat 

sealant only.  Of those using DCT, 78% indicated a blanket approach, 18% indicated selective 

DCT at the cow-level, and 4% indicated selective DCT at the quarter-level.  To determine criteria 

for selective DCT, SCC was the most common diagnostic (80%), followed by mastitis history 

(47%), milk culture (32%), and DHI MAST4 test (11%).  Considering type of bacteria when 

determining a treatment course for mastitis was indicated by 50% of producers.   

When asked about identification protocols for treated cows, using a leg band on the treated 

cow was the most common form of identification (66%).  This was followed by writing the cow 
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name or number on a board in the barn (61%), noting the cow ID in a DHI book or CQM records 

(48%), noting the cow ID in the farm-based computer system (31%), and placing the cow in a 

treated/sick pen or group (11%).  Only one producer indicated that they have no procedure for 

identifying treated cows.   

Table 5.4 indicates what producers considered when selecting a treatment course for a case 

of mastitis.  Figure 5.1 provides a comparison of producer approaches to treating a case of mild or 

moderate clinical mastitis.  The majority of producers (96%) indicated that they reassess any 

clinical mastitis cow following a treatment course and 81% indicated that following-up on success 

or failure of mastitis treatments was important or very important for their farm.  Figure 5.2 

compares producer decisions for ending a mastitis treatment course and Table 5.5 compares 

producer approaches to evaluating treatment success.  Tracking cows for repeat infections was 

protocol for 75% of producers with tracking computer records and SCC as the most common 

methods; 29% and 27%, respectively.   

Figure 5.3 represents the percentage of mastitis cases producers treat with antibiotics.  

Milking high SCC cows at the end of the milking order was practiced by 40% of producers with 

56% of respondents indicating that this is an important or very important practice for mastitis 

prevention in their herds.  Waiting to milk identified Staph. aureus cows until the end of the 

milking order was practiced by 50% of producers with 68% of respondents indicating that this is 

an important or very important practice for mastitis prevention in their herds.  Robotic herds did 

not indicate that they milk high SCC cows or Staph. aureus cows at the end of the milking order; 

this is a unique robotic milking system constraint as it is not possible to manage milking order 

given the set-up of a robotic milking system. 
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5.5 DISCUSSION 

 Factors impacting dairy producer approaches to mastitis treatment are likely widely 

variable; geographic region, veterinary advice, access and utilization of educational outreach 

opportunities, past experience, and herd health history can all be expected to factor in treatment 

approaches.  The percentage of Ontario producers in this study indicating that they treat 100% of 

mastitis cases was 18% less than a Canada-wide survey of dairy producers (Young et al., 2010).  

This may be a result of shifting antibiotic use patterns among dairy producers or could be an 

Ontario specific finding.   

Veterinarians have been noted as playing a pivotal role as information sources for dairy 

producers in previous studies, especially when it comes to antibiotic use (Zwald et al., 2004; 

Swinkels et al., 2015; McDougall et al., 2017).  Interestingly, while some producers in the present 

study did indicate that veterinary recommendation was a consideration when determining a 

treatment course for mastitis, cow-related symptoms and signs were considered by a greater 

number of respondents.  It appears that the producers in the present study are relying strongly on 

their past personal experience when considering treatment options.  In a previous study of Ontario 

dairy herd antibiotic uses, based on veterinarian antibiotic dispensing practices, Léger et al. (2017) 

found that producer consultation with veterinarians for antibiotic treatment was highly variable 

based on condition and severity of condition.  The majority of veterinarians surveyed (93%) 

indicated that producers would consult them regarding a severe case of clinical mastitis but only 

2% indicated they would be consulted for a mild case of mastitis (Léger et al., 2017).    

Cow-level decision-making for mastitis treatments emerged as one of four main themes 

from a qualitative study, albeit with variable importance across participants (Vaarst et al., 2002).  

Zwald et al. (2004) and McDougall et al. (2017) also noted that producers heavily rely on their 
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personal experience regarding antibiotics, although to a lesser extent than veterinary consultation.  

Thus, there is either a difference in treatment considerations by this group of Ontario dairy 

producers compared to those dairy producers who participated in other similar studies, or perhaps 

there is a difference in how they relate their consideration of veterinary advice to their mastitis 

treatment approaches.  Highlighting this fact, while less than 50% of producers indicated 

veterinary recommendation as a consideration for determining a treatment course, the majority of 

producers did indicate that they consult a veterinarian for advice on the use of antibiotics for 

mastitis treatment in general (Chapter 6).  Thus, there appears to either be a discrepancy in how 

the respondent producers define consultation on antibiotic use compared to consultation on 

treatment course, or that these producers actually consider these two topics as different.  

Furthermore, the fact that few producers indicate that they consult with veterinarians to treat 

moderate cases of mastitis, despite over 50% indicating that they administer antibiotics for these 

cases as common practice, is concerning not only from an efficacy standpoint but also from a 

treatment protocol standpoint.  Inappropriate treatment protocols or failure to adhere properly to 

treatment protocols is recognized as a risk for development of antibiotic resistance (Cattaneo et 

al., 2009).  In some situations, personal experience and belief in the efficacy of a drug (antibiotic) 

on their farm has resulted in producers overriding or discounting veterinary advice (Vaarst et al., 

2002; McDougall et al., 2017).   

Veterinarians may also be, at least in part, responsible for a lack of impact in producers’ 

treatment course decision-making process.  Despite veterinarians indicating that written treatment 

protocols are important for prudent antibiotic use, veterinarians may not always act on this belief 

to assist producers in developing and writing treatment protocols (Raymond et al., 2006; Cattaneo 

et al., 2009; Kayitsinga et al., 2017).  More research is needed to understand what veterinary advice 
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on antibiotics is being given to producers and to determine how these producers are using 

veterinary advice on antibiotics to develop their treatment protocols.  If producers are not using 

veterinary advice often to develop treatment protocols, it is necessary to understand why these 

producers may not consider veterinary advice when determining a treatment course. 

The fact that the producers in the present study were predominantly relying on cow-based 

signs and history to determine a treatment course is not intrinsically negative if producers are still 

treating efficaciously and prudently.  Previous studies have reported that producers will frequently 

base treatments solely on clinical signs, without understanding the bacterial etiology, (Raymond 

et al., 2006; Jones et al., 2015; Swinkels et al., 2015) which could potentially result in inappropriate 

antibiotic uses and ineffective treatments.  In the present study, less than 30% of producers 

indicated that obtaining milk culture results was common practice in their treatment of moderate 

cases of mastitis despite the fact that 38% of respondents indicated that they consider milk culture 

results when determining a treatment course, 12% indicating that they consider DHI MAST4 test 

results (a PCR milk test that can identify 4 common mastitis pathogens: Staphylococcus aureus, 

Streptococcus agalactiae, Mycoplasma bovis and Prototheca spp.), and 50% indicating that they 

consider type of bacteria when determining a treatment course.  It is possible that these producers 

are considering culture results to a greater extent for severe cases of clinical mastitis.  However, 

given that producers indicate they are administering antibiotics to over 60% of their moderate 

mastitis cases, prudent use and treatment efficacy need to be practiced in all antibiotic-treated 

cases.  Vaarst et al. (2002) observed that producers generally did not let milk culture influence 

their treatment decisions directly, instead it influenced the veterinarian’s treatment selection.  New 

Zealand dairy farmers also indicated bacterial cultures lacked an impact on producer treatment 

decisions due to the belief that culture results did not impact prescribing practices of veterinarians 
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(McDougall et al., 2017).  Thus, it appears that the dairy producers in the present study have a pre-

set determination of treating cows based on cow-level symptoms and that veterinary advice and 

bacterial etiology may not strongly factor in their treatment decisions.  

In contrast, however, it is possible that these dairy producers have established these 

treatment protocols through observation and evaluation of success of previous mastitis treatments 

and herd health history.  We did not ask producers how frequently their herd veterinarian visits for 

herd health.  Therefore, the impact of veterinary advice or bacterial culture on treatment decisions 

may be underestimated, potentially as a result of recall bias.  If producers had established treatment 

protocols with their veterinarian in the past, they may be discounting this history when answering 

the survey.  Alternatively, these producers may truly not consider or seek veterinary advice.  Future 

research should seek to understand how herd health history and previous efficacy of mastitis 

treatment practices on-farm may play a role in how Ontario dairy producers determine antibiotic 

treatment protocols. 

Mastitis pathogen profiles may be region, management, and/or herd-specific (Olde 

Riekerink et al., 2008), which may result in dairy producers adopting treatment strategies based 

on what has been previously observed as being efficacious in their herd, management system, or 

region.  Evaluating treatment success was indicated by almost all participants in the present study 

and following-up on treatment success was highlighted as important by most of the participants, 

however, a lack of clarity in how producers were determining when to end treatment was observed.  

This may be a result of the options supplied to producers in the survey and this warrants further 

investigation to determine how producers are determining when to end antibiotic treatments.  On 

a positive note, less than 30% of producers were using cow-based signs as a rational to end 

treatment.  Previous research has noted that dairy farmers may feel a need to extend treatment 
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courses as long as clinical signs remain present and that extending treatments beyond label 

durations is perceived as being a “good farmer” (Swinkels et al., 2015).  In the Swinkels et al. 

(2015) study, producers were focusing on clinical cure instead of bacteriological cure and were 

likely administering unnecessary antibiotics as a result.  While we cannot determine that the 

producers in the present study are not also extending treatments, the fact that cow-signs are not a 

common barometer for treatment cessation hopefully indicates that producers are treating 

practically based on label considerations and are thereby more likely to be achieving a 

bacteriological cure.   

It is not surprising that bacterial culture was not a common practice for determining 

treatment success in the participant herds.  To be truly effective as an evaluation tool, this would 

require repeat cultures to be taken to adequately determine that the affected quarter is culture 

negative which is currently not a cost-effective practice for most commercial herds (Green and 

Bradley, 2010).  Producers likely used cow-based signs instead as this is a readily available 

diagnostic tool for them.  A resolution of any cow and milk symptoms would indicate a clinical 

cure for them and thus treatment success.  Use of composite SCC to evaluate treatment success 

and to track repeat infections should be considered a positive management practice, despite the 

fact that the efficacy of composite milk sample SCC as a proxy for infection status may be 

questionable (Dufour and Dohoo, 2013; Green and Bradley, 2010).  Incorporating management 

practices to capture treatment success and track repeat infections will provide producers with a 

greater clarity of the mastitis situation in their herd.  An optimal outcome of this would be a 

strategy that targets efficacious and prudent antibiotic use.  Producers must also be cautioned that 

failure to achieve bacteriological cure is one of the important risk factors for clinical mastitis 

recurrence (Jamali et al., 2018).  Thus, there also appears to be an opportunity for veterinarians to 
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educate producers when it comes to evaluating treatment success and tracking repeat infections in 

addition to further engaging with producers on making mastitis treatment decisions and protocols.  

Understanding how veterinarians are transmitting this information to producers and how producers 

are using this information merits further investigation. 

5.5.1 Study Limitations   

Participant herds in the present study represented all geographic regions of Ontario with 

variable herd sizes and management practices.  Despite this, there are limitations to the internal 

and external validity of this study and to the extrapolation of results beyond Ontario dairy herds.  

Free-stall herds were overrepresented while tie-stall herds were underrepresented in the present 

study compared to provincial data.  Study herds had a higher volume of milk shipped, lower bulk 

tank SCC, and higher bacteria count than Ontario herds on average.   

The cross-sectional and survey-based design of this study is also not without limitations.  

The purposes of this study were to provide a snapshot of mastitis treatment and prevention 

practices in Ontario and thus a cross-sectional, survey design suited the study purposes.  Longevity 

of applicability of results is unknown and survey constraints limit detailed interpretation of certain 

producer practices.  Generalization of results is cautioned. 

5.6 CONCLUSIONS 

 This study provides a descriptive overview of mastitis treatment and prevention practices 

in a sample of Ontario dairy herds.  Mastitis treatment decisions were predominantly carried out 

by the farm owner with males dominating in making treatment decisions.  Blanket dry cow therapy 

was practiced by almost 80% of respondent herds.  The impact of veterinary advice on producer 

approaches to mastitis treatment was questionable and merits further research as does producer 

use and consideration of bacterial etiology as a decision-making tool.  Producers indicated that 
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monitoring treatment success was important, yet there was a lack of clarity in determining producer 

approaches to ending a mastitis treatment.  Future research should seek to further understand 

producer decision-making through the use of qualitative research to obtain more in-depth and 

detailed producer perspectives. 
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Table 5.1. Average monthly production attributes for 2014 of participating herds (n= 87) 

compared to Ontario averages (n= 4,047). 

Variable 

Participant Herds  Ontario Herds 

Mean SD Min. Max.  Mean SD Min. Max. 

Lactating herd 
size (number of 

cows)  
81 75 15 500 

 
811 - - - 

Volume of milk 
shipped (kg) 60312 59274 7053 347378 

 
54118 54345 3768 759827 

Fat (%) 4.1 0.3 3.4 5.3 
 

4.1 0.3 3.4 5.6 

Protein (%) 3.3 0.2 3.1 4.0 
 

3.4 0.2 3.0 4.2 

SCC             
(x1000 

cells/mL) 
193 76 67 412 

 
220 74 49 485 

Bacteria count    
(x1000 ibc/mL) 40 194 5 1822 

 
33 143 4 5496 

SCC penalties2 - - 0 1  - - 0 1 

Bacteria 
penalties2 - - 0 1  - - 0 1 

Freezing point 
penalties2 - - 0 1  - - 0 1 

Inhibitor 
penalties2 - - 0 1  - - 0 1 

1approximate average Ontario herd size based on Statistics Canada data. 

2represents the maximum and minimum number of penalties assigned to herds in a month.   
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Table 5.2. Biosecurity measures for mastitis from open herds (n=30). 

Variable Percent (%)1 

Identify newly introduced cows and milk 
differently (e.g.- milk last, milk with a 

separate unit, back flush unit) 
43 

Request herd or cow SCC and/or mastitis 
history for newly introduced cows 

37 

Newly introduced cows are California Milk 
Test tested 27 

Newly introduced cows must be test negative 
for Staph. aureus 

13 

Newly introduced cows are DHI MAST4 
tested 10 

Newly introduced cows are milk cultured 
before arrival 

3 

Newly introduced cows are milk cultured on 
arrival 

0 

1Percentage of respondents with open herds indicating that they consider this biosecurity 

measure.  
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Table 5.3. Management practices for close-up and due-to-calve cows and heifers. 

Variable Percent (%)1 

House pre-calving and close-up cows and 
heifers as one group (n=87) 74 

Loose housing or bedded pack (n=88) 69 

Remove manure and add bedding to calving 
pen between each calving animal (n=82) 63 

Cows/heifers are moved to a separate calving 
pen and housed individually for calving 

(n=90) 
56 

Remove manure from and add bedding to 
calving pen at least 1x/d (n=81) 

51 

Remove manure from and add bedding to 
close-up pen at least 1x/d (n=82) 42 

1Percentage of respondents indicating that they use the indicated management practice. 
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Table 5.4. Producer considerations when determining a treatment course for mastitis (n=101).   

Variable Percent of Respondents (%) 

Cow signs 80 

Milk abnormalities 75 

Mastitis history of the cow 53 

SCC 46 

Veterinarian recommendation 41 

Milk culture results 38 

DHI MAST4 test 12 

Mastitis history of the herd 12 
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Table 5.5. Comparison of producer approaches to evaluating treatment success (n=101).   

Variable Percent of Respondents (%) 

Milk appears normal and cow appears normal 78 

SCC below a certain threshold 45 

Robot (conductivity) 25 

DHI MAST4 (negative) 8 

None (just follow label treatment course) 8 

Milk culture (negative) 5 

Veterinarian opinion 5 
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Figure 5.1. Comparison of producer approaches to treating mild and moderate cases of clinical mastitis (n=101).  
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Figure 5.2. Comparison of producer approaches to determining when to end a mastitis treatment 

course (n=101). 
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Figure 5.3. Comparison of the percentage of mastitis cases producers indicated that they treat 

with antibiotics (n=90). 
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APPENDIX 5.1 
 
 

 
 
 

Mastitis Treatment Practices on  
Ontario Dairy Herds 

 
Questionnaire 

 

 
 This questionnaire collects information about mastitis treatment practices on your farm as 
part of a study to describe mastitis treatment practices on Ontario dairy farms.  This study is 
conducted in collaboration with Dairy Farmers of Ontario (DFO) and is funded through Ontario 
Ministry of Agriculture, Food, and Rural Affairs (OMAFRA). 
 

 
DFO license number:  
 

  # Lactating Cows: 
 

 
Most Recent CQM Audit: 
 
          Full Audit Date:    Self Audit Date:   

               DD/MM/YY             DD/MM/YY  
 
 
Today’s Date: __________ 
             DD/MM/YY  
 
 
Certified Organic:    Yes  DHI:    Yes    # 
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Instructions: 
 
 
Producer: 
 

• Try to be precise in your answers.  If you are not certain of the answer please consult 
your records before answering.  Do not hesitate to add a comment if you feel that it is 
needed. 

• This questionnaire should take you about 20-30 minutes to complete. 

• Each page is double sided. 

• All information will be treated as strictly confidential; your name and farm’s 
identification number will not appear in any report. 
 

• Upon completion of the questionnaire and consent form please use the envelope provided 
and return by mail. 

 
• If you prefer to complete the questionnaire and consent form electronically please 

type the link below into your web browser:  
	

http://tinyurl.com/guelphproducersurvey 
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1) General	mastitis	treatment	questions:		
This	section	concerns	who	is	responsible	for	making	treatment	decisions	on	farm	
and	seeks	to	gather	some	general	information	about	the	farm.	
1) Please check one box for each of the attributes which best describes your lactating dairy 

cow facility: 
 

Barn type: 
 
  Tie-stall    Free-stall/loose housing 
 
Milking system type: 
 
  Pipeline   Parlour    Robotic 

 
2) Who makes most (>50%) of the treatment decisions for mastitis cases on your farm? 

 
Farm owner/operator 

 
Family member (Please specify): _________________________________  

 
Veterinarian 

 
Other (e.g. - farm employee(s)) (Please specify): ____________________ 

 
3) What is the level of education of the person identified above as making most of the 

mastitis treatment decisions on your farm? 
 

Elementary (completed grade 10 or less)  
 
Secondary (completed grade 12) 
        
Diploma	(College)	
	
Degree	(University)	
	
Graduate	(Master’s	or	Doctorate)	
	
Other	(Please	specify):	_______________________________________	

 
4) What is the age of the person identified above as making most of the mastitis treatment 

decisions on your farm? 
 

<20 
 
20-30  
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30-40	
	
40-50	
	
50-60	
	
60-70	
	
>70	
	

5) What is the gender of the person identified above as making most of the mastitis 
treatment decisions on your farm? 
 

Male  
       
Female	
	

6) Who treats (i.e. - administers medications) most of the mastitis cases on your farm? 
 

Farm owner/operator 
 

Family member (Please specify): _________________________________ 
 

Veterinarian 
 

Other (e.g. - farm employee(s)) (Please specify): ____________________ 
 

7) Who completes the CQM records for most of the mastitis treatments given on your farm? 
  

Farm owner/operator 
 

Family member (Please specify): _________________________________ 
 

Veterinarian 
 

Other (e.g. - farm employee(s)) (Please specify): ____________________ 
 

8) What is an approximate parity distribution of your lactating cows? 
 

1st lactation:   ____ %  
 

2nd lactation:   ____ % 
 
>3rd lactation:   ____ % 
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9) Would you describe your herd as open (introduced new cows and/or heifers from an 
outside source in the last 2yrs) or closed (no introduction of new cows and/or heifers 
from an outside source in the last 2yrs)  

 
  Open 
 
  Closed (Please proceed to Q12) 

 
10) If your herd is open, do you incorporate any of the following as biosecurity protocols for 

mastitis? 
(Please check all that apply) 

 
Visibly identify newly introduced cows and milk differently (e.g. - milk last, milk 
with a separate unit, back flush unit after milking) 
 
Request herd or cow SCC and/or mastitis history for newly introduced cows 
 
Newly introduced cows must be test negative for Staph. aureus 
 
Newly introduced cows are milk cultured on arrival 
 
Newly introduced cows are milk cultured before arrival 

 
Newly introduced cows are DHI MAST4 tested 
 
Newly introduced cows are California Milk Test tested 
 
Other (Please specify): ______________________ 

 
11) What is the current stocking density (number of cows for available number of stalls) for 

the lactating cows in your herd today?  
(e.g. - 100 cows and 100 stalls = 100% stocking density) 

 
  ____ % 

 
For the dry cows? 

 
   ____ %   or loose housing (i.e. - no stalls) Yes 
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12) How	do	you	manage	your	close-up	and	due-to-calve	cows/heifers	(those	with	less	
than	21	days	before	expected	calving	date)?	

 Yes No 

Pre-calving/close-up cows and heifers housed as one 
group?   

Housed in loose housing/pack (no individual stalls)?   

If loose housed with stalls, is stocking density >100% 
(i.e. there are more cows than stalls in the group)?   

Close-up pen have manure removed (pack “picked”) 
and clean bedding added at least once daily?   

Cows/heifers moved to a separate calving pen and 
housed individually for calving? 

 
 

 

 
 

 

Calving pen has manure removed (pack “picked”) and 
clean bedding added at least once daily?   

Calving pen has manure removed (pack “picked”) and 
clean bedding added between each calving cow or 
heifer? 

  

 
2) Mastitis Treatment Decisions:  

This section concerns dry cow therapy and mastitis treatment in lactating cows. 
 
For Dry Cows:  
 
13) What type of intramammary dry cow therapy do you use? 

 
Intramammary antibiotic tube  
 
Teat sealant only 
 
Teat sealant and intramammary antibiotic tube  
 
Other (Please specify): ______________________ 
 
No dry cow therapy 
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14) What approach to dry cow therapy do you use? 
 

Blanket (treat all cows in all lactations at dry-off) 
 
Selective- cow level (treat only certain cows at dry-off) 
 
Selective- quarter level (treat only certain quarters per cow at dry-off) 

 
15) If you use selective dry cow therapy how do you decide who to treat?  

(Please check all that apply) 
 
Somatic Cell Count level (Please specify. i.e. - based off last SCC test or multiple 
SCC tests and what count): ______________________ 
 
Milk culture (Please specify): ______________________ 
 
DHI MAST4 test (Please specify): ______________________ 
 
Parity (e.g. - all heifers) (Please specify): ______________________ 
 
Mastitis history (Please specify): ______________________ 
 
Other (Please specify): ______________________ 

 
For Lactating Cows: 

 
16) Do you consider type of bacteria causing mastitis when determining a treatment course 

(i.e. - what antibiotic to use) for a cow experiencing mastitis at any point in their 
lactation? 

 
  Yes 
 
  No 

 
17) How do you identify lactating cows that are being treated for mastitis and through the 

milk withhold period? 
(Please check all that apply) 

  
Cow name or number written on board in barn 
 
Note in farm-based computer system 
 
Note in DHIA book or CQM records 
 
Leg band on cow 
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Cow placed in a treated/sick cow group or pen 
 
Other (Please specify): ______________________ 
 

 No identification 
 

18) When determining a treatment course (i.e. - what product to use and for how long) for 
cows with mastitis, which of the following do you consider? 
(Please check all that apply) 

 
SCC 
 
Milk abnormalities (i.e. - colour, thickening, clots) 
 
Cow signs (i.e. - udder signs = swollen udder, heat; systemic signs = fever, off-
feed)  
 
Milk culture results 
  
DHI MAST4 test  
 
Mastitis history of the cow 
 
Mastitis history of the herd 
 
Veterinary recommendations 
 
Other (Please specify): ______________________ 

 
19) Who do you consult regarding the use of antibiotics to treat cases of clinical mastitis (i.e. 

- visible signs of milk abnormalities such as clotting, swelling or heat in the udder or 
quarter, cow may have a fever and/or be off-feed)? 
(Please check all that apply) 

 
Your herd veterinarian 
 
Other veterinarian (i.e. - from same clinic as your herd vet, different clinic, or 
another veterinary source) (Please specify): ______________________ 
 
Feed or Co-op store advisors 
 
Other farmers  
 
Pharmaceutical company  
 
Internet or literature sources 
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No consultation 
 

  Other (Please specify): ______________________ 
 

20) Who do you consult regarding the use of antibiotics to treat cases of subclinical mastitis 
(i.e. - no outward symptoms but cow may have an elevated SCC)? 
(Please check all that apply) 

 
Your veterinarian 
 
Other veterinarian (i.e. - from same clinic as your herd vet, different clinic, or 
another veterinary source) (Please specify): ______________________ 
 
Feed or Co-op store advisors 
 
Other farmers  
 
Pharmaceutical company 
 
Internet or literature sources 
 
No consultation 
 

  Other (Please specify): ______________________ 
 

21) Where do you purchase your antibiotics from? 
(Please check all that apply) 

 
Your veterinarian 
 
Other veterinarian (i.e. - from same clinic as your herd vet, different clinic, or 
another veterinary source) (Please specify): ______________________  
 
Feed or Co-op store  
 
Other farmers  
 
Supply company (direct or via the internet/mail order) (Please specify): 
______________________ 
 

  Other (Please specify): ______________________ 
 

22) When treating a case of mild clinical mastitis (i.e. - visible milk abnormalities, slightly 
swollen quarter, but the cow has no fever and is not off-feed) which of the following is 
part of your normal treatment protocol? 
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(Please check all that apply) 
 
Strip out affected quarter at milking  
 
Strip out affected quarter between milkings  
 
Oxytocin to help with stripping out quarter  
 
Administer pain medication 
 
Collect milk sample for culture 
 
Consider cow’s mastitis history 
 
Consider cow’s SCC history 
 
Consult a veterinarian 
 
Consult another farmer 
 
Administer intramammary antibiotic 
 
Administer intramuscular antibiotic 
 
Administer intravenous antibiotic 
 
Move cow to a separate or sick pen 
 
Milk last 
 

  Other (Please specify): _____________________  
 

23) When treating a case of moderate clinical mastitis (i.e. - visible milk abnormalities, 
swollen quarter, heat in the udder or quarter, fever but not off-feed) which of the 
following is part of your normal treatment protocol? 
(Please check all that apply) 
 

Strip out affected quarter at milking  
 
Strip out affected quarter between milkings  
 
Oxytocin to help with stripping out quarter 
 
Administer pain medication 
 
Collect milk sample for culture 



	

	 172	

 
Consider cow’s mastitis history 
 
Consider cow’s SCC history 
 
Consult a veterinarian 
 
Consult another farmer 
 
Administer intramammary antibiotic 
 
Administer intramuscular antibiotic 
 
Administer intravenous antibiotic 
 
Move cow to a separate or sick pen 
 
Milk last 
 

  Other (Please specify): _____________________  
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24) When	selecting	an	antibiotic	treatment	for	a	lactating	dairy	cow,	what	
considerations	contribute	to	your	choice?	(Please	mark	one	box	for	each	
consideration)	 	 	 	 	

 
3) Mastitis Treatment Outcomes:  

This section covers how success of mastitis treatment outcomes are assessed on-farm 
and perceptions on the importance of antibiotics for mastitis treatment. 
 
 
 

 Never Occasion-
ally 

50% of the 
time Often Always 

Cost      

Effectiveness for the given 
condition      

Potential injection site 
lesions      

Potential antibiotic resistance 
development      

Withdrawal time for milk      

Withdrawal time for meat      

Product is labelled for use in 
lactating dairy cows      

Route of administration      

Frequency of administration      

Other (Please specify): 
_______________________      
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25) Upon completion of a course of treatment in a cow with clinical mastitis, do you reassess 
the cow to determine if mastitis has cleared? 

 
  Yes 
 
  No 
 
 If ‘no,’ please specify why you do not assess if mastitis is cleared: 

 
 

26) If ‘yes’ to Q25, how do you determine whether a mastitis case has cleared or not? 
(Please check all that apply) 

 
SCC (e.g. - SCC below a certain number at next DHI test) (Please specify): 
_____________________ 
 
Milk culture (e.g. - one culture negative or multiple culture negative samples) 
(Please specify): _____________________   
 
DHI MAST4 test (e.g. - test negative for pathogen of interest) (Please specify): 
_____________________ 

 
 Veterinarian’s opinion 
 
 Milk appears normal and cow shows no signs 
 
 Other (Please specify): _____________________ 
 
 Just follow treatment course 

 
27) How important is following-up on mastitis treatment success or failure for your farm? 

 
Not important 
 
Somewhat important 
 
Important 
 
Very important 

 
28) How do you determine when to stop treating a case of mastitis? 

 
Treat according to a set treatment protocol 
 
Treat until milk appears normal (i.e. - no clots) 
 



	

	 175	

Treat until cow seems normal (i.e. - no fever, no swelling or heat in the udder, 
normal feeding behaviour) 
 
No specific plans; just treat each case individually 

 
29) Do you track cows for repeat infections (another mastitis case in the same quarter within 

14 days of initial infection)? 
 

  Yes 
 
  No 

 
30) If ‘yes’ to Q29, please indicate how you do this: 

(Please check all that apply) 
 

SCC (Please specify): _____________________ 
 
Milk culture (Please specify): _____________________   
 

  DHI MAST4 test (Please specify): _____________________ 
 

 Veterinarian’s opinion 
 
 Dairy Comp or other records (Please specify): _____________________ 
 
 Other (Please specify): _____________________ 

 
31) How important do you think it is to separate high SCC cows for preventing the spread of 

mastitis? 
 

Not important 
 
Somewhat important 
 
Important 
 
Very important 

 
32) Do you milk high SCC cows at the end of the milking order? 

 
  Yes 
 
  No 

 
33) Do you consider antibiotics your first treatment option for mastitis? 
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  Yes 
 
  No 

 
34) What percentage of mastitis cases do you treat with an antibiotic (any method of 

administration)? 
 

100% 
 
75-100% 
 
50-75% 
 
25-50% 
 
Less than 25% 

 
35) How concerned are you about changes that might happen to the regulation of antibiotic 

treatment for mastitis as a result of any of the following? 
 (Please mark one box for each point of consideration)  

 

 
36) How important do you think it is to separate identified Staph. aureus cows for preventing 

the spread of mastitis? 
 

Not important 
 

 Not 
Concerned 

Slightly 
Concerned Concerned Very 

Concerned 

Increased levels of antibiotic resistance     

Public perception/demands     

Increased oversight (i.e.- more 
monitoring and recording programs)     

Veterinarian’s perception/demands     

Human medical associations’ 
perception/demands     

Government actions (i.e.- trade 
agreements, re-structuring)     

Other (Please specify): 
_______________________     
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Somewhat important 
 
Important 
 
Very important 

 
37) Do you milk identified Staph. aureus cows at the end of the milking order? 

 
  Yes 
 
  No 

 
38) Would you be willing to participate in a producer focus group at a later date to discuss 

attitudes and perceptions towards antibiotic use as related to mastitis treatment? 
 

Yes 
 
No 

 
39) Please provide information on the veterinary practice serving your herd: 

 
Practice name: 
 
Location: 
 
Primary herd veterinarian: 

 
 
 
 

Thank you for your time! 
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CHAPTER 6: ONTARIO DAIRY PRODUCER PERCEPTIONS TOWARDS 

ANTIBIOTIC USE FOR THE TREATMENT AND PREVENTION OF MASTITIS 

 
 
6.1 ABSTRACT 

Understanding producer perceptions and attitudes towards antibiotic use is essential to 

address producer concerns and to develop educational tools to encourage prudent antibiotic use.  

A sample of Ontario dairy producers (n=101) were recruited to participate in a survey on their 

approaches to antibiotic use towards the treatment and prevention of mastitis.  They were also 

asked about their antibiotic selection process and concerns about regulatory changes for antibiotic 

use.  A Chi-square exact analysis with Monte Carlo simulation was used to compare groups of 

producers based on whether they indicated more concern or less concern about changes to 

antibiotic regulations as well as whether they considered antibiotics as their first treatment choice 

for mastitis and the percentage of mastitis cases treated with antibiotics (>50% vs <50%).  

Associations between producer perceptions and select herd level characteristics were also 

evaluated using univariable logistic regression models.  Producers indicating concern over 

government actions potentially impacting regulation of antibiotic use were less likely to consider 

bacteria type when selecting an antibiotic for treatment than those indicating no concern.  

Demographic attributes, age and education level, of the person making treatment decisions had a 

more consistent association with antibiotic use, selection, and producer concerns than other herd-

level factors.  Surprisingly, although the majority of producers indicated that they consulted with 

veterinarians on treatment options, there was a lack of significant statistical associations with 

veterinary consult and producer treatment approaches.  Future research should focus on how 
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veterinary consult is or is not relating to producer decision-making for antibiotic treatments and 

how producer demographics may influence any relationship. 

Key words: mastitis, antibiotic use, producer perceptions, milk quality 

6.2 INTRODUCTION 

 As global concern over the development of antibiotic resistance increases, use of antibiotics 

in animal agriculture has come under increasing scrutiny.  In response, mandated reductions in 

antibiotic use have occurred in some countries along with increased focus on alternative 

approaches to prophylactic and metaphylactic antibiotic use, such as selective dry cow therapy 

(DCT) (Scherpenzeel et al., 2014; Kuipers et al., 2016).  The majority of antibiotic use in the dairy 

industry targets the prevention or treatment of mastitis (Pol and Ruegg, 2007; Menéndez González 

et al., 2010; Wenz and Giebel, 2012).  Studies have indicated that dairy producers frequently 

administer antibiotic treatments for mastitis based primarily on clinical signs (Raymond et al., 

2006; Jones et al., 2015; Swinkels et al., 2015).  A study of dairy producers also revealed that the 

majority did not view DCT as a preventative measure, but rather as a treatment, and that a reduction 

in antibiotic use in DCT could lead to a decrease in milk production on their farms (Raymond et 

al., 2006).  Producers may feel that they are not a “good farmer” if they do not continue to treat 

mastitis until the resolution of clinical signs (Swinkels et al., 2015).  Understanding the societal 

and internal, on-farm, factors which are impacting producer attitudes and approaches towards 

antibiotic use is important in order to develop approaches for producer education on responsible 

antibiotic use practices.   

Dairy producers have displayed concern about the development of antibiotic resistance and 

its potential impacts on their farms in many studies ((Raymond et al., 2006; Cattaneo et al., 2009; 

Young et al., 2010a).  Despite concerns about the quantity of antibiotic use on-farm and the threat 
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of antibiotic resistance, dairy producers have also expressed concern about the difficulty of 

achieving a reduction in antibiotic use (Jones et al., 2015).  A 2010 study of Canadian dairy 

producers observed that, despite producer concern about antibiotic use, 29% of producers treated 

100% of their clinical cases of mastitis with antibiotics (Young et al., 2010b).  Thus, understanding 

producer rationale for antibiotic use, and approaches and perceptions of antibiotics, are an 

important consideration to understand antibiotic use in the dairy industry and for developing 

strategies to promote prudent use. 

The objectives of this study were: 1) to describe Ontario dairy producer perceptions and 

concerns towards antibiotic use, 2) to examine associations between producer perceptions and 

antibiotic treatment approaches and preventive practices for mastitis on Ontario dairy herds, and 

3) to evaluate herd management and herd attributes for associations with producer perceptions and 

approaches to antibiotic use for treatment and prevention of mastitis.   

6.3 MATERIALS AND METHODS 

This study received ethics approval from the University of Guelph Research Ethics Board 

(REB#14OC012). 

6.3.1 Survey Design and Producer Recruitment 

  Data analysis for this study used data collected from a producer survey on antibiotic 

approaches to mastitis treatment and prevention (Chapter 5).  Producers recruitment has been 

previously described (Chapter 5). 

 In brief, Ontario dairy producers were recruited to participate in a survey on their 

approaches towards antibiotic treatment and prevention of mastitis.  Producers were recruited via 

mail and email through their dairy herd improvement company, through a letter sent to all 

producers by the Dairy Farmers of Ontario (DFO), and through bovine veterinarians.  The 46-
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question survey was comprised of open (n=8), closed (n=37), and Likert-scaled (n=1) questions 

(Appendix 5.1).  Producers could respond by mail or via an electronic, web-based platform.  

6.3.2 Herd and Milk Quality Data 

 Herd level data were acquired from DFO to utilize as potential explanatory variables.  

These data included DFO zone (administrative region in which herd is located), average monthly 

volume of milk shipped (kg), average monthly components (percent fat and protein), average 

monthly SCC (cells/mL), average monthly milk bacteria count (ibc/mL milk), and penalties 

assessed for above threshold SCC, bacteria, inhibitors, and abnormal freezing point.  All herd level 

data were summarized as monthly averages for 2014, with the exception of penalty data which 

were summarized for the 2014 calendar year.   

6.3.3 Statistical Analysis 

For group comparisons of producers indicating concern about increased oversight and 

regulation of antibiotic use, data were dichotomized into concerned if producers had indicated 

‘very concerned’ or ‘concerned’ when answering questions, and less concerned if producers had 

indicated ‘slightly concerned’ or ‘not concerned’ on the survey.  For group comparisons of whether 

producers considered antibiotics their first choice of treatment for mastitis, data remained 

categorized by survey response as yes/no for antibiotics being a producer’s first treatment choice.  

For group comparisons of percent antibiotics used, respondents were dichotomized into producers 

who indicated they treated ³50% of mastitis cases with antibiotics and those who indicated they 

treated <50% of mastitis cases with antibiotics.   A Chi-Square exact analysis with Monte Carlo 

simulation was performed for all group comparisons as all variables compared were categorical.  

The null hypothesis was rejected if Pearson’s Chi-Square test had an associated p<0.05.  Group 

comparisons were made for responses to questions on how many cases of mastitis are treated with 
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antibiotics, approaches to DCT, veterinarian consultation on treating mastitis cases, and concern 

about regulatory changes regarding antibiotic use. 

Select herd characteristics were evaluated for associations with producer perceptions and 

approaches towards antibiotic use for mastitis treatment and prevention: herd size, certified 

organic, enrollment in a DHI program, type of treatment records used (paper or computer-based), 

lactating cow housing type, type of milking system, attributes of the person making treatment 

decisions, whether the herd is open or closed, total annual milk production, average SCC, average 

% protein, average % fat, average bacteria count, and whether or not bacteria, SCC, inhibitor, or 

freezing point penalties were received in 2014.  Logistic regression models were used to analyze 

outcomes with variables of interest dichotomized as follows: 1) Consider type of bacteria when 

selecting treatment (yes or no), 2) Consider antibiotics as first treatment option for mastitis (yes or 

no), 3) Treat greater than or less than 50% of mastitis cases with an antibiotic, 4) Comparison of 

more concerned and less concerned  responses to potential changes to antibiotic use, 5) 

Comparison of producer considerations when selecting an antibiotic to use (consider variable 50% 

of the time or less then 50% of the time).  Given that only 87 herds had production data available, 

explanatory variables related to production (total production, bacteria count (ibc), SCC, protein, 

and fat) were evaluated by evenly trichotomizing into categories of low, medium, and high herds.  

Herd size was also evaluated categorically by trichotomizing into small, medium, and large herds.  

For all models a p-value of <0.05 was chosen a priori to represent statistical significance.  Only 

statistically significant results (p<0.05) are reported.  Given the limitations of creating 

multivariable regression models as a result of a small sample size, only significant unconditional 

estimates are presented in this paper.  
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6.4 RESULTS 

A total of 122 surveys were submitted across all platforms with an average survey 

completion rate of 78%.  Of these 122 surveys, 21 were blank, 93 supplied a DFO and/or DHI 

number, and 89 of those 93 supplying a number could be matched with an existing DFO or DHI 

number to acquire herd production data.  However, only 87 herds had 12-months of production 

records.  Therefore, 101 individual herds remained for analysis from survey responses and 87 for 

analysis involving production data.  Survey response rate for the province as a whole was 

approximately 2.5%.  Participant herd attributes were previously described (Chapter 5).   

6.4.1 Producer approaches to Antibiotic Selection and Record Keeping for Mastitis 

Treatment and Prevention 

 Detailed descriptive statistics for Ontario dairy producer approaches to antibiotic use for 

the treatment and prevention of mastitis were previously described (Chapter 5).  Of the herds that 

responded when asked about their on-farm treatment records: paper-based records were used by 

60% of herds versus computer-based treatment records for 38%, with the remaining 2% using 

combinations.  Table 6.1 presents which factors producers considered when selecting a treatment 

course for a case of mastitis.  The majority of producers (71%) rely on consultation with their 

veterinarian to determine antibiotic approaches for treating clinical mastitis, while 24% indicated 

that they do not consult any source of information when determining use of antibiotics for 

treatment.  When asked about consultation for antibiotic approaches when treating a case of 

subclinical mastitis, 58% of producers indicated they consult with their veterinarian while 31% 

indicated they did not consult any source of information.  Producers were fairly evenly divided as 

to whether they considered antibiotics as their first treatment option for a case of mastitis with 46% 

of producers indicating that they consider antibiotics as their first treatment option and 54% 



	

	 184	

indicating that antibiotics were not their first treatment option.  Figure 6.1 compares producer 

responses for source of purchased antibiotics for farm use.  Table 6.2 compares producer level of 

concern regarding certain areas of antibiotic oversight and perceptions that may contribute to 

changes in regulation of antibiotic use.   

6.4.2 Associations of Producer Perceptions with Approaches to Antibiotic Use 

 Producers indicating concern over potential regulatory changes to antibiotic use as a result 

of antibiotic resistance were more likely to indicate that they consider potential for antibiotic 

resistance when selecting an antibiotic for treatment.  Producers indicating concern over potential 

regulatory changes to antibiotic use as a result of veterinarians’ perceptions/demands or indicating 

concern over regulatory changes as a result of human medical associations’ perceptions/demands 

were also more likely to consider potential for antibiotic resistance when selecting antibiotics.  

Producers indicating concern over government actions potentially impacting regulation of 

antibiotic use were less likely to consider bacteria type when selecting an antibiotic for treatment 

than those indicating no concern.  Producers indicating concern over changes to antibiotic 

regulations due to public perceptions/demands were more likely to consider treatment efficacy 

when selecting an antibiotic than those indicating no concern.  Producers who indicated that 

antibiotics were their first choice for treating mastitis were more likely to indicate treating a higher 

percentage of mastitis cases with antibiotics.  Producers who indicated antibiotics were their first 

choice for treating mastitis were more likely to indicate a blanket approach to DCT.  Producers 

who indicated antibiotics were their first choice for treating mastitis were more likely to indicate 

they consult a veterinarian when determining a course of treatment for mastitis than producers 

indicating that antibiotics were not their first choice when treating mastitis.  Producers indicating 

that they treat ³50% of mastitis cases in their herd with antibiotics were more likely to indicate 
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they use a blanket DCT approach than those indicating that they treat <50% of mastitis cases with 

antibiotics. 

6.4.3 Associations of Herd Characteristics with Producer Perceptions and Approaches to 

Antibiotic Use 

 Tables 6.3 to 6.5 present significant results of the univariable analyses for associations with 

producer approaches to treating mastitis cases with antibiotics.  Herd level attributes associated 

with producer decisions for selecting an antibiotic treatment are presented in Tables 6.6-6.10.  

Significant associations were not noted for cost of antibiotics, potential injection site lesions, 

potential for development of antibiotic resistance, or if the product was labelled for use in lactating 

dairy cows.  Associations with producer concerns regarding potential changes to antibiotic 

regulation and herd level attributes were noted for all questions posed with the exception of 

concern due to human medical associations’ perception/demands (Tables 6.11 to 6.15). 

6.5 DISCUSSION 

Dairy producer concern regarding changes to antibiotic use and the threat of antibiotic 

resistance has been previously documented (Raymond et al., 2006; Young et al., 2012; Jones et 

al., 2015).  Understanding how these concerns may be associated with actual antibiotic use 

practices has been investigated to a lesser extent.  A greater likelihood for producers who expressed 

concern about regulatory changes to consider potential for antibiotic resistance when selecting 

antibiotic treatments for mastitis was expected, given the level of producer concern highlighted in 

previous studies.  However, these producer concerns were also associated with management 

practices indicative of prudent use considerations.  Previous research has suggested that producers 

treat mastitis predominantly on the basis of clinical signs, rather than etiologic agent (Raymond et 

al., 2006; Jones et al., 2015; Swinkels et al., 2015).  Additionally, while producers may express 
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concern about antibiotic use leading to resistance, previous research suggests their perception of 

broad-ranging impacts is more constrained (McDougall et al., 2017).  In the present study, 

considerations of treatment efficacy when selecting an antibiotic were more prevalent amongst 

producers who were concerned that public perceptions/demands of antibiotic use could lead to 

regulatory changes.  This suggests that these producers may be being proactive in addressing their 

perceived concerns by focusing on effective treatment with antibiotics.   

Interestingly, while concern about public perceptions was found to be associated with  

positive management practices, in terms of prudent antibiotic use, concern about government 

action was the opposite; concerned producers were less likely to consider bacteria type when 

selecting a treatment.  It is possible that this result was capturing the variable impact of different 

influence groups on dairy producers.  Swinkels et al. (2015) observed that the most negative 

influence groups for producers, when it came to influence on mastitis treatment decisions, included 

media, government, regulators, and policy makers.  By contrast, the most positive influence groups 

in Swinkels et al. (2015) were those groups with a more direct connection to producers, such as 

herd veterinarians, nutritionists, and other farmers.  Thus, producers in the present study, despite 

expressing concern around impact of government on changes to antibiotic regulations, may have 

lacked motivation to alter management practices due to inherent negative perceptions of this 

particular influence group.  While Swinkels et al. (2015) did not address consumers or the public 

as an influence group, these groups were found to have a degree of influence on dairy producer 

attitudes towards antibiotic use by Jones et al. (2015).  The majority of the dairy producers in the 

Jones et al. (2015) study considered consumer confidence important to their business outcomes, 

and 40% agreed that reduction in antibiotic use would increase consumer confidence.  Although 

consumers were a consideration, intrinsic factors such as profitability and animal health and 
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welfare were more important to these producers (Jones et al., 2015).  The impact of consumer 

concern on producer considerations in the present study may be a result of an evolution in the 

importance of this influence group to producers, an Ontario-specific finding, or indicative of 

another association not captured in this survey.   

The results of the analysis for predictors of producer concern due to public perceptions 

suggest that high bacteria count herds were less likely to express concern about the public’s 

perceptions of antibiotic use.  The small sample size did constrain analysis so it is possible that 

other on-farm factors may also be associated.  There were indications that a lesser degree of 

concern was associated with poorer management of bulk tank bacteria counts.  Alternatively, it 

could also be that poorer management may be associated with a lesser degree of concern.  The 

cross-sectional design of the study limits the ability to infer causality.  Future studies should seek 

to elaborate on this finding to further evaluate the effect of producer considerations of consumer 

concerns on antibiotic treatment practices. 

Average bacteria count was a predictor for several approaches to antibiotic use as well as 

producer concerns, although it did not appear to be associated with other producer decisions 

regarding antibiotic selection, such as treatment efficacy.  Herds classed as having a higher average 

bacteria count, according to study criteria, were less likely to indicate concern about regulatory 

changes to antibiotic use due to public perceptions and increased oversight.  This is possibly 

alluding to a set of unique perceptions of producers with poorer or less hygienic on-farm 

management practices.  Elmoslemany et al. (2010) observed correlations between certain on-farm 

management practices related to poorer hygiene and increased bulk tank milk bacteria counts.  

These herds may be less effective at managing on-farm hygiene and milking practices or they may 

lack an understanding or awareness of how to effectively manage on-farm hygiene which is also 
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relayed into a lack of concern about antibiotics due to a lack of awareness.  It is interesting that 

these higher bacteria count herds were less likely to consider type of bacteria when determining 

antibiotic treatment, but were also less likely to consider antibiotics as their first treatment option.  

Therefore, the lack of concern being captured may be due to less antibiotic use in these herds, with 

the high bacteria count pointing to a possible mastitis issue, possibly subclinical, on these farms 

and either a lack of effective treatment protocols or, in the case of subclinical, possibly a lack of 

treatment or realization of a mastitis issue in the herd.  Given that the herds in the present study 

were classed as high bacteria herds based on an annual average and then categorization through 

trichotomizing, not all ‘high’ bacteria herds will necessarily have bacteria counts above DFO 

penalty levels; these herds simply had the highest average annual bacteria counts compared to the 

rest of the study herds.  Additionally, based on the use of annual averages, impact of seasonal or 

transient variations were not evaluated.  Therefore, there is a need to further disentangle what is 

occurring on these higher bacteria count farms in terms of hygiene, udder health, and antibiotic 

use. 

While certain on-farm management practices can be correlated with milk quality 

parameters, these practices also are associated with certain demographics of the decision maker.  

Attitudes and motivation are an important determinant of behavioral change and adoption of new 

practices (Garforth et al., 2004; Valeeva et al., 2007; Jansen et al., 2010).  Previous research with 

Ontario dairy producers has shown that training programs can be effective for inciting changes in 

management practices (Roche et al., 2015; Winder et al., 2018).  While the impact of producer 

training on management practices and the impact of management on antibiotic use and mastitis 

treatment and prevention has been documented in previous studies, there has been a lesser focus 

on manager attributes such as age and education level.  In the present study, age and education 
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were more consistently associated with treatment approaches and perceptions than other herd or 

farm-level factors.  Younger decision makers were more likely to indicate they consider bacterial 

etiology but also treat more cases of mastitis with antibiotics.  It’s possible that these younger 

decision makers have recently graduated from post-secondary programs and/or are better at 

accessing information from a multitude of resources which may impact on their treatment 

approaches.  Bacteriology as a means for prudent and efficacious treatment has been a popular 

topic in udder health in recent years as has associations between udder health and animal welfare.  

Therefore, younger producers may be more likely to treat with antibiotics to improve cow welfare 

but also, may be more confident in their treatment decisions given their considerations of 

bacteriology.  Thus, while they may be associated with a higher frequency of antibiotic use for 

mastitis cases, they may also be using antibiotics in a more justifiable and prudent manner.  Future 

studies should seek to further elaborate on this association to determine usage and treatment 

efficacy by herd manager age. 

There is an expectation that recent education or access to a variety of educational materials 

may be linked with the findings associated with age.  However, level of producer concern for 

regulatory changes was actually higher for decision makers who had not earned a degree; slightly 

less than one-quarter of all respondents had attained a degree-level of education.  Friedman et al. 

(2007) observed that dairy producers felt that certain educational tools about antibiotic use were 

too technical and too difficult to understand.  It is possible that producers with a lower level of 

education had a heightened level of concern in relation to their ability to interpret educational 

material available.  As well, this is potentially a reflection of their concern regarding their ability 

to incorporate any management changes related to changes in antibiotic use.  It has been previously 

reported that producers with a higher level of education exhibited a greater level of antibiotic 
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knowledge (Redding et al., 2014).  Thus, these degree-level producers in the present study may be 

expressing less concern due to having a better understanding of antibiotic regulations, 

understanding prudent use practices, and confidence in their ability to adapt to any changes that 

may occur in the future.  Use of qualitative methodology in future studies may help to better 

understand these associations through elaborations without the restrictions inherent to a survey-

based study. 

Veterinarians are considered a trusted source of information by dairy producers (Young et 

al., 2010a; Young et al., 2012; Cipolla and Zecconi, 2015).  Despite the fact that the majority of 

participants in this study indicated that they consult with veterinarians for mastitis treatment, 

similar to a previous study on antibiotic use in Ontario dairy herds (Léger et al., 2017), consultation 

with veterinarians did not emerge as a significant factor for the analyses on antibiotic use, 

selection, or producer concerns.  Previous studies on antibiotic use on dairy herds have observed 

an impact of veterinarians.  In a study by Swinkels et al. (2015), veterinarians were viewed as an 

important source for antibiotic use information by producers.   

When comparing conventional and organic dairy producers, veterinarians were the most 

frequently cited reference for information on antibiotic use, dosage, and withdrawal time for 

conventional dairy producers (Zwald et al., 2004).  Furthermore, a New Zealand study observed 

that 87% of dairy farmers interviewed ranked veterinary advice as the most important impact on 

their decision making for antibiotic treatments (McDougall et al., 2017).  The herds in the present 

study clearly indicated that they consult with veterinarians, and with the majority of herds in the 

present study being conventional herds, the lack of significant impact for veterinarians on the 

analysis is interesting.  Zwald et al. (2004) also noted that, secondary to veterinarians, personal 

experience of the producer was also cited as an influential reference for antibiotics.  McDougall et 



	

	 191	

al. (2017) observed a similar result for New Zealand dairy farmers.  It is possible that the producers 

in the present study view personal experience as a more important factor; the associations with 

producer age and education level also appear to allude to this fact.   

Alternatively, it is possible that these producers do not consult with veterinarians to the 

extent they indicated.  The survey-based design may have been subject to a social desirability bias, 

where producers indicated a response that was not reflective of their actual practices but which 

they perceived would be the ‘correct’ or socially acceptable response to the question.  Finally, a 

lack of heterogeneity in the respondents regarding consultation with veterinarians and the small 

sample size may also explain the lack of statistical significance.  Therefore, further research is 

needed to understand the influence of veterinary consult on dairy producers’ antibiotic treatment 

decision-making strategies.         

This studied provided an unconditional analysis of variables which may be associated with 

Ontario dairy producer perceptions of antibiotic use.  Given the small sample size, extrapolation 

and generalization of results is cautioned.  Multivariable regression analysis was not possible based 

on sample size but the results generated in this study will be useful in informing future studies for 

data collection and analysis at a larger scale. 

6.6 CONCLUSIONS 

 The results of this study highlight the complexities of producer perceptions and approaches 

to antibiotic use for mastitis treatment and prevention on Ontario dairy farms.  The perceptions 

and demands of the public and their ability to influence regulatory changes to antibiotic use 

appeared to be an important driver for certain producers to consider treatment efficacy when 

selecting antibiotics.  Variable herd-level factors, such as bulk tank bacteria count, were associated 

with certain antibiotic use and selection practices as well as producer concerns but more research 
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is required to further understand these relationships.  Demographic attributes, age and education 

level, of the person making treatment decisions had a more consistent influence across antibiotic 

use, selection, and producer concerns.  A lack of significance of veterinary consult on treatment 

approaches and concerns was surprising given previous studies and the fact that the majority of 

producers indicated consultation with veterinarians for treatment options.  Future research should 

seek to further understand the impact of veterinary consultation on treatment decisions and 

producer concerns as well as the impact of the demographics of the decision-maker.    
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Table 6.1. Producer considerations for antibiotic selection for mastitis treatment in lactating 
cows.  

Variable 

Frequency of Consideration (by percent of respondents) 

Never Occasionally 
50% of the 

time Often Always 

Cost      
(n=87) 

43 33 9 9 6 

Potential for 
development 
of antibiotic 
resistance 

(n=82) 

33 30 15 12 10 

Withdrawal 
time (meat) 

(n=85) 
22 26 13 15 24 

Frequency of 
administration 

(n=85) 
21 12 10 22 35 

Route of 
administration 

(n=86) 
19 13 13 16 39 

Withdrawal 
time (milk) 

(n=85) 
13 21 12 21 33 

Effectiveness 
(n=86) 6 7 3 26 58 
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Table 6.2. Producer level of concern regarding issues that may contribute to changes in 

regulation of antibiotic use. 

Variable 

Level of Concern (by percent of respondents) 

Not Concerned Slightly 
Concerned Concerned Very 

Concerned 

Veterinarians’ 
perception/demands 

(n=90) 
39 28 23 10 

Government 
actions           
(n=91) 

17 27 34 22 

Increased levels of 
antibiotic resistance 

(n=91) 
14 30 35 21 

Public 
perception/demands 

(n=91) 
14 22 39 25 

Increased oversight 
(monitoring and 

recording 
programs)        

(n=89) 

14 26 45 15 

Human medical 
associations’ 

perception/demands 
(n=91) 

12 32 33 23 



	

	 199	

Table 6.3. Significant unconditional estimates for associations with producers considering type 

of bacteria when determining treatment (yes, n= 46 vs no, n= 46).  

Variables Odds ratio (95% CI)1 P-value 

Enrolled in DHI 0.01 (0.03, 0.3) <0.01 

Age of person making treatment decisions   

Age 20-30 compared to age 
40-50 5.89 (1.4, 25.8) 0.02 

Age 20-30 compared to age 
50-60 7.50 (1.8, 30.8) 0.01 

Age 20-30 compared to age 
60-70 18.8 (1.6, 217.0) 0.02 

Total annual production   

     High production compared to   
     Low 4.99 (1.6, 15.5) 0.01 

Average monthly bacteria count   

     High compared to low 0.34 (0.1, 1.0) 0.05 

Herd size   

      Medium compared to small* 3.38 (1.10, 10.40) 0.03 

1All estimates are unconditional for the variables presented. 

*Sample interpretation for unconditional estimates: medium sized herds were more likely to 

indicate that type of bacteria is considered when treating with an antibiotic compared to small 

sized herds.
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Table 6.4. Significant unconditional for associations with producers considering antibiotics as 

first treatment option for mastitis (yes, n= 43 vs no, n= 50).  

Variables Odds ratio (95% CI)1 P-value 

Milking system type   

      Pipeline compared to parlor 2.52 (1.0, 6.3) 0.05 

Age of person making treatment decisions   

Age 20-30 compared to age 
    30-40 4.36 (1.1, 16.6) 0.03 

Age 20-30 compared to age 
    50-60 7.20 (1.8, 28.1) 0.01 

Average monthly bacteria count   

     High compared to medium 0.30 (0.1, 0.9) 0.04 

1All estimates are unconditional for the variables presented. 
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Table 6.5. Significant unconditional estimates for associations with percentage of mastitis cases 

treated with antibiotics (>50%, n= 59 vs <50%, n= 31).  

Variables Odds ratio (95% CI)1 P-value 

Age of person making treatment decisions   

Age 20-30 compared to age 
    50-60 6.25 (1.5, 25.3) 0.01 

Age 40-50 compared to age 
    50-60 8.33 (1.8, 37.8) 0.01 

Average monthly SCC   

     High compared to low 0.25 (0.1, 0.9) 0.03 

1All estimates are unconditional for the variables presented. 
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Table 6.6. Significant unconditional estimates for associations with producers considering 

effectiveness for given condition when selecting antibiotic treatments (>50%, n= 72 vs <50%, n= 

14).  

Variables Odds ratio (95% CI)1 P-value 

Herd size   

      Large compared to small 0.09 (0.01, 0.8) 0.03 

Housing type (tie-stall compared to free-stall) 15.4 (1.9, 127.6) 0.01 

Milking system type   

      Pipeline compared to parlor 15.20 (1.8, 130.3) 0.01 

      Pipeline compared to robot 14.25 (1.3, 160.9) 0.03 

Total annual production   

     High production compared to   
     Low 0.10 (0.01, 0.9) 0.04 

1All estimates are unconditional for the variables presented. 
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Table 6.7. Significant unconditional estimates for associations producers considering withdrawal 

time for milk when selecting antibiotic treatments (>50%, n= 46 vs <50%, n= 39).  

Variables Odds ratio (95% CI)1 P-value 

Education level of person making treatment 
decisions   

      Elementary compared to     
      Degree earned 0.12 (0.02, 0.6) 0.01 

Average monthly SCC   

     High compared to medium 4.38 (1.3, 14.8) 0.02 

     Low compared to medium 5.04 (1.4, 17.7) 0.01 

1All estimates are unconditional for the variables presented.  
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Table 6.8. Significant unconditional estimates for associations producers considering withdrawal 

time for meat when selecting antibiotic treatments (>50%, n= 33 vs <50%, n= 52).  

Variables Odds ratio (95% CI)1 P-value 

Education level of person making treatment 
decisions 

  

      Elementary compared to     
      Degree earned 0.13 (0.02, 0.8) 0.03 

Age of person making treatment decisions   

Age 20-30 compared to age 
    40-50 0.13 (0.03, 0.6) 0.01 

1All estimates are unconditional for the variables presented.  
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Table 6.9. Significant unconditional estimates for associations producers considering route of 

administration when selecting antibiotic treatments (>50%, n= 48 vs <50%, n= 38).  

Variables Odds ratio (95% CI)1 P-value 

Education level of person making treatment 
decisions 

  

    Elementary compared to  
    Secondary 0.17 (0.04, 0.8) 0.03 

Age of person making treatment decisions   

Age 30-40 compared to age 
    40-50 0.18 (0.04, 0.7) 0.02 

1All estimates are unconditional for the variables presented.  
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Table 6.10. Significant unconditional estimates for associations producers considering frequency 

of administration when selecting antibiotic treatments (>50%, n= 49 vs <50%, n= 36).  

Variables Odds ratio (95% CI)1 P-value 

Average monthly SCC   

     High compared to medium 3.96 (1.2, 13.0) 0.02 

     Low compared to medium 3.54 (1.1, 11.7) 0.04 

1All estimates are unconditional for the variables presented.  
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Table 6.11. Significant unconditional estimates for associations with producer concerns for 

changes in regulations for antibiotic treatments due to increased antibiotic resistance (more 

concerned, n= 51 vs less concerned, n= 40).  

Variables Odds ratio (95% CI)1 P-value 

Average monthly bacteria count   

Low compared to medium 0.24 (0.07, 0.8) 0.03 

1All estimates are unconditional for the variables presented.  
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Table 6.12. Significant unconditional estimates for associations with producer concerns for 

changes in regulations for antibiotic treatments due to public perceptions/demands (more 

concerned, n= 58 vs less concerned, n= 33).  

Variables Odds ratio (95% CI)1 P-value 

Average monthly bacteria count   

     High compared to low 0.19 (0.06, 0.6) 0.01 

     High compared to medium 0.21 (0.06, 0.7) 0.02 

1All estimates are unconditional for the variables presented.  
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Table 6.13. Significant unconditional estimates for associations with producer concerns for 

changes in regulations for antibiotic treatments due to increased oversight (more concerned, n= 

53 vs less concerned, n= 36).  

Variables Odds ratio (95% CI)1 P-value 

Education level of person making treatment 
decisions 

  

      Diploma compared to     
      Degree earned 3.71 (1.1, 12.7) 0.04 

Average monthly bacteria count   

     High compared to low 0.23 (0.08, 0.7) 0.01 

High compared to medium 0.29 (0.09, 0.9) 0.04 

1All estimates are unconditional for the variables presented.  
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Table 6.14. Significant unconditional estimates for associations with producer concerns for 

changes in regulations for antibiotic treatments due to veterinarians’ perceptions/demands (more 

concerned, n= 30 vs less concerned, n= 60).  

Variables Odds ratio (95% CI)1 P-value 

Housing type (tie-stall compared to free-stall) 2.59 (1.0, 6.5) 0.04 

Milking system type   

      Pipeline compared to robot 8.64 (1.0, 76.1) 0.05 

Education level of person making treatment 
decisions   

      Diploma compared to     
      Degree earned 5.71 (1.1, 29.3) 0.04 

1All estimates are unconditional for the variables presented.  
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Table 6.15. Significant unconditional estimates for associations with producer concerns for 

changes in regulations for antibiotic treatments due to government actions (more concerned, n= 

51 vs less concerned, n= 40).  

Variables Odds ratio (95% CI)1 P-value 

Education level of person making treatment 
decisions 

  

      Secondary compared to     
      Degree earned 11.2 (2.2, 58.3) 0.01 

      Diploma compared to     
      Degree earned 3.52 (1.0, 12.3) 0.05 

1All estimates are unconditional for the variables presented. 
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Figure 6.1. Comparison of producer sources for purchasing antibiotics (n= 101).
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CHAPTER 7: ANTIBIOTIC TREATMENT PRACTICES OF ONTARIO DAIRY 

PRODUCERS FOR THE MILKING HERD: USE AND RECORD QUALITY 

 
 
7.1 ABSTRACT 

 Ontario dairy producers are required to record all antibiotic treatments for which 

there is a milk or meat withdrawal as part of the Canadian Quality Milk (CQM) program 

(now the Food Safety module of proAction).  As part of these recording requirements, 

producers must record numeric animal identification, treatment date, product(s) used, 

route(s) of administration, dosage(s), written duration for milk withdrawal, written duration 

for meat withdrawal, written end date for milk withdrawal, written end date for meat 

withdrawal, and the treatment must be initialed.  This program was initiated in Ontario in 

2011 and to date the quality of these records has not been investigated.  Therefore, the 

objectives of this study were 1) to describe antibiotic use in the milking herd (lactating cow 

treatments and dry cow therapy and treatments) and 2) to evaluate records based on CQM 

standards for missing information and recording inaccuracies.  Records were collected in-

person from 71 Ontario dairy herds which had been CQM validated.  Paper-based records 

were most common (66%) followed by electronic (33%) with one herd using a combination 

of paper and electronic records.  Mastitis treatments followed by dry cow therapy were the 

most common reasons for administering antibiotics.  Category II antibiotics, high 

importance to human medicine, comprised over 70% of the administrations while Category 

I antibiotics, very high importance to human medicine, were recorded in over 20% of the 

treatment records.  Record quality was highly variable by herd.  Recording issues, missing 

information or inaccurate information, were observed most frequently for dosage, route of 
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administration, and withdrawal information.  Paper records outperformed electronic 

records for recording route of administration and withdrawal information with less missing 

and inaccurate information.  Electronic records outperformed paper records for recording 

animal identification, treatment date, name of product used, and dosage with less missing 

and inaccurate information.  This study highlights the need for further research to better 

understand producer approaches to antibiotic use, producer approaches to recording 

antibiotic use, and to further investigate why record quality is so highly variable. 

Key words: mastitis, antibiotic use, producer records, Canadian Quality Milk 

7.2 INTRODUCTION 

The use of antibiotics in animal agriculture has come under increased scrutiny in 

recent years.  This has led to mandated reductions in antibiotic use in certain countries due 

to societal pressures (Kuipers et al., 2016), an increased focus on certain antibiotic 

reduction approaches such as selective dry cow therapy (Scherpenzeel et al., 2014), and 

investigations into the potential impact of certain agricultural practices on antibiotic 

resistance (Saini et al., 2012b).  The Food and Agriculture Organization of the United 

Nations (FAO) highlights the development of a strategy for surveying and monitoring 

antibiotic use and resistance in food and agriculture as a major focus area in their FAO 

Action Plan on Antimicrobial Resistance 2016-2020 (FAO, 2016).  Adequately tracking 

antibiotic administrations on dairy farms through the use of detailed, on-farm records may 

aid in promoting prudent use of antibiotics, encouraging a focus on more efficacious 

treatment approaches, mitigating risk to food safety and public health by reducing residue 

risk, and providing consumers and health officials with a clear picture of antibiotic use. 
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In 2003, the Dairy Farmers of Canada developed the Canadian Quality Milk (CQM) 

program to evaluate and accredit on-farm food safety practices of Canadian dairy farmers.  

The program is HACCP-based with three critical control points: 1) milking of treated 

animals, 2) cooling and storage of milk, and 3) shipping of animals (primarily focused on 

shipping cull animals to slaughter) (DFC, 2010; DFC, 2015).  As part of CQM, all 

Canadian dairy producers are required to create standard operating protocols, corrective 

action plans, maintain on-farm, permanent records, and successfully complete on-farm 

audits conducted biennially.  This process ensures that the CQM program provides food 

safety control at the origin of the dairy supply chain in Canada.  An important component 

of the program which aids in the mitigation of the potential for antibiotic residues in raw 

milk or meat is the animal health and treatment records, which producers are required to 

maintain.  These records are permanent records which have specific, required components, 

but producers may maintain these records in a system which best suits them.  Additionally, 

producers may also utilize temporary records in the barn and/or parlor as well as temporary 

identifiers for treated animals, such as leg bands, to strengthen their protocols for reducing 

risk of residue infractions.  While these temporary methods may benefit producers in 

tracking treated animals, the permanent records are the element which undergoes 

evaluation for CQM accreditation.  These permanent treatment records require producers 

to have and to use unique individual cow identifiers, information on the treatment 

administered (product name, dosage used, route of administration, treatment date(s)), 

record product withdrawal information as well as milk and meat clear dates, note any 

instances of broken needles, indicate that the product administered had a valid expiry date 

at time of administration, and record a signature or initial of the person who administered 
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the treatment.  The ‘golden rule’ for CQM records is that if the product label has a milk 

and/or meat withdrawal, then the treatment must be recorded; if the product does not 

require any withdrawals then the producer may choose to record for their own benefit but 

they are not obligated to do so (DFC, 2010; DFC, 2015). 

The CQM program is nationally mandated; however, implementing, evaluating, 

and monitoring the program varies by province.  Within Ontario, the Dairy Farmers of 

Ontario (DFO) are responsible for the CQM program for the province’s producers.  DFO 

field service representatives (FSRs) conduct all CQM on-farm audits within the province 

and are responsible for ensuring producers’ records are program compliant (DFO, 2018).  

However, since there are many targeted areas for the audits, the FSRs will typically only 

evaluate the most recent 3-months of records and may not have the time to cross reference 

against product labels to ensure that information is not only being recorded but being 

recorded accurately.  Evaluation of DFO statistics from CQM audits to date indicate a high 

percentage of producer success at CQM audit for the provinces producers; approximately 

80% of producers were successful at their first validation visit with subsequent CQM audits 

yielding even better results (Chapter 4).  However, given that these treatment records are 

not standardized, outside of standards for the required information, there has been no 

evaluation of the on-farm records outside of the focused time period highlighted during 

these CQM audits. 

Therefore, the objectives of this study were 1) to describe antibiotic use in the 

milking herd (lactating cow treatments and dry cow therapy and treatments) and 2) to 

evaluate records based on CQM standards for missing information and recording 

inaccuracies.  Note: this paper will refer to the CQM program, which was the program 
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identifier during study design and data collection, however, the program has since been 

renamed the Food Safety module of the national proAction program (DFC, 2010; DFC, 

2015).  

7.3 MATERIALS AND METHODS 

This study received ethics approval from the University of Guelph Research Ethics 

Board (REB#14OC012). 

7.3.1 Producer Recruitment 

 A survey conducted in the winter of 2015 to determine antibiotic practices 

surrounding mastitis treatment in Ontario dairy herds invited participating producers to 

share their contact information and informed them that this information might be utilized 

to recruit them for a follow-up study focused on treatment records.  This contact 

information was then used to recruit participants for the present study.  Contact by phone 

was made with the producers from the previous study to invite participation in the present 

study, to answer any questions regarding the current study, to inform them of the 

information that would be collected, and to schedule a time to pick-up or copy their CQM 

records. 

7.3.2 Record Collection 

 Producers were informed prior to collection that the records of interest were for 

calendar year 2014 and focused on antibiotic treatments administered to cows in the 

milking herd, including dry cow treatments, as these would be the records they would show 

their DFO FSR during a CQM audit.  In the event that records for the entire calendar year 

were not available, 12-months of continual records, not necessarily calendar year, were still 

targeted.  To avoid alteration of records prior to pick-up, we did not indicate explicitly that 
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we would be scrutinizing these records based on CQM criterion.  All paper-based, hand 

written records were collected using photo-capture on an iPad, while electronic records 

were collected via photo-capture using the iPad or by downloading program files to an 

external hard drive; at the farmer’s discretion.  Records were collected via in-person farm 

visits between April and December 2015.   

7.3.3 Record Transcription 

Records, electronic and hand written, were transcribed to a central database for 

standardization and analysis.  Given that producers are able to format their records as they 

found suitable, standardization was necessary prior to analysis to enable recording system 

comparisons.  During this standardization process all data were extracted verbatim from 

the producer records and simply re-formatted to a template which included data columns 

for all critical aspects required by CQM.  These were: animal identification, treatment date, 

product(s) used, route(s) of administration, dosage(s), written duration for milk 

withdrawal, written duration for meat withdrawal, written end date for milk withdrawal, 

written end date for meat withdrawal, and that the treatment was initialed by the person 

administrating the treatment (DFC, 2010; DFC, 2015).  Additional information transcribed 

regarding the farm included milking system and recording system and, when available, 

treatment remarks such as condition treated and number of people treating over the course 

of the treatment.  In the absence of recording any of these data they were coded as missing 

during the standardization process.  The Canadian Compendium of Veterinary Products 

(CVP, 2016) was used to determine whether the producer recorded product information 

was accurate.  In situations where information recorded by producers was not correct, based 

on label indications for product used or where product name did not exist in the CVP (e.g. 
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“Mastitis Mix”), it was coded as a treatment/recording inaccuracy.  Additionally, animal 

identifiers were recorded as inaccurate when non-numeric animal identifiers were used; 

CQM requirements dictate that producers may utilize their own identification system 

providing that the identifier is permanently affixed to the cow, for example numbered ear 

tags and numbered collars, but that a barn name identifier or a name card affixed to a stall 

is not sufficient.  Treatment/recording inaccuracy could be assigned for animal 

identification, product(s) used, route(s) of administration, milk withdrawal date, and meat 

withdrawal date.  Given that some treatments were administered off-label (given to an adult 

dairy cow when not labeled for use in adult dairy cows or given by a route or for a duration 

other than that specified by the label) or as a combination therapy, withdrawal information 

was considered correct as long as withdrawal information, at minimum, corresponded to 

the product with the longest milk or meat withdrawal.  Given that some producers had 

intermingled calf and non-lactating heifer treatments with milking herd records, all data in 

the database was screened by dosage and product.  Calf treatments were those where a 

product labeled for calves was administered and/or the dosage was not appropriate for an 

animal greater than 400kg.  These records were excluded prior to analysis. Where a record 

lacked dosage information and the product was not labeled for use in adult dairy cows, this 

record was retained in the dataset but product was flagged as it could not be determined if 

it was administered to an adult animal in an off-label manner or to a calf.  In situations 

where only one product was recorded but two routes of administration were recorded, the 

record entry was assigned a missing second product only if the product listed could not be 

administered by both routes according to the CVP.   
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Descriptive information was available individually by treatment entry and by 

treatment course.  A treatment course was defined as a single day to multi-day series of 

treatments for the same animal.  A new treatment course was considered to begin once at 

least 48h had passed from the last recorded treatment.  For the analysis of treatment courses, 

a conservative approach was used where records were only assigned missing information 

if they had not included that information on any of the individual daily records of treatment.  

For example, if a producer administered an extended mastitis treatment with a certain 

product, but only recorded product and route of administration on day one of eight days of 

treatment, the treatment course would be credited with having this information recorded 

but the individual record entries would note that this information was missing on days two-

to-eight. 

Categorization of antibiotic treatments administered according to their importance 

for human medicine was based on categorizations from Health Canada (Health Canada, 

2009) utilizing the class of antibiotic within the product administered; Category I 

antibiotics have very high importance to human health, Category II have high importance, 

Category III have medium importance, and Category IV have low importance.  In instances 

where two or more antibiotic products have been administered, with antibiotics of different 

classes and categories of importance, the treatment entry was categorized based on the class 

of antibiotic administered with the highest importance to human health.   

7.3.4 Herd and Milk Quality Data 

 Herd level demographic, production and milk quality data were acquired from DFO 

to compare participant herds with all herds in the province.  All herd level data were 

summarized by month for the year 2014.  Data on CQM training prior to first audit and 
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first audit results including number of major corrective action requests (CARS), minor 

CARS, and demerits assigned were also accessed, including if CARS or demerits were 

assigned for milking of treated animals. 

7.4 RESULTS 

 A total of 89 dairy herds across Ontario, recruited from a previous study on mastitis 

treatment practices, agreed to participate in this study.  Of these 89 herds, nine initially 

agreed but later declined participation, two had records that were not legible and could not 

be used, two were organic herds and indicated no antibiotic treatments of the milking herd, 

and five indicated they did not have any antibiotic treatments of the milking herd in 2014 

(which was considered unlikely).  Records were obtained from 71 herds and consisted of 

8,443 individual treatment entries comprising 4,228 treatment courses involving 4,231 

individual cows.   

In terms of management, 45% of the herds were milked in tie-stalls (n= 32), 43% 

in parlors (n= 31), and 12% with robotic systems (n= 8).  One herd had two facilities, one 

being a tie-stall and the second being free-stall with parlor milking.  Twelve months of 

records were available for 70 herds, while one herd had only 6-months of records available 

due to a facility change and loss of previous records.   

The majority of producers were keeping paper-based, hand written records (66%) 

while the rest utilized electronic systems (33%) and one herd provided records that were a 

combination of electronic and hand written.  The most popular hand-written records were 

in books provided to producers by their milk recording organization (CanWest DHI), with 

37% of total producers using this system, comprising 54% of paper-based records.  The 

second most dominant recording system for hand written records was specially designed 
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CQM sheets available at no charge to all producers (14% of total records and 21% of paper-

based records).  The most popular electronic recording systems were DairyComp 305 (14% 

of total records and 44% of electronic records) and Lely software (Lely T4C, variable 

editions)  (5% of total records and 13% of electronic records), which was also most popular 

among robotic herds.   

Comparison of average monthly production attributes for 2014 of participant herds 

and Ontario herds in general can be found in Table 7.1.  Prior to their first CQM validation 

visit, 90% of participant herds completed training and 75% of participant herds were 

successfully CQM accredited at their first validation visit; for Ontario overall, 88.9% of 

Ontario producers completed training prior to their first audit with 79.6% of Ontario herds 

being successfully CQM accredited at their first validation visit for their first CQM audit. 

7.4.1 Descriptive Statistics of Antibiotic Use 

 Figure 7.1 shows the conditions most commonly treated with antibiotics in dry and 

lactating cows.  Table 7.2 compares total record entries by: human importance categories, 

antibiotic class, and antibiotic administered.  A single antibiotic treatment was listed in 

92% of treatment records, two antibiotics were listed in 7% of records, three antibiotics 

were listed in 0.7% of records, and 0.3% were unable to be determined due to missing 

information.  Categorization of individual treatments indicated that 21.1% of treatments 

administered were Category I antibiotics, 71.2% were Category II, 7.4% were Category 

III, and the remaining 0.3% could not be categorized due to indistinct product names and 

are categorized in this study as unknown.  Additionally, there were two intramammary 

products used by producers which contained the aminocoumarin novobiocin.  This 

antibiotic is currently not categorized for human importance by Health Canada, although 
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there are ongoing discussions as to whether this antibiotic will become categorized at a 

later date (personal communication with Health Canada).  Given this fact, the antibiotic 

was treated as uncategorized in this study.  However, as this antibiotic was always 

administered in a product also containing penicillin the overarching categorization of that 

product administration would have been Category II as a consequence of the categorization 

of penicillin (see Table 7.2).  There was no record of Category IV antibiotics being 

administered.  However, products in this class do not have a withdrawal time and therefore 

would not be required to be recorded under CQM.  Of the Category I antibiotics, 98.9% of 

products used were 3rd generation cephalosporins and fluoroquinolones were the remaining 

1.1%.  When looking at combination therapies, 44.3% of antibiotic administrations had 

more than one class of antibiotic within the product(s) administered; 43.3% of 

administrations contained two different antibiotic classes and 1.0% contained 3 different 

antibiotic classes.  Figure 7.2 provides a comparison of the categorization of antibiotic 

administered by the condition treated while Figure 7.3 compares the proportion of each 

category of antibiotics used by the most commonly treated conditions.  Ten antibiotics 

comprising 2.7% of total treatment records were noted as being administered but not 

labeled for use in either adult dairy cows or lactating dairy cows; 1) not for adult dairy cow 

products included A180, Aureo S 700, Lincospectin, LS 100, and Nuflor (2.2%) and 2) not 

for lactating dairy cows products included Duplocillin LA, Liquamycin LA, Micotil, 

Onycin, and Tetracycline (0.5%).  Borgal combined with Cefa Lak, Borgal combined with 

Special Formula, and Borgal combined with Penicillin were the most commonly used 

combination therapies.  Consistent with mastitis being the most common cause of treatment 

and mastitis tubes being among the most commonly used products, 63% of antibiotic 
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administrations were noted as intramammary.  Among herds, on average 37±33.3 

individual cows were treated in the observed 12-month period (min. 1, max. 169).  On 

average, at the herd level, each cow received 1.5±1.1 treatment courses (min. 1, max. 11) 

with the average treatment course being 2.0±1.7 days in duration (min. 1, max. 21).  Herds 

had, on average, 1.1±0.1 people administering antibiotic treatments for a treatment course 

(min. 1, max. 5).   

7.4.2 Descriptive Statistics of Antibiotic Record Quality 

 The average treatment course had 1.1±0.4�people administering treatments (min. 

1, max. 5).  Table 7.3 presents record quality by missing information for average herd, 

average paper-based recording herd, average electronic recording herd, and by select 

recording system types. Table 7.4 presents record quality by recording inaccuracies for 

average herd, average paper-based recording herd, average electronic recording herd, and 

by select recording system types.  The average individual record entry contained 2.7±2.3 

pieces of missing information (min. 0, max. 9) and 0.3±0.5 instances of recording 

inaccuracies (min. 0, max. 3) from ten points of evaluation per record entry.  The average 

treatment course contained 5.5±7.5 pieces of missing information (min. 0, max. 70) and 

0.8±1.6 instances of recording inaccuracies (min. 0, max. 30).  Table 7.5 represents missing 

information and recording inaccuracy by treatment course. 

7.5 DISCUSSION 

7.5.1 Antibiotic Use 

 On-farm treatment records are an important tool for dairy producers to use to ensure 

food safety, to prevent residue infractions for milk and meat, to assess treatment outcomes, 

and to refine treatment protocols as needed, additionally they can be a tool to reduce risk 
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for development of antibiotic resistance by ensuring treatments and treatment protocols are 

accurately administered.  As consumers and public health officials become increasingly 

concerned about antibiotic use and antibiotic resistance in food animals, treatment records 

will also become vital instruments to document the reasons for on-farm antibiotic use and 

to demonstrate prudent use.  Demonstration of prudent use will become increasingly 

necessary in animal agriculture as it is responsible for the majority of global antibiotic use 

(Landers et al., 2012; FAO, 2016). 

 Studies of antibiotic use in dairy production continually demonstrate that mastitis 

and intramammary administration of antibiotics predominates when treating lactating dairy 

cows, regardless of country (Pol and Ruegg, 2007; Menéndez González et al., 2010; 

Nobrega et al., 2017).  In the present study mastitis was the most common cause for 

antibiotic treatment, and intramammary administration route was the most common.  

Additionally, mastitis was the main reason for administration of combination therapies.  

Mastitis treatment and prevention was also responsible for the greatest percent use of 

Category I antibiotics in this study, namely 3rd generation cephalosporins.  Typically, 3rd 

generation cephalosporins are more commonly associated with systemic administration of 

antibiotics (Nobrega et al., 2018) whereas penicillin and 1st generation cephalosporins are 

more commonly associated with intramammary administration (Menéndez González et al., 

2010; Nobrega et al., 2017; Nobrega et al., 2018).  Interestingly, a 2012 study of antibiotic 

use on Canadian dairies noted that 3rd generation cephalosporin use was higher in Ontario 

herds than in Quebec herds, the two largest dairy producing provinces in Canada (Saini et 

al., 2012a).  While this current study does not present average animal daily dose estimates 

to quantify total volume of antibiotics used, it does appear that Ontario producers’ use of 
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3rd generation cephalosporins remains relatively high based on overall percentage of 

treatment records.  This is of particular importance given that these antibiotics are 

considered to be of very high importance to human health (Health Canada, 2009).  

Penicillins were the dominant antibiotic administered and, overall, ß lactams were the most 

commonly used antibiotic.  This matches previous studies on antibiotic use on Canadian 

dairies (Saini et al., 2012a) as well as use in other countries (Zwald et al., 2004; Menéndez 

González et al., 2010; Stevens et al., 2016).   

An Ontario study, using data collected in 2001, noted a similar breakdown of 

antibiotic use by human health importance category with Category II antibiotics most 

commonly being dispensed from veterinary practices followed by Category I (Léger et al., 

2017).  However, unlike the current study, Léger et al. (2017) noted that injection was the 

most common route of administration.  However, data for Léger et al. (2017) was collected 

from veterinarian respondents based on their dispensing records and, given that 

veterinarians are more likely to be involved in clinical cases of greater severity, this may 

explain the discrepancy in Léger et al. (2017) noting injection as the most common route 

of administration where the present study noted intramammary as the most common route.  

As producers could have acquired some intramammary products from sources other than 

their veterinarian at the time of previous studies, using veterinary respondents may have 

underestimated intramammary administrations.  Additionally, intramammary 

administrations of ceftiofur were not yet available in Canada at the time Léger et al. (2017) 

collected data which may also account for discrepancies in route of administration.  While 

using on-farm records should theoretically generate an accurate description of overall 

antibiotic use, especially in a system where producers are required to record such 
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treatments, they are not completely infallible.  Given that producers were not required to 

record products without a withdrawal time, this could lead to underestimates of overall 

usage as Category IV products may not be accounted for.  Previous studies have 

demonstrated that permanent on-farm records may not reflect antibiotic treatments 

accurately given that producers often maintain temporary records to ensure treated cows 

are not milked into the bulk tank and permanent recordings may be made at a later date, at 

which point some of the temporary records may not end up being transcribed into the 

permanent ones (Pol and Ruegg, 2007; Espetvedt et al., 2013; Nobrega et al., 2017).   

 The fact that over one-fifth of treatments administered in this study indicated that a 

Category I antibiotic was being used is of concern.  However, given that the majority of 

these treatments were administered via an intramammary route, the risk to development of 

antibiotic resistance may be decreased given that systemically administered antibiotics are 

more likely to be associated with antibiotic resistance, at least with respect to the most 

common type of bacteria isolated from bovine milk  (Nobrega et al., 2018).  When 

producers are administering intramammary antibiotics the likelihood of making an error in 

dosing or administration is reduced.  This is because intramammary applications are 

typically pre-measured dosages with one tube administered to each affected quarter, 

therefore, the likelihood of not administering the dose correctly or giving a sub-therapeutic 

dosage is diminished.  Comparatively, oral, intramuscular, subcutaneous, and intravenous 

antibiotic administrations can have a greater risk of error due to dosing and administration.  

Therefore, while the proportion of Category I antibiotics administered in this study should 

be further investigated to determine if less medically important antibiotics could be 

substituted, the fact that the majority were intramammary may be a positive as risk of 
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impact to human health is expected to be lower given the decreased likelihood of dosage 

or administration error during treatment.  It is of note that concerns about the use of 

antibiotics that are medically important to humans have prompted regulatory changes in 

many jurisdictions and in 2018, Canada implemented new regulations to promote prudent 

use of antibiotics in animal agriculture through removal of growth promoting claims on 

antibiotic labels and by mandating requirements for increased oversight of antibiotic 

prescribing by requiring veterinarian-client relationships and veterinary prescriptions for 

dispensing of all medically important antibiotics for animal treatments (Health Canada, 

2018).   

 Regarding proportion of antibiotics used based on human importance 

categorization, Figures 7.2 and 7.3 are of particular interest.  Despite Figure 7.2 showing 

that, within disease events, mastitis had a lower percentage of Category I antibiotics used 

compared to calving, lameness, respiratory, and metabolically-related conditions, Figure 

7.3 shows that within Category I use, mastitis and DCT (dry cow therapy) were the main 

reasons for use.  Programs to encourage prudent antibiotic use will need to determine 

relationships between drivers of use and risk.  While a reduction in intramammary 

applications would effectively decrease overall Category I use, this may not be the most 

efficacious measure to reduce risk to human health regarding the use of medically 

important antibiotics in dairy cows.  Future studies should seek to understand the reason 

for high 3rd generation cephalosporin use in Ontario and the relationship between 

intramammary antibiotic use and risk to human health and antibiotic resistance. 

 As this study focused solely on adult cows in the milking herd the overall spectrum 

of antibiotic use on Canadian dairies would be expected to differ somewhat.  No Category 
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IV antibiotics were contained in the records in this study however, as these antibiotics do 

not carry a milk or meat withdrawal they would not be required to be recorded under CQM 

and therefore usage could not be determined.  Thus, to accurately report on total antibiotic 

use, record requirements would need to be adjusted to capture those products which fall 

outside of the CQM record scope due to a lack of withdrawal time for milk and meat.  There 

were ten antibiotics (represented in 2.7% of total records) administered that were not 

labeled for use in adult or lactating dairy cows.  It is unclear whether these were simply 

recording errors or actual off-label administrations given that these records contained 

missing information and no treatment remarks were noted; however, ability to correctly 

understand treatment records is vitally import to ensure prudent use and also food safety. 

7.5.2 Record Quality 

The Canadian Quality Milk program was initiated as a means to promote and ensure 

food safety on Canadian dairy herds.  Treatment records are an important tool to encourage 

oversight in two of the three critical control points of the program: milking of treated 

animals and shipping of animals (from a drug traceability and residue prevention 

perspective).  Producers are required to record all treatments for which there is a milk 

and/or meat withdrawal.  While the program outlines specific recording criteria, the 

recording system and style are at the producer’s discretion to allow producers to determine 

a system which fits best with their on-farm practices.  The Ontario producers in the present 

study favored a paper-based recording system with two-thirds of these producers keeping 

paper-based, hand-written records.  A priori expectations were that tie-stall herds would be 

more likely to keep paper-based records as these herds are typically smaller and may not 

have the capital or need to invest in computer-based systems.  Therefore, the study findings 
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were interesting as the breakdown of study participants that were tie-stall versus parlor 

milking systems was similar; 45% compared to 43%.  This may reflect the convenience of 

paper-based recording systems or that producers found that established paper-based 

systems were more easily conformed to CQM standards.  In fact, the most popular 

recording system in the study herds was the use of books provided to producers from their 

DHI organization (CanWest DHI).  These books had the necessary requirements to be 

CQM compliant.   The CQM program also designed paper-based recording sheets that were 

free to all producers and were program compliant.  These sheets proved to be the second 

most popular recording system, tied with DairyComp.  While understanding a producer’s 

choice of recording system was not in the scope of this study, future studies to investigate 

this may be valuable to better understand producer motivations and recording system 

selection.  This may prove helpful in designing recording systems which achieve producer 

record keeping compliance as well as recording accuracy. 

  The evaluation of record quality for missing information and recording 

inaccuracies raised some concerns.  All of the herds in this study had been validated as 

CQM compliant prior to the collection of records for this study.  Therefore, presumably 

producers and on-farm personnel were familiar with CQM requirements and had 

demonstrated compliance at their CQM validation.  It is unclear whether the quality issues 

observed were a result of lapses in record keeping between the biennial CQM validations, 

or whether these quality issues may have been present during CQM validation.  CQM 

validators are observing a large number of on-farm practices throughout the evaluation and 

may not have scrutinized record entries in detail.  The results of this study indicate a clear 

need to educate producers on the importance of recording quality and accuracy.   
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Even though the prevalence of missing information and recording inaccuracies 

identified by the present study raises concerns, the incidence of milk residue infractions 

remains extremely low among Ontario dairy herds based on DFO milk quality and penalty 

data.  Therefore, on-farm temporary records may be being used adequately, producers are 

sufficiently cautious with treated cows even though information is not recorded, or the 

incidence of milking a treated cow into the bulk tank is low enough that residue levels are 

below detectable limits. 

Herds in this study ranged in terms of record quality with some herds having no 

instances of missing information or recording inaccuracies, to herds which had missing 

information or recording inaccuracies in 100% of their record entries.   

7.5.2.1 Missing Information 

 The average treatment record contained almost 3 counts of missing information 

among the 10 points of evaluation, meaning that the average treatment entry on a farm was 

missing 30% of the treatment information.  Previous research has shown that producer 

records frequently contain missing information (Menéndez González et al., 2010; Wenz 

and Giebel, 2012; Nobrega et al., 2017).  Not surprising was the fact that dosage and route 

of administration were the main areas for missing information in both individual record 

entries and across treatment courses.  Previous evaluation of producer treatment records 

has indicated that recording dosage information appears to be challenging for farmers 

(Menéndez González et al., 2010).  A previous Canadian study by Nobrega et al. (2017) 

noted that over 90% of treatment entries lacked dosage information.  However, unlike 

Menéndez González et al. (2010), producers in the present study rarely struggled with 

recording product name.  On average, the current study records lacked dosage information 
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at approximately half the rate of Nobrega et al. (2017).  This is potentially a result of the 

CQM program having been implemented at the time of the present study; not all herds were 

enrolled in CQM during the Nobrega et al. (2017) study which had producers recording 

treatment information on sheets supplied by the researchers.  While this suggests a positive 

impact of CQM on improving producer recording of treatment information the fact that 

over 42 percent of records were missing dosage information remains alarming.   

Also of note, Nobrega et al. (2017) used paper-based treatment records and in the 

present study the average paper-based treatment record was missing dosage information 

almost 54% of the time compared to the average electronic record missing dosage 

information just under 32% of the time.  It is possible that this discrepancy in missing 

information is a result of a more standardized approach to recording treatment information 

in electronic systems.  Computer programs used by producers typically have a treatment 

protocol interface where producers can enter label information for all treatments used on-

farm as well as treatment protocols.  This then allows those administering treatments to 

select pre-recorded information from drop down menus when completing treatment 

records.   Previous research has suggested that standardization of treatments/protocols may 

be beneficial (Raymond et al., 2006; Menéndez González et al., 2010; Landers et al., 2012) 

and this may be resulting in the reduction in missing information observed in the electronic 

records.  However, it is notable that the electronic recording system DairyComp had 

missing dosage information from over 50% of records assessed.  It was observed during 

record collection that some producers using this system had treatment information stored 

across multiple platforms.  Wenz and Giebel (2012) also noted that DairyComp health 

event entries were often recorded in multiple areas within the system during their 
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evaluation.  It is possible in the present study, that this dosage information was missed 

during record collection as a result of this but it also indicates issues in system use.  Records 

should be succinct, readily available, and easy to interpret to ensure food safety protocols 

are adhered to.  Producers may need to acquire more training in utilizing their electronic 

recording systems to realize more complete treatment recordings.   

 Menéndez González et al. (2010) noted that electronic records allowed for better 

traceability of treated animals.  In the present study, there were no cases of missing animal 

identification in the electronic records.  However, missing animal identification was not a 

major problem area for the records as a whole.  It is promising, that when producers 

recorded a treatment, they were recording which animal was treated.  While electronic 

records outperformed paper records in terms of missing animal identification, treatment 

date, product used, and dosage information, possibly as a result of standardization in the 

computer programs, paper records proved to be superior for recording route of 

administration, withdrawal information, and initialing treatments.  However, the relatively 

high percentages of missing information for dosages and withdrawal times is disconcerting 

across all treatment types.   

Accurately recording withdrawal information is essential from a food safety 

standpoint to prevent residue infractions for milk and meat.  As mentioned above, the fact 

that these herds accrued few milk residue infractions, as did Ontario herds in general (DFO 

data 2014), is a positive.  Information on meat residue infractions was not directly available 

for this study; while some Ontario dairy cows are slaughtered in the province many are 

also processed in the United States.  Given the percentage of missing milk withdrawal 

information in treatment records it is unclear if the low incidence of residue infractions in 
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milk is a result of accurately tracking this information through temporary means, and it is 

unclear if similar precautions are being made with any cows culled from the herd for beef 

production with respect to meat withdrawal information.  Regardless, this highlights a need 

for further producer education to ensure that importance of accurate and complete treatment 

records is conveyed.  Further investigation into why the electronic records were poorer 

performing in these areas is also merited.   

The poorer performance of electronic records in the area of treatment being initialed 

is likely a result of limitations of these electronic recording systems.  Some producers did 

have programming where the person who created the treatment record was identified and, 

in these instances, this was credited as being an initial.  It is important to communicate 

among producers and farm workers that initialing treatments is vital, especially for multi-

day treatments, as an extra measure to ensure that cows are actually receiving full treatment 

courses as intended and to ensure that withdrawal protocols are accurately monitored.  This 

is important from both an animal health perspective and also to ensure that sub-therapeutic 

doses of antibiotics are not delivered which may increase selective pressure on any 

opportunistic bacteria present for the development of antibiotic resistance.  To ensure 

compliance with CQM, electronic recording systems may need modification so that all 

treatments can be initialed or otherwise attributed to the person who completed the 

treatment administration. 

In the case of missing withdrawal information, it is possible that this was being 

captured in a different interface of the computer programs being used.  Typically, parlor-

linked or robotic milking systems will have withdrawal information linked with animal 

identification to prevent that animal from being milked into the bulk tank.   Lely, the 
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dominant robotic system in this study, had very few instances of missing milk withdrawal 

information in the records collected.  Further investigation is needed to determine whether 

this withdrawal information is being captured and to educate producers on how to modify 

their programming to ensure all treatment information is captured in a complete, CQM 

compliant record entry. 

7.5.2.2 Recording Inaccuracies 

The average record entry in this study contained less than one recording inaccuracy 

across the areas evaluated.  This is encouraging as it shows that when producers were 

recording information, they were doing so with a high degree of accuracy.  The area where 

producers struggled most frequently was in animal identification.  This was the result of 

the use of cow names instead of animal identification number in the record entry.  This was 

more apparent in paper records than in electronic records and may be correlated with herd 

sizes.  While producers may know their cows by name, in a situation where someone 

unfamiliar or less familiar with the animals on the farm is required to milk or administer 

treatments this becomes an issue.  All animals have a unique identification number affixed 

to them as part of the national traceability requirement.  Use of cow names can result in 

risks to food safety if a treated cow is misidentified by name and milked into the bulk tank.  

Further educational outreach to producers should stress the importance of using the unique 

animal identification numbers of cows in their herd to record treatments so as to dissuade 

future use of animal names in treatment records.  Improving abilities to quickly record 

animal identification numbers, such as through the use of RFID scanners, may aid in 

compliance but would require a shift to electronic records. 
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Overall, the DHI books were both the best performing and most popular method of 

record keeping in terms of overall missing/inaccurate information.  Although CQM as a 

program gave producers the freedom to determine which recording method best suited to 

their needs, given the issues with missing information and recording inaccuracies in this 

study, it may be that more standardized recording systems that are program compliant 

would be better suited to ensuring record quality.  Despite the findings of Young et al. 

(2010), during an initial survey of producer attitudes towards the CQM program in its 

infancy, that over 60% of Canadian dairy producers indicated that CQM requirements were 

easy to implement, the present study suggests that producers are struggling with proper 

implementation of treatment record requirements.  Young et al. (2010) did also note that 

almost 10% of producers indicated that record keeping requirements of CQM were too 

onerous; therefore, lapses in record quality may be reflecting a lack of motivation on 

producers’ parts to keep-up with permanent record quality.  The fact that many of these 

farms are keeping temporary records and using other means to identify treated cows, 

coupled with few residue infractions, is likely also a factor.  However, permanent treatment 

records are essential to ensure compliance with food safety systems, as a fail-safe should 

people less familiar with the farm be required to milk and treat animals, and as a means to 

evaluate antibiotic use as well as promote and demonstrate prudent use.  Outreach to 

convey these important aspects of permanent records to producers needs to continue.  It 

appears that there are logistical issues in connecting the gap between feasibility and quality 

of on-farm record keeping.  Future explorations should seek to understand if mobile based 

applications may aid record keeping and record quality. 
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7.5.3 Study Limitations 

The herds in this study represented all geographic regions in Ontario but were 

selected as a convenience and compliance sample.  As a result, there are limitations to the 

internal and external validity of this study and extrapolation of results beyond Ontario dairy 

herds is cautioned.  Despite the use of a convenience sample, we sought to strengthen 

external validity by ensuring inclusion of herds from all geographic regions of Ontario and 

all housing and milking system types represented in the province.  On average, study herds 

had a higher volume of milk shipped and lower bulk tank SCC and bacteria count than 

Ontario herds.  Based on housing type, free-stall herds were over-represented in the current 

study and tie-stall herds were under represented.  Interestingly, study herds were slightly 

less successful than the average Ontario herd in terms of passing their first CQM validation 

at the first validation visit, despite a higher percentage of these herds having completed 

training than the overall province.  However, study herds were comparable to Ontario herds 

in general for their CQM first audit results.  Regarding external validity, CQM is a national 

program with standardized program requirements for records and auditors receive 

standardized training, however, differing interpretations cannot be discounted between 

auditors or at the provincial level of policy interpretation.  Given this, generalizations of 

study results for Canada are possible but should be cautioned.  Additionally, while efforts 

were made to prevent producers from altering (correcting) records prior to collection this 

could not be guaranteed.   

The scope of this study was to descriptively analyze Ontario dairy herd CQM 

records for the milking herd based on antibiotic use and record quality.  Verification of 

whether records contained all administered antibiotic treatments, as required by CQM, 
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could therefore not be validated.  Thus, there are limitations in interpreting the antibiotic 

use profile given the potential for administered treatments to be underestimated.  

Completion of garbage can audits to quantify any discrepancies in treatment records and 

treatment administrations in future would be beneficial.   

Future studies should also seek to evaluate record quality by recording system and 

farm type in more detail.  Further understanding any correlation between herd attributes in 

terms of antibiotic use and record quality will also be beneficial to strengthen food safety 

systems and to create producer outreach and education programs that will increase 

understanding and compliance.  

7.6 CONCLUSIONS 

 This study provides a selective overview of antibiotic use in the Ontario milking 

cow herd by health event and by categorization of antibiotics by importance for human use.  

Intramammary administration and mastitis treatment and prevention were the main reasons 

for antibiotic administration on study farms.  Udder health was also the dominant reason 

for the administration of antibiotics of very high importance to human health, although 

proportionately, when evaluated by condition treated, a greater proportion of very high 

importance antibiotics, as compared to other categories of antibiotics, were used for non-

udder health reasons.   

Paper records were used by two-thirds of study participants.  Record quality was 

highly variable at the herd level.  Quality was most compromised in areas of recording 

dosage, route of administration, and withdrawal information.  Paper recording systems out-

performed electronic records in the areas of recording route of administration and 

withdrawal information.  Electronic recording systems out-performed paper records in the 
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areas of recording animal identification, treatment date, and name and dosage of product 

used.  Further research to better understand any herd-level attributes associated with record 

quality and producer decision making for selecting a specific recording system would be 

beneficial for addressing record quality issues in future.  
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Table 7.1. Average monthly attributes in 2014 of participating herds (n= 71) compared to 

Ontario averages (n= 4,047). 

Variable 

Participant Herds  Ontario Herds 

Mean SD Min. Max.  Mean SD Min. Max. 

Volume of 
milk shipped 

(kg) 
61147 54202 9888 347378  54118 54345 3768 759827 

Fat (%) 4.1 0.3 3.4 5.3  4.1 0.3 3.4 5.6 

Protein (%) 3.4 0.2 3.1 4.0  3.4 0.2 3.0 4.2 

SCC             
(x1000 

cells/mL) 
186 69 67 364  220 74 49 485 

Bacteria count    
(x1000 ibc/mL) 17 14 5 106  33 143 4 5496 

SCC penalties1 - - 0 1  - - 0 1 

Bacteria 
penalties1 - - 0 0  - - 0 1 

Freezing point 
penalties1 - - 0 1  - - 0 1 

Inhibitor 
penalties1 - - 0 1  - - 0 1 

1represents the maximum and minimum number of penalties assigned to herds in a 

month. 
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Table 7.2. Comparison of most commonly administered antibiotic classes based on days of treatment comprising overall percentage use 

(n=8,443 treatment records; some records contained multiple active ingredients). 

Antibiotic 
Category1 

Percentage of 
Treatment 
Records           

(n= 8,443) 

Antibiotic Class 

Percentage of 
Treatment Records 

(n= 14,637) Active Ingredient 

Percentage of 
Treatment Records 

(n= 15,562) 

Category I: 21.1 (n= 1,782) 
3rd Gen. Cephalosporins 12.0 (n= 1,763) Ceftiofur2 11.3 (n= 1,763) 

Fluoroquinolones 0.1 (n= 19) Danofloxacin3 0.1 (n= 19) 

Category II: 71.2 (n= 6,016) 

Penicillins 31.8 (n= 4,653) 

Penicillin G procaine4 25.5 (n= 3,974) 

Cloxacillin benzathine5 4.0 (n= 620) 

Benzylpenicillin 
benzathine6 0.04 (n= 6) 

Ampicillin7 0.5 (n= 79) 

Aminoglycosides 16.9 (n= 2,476) 
Dihydrostreptomycin8 15.3 (n=2,387) 

Spectinomycin9 0.6 (n= 88) 

1st Gen. Cephalosporins 7.5 (n= 1,094) 

Cephapirin 
benzathine10 1.7 (n= 261) 

Cephapirin sodium11 5.1 (n= 798) 
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Lincosamides 1.9 (n= 278) 
Lincomycin12 0.6 (n= 88) 

Pirlimycin13 1.2 (n= 190) 

Macrolides 0.2 (n= 31) 
Tilmicosin14 0.03 (n= 4) 

Category III: 7.4 (n= 621) 

Erythromycin15 0.2 (n= 27) 

Sulfonamides  6.4 (n= 936) 

Sulfamethazine16 0.02 (n= 3) 

Sulfadoxine17 6.0 (n= 933) 

Trimethroprim18 6.0 (n= 933) 

Tetracyclines 1.3 (n= 183) 

Tetracycline19 0.1 (n= 16) 

Oxytetracycline20 1.1 (n= 166) 

Chlortetracycline21 0.02 (n= 3) 

Phenicols 0.5 (n= 71) Florfenicol22 0.5 (n= 71) 

Category IV: 0 (n= 0) - - - - 

Uncategorized23: 0 (n=0) Aminocoumarins 21.2 (n=3,109) Novobiocin24 20.0 (n= 3,109) 

Unknown: 0.3 (n= 24) Unknown 0.2 (n= 24) Unknown 0.2 (n= 24) 
1Antibiotic categories by importance to human medicine. 
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2Products used: Ceftiocyl, Excede, Excenel RTU, Spectramast DC, Spectramast LC. 

3Products used: A180. 

4Products used: Depocillin, Novodry Plus, Penicillin/Penicillin G (varied products), Procillin, Special Formula. 

5Products used: Dry Clox. 

6Products used: Duplocillin. 

7Products used: Polyflex. 

8Products used: Special Formula. 

9Products used: Lincospectin, LS 100. 

10Products used: Cefa-Dri, Metricure. 

11Products used: Cefa-Lak. 

12Products used: Lincospectin, LS 100. 

13Products used: Pirsue. 

14Products used: Micotil. 

15Products used: Erythro-36. 

16Products used: Aureo S 700. 

17Products used: Borgal, Trimidox, Trivetrin. 

18Products used: Borgal, Trimidox, Trivetrin 

19Products used: Onycin, Tetracycline. 
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20Products used: Kelamycin, Liquamycin LA, Oxymycin, Oxytetracycline. 

21Products used: Aureo S 700. 

22Products used: Nuflor. 

23There were no uncategorized treatment entries as all aminocoumarins administered were part of a product containing multiple 
antibiotics and categorizations were made based on the highest category antibiotic within the treatment administered. 

24Products used: Novodry Plus, Special Formula. 
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Table 7.3. Summary of missing information (count and percentage) by type of treatment recording system used on farm (number of 
treatment records =8,443). 

Recording 
System 
Type 

Missing Information 

Animal 
ID 

Treatment 
Date 

Product 
Used 

Dosage 
Used 

Route of 
Administration 

Written 
Milk 

Withdrawal 

Milk 
Withdrawal 

Date 

Written 
Meat 

Withdrawal 

Meat 
Withdrawal 

Date 

Treatment 
Initialed 

Entire 
Record 
Entry3 

Overall 
Record 
Average 

0.21 
(14)2 

0.3   
(21) 

0.6 
(50) 

42.2 
(3832) 

41.8     
(3793) 

37.2 
(3144) 

32.6  
(2754) 

37.2 
(3141) 

33.0 
(2783) 

41.6 
(3515) 

2.73 
(23047) 

Paper 
(5,404)-            

Average 0.3 
(14) 

0.4   
(21) 

0.7 
(39) 

53.8 
(2908) 

37.7                 
(2037) 

24.1 
(1300) 

29.5     
(1592) 

26.9 
(1465) 

32.5 
(1757) 

26.1 
(1413) 

2.32 
(12546) 

CQM 
Sheets 

0      
(0) 

0.2      
(1) 

1.3 
(7) 

44.3 
(245) 

13.6         
(75) 

7.2      
(40) 

17.1     
(95) 

8.7     
(48) 

11.9    
(66) 

23.5  
(130) 

1.28 
(707) 

DHI Book 0.3   
(9) 

0.7   
(18) 

1.1 
(30) 

42.3 
(1160) 

22.3         
(611) 

6.8     
(187) 

12.8      
(350) 

10.6 
(291) 

16.0   
(440) 

3.2    
(87) 

1.16 
(3183) 

Electronic 
(2,931)-            

Average 0      
(0) 

0         
(0) 

0.3 
(10) 

31.5 
(924) 

59.9         
(1756) 

59.2 
(1736) 

38.2  
(1120) 

56.1 
(1645) 

34.8 
(1020) 

68.0 
(1994) 

3.48 
(10205) 

DairyComp 0     
(0) 

0        
(0) 

0.7 
(9) 

53.2 
(742) 

55.1         
(768) 

49.8   
(694) 

38.5    
(537) 

44.4 
(619) 

27.0  
(376) 

52.2 
(728) 

3.21 
(4473) 

Lely 0      
(0) 

0        
(0) 

0.2 
(1) 

0.2   
(1) 

87.5         
(470) 

97.2  
(522) 

0.2         
(1) 

93.7 
(503) 

0.8        
(4) 

72.8 
(391) 

3.53 
(1893) 

1Percent of missing information. 
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2Count of missing information. 

3Count of missing information in average record entry (n= # record entries*10 columns of required information for recording).
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Table 7.4. Comparison of recording system types by count of recording inaccuracies (n=8,443). 

Record Type 
Recording Inaccuracy 

Animal ID Product Used Route of 
Administration 

Milk Withdrawal 
Date 

Meat Withdrawal 
Date 

Entire Record 
Entry3 

Overall Record 
Average 

20.71         
(1748)2 

4.7             
(395) 

2.8                 
(236) 

0.8                 
(63) 

0.7                  
(57) 

0.30      
(2499) 

Paper  
(n=5,404)-       

Average 25.7          
(1391) 

5.4             
(291) 

0.7                   
(38) 

0.4                  
(24) 

0.4                  
(19) 

0.33      
(1797) 

CQM Sheets 31.3             
(174) 

2.4                
(13) 

0.7                      
(4) 

0                       
(0) 

0.7                    
(4) 

0.35         
(195) 

DHI Book 30.4            
(833) 

8.2              
(226) 

1.1                   
(29) 

1.1                 
(30) 

1.1                  
(31) 

0.42        
(1149) 

Electronic 
(2,931)-       

Average 12.2            
(357) 

3.5             
(104) 

6.8                  
(198) 

1.3                  
(39) 

1.3                  
(38) 

0.24        
(702) 

DairyComp 15.2            
(212) 

1.4                
(19) 

14.2                
(198) 

0.7                    
(9) 

0.5                    
(7) 

0.32         
(445) 

Lely 0                     
(0) 

12.9              
(69) 

0                        
(0) 

0                        
(0) 

0                            
(0) 

0.13           
(69) 

1Percent of recording inaccuracies. 
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2Count of recording inaccuracies. 

3Count of recording inaccuracies in average record entry (n= # record entries*5 columns where recorded information was evaluated).
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Table 7.5. Comparison of record quality in regards to missing information in a treatment course 

(number of treatment courses=4,228). 

Variable Percent Missing1 

Missing Dosage 54.4 

Missing Route of Administration 49.6 

Missing Written Milk Withdrawal 37.6 

Missing Milk Withdrawal Date 28.4 

Missing Written Meat Withdrawal 38.7 

Missing Meat Withdrawal Date 26.1 

Missing Treatment Initial 40.1 

1Represents the percentage of missing information in a treatment course.
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Figure 7.1. Comparison of most commonly cited reasons for administration of antibiotic 
treatment (n=8,230).  DCT= dry cow therapy and DA= displaced abomasum. 
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Figure 7.2. Comparison of distribution of categorization of antibiotics administered by 

condition treated(n=7,467).  DCT= dry cow therapy and DA= displaced abomasum. 

0

25

50

75

100

Mast
itis DCT

Calv
ing

-re
lat

ed

Lam
en

ess
-re

lat
ed

Resp
ira

tor
y

DA/O
ff-

fee
d

Pe
rc

en
ta

ge
 (%

)
Category I

Category II

Category III

Unknown



	

	 255	

 

 
 
Figure 7.3. comparison of proportion of antibiotics of category I, II, and III administered 

by condition treated (n= 7,467).  DCT= dry cow therapy and DA= displaced abomasum.
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APPENDIX 7.1 
 

Table A.7.1. CQM first audit results of participating herds (n= 71) compared to Ontario 

averages (n= 4,001). 

Variable 

Participant Herds  Ontario Herds 

Mea
n 

SD Min. Max. 
 

Mean SD Min. Max. 

Major CARS 0.6 1.5 0 7 
 

0.5 1.5 0 14 

Minor CARS 1.9 1.4 0 6 
 

1.9 1.7 0 13 

Demerits 2.8 3.3 0 15 
 

2.5 3.3 0 30 

CCP 1- 
Milking of 

treated 
animals 

0.3 0.5 0 3 

 

0.2 0.5 0 3 

1represents the maximum and minimum number of penalties assigned to herds in a 

month. 
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Figure A.7.1. Comparison of herd-level antibiotic use by importance to human medicine (n=71).  Solid line represents overall percent 

of antibiotic administrations categorized as Category I.  Dashed line represents overall percent of antibiotic administrations 

categorized as Category II.  Dotted line represents overall percent of antibiotic administrations categorized as Category III. 
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Figure A.7.2. Comparison of missing information and recording inaccuracies for total record 

database (n=8,443).  (Note- recording inaccuracies were not evaluated for treatment date, dosage 

used, written milk and meat withdrawal, and treatment initials).
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Figure A.7.3. Comparison of individual herd performance on record quality by type of missing information in each record entry (n=71).
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Figure A.7.4. Comparison of individual herd performance on record quality by type of recording inaccuracy in each record entry 

(n=71). 
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Figure A.7.5. Comparison of overall record quality of individual herds (n=71).  Dashed line represents overall herd average percent of 

records with missing information.  Dotted line represents overall herd average percent of records with recording inaccuracies
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CHAPTER 8: CONCLUSIONS 

 

8.1 INTRODUCTION 

 The Dairy Farmers of Canada (DFC) sought to develop and implement a 

progressive and proactive approach to promoting dairy food safety and quality on farms 

through the Canadian Quality Milk (CQM) program.  Program goals and objectives 

targeted identification and mitigation of risks to milk and meat that may occur at the farm 

level.  Additionally, within the program’s targets, prudent and responsible use of antibiotics 

by dairy producers is promoted, in addition to decreasing risk of antibiotic residues in milk 

and meat, through on-farm record keeping with compulsory recording requirements.  DFC 

targeted Fall 2015 to complete registration and, at minimum, the first CQM validation visit 

for all Canadian dairy farms.  Evaluation of dairy producers’ performance at their first 

CQM validation visit, and evaluation of compliance with the antibiotic record keeping 

protocol required by CQM had yet to be completed/published, nationally or provincially, 

as of the writing of this thesis.  Beyond program implementation, monitoring and 

evaluating hazard analysis and critical control point (HACCP) and HACCP-based 

programs is necessary to ensure that program directives are achieved and to identify areas 

of concern.  Program assessment beyond ensuring that all participants are registered or 

credentialed is essential to maintain program efficacy and rigor.   

This research aimed, in part, to describe Ontario dairy producer performance at first 

CQM validation visit and producer compliance with CQM antibiotic record keeping.  By 

studying the CQM program and CQM antibiotic records in Ontario, the second largest milk 

producing province in Canada (Canadian Dairy Commission, 2018), an understanding of 
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CQM performance for a large number of Canadian dairy producers could be achieved.  

Uniquely, Ontario also offered insight into the impact of producer training for success at 

their first food safety audit, due to the voluntary producer training program offered by the 

Dairy Farmers of Ontario (DFO).  Additionally, through analysis of on-farm treatment 

records and a producer questionnaire, current antibiotic use practices and approaches for 

milking cows in Ontario were explored, contributing to an update of the knowledge in this 

area.    

8.2 GENERAL CONCLUSIONS 

The first objective of this thesis was to understand CQM Advisor experiences with 

the voluntary producer training program offered by DFO to Ontario dairy producers prior 

to their first CQM validation visit.  A survey of CQM Advisors (n= 91) was conducted 

with approximately 51% of CQM Advisors responding.  Previous studies have noted the 

importance of the producer-veterinarian advisor relationship for producer education and 

knowledge transfer (Young et al., 2010a; Moore et al., 2000; Rodrigues and Ruegg, 2005), 

given that the majority of CQM Advisors are veterinarians, it was unsurprising that the 

majority of survey respondents were veterinarians.  Overall, respondents, both veterinarian 

and non-veterinarian, indicated that the training program was a positive experience and 

believed that producers benefited from the opportunity to have training prior to their first 

CQM audit.  Furthermore, no differences in opinions, number of producers trained, or 

producer performance on the first audit were observed for veterinarian and non-

veterinarian CQM Advisors.  This was an important finding as it indicates that structured 

producer training programs can be effectively delivered by Advisors with varied 

backgrounds.  A Wisconsin study of multi-personnel milk quality teams reported similar 
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results with improved herd performance occurring following interaction with both 

veterinarian and non-veterinarian team members (Rodrigues and Ruegg, 2005).   

Although aggregate differences between veterinarian and non-veterinarian 

Advisors were not observed, factors associated with individual Advisor experiences were 

found.  The fact that Advisors who had a stronger belief in the benefits of the CQM program 

were more likely to bill for extra time suggests they may have perceived greater value in 

their services.  Additionally, this would also suggest that producers were willing to not only 

engage in this extra training with Advisors but also that their perceived value in this 

additional training was such that they were willing to pay for it.   

One interesting finding of the study was that Advisors who trained more producers 

indicated that they spent more time with their producers.  However, Advisors who trained 

fewer producers, and spent less time training those producers, also had producers who 

received fewer demerits at their first audit.  Given the study design and use of a survey to 

determine Advisor experiences it was not possible to disentangle this relationship further.  

As this result was contrary to the expectation that spending more time with producers 

would result in improved performance at the CQM audit, further research should focus on 

evaluating this relationship.  It is possible that this reflects differences in the producer 

groups, rather than in the Advisor.  It may be that producers who quickly grasped the 

concepts of CQM may have required less training to be successful at first audit.  Previous 

research has noted that motivation of producers to improve on-farm conditions is an 

important factor in achieving change (Valeeva et al., 2007).  If some producers were less 

motivated to prepare for CQM, this may have created a spurious association with Advisor 

performance based on the study design.  Understanding this relationship will be important 
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for the design and administration of future training programs to ensure that producers are 

effectively grasping the importance of these training programs.   

The association with training fewer producers and producers receiving fewer 

demerits is less clear.  Using a qualitative approach for future research would be beneficial 

to disentangle this relationship.  It is possible that those Advisors who trained fewer 

producers were better able to tailor a specific training approach to a specific producer given 

that they had a lesser number of producers to train.  This may have resulted in an improved 

training/learning experience as was manifested in the audit results where the producer 

received fewer demerits.  The study design did not allow for an evaluation of how Advisors 

achieved their producer training numbers nor was the study designed to evaluate how a 

producer may have selected a CQM Advisor.  The design of the CQM Advisor program 

was such that an Advisor needed to train five producers before payment for training was 

initiated.  After five producers were trained, payment for those trainings would be applied 

retroactively and payment for any additional producers trained would occur on an ongoing 

basis.  Failure to reach that five-producer threshold would result in an Advisor not receiving 

compensation for their training time.  Thus, there was incentive to reach that five-producer 

threshold but determining how Advisors determined their training schedules and how 

producers selected CQM Advisors is merited in future research to further explore the 

impact of Advisor and training time on producer performance. 

Finally, there appeared to be an impact of the type of training an Advisor was 

offering on number of producers trained.  Advisors may have offered classroom only 

sessions, on-farm only sessions, or a combination approach with producers completing 

both classroom and on-farm sessions.  Advisors who offered both classroom and on-farm 
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training sessions trained more producers.  However, whether this meant that the producers 

trained by those Advisors completed combination training or individual classroom or on-

farm sessions could not be determined from the survey.  Previous research has found that 

varied approaches to training may be more efficacious with combination training likely to 

provide the most opportunity for knowledge transfer (Boccas et al., 2001; Jansen et al., 

2010; Roche et al., 2015).  Therefore, further understanding the impact of training type on 

producer performance is also an important consideration when evaluating Ontario’s CQM 

training program. 

 The second objective of this thesis was to evaluate the impacts of the DFO training 

program on the first CQM validation visit outcomes.  The CQM training and first audit 

results database was acquired from DFO for statistical analysis to perform this objective 

(4,001 Ontario dairy herds).  Overall producer performance (pass/fail) on audit as well as 

individual performance parameters of major and minor corrective action requests (CARS) 

and demerits were evaluated against the three types of training offered: 1) classroom only, 

2) on-farm only, and 3) combination (classroom and on-farm sessions).  Impact of training 

on the three critical control points (CCP) and select best management practices (BMP) 

evaluated during the CQM audit were also analyzed.  Finally, herd-level attributes were 

evaluated as potential associations with type of training completed by producers.  The 

voluntary training program offered to Ontario dairy producers was very popular, with 

almost 90% of producers taking advantage of the training opportunity prior to their first 

CQM audit.  Combination training was the most popular type of training completed, 

followed by on-farm only and classroom only.  Overall, the proportion of farms which were 

successful at the first CQM audit was high for Ontario herds at 79.6%.  As suggested by 
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the strong training participation percentage and audit success percentage, training was 

statistically associated with success at first CQM audit.  However, the impact of training 

on producer success was not equivalent across the three types of training offered.   

Study findings indicated that combination training outperformed no training, 

classroom only and on-farm only training in most aspects of the CQM audit; overall 

outcome, assignment of major CARS, and infractions from certain CCP and BMP.  

Previous studies have also shown that combination training methods can be more effective 

for disseminating information to dairy producers (Boccas et al., 2001; Roche et al., 2015; 

Winder et al., 2018).  The combination training style can cover more material and 

effectively convey theoretical learning through classroom sessions and experiential 

learning through on-farm sessions.  Thus, this training approach is likely to be effective for 

a variety of learning styles.  Producers themselves have noted in previous research that they 

value experiential learning (Franz et al., 2010) and other researchers have found that varied 

communication strategies are the optimal strategy for producer outreach (Jansen et al., 

2010).   

The variability of outcomes observed amongst the DFO field service 

representatives (FSRs) who completed the CQM audits is concerning.  Standardization and 

periodic evaluation of assessor agreement are essential determinants of program success 

and repeatability of results (Lievens, 2001; Vasseur et al., 2013).  While the CQM audit 

was developed to be a standardized procedure, our findings suggest that more frequent 

evaluation of auditors for agreement and repeatability on a continual basis may be 

necessary to ensure that the program is being properly and fairly enforced across all dairy 

farms.   
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A lack of training impact on the CCP of milking of treated animals and the BMP of 

milking management is also concerning.  Further research is needed to disentangle whether 

this lack of effect is truly a lack of training effectiveness for these areas of CQM, a result 

of an oversight in the training given to producers, or a lack of motivation on the part of the 

producers to make improvements in these areas.  A survey of earlier adopting CQM herds 

outside of Ontario, found that ten percent of producers felt that CQM required too many 

records (Young et al., 2010b).  The CCP of milking of treated animals puts an onus on 

producers to keep records of their on-farm treatments.  Furthermore, a study of Ontario 

herds owners’ milking practices observed that there were compliance issues with producers 

not following milking protocols (Belage et al., 2017b), and a separate Canada-wide survey 

also reported that there was variability among the adoption of best milking management 

practices (Belage et al., 2017a).  This suggests that producers may not be engaging as 

effectively in turning knowledge gained through training into management changes in these 

areas on their farms and that alternative training strategies may be needed to increase 

producer compliance.   

 The third objective of this thesis was to determine potential predictors of success at 

first and second CQM audits in Ontario, and to compare any differences in performance 

and problem areas between these two audits.  The CQM audit results database was acquired 

from DFO for statistical analysis to perform this objective for the first and second CQM 

audits (1st audit: 4,001 Ontario dairy herds; 2nd audit: 2,203 Ontario dairy herds).  Overall 

producer performance (pass/fail) on each audit as well as individual performance 

parameters of major and minor CARS and demerits were evaluated against herd-level 

associations.  Associations with infractions for CCP and select BMP evaluated during the 
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CQM audit were also analyzed for each audit.  Impact of training was analyzed exclusively 

for first audit herds as the DFO training program was only offered prior to the first CQM 

audit.  The proportion of producers who were successful at the second CQM audit was 

significantly higher than for the first audit.  This was expected as these producers had 

already successfully completed their first CQM audit, and in order to continue with 

program compliance and ensure success at future audits producers would primarily have to 

maintain their CQM management protocols.  Problem areas did remain and there were 

similar issues that recurred in the second audit, even though the number of infractions 

assigned was reduced.  This was likely a result of both stricter limits for the number of 

infractions permitted in order to be compliant, and improvements made by producers 

following their first audit.   

There was also a significant association between audit year (cohort) and outcome 

for both the first and second CQM audits.  This may suggest the existence of a temporal 

cohort effect, especially among the first two cohorts of producers enrolled in CQM (first 

CQM audit occurring in 2011 or 2012).  There were significant differences in milk quality 

parameters between these two cohorts, however the directional relationships were contrary 

to those observed in similar studies.  The first cohort of CQM audited producers had higher 

odds of success at first validation visit, but as a group had higher bacteria counts as defined 

in the current study (Chapter 4).  These higher bacteria counts were analyzed as an annual 

average by cohort meaning that annual bacteria counts were not analyzed across the same 

time period.  Future studies should seek to further explore the impact of this relationship, 

especially given that the current research observed an inverse relationship between bacteria 

count and odds of success at audit compared to previous studies of on-farm milk quality 
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audits.  In previous research, high bacteria count herds were observed to be more likely to 

have on-farm hygiene and bulk tank management issues (van Schaik et al., 2002; 

Elmoslemany et al., 2009; Velthuis and van Asseldonk, 2011) and subsequently were less 

likely to be successful in milk quality audits (Flores-Miyamoto et al., 2014).  While 

components of CQM referenced milk quality, CQM was a HACCP-based audit comprising 

evaluation beyond a milk quality audit.  Analysis of implementation of HACCP-based 

programs on dairy herds by Vilar et al. (2012) identified that farm and farm worker 

participation is an important factor in successful implementation.  Therefore, a more 

detailed analysis beyond evaluating milk quality parameters and farm types may be 

necessary to fully understand the driving factors for producer success during CQM audits.  

Future research should seek to evaluate the impact of herd manager and farm worker on 

CQM audit outcomes.  

 The fourth objective of the present thesis was to describe Ontario dairy producers’ 

perceptions and approaches to antibiotic use for mastitis treatment and prevention.  A 

survey was designed to evaluate this objective and was distributed electronically via email 

and a weblink from DFO and physically through mail-outs to Ontario dairy farmers.  The 

proportion of dairy producers responding to repeated requests to participate in this study 

were disappointingly low, and though all geographic regions of Ontario were represented, 

as were all milking system types and variable herd sizes, extrapolation of results beyond 

the study population should be done with extreme caution.  Producers indicated varying 

levels of concern regarding changes to antibiotic use, and producer education level 

emerged as an association with producer concern; a higher level of education was 

associated with less concern.  The expectation was that producers with more advanced 
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levels of education would exhibit a greater level of antibiotic knowledge as demonstrated 

in a previous study (Redding et al., 2014) and therefore would be more concerned about 

regulatory changes; however, the opposite was observed in this study.  A higher level of 

education was associated with less concern regarding changes to antibiotic use suggesting 

that the producers in this study may be using their understanding of antibiotics to reduce 

their level of concern regarding potential changes to antibiotic use regulations.  It is also 

possible that this finding was influenced by changing approaches to antibiotic use on dairy 

herds, which may also be alleviating producer concerns.  For example, the percentage of 

producers treating 100% of mastitis cases with antibiotics (11%) in the present study was 

lower than that observed in an earlier Canada-wide study (Young et al., 2010b).   

Veterinarians were identified as important consultants for advice on which 

antibiotics to use for mastitis treatment in the present study, however, producers also 

appeared to be relying strongly on personal experience to determine a treatment course.  

This finding has been observed in previous studies (Zwald et al., 2004; McDougall et al., 

2017).  Previous studies on mastitis treatment have also reported that producers will treat 

cows based on clinical signs without considering bacterial etiology (Raymond et al., 2006; 

Jones et al., 2015; Swinkels et al., 2015).  This can result in inappropriate antibiotic uses 

and ineffective treatments.  Our findings indicate that producers are likely also using this 

approach by focusing treatment on cow-based signs, with few producers indicating that 

obtaining milk cultures was a common practice for guiding mastitis treatment.  Based on 

study design we were unable to determine whether producers were not using these 

diagnostic tools as a result of already having identified common mastitis pathogens on their 

farm and developing treatment plans accordingly.  Mastitis pathogen profiles may be 
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region, management, and/or herd specific (Olde Riekerink et al., 2008).  Thus, if a producer 

has already established knowledge of their herd’s mastitis pathogen profile and developed 

a treatment plan which continues to prove efficacious, they may be less likely to continually 

perform milk cultures or use other diagnostic tools to identify the causal pathogen.  

Understanding if this is what is occurring will be an important determinant for 

demonstrating that producers are selecting appropriate treatments and prudently using 

antibiotics for mastitis treatment.  Future research should seek to further explore why 

Ontario dairy producers may choose not to rely on diagnostic tools to determine causal 

pathogen before treating a case of mastitis and how knowledge of herd mastitis pathogen 

profile may impact their decision-making process.     

 The fifth objective of this thesis was to describe antibiotic use in the milking herd 

on Ontario dairy farms, as captured by CQM treatment records, and to evaluate these 

records for compliance with CQM requirements.  Herds were recruited from those who had 

participated in a survey on antibiotic approaches to mastitis treatment and prevention 

(Chapter 5 and Chapter 6).  Records were collected in-person from 71 herds for antibiotic 

treatments in calendar year 2014; 89 herds originally agreed to participate with nine later 

withdrawing participation, two herds had records which were not legible and could not be 

analyzed, two herds identified as organic with no antibiotic treatments in the year of 

interest, and five conventional herds indicated that they did not have any antibiotic 

treatments in the year of interest (this was considered suspect).  Given that records were 

formatted differently across the 71 participant herds, all records were transcribed by hand 

into a standardized, central database for analysis.   
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Similar to previous research (Pol and Ruegg, 2007; Menéndez González et al., 

2010; Nobrega et al., 2017), mastitis treatment and prevention were the most common 

reason identified by the present study for administration of antibiotics to the milking herd.  

Overall, ß lactams were the most commonly administered antibiotic, matching previous 

Canadian findings (Saini et al., 2012) as well as international findings ((Zwald et al., 2004; 

Menéndez González et al., 2010; Stevens et al., 2016).  A previous Ontario study reported 

similar breakdowns in antibiotic categorization by human importance (Category II or High 

Importance being most common) (Léger et al., 2017), however, comparisons of antibiotic 

administration by administration route between Léger et al. (2017) and the present study 

identified differences.  Namely, Léger et al. (2017) found that injection was the most 

common route of administration for antibiotic treatments of Ontario dairy cows compared 

to intramammary infusions in the present study.  The data collect by Léger et al., (2017) 

preceded the data in the present study by over a decade, which may explain the differences 

in product availability and approaches to treatment.   

Over one-fifth of the treatments administered in the present study were of Category 

I, or Very High Importance for human medicine, antibiotics.  It should be noted that this 

study did not evaluate animal dosages, rather overall percentage of treatments 

administered.  The majority of these Category I antibiotics were administered via the 

intramammary route, which is a positive as intramammary administration is associated 

with a decreased risk for the development of antibiotic resistance compared to systemically 

administered antibiotics (Nobrega et al., 2018).  Additionally, intramammary 

administrations are pre-measured dosages and the likelihood of administering the dose 

incorrectly or administering a subtherapeutic dosage is diminished.  Nonetheless, the level 
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of Category I usage observed still merits further study to determine how these antibiotics 

are being used and if other lower importance antibiotics may be viable alternatives.  This 

is especially necessary given that evaluation of treatment records against CQM 

requirements yielded discrepancies in the quality of record keeping such that proper 

treatment approaches and antibiotic administrations could not always be ascertained from 

the records.  If producers are not dosing or administering antibiotics properly this will 

increase the risk of development of antibiotic resistance.  It also calls into question 

confidence in appropriate on-farm antibiotic use and demonstration of safe food production 

practices.  These are also issues of increasing importance to consumers and should not be 

disregarded.   

 The majority of CQM records evaluated were paper-based, however, recording 

issues and inconsistencies were identified across all recording systems.  The variability in 

record quality and high percentage of missing information for some required elements of 

CQM was especially concerning given that all herds had been CQM validated.  Thus, these 

herds were aware of the CQM requirements and therefore had possibly only maintained 

accurate records for the CQM audit period or, of greater concern, this potentially highlights 

an oversight of the auditors when evaluating CQM compliance.  Given that the CCP for 

milking of treated animals is heavily focused on record keeping, this points to a potential 

deficiency of the CQM audit or audit process.  Results in the present study were similar to 

previous findings where producer records contained missing information with route of 

administration and dosage being common areas for missing information (Menéndez 

González et al., 2010; Wenz and Giebel, 2012; Nobrega et al., 2017).  However, the records 

in the present study were missing dosage information at half the rate of a similar Canadian 
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study (Nobrega et al., 2017).  This may point to a positive impact of CQM as Nobrega et 

al. (2017) were not evaluating CQM records.  No recording system was infallible in the 

present study with both paper-based and electronic systems demonstrating separate issues 

for missing information and recording inaccuracies.  The findings of the present study 

should be used to inform educational initiatives and advising strategies to aid producers in 

improving their on-farm record keeping. 

8.3 FUTURE RESEARCH AND IMPLICATIONS 

Overall findings of the present thesis pertaining to the CQM program in Ontario 

identify positive impacts of the program as well as discrepancies which should be 

addressed in future.  The DFO training program proved successful in preparing producers 

for their first CQM audit and second audit results indicated strong producer compliance 

and performance was maintained beyond the first audit.  Despite this, variability observed 

amongst FSRs as well as producer compliance issues with CQM records should not be 

ignored, otherwise program integrity may become suspect.   

Future research should focus on better understanding individual farm and producer 

factors which are impacting performance at CQM audit as well as advisor impacts, training 

approaches, auditing process, and auditor training/standardization.  Developing a greater 

understanding of why training was more impactful with certain elements of CQM will also 

be important in informing future producer education programs.  Additionally, more 

research is needed to understand producer rationale for using critically important 

antibiotics recognized to be of high importance on their farms and to enhance better on-

farm record keeping systems or processes which achieve greater producer compliance.  To 
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demonstrate prudent and appropriate antibiotic use the Canadian dairy industry must be 

able to produce meaningful, complete, and accurate treatment records.   

Finally, the Canadian dairy industry seeks to be proactive in addressing consumer 

concerns, food safety, stewardship, and sustainability in the dairy industry through the 

creation of CQM and the ongoing proAction initiative.  In order to have continuous 

improvement, the industry must not become complacent and reliant on the use of producer 

accreditation alone as a representation of compliance.  Stringent auditing processes must 

be maintained and validated.  In addition, within-program evaluation of standards must 

continue to ensure HACCP-based principles are maintained for CQM and for program 

integrity in general. 

This research provides the first published analysis of first and second CQM audit 

results, associations with producer performance during these two audits, impacts of the 

producer training program, and independent analysis of compliance with CQM 

requirements for antibiotic records for lactating dairy cows in the province of Ontario.  

Analysis of CQM for other Canadian provinces should also be completed in future to 

identify associations with producer performance, compare producer performance, and 

compare audit problem areas.  This will be essential to determine any geographic or 

jurisdictional differences and to ensure that the requirements of CQM are being 

administered in a standardized approach across Canada.  

8.4 STUDY LIMITATIONS 

 Chapters 2, 5, and 6 used surveys as a data collection tool.  As a result, there are 

intrinsic limitations which could not be controlled given that the majority of questions were 

closed-style questions to enable a more user-friendly approach and shorter duration to 
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completion for participants.  However, ability to fully interpret data can be limited by this 

approach if the pre-set survey responses failed to adequately anticipate likely participant 

responses.  Pre-testing of both surveys was completed as a means to mitigate this issue, 

nonetheless, limitations in ability to fully interpret results from some of the survey analyses 

remained given the inherent restrictions of survey-based responses.  Expanding upon the 

results obtained in these three chapters by using qualitative data collection techniques 

would enable a more thorough understanding of participant experiences and attitudes. 

 In Chapter 2, participant recruitment was exclusively via the internet.  While this 

could have resulted in selection bias based on recruitment strategies, this risk of bias due 

to this selection approach is considered minimal for this particular study.  This is because 

all CQM Advisors in Ontario were contacted using the email address they supplied to DFO 

and from the public listing of CQM Advisors maintained on the DFO website; this site was 

provided so that producers could view a list of CQM Advisors and contact them.  Given 

that Advisors were supplying their email as a method for producers to contact them for 

their services it is unlikely that using this approach to recruit CQM Advisors for the present 

study introduced bias due to this approach.  However, this does not negate the fact that 

participation bias may have occurred.  We did not have a way to compare respondents and 

non-respondents in this chapter therefore, we cannot dismiss that participants may have 

varied in their responses from the non-participant group.  Further discombobulation is 

presented in the fact that this master list of CQM Advisors presents those Advisors who 

were able to train producers but provides no record of whether they actually trained 

producers or whether they trained enough producers (five) to reach the threshold for 

compensation.  Thus, the 51% response rate reported may be underestimating the true 
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response rate as not all Advisors ultimately trained producers.  The internal validity of this 

study is expected to be high however, external validity for Ontario may be impacted by the 

study design related to bias.   

Recall bias cannot be discounted with the retrospective nature of this study.  CQM 

Advisors were surveyed at the end of 2014/beginning of 2015 and the first CQM audits for 

which herds may have sought training occurred in 2011.  Therefore, there may have been 

a significant range in time over which an Advisor had conducted training or even a lag 

between training and the present study if they had only trained herds early in the CQM 

audit process.  This may have resulted in bias in remembering events or experiences when 

training producers.  Overall, generalizability of results to Advisor experiences for other 

producer training programs would be cautioned unless those programs were highly 

comparable to the DFO CQM training program. 

 Chapters 3 and 4 used a database for analysis therefore eliminating potential bias 

related to participant recruitment, recall, or any participant social bias.  Results are highly 

applicable within the province of Ontario for evaluations of CQM training and first audit 

results given that all Ontario herds were analyzed.  As results for the second audit were 

only available for approximately half of Ontario herds generalizability of second audit 

results is somewhat cautioned.  Limitations to these two studies exist in the ability to 

extrapolate beyond Ontario.  Impact of the DFO training program for first audit results was 

significant for many of the audit areas in both univariable and multivariable analyses.  As 

this training was an Ontario specific program, generalizability of findings to other 

Canadian provinces is cautioned for first audits, although the standardization of the CQM 

audit process across Canada should enable extrapolation of herd-level risk factors.   
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 Mitigation of selection bias for the recruitment of participants in the antibiotic 

survey (Chapters 5 and 6) was attempted by recruiting participants through multiple 

methods and by offering participants the ability to answer electronically or on paper.  

Despite a multi-pronged approach to recruitment and survey administration, response rate 

was quite low (2.5% of Ontario herds).  This low response rate may limit the ability to 

extrapolate results in general to Ontario and Canada.  However, comparison of participants 

and non-participants across herd-level attributes and milk quality parameters was possible 

to give more context to the validity of the results.  This comparison showed that free-stall 

herds were overrepresented in the study population and tie-stall herds were 

underrepresented compared to Ontario as a whole.  Additionally, participant herds had a 

higher milk production, lower bulk tank SCC, and higher bulk tank bacteria count than 

Ontario herds on average.  Therefore, these factors must be considered when generalizing 

results to Ontario or Canadian dairy herds.   

 As noted in Chapter 2, recall bias may also be an issue for Chapters 5 and 6 along 

with social desirability bias.  Antibiotics and antibiotic use can be a controversial topic and 

producers may have been driven to answer the survey based on what they perceived to be 

a “correct” response to the questions posed leading to biased results.  The finding of a 

discrepancy between the percent of producers indicating that they consider milk culture 

results when determining a treatment course (38%) and those that answered they obtained 

milk culture results as a common practice for treatment of mastitis (30%) would appear to 

allude to the fact that some social desirability bias may be occurring.  Recall bias is 

considered to be less likely for this survey given that it was questioning producers on their 

present mastitis treatment approaches and attitudes and perceptions towards antibiotic use.  
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However, the cross-sectional approach also adds study limitations, specifically in the 

longitudinal applicability of results.  The purposes of these two studies were to provide a 

snapshot of mastitis treatment and prevention practices and producer attitudes and 

perceptions towards antibiotic use in Ontario; for this the survey design suited study 

purposes.  However, long term application of results needs to consider changing regulations 

regarding antibiotic use on dairy herds, changing product availability, and changing 

attitudes of stakeholders towards antibiotic use in dairy herds.   

 For Chapter 6, generalizability of results also must be cautioned due to the small 

sample size which limited statistical analysis.  Multivariable regression analysis was not 

possible but the results of this study will be useful in informing data collection and analysis 

for future studies of a similar nature but larger scale. 

 The herds participating in Chapter 7 were a convenience sample from those 

recruited for Chapters 5 and 6, therefore selection and participation bias cannot be 

discounted.  As noted, these herds did differ from the average Ontario herd and therefore, 

these differences must be considered when generalizing results beyond the study herds.  

Comparison of participant and non-participant herds for this study also revealed that study 

herds were actually less successful at their first CQM validation visit despite study herds 

having a higher percentage of herds completing training prior to first CQM audit; study 

herds and Ontario herds were comparable across other aspects of the first CQM audit.  

While efforts were made to prevent producers from altering or correcting records prior to 

collection this could not be guaranteed and the possibility must be considered.  

Additionally, a single person collected, transposed, and analyzed all records which would 

have mitigated any bias due to record interpretation and standardization.  Finally, the 
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standardization, Canada-wide, of CQM requirements for record keeping should enable 

generalizability of study results to Canada but caution must be maintained given differing 

interpretations between auditors or at the provincial level of policy interpretation.   

In general, producer participation was a significant challenge for the antibiotic 

survey and antibiotic records studies in this thesis.  Recruitment of producers for the 

antibiotic survey proved difficult even with a multimodal approach to enrollment.  The 

topic of the survey may have been a deterrent to producer participation or “survey fatigue” 

may have occurred given that several other studies surveying dairy producers across a 

range of topics occurred in short succession.  The fact that further attrition of participants 

occurred during recruitment for the antibiotic treatment records study would suggest that 

producers may have concerns about participating in studies regarding antibiotic use and 

records.  Having veterinarians and producer groups engage with producers and support 

research and activities related to understanding and promoting judicious and prudent use 

of antibiotics is important.  Anecdotally, producers became more receptive to the study 

during the on-farm visits to collect their CQM records.  In the future, travelling to farms to 

recruit producers with veterinarians or other dairy associated professionals, or having these 

professionals recruit producers, may be a more efficacious method.   This approach would 

give participants the opportunity to ask questions and have their concerns addressed 

directly and with less conjecture than may arise from less personnel recruitment methods 

such as mailed or emailed recruitment materials. 
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