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ABSTRACT 

ANTIMICROBIAL USE BY FREE-STALL DAIRY PRODUCERS AND 
VETERINARIANS IN ONTARIO 

David F. Leger 
University of Guelph, 2009 

Advisor: 
Dr. D. F. Kelton 

The primary objective of this study was to describe antimicrobial use by 

dairy veterinarians and producers in Ontario. Data were collected through 

producer and veterinary questionnaires, which were mailed and self-

administered. Antimicrobial use findings were presented by categories of 

importance to human medicine. Both producer and veterinary respondents 

ranked mastitis, reproductive infections and lameness as the most common 

reasons for antimicrobial use in lactating cows. Responding practitioners 

indicated the requirement for veterinary consultation prior to dispensing 

antimicrobials increased as the veterinary-client-patient-relationship became 

more tenuous. Beta-lactam antimicrobials and tetracyclines accounted for the 

majority of dispensing on a frequency basis. Ceftiofur was the most frequently 

dispensed antimicrobial categorized as very highly important to human medicine. 

Potential antimicrobial resistance emergence was not a primary consideration in 

antimicrobial selection. Veterinarians agreed that antimicrobial use in the dairy 

industry was a contributor to antimicrobial resistance in cattle and not to 

resistance in human medicine. 
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CHAPTER ONE 
INTRODUCTION AND LITERATURE REVIEW 

INTRODUCTION 

Bacterial infections are prevalent in dairy herds and antimicrobial use is 

common in conventional dairy production (Larson, 1975; Meek et al., 1986; 

Meek et al., 1986; Hady et al., 1993; Hady et al., 1993; Sawant et al., 2005). 

Emerging evidence from studies assessing the ecology and epidemiology of 

antimicrobial resistance indicate linkages between agricultural uses of 

antimicrobials in food-animal production and the development and transfer of 

resistance genes to human populations via the food chain (Threlfall et al., 

2000; van den Bogaard and Stobberingh, 2000a; Witte, 2000b; Winokur et al., 

2001; Oppegaard et al., 2001). Concerns over the potential public health 

impact of antimicrobial use and resistance in food-producing animals 

(Lathers, 2001; Lipsitch et al., 2002; Angulo et al., 2004; Lathers, 2002) 

resulted in calls for the preservation of important antimicrobials (Barton, 2000; 

Molbak, 2005) through their more prudent use in agriculture (World Health 

Organization, 2000; Avorn et al., 2001; Veterinary Drugs Directorate, 2002; 

Veterinary Drugs Directorate, 2002). In response, prudent use guidelines 

were developed by veterinary organizations (American Association of Bovine 

Practitioners, 1999; Canadian Veterinary Medical Association, 2001; 

American Veterinary Medical Association, 2005) and policy recommendations 

were proposed (Veterinary Drugs Directorate, 2002; FAAIR Scientific 

Advisory Panel, 2002; American Veterinary Medical Association, 2005; Morley 
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et al., 2005). Common elements among prudent use guidelines were the need 

for a valid veterinarian-client-patient-relationship (VCPR), considerations in 

antimicrobial selection, the need for written treatment protocols and 

dispensing records, the promotion of husbandry practices that will have a 

sparing effect on antimicrobial use, and on-going veterinary and producer 

education regarding antimicrobial use and resistance. Policy 

recommendations also identified the need for ongoing surveillance of 

antimicrobial use and resistance, a requirement for veterinary prescriptions for 

all animal administrations, and the need to identify and preserve 

antimicrobials of critical importance to human medicine. 

The World Health Organization and the World Organization for Animal 

Health (also known as the OIE) have, using different criteria, developed lists 

of critically important antimicrobials to human and veterinary medicine, 

respectively (FAO/WHO/OIE, 2008). The Veterinary Drugs Directorate (VDD), 

Health Canada, has developed its own ranking of antimicrobials into 

categories of importance to human medicine (Veterinary Drugs Directorate, 

2006). Antimicrobial use data from this study was presented and discussed 

using the VDD categorization scheme. 

Antimicrobials are used in animal agriculture to treat sick animals 

(therapeutic), to prevent disease (prophylactic) and to increase production 

(growth promotion) through various routes of administration (McEwen and 

Fedorka-Cray, 2002). Other than ionaphores, lactating dairy cattle are rarely 

mass medicated with antimicrobials via feed or drinking water, largely for 
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reasons of milk residues. Lactating cows are exposed to antimicrobials 

primarily by intramuscular, intravenous and subcutaneous injection, 

intramammary infusion, intrauterine administrations, and topical foot 

application (Wagner and Erskine, 2006; Apley and Coetzee, 2006). 

Over 1991-2001 the trend in Ontario food-animal agriculture was 

toward regional concentrations of livestock, which saw the dairy industry 

move to a more commercial production model as dairy herd sizes increased 

in the face of shrinking herd numbers (Beaulieu and Bedard, 2003). 

Concomitant with a rise in herd expansions came an increase in European 

immigration to southern Ontario that resulted in many new or remodeled 

larger dairy facilities (Wolleswinkel, 2001; Eveland et al., 2005; Eveland et al., 

2005). Emerging information regarding the impact of barn design on cow 

comfort, milk production and udder health appeared to inform decisions 

around barn construction that incorporated concepts that would improve the 

cow environment (Bewley et al., 2001). 

Concerns associated with on-farm food safety contributed to the 

development of several industry initiatives directed at producers: Livestock 

Medicines Education Program (Livestock Medicines Education Committee, 

2008) and Canadian Quality Milk (Dairy Farmers of Canada, 2009). Driven 

primarily by residue avoidance, both programs provide information to 

producers regarding the proper handling and administration of drugs on 

farms, including antimicrobials, and producers were encouraged to develop 

and use treatment protocols under the guidance of a functional veterinary-
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client-patient-relationship (VCPR). Similarly, recommendations have been 

made for the development of case-specific clinical practice guidelines for 

veterinarians that could direct the provision of written farm protocols to limit 

the use of important antimicrobials (American Association of Bovine 

Practitioners, 1999; Veterinary Drugs Directorate, 2002; Morley et al., 2005). 

Information on how producers incorporate antimicrobials into 

therapeutic approaches, with or without direct veterinary supervision, to 

treating bacterial infections prevalent in lactating cows will contribute to 

identifying opportunities for rationalizing antimicrobial use in the dairy 

industry. An understanding of how veterinarians dispense antimicrobials, 

communicate and record use instructions will also identify potential 

intervention points that could affect use. Qualitative and quantitative 

information about the antimicrobials used by veterinarians for disease 

prevention and treatment in dairy cattle, including those that are of very high 

importance to human medicine, are fundamental to understanding the 

associated potential public health hazards. 

LITERATURE REVIEW 

Mechanisms of Antimicrobial Action, Resistance Development and 
Dissemination 

To be inclusive of all anti-infective agents employed in the treatment of 

bacterial infections of dairy cows, the broader term "antimicrobial" will be used 

throughout this thesis in lieu of the more common term "antibiotic". Both terms 

refer to substances that kill (bacteriocidal) or inhibit (bactiriostatic) microbial 
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growth with minimal impact on the patient (Giguere, 2006). Antimicrobials 

include all agents produced through natural (e.g., penicillins, cephapirin, 

polymyxin, oxytetracycline, lincomycin, erythromycin, streptomycin, 

gentamicin, spectinomycin, novobiocin), synthetic (e.g., florfenicol, 

sulfonamides, trimethoprim, enrofloxacin) or semisynthetic (e.g., ceftiofur, 

tilmicosin) processes, while antibiotics include only those agents derived from 

microorganisms - natural in origin. The term beta-lactam ((3-lactam) refers to a 

broad structural grouping of antimicrobials, which includes penicillins and 

cephalosporins. The outcome of a treatment is a function of the 

pharmacokinetic and pharmacodynamic properties of an antimicrobial, the 

administered dose and bacterial susceptibility (Martinez et al., 2006; Baggot, 

2006). 

Antimicrobials cause bacterial cell death through several different 

mechanisms including impairment of cell wall synthesis, interruptions in 

metabolic pathways and protein synthesis, and DNA replication (Neu, 1992; 

Giguere, 2006). Over time, bacteria have developed mechanisms to resist the 

affects of antimicrobials. The cellular target of an antimicrobial can be 

modified or rendered inaccessible, the agent may be actively removed from 

the cell through efflux pumps, or it may be modified or destroyed before it can 

exert an affect on the microorganism (Boerlin and White, 2006). Resistance of 

a bacterial species to one or more antimicrobial agents may be intrinsic or 

acquired. Being cognizant of which bacteria are known to possess a natural 

innate (intrinsic) resistance to certain antimicrobials, by virtue of its unsuitable 
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morphology or biochemistry, is fundamental to limiting frivolous antimicrobial 

exposures. The ability to resist the affects of antimicrobials may also be 

acquired through genetic mutation or through the transfer of extra-

chromosomal genetic material. Bacteria through transformation can take in 

external DNA from the local environment, e.g., the microbial pool of the 

gastrointestinal tract, transduction by bacteriophage, or through conjugation. 

Various mobile elements can move between bacteria of the same or different 

species (plasmids) or among chromosomes (transposons and integrons) 

within bacteria. Multiple-drug resistance phenotypes can be the result of co-

selection through co-resistance, where resistance determinants are carried on 

common mobile elements, or through cross-resistance, where several 

different antimicrobials exert their affect on the bacterium through a common 

mechanism - thereby, resistance to one confers resistance to many (Baker-

Austin et al., 2006). 

Molecular investigations conducted by Winokur et al. demonstrated 

that plasmids harboring the CMY-2 gene, which is associated with resistance 

to extended spectrum cephalosporins, were transferred between clinical cattle 

and pig isolates of Salmonella and E. coir, similar plasmids were found in 

clinical human isolates indicating transfer among bacterial species, food 

producing animal and humans (Winokur et al., 2001). Research on the 

emergence of Salmonella Newport strains resistant to extended-spectrum 

cephalosporins provided evidence for co-selection of multi-drug resistance 

phenotypes and horizontal transfer (e.g., conjugative plasmids) as 
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mechanisms by which resistance elements can be maintained and 

disseminated from animal reservoirs to human populations (White et al., 

2001; Rankin et al., 2002; Zhao et al., 2003; Alcaine et al., 2005). 

Associations among the probability of fecal shedding of Salmonella and 

previous antimicrobial exposure have been reported but the evidence to 

explain this finding remains inconclusive (Warnick et al., 2003). A case-control 

study, involving 5 case dairy herds that reported outbreaks of Salmonella, 

multi-drug resistant S. Typhimurium or S. Newport were matched through 

their veterinarian with control herds (no Salmonella outbreak), reported that 

commensal E. coli isolates from case farms had significantly higher levels of 

resistance and more multi-drug resistance compared to control farms 

(DeFrancesco et al., 2004). Researchers hypothesized these findings could 

be the result of increased selection pressure, antimicrobial use, on case farms 

and/or clonal expansion of resistant genotypes or horizontal transfer of mobile 

genetic determinants across different species of bacteria. A Norwegian study 

of a single dairy farm, where different antimicrobials were used to treat 

Staphylococcus aureus mastitis, collected fecal swabs from 13 cows, 3 farm 

family members and the herd veterinarian, with a repeat sampling a year 

later. The predominant resistance phenotype among E. coli isolates was a 

multi-drug resistant profile, which included tetracycline-streptomycin-

trimethoprim-sulfonamides; from molecular characterization and serotyping of 

isolates the research concluded that given differences in human and cow E. 

coli serotypes, the dissemination of resistance determinants was likely 
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through horizontal transfer of genes, and not by clonal spread (Oppegaard et 

al., 2001). 

Public Health Concern 

Several reviews have described the ecology/epidemiology and public 

health concerns related to the dissemination of resistant bacteria and/or their 

genetic determinants (vari den Bogaard and Stobberingh, 2000b; White and 

McDermott, 2001). Using examples of streptothricin-resistant E. coli in 

Germany and glycopeptide-resistant Enterococcus faecium in Europe and the 

USA, Witte (Witte, 2000a) outlined the impact of selective pressures through 

antimicrobial use in food-animal agriculture and in human community and 

hospital settings on the maintenance of animal and human reservoirs of 

resistance, and how these reservoirs are interconnected with important 

ecosystems, terrestrial and aquatic, highlighting the importance of the food 

(meat) pathway. Threlfall et al. (Threlfall et al., 2000) described the 

emergence and spread of multi-drug resistant Salmonella Typhimurium 

DT104 among animal and human populations, and its acquisition of 

trimethoprim and fluoroquinolone resistance following increased or new uses 

of these antimicrobials in cattle. The authors appealed for international 

adoption of Codes of Practice that would limit use in food-animals in the hope 

that this would foster efficacy preservation of important antimicrobials. The 

spectre of human illness caused by bacterial infections that are resistant to 

antimicrobials commonly used in both livestock and human medicine led to 

increased debate and scrutiny regarding the use of these drugs in food-
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animal agriculture (Angulo et al., 2000; Lathers, 2001; Lipsitch et al., 2002; 

O'Brien, 2002; Singer et al., 2003; Singer et al., 2003; Angulo et al., 2004; 

Angulo et al., 2004; Molbak, 2005). The potential public health impact of 

resistant commensal bacteria and zoonotic pathogens of food-animal origin 

has resulted in calls for the containment of antimicrobial resistance in animals 

and prudent antimicrobial use in agriculture (World Health Organization, 1997; 

World Health Organization, 2000; Avorn et al., 2001). These calls have in turn 

spawned the development of guidelines and policy recommendations 

regarding the use of antimicrobials by veterinarians and producers (American 

Association of Bovine Practitioners, 1999; Canadian Veterinary Medical 

Association, 2001; Canadian Veterinary Medical Association, 2001; 

Veterinary Drugs Directorate, 2002; FAAIR Scientific Advisory Panel, 2002; 

Veterinary Drugs Directorate, 2002; FAAIR Scientific Advisory Panel, 2002; 

American Veterinary Medical Association, 2005; American Veterinary Medical 

Association, 2005; Morley et al., 2005; Morley et al., 2005). 

Among the various elements common to prudent use guidelines, the 

requirement to dispense only within the confines of a valid veterinary-client-

patient-relationship (VCPR), the need for written antimicrobial use instructions 

and protocols, and the selection of antimicrobials of lesser importance to 

human medicine where possible, were particularly pertinent to this study. 

Veterinary-Patient-Client-Relationship 

The elements of a valid VCPR are defined in a Regulation under the 

Veterinarians Act of Ontario as a relationship where "a veterinarian has 
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assumed the responsibility for making medical judgments regarding the health 

of the animal or group of animals and the need for medical treatment, the 

custodian of the animal or group of animals has indicated a willingness to 

accept the advice, the veterinarian has sufficient knowledge of the animal or 

group of animals by virtue of a history and inquiry and either physical 

examination of the animal or group of animals or medically appropriate and 

timely visits to the premises where the animal or group of animals is kept to 

reach at least a general or preliminary diagnosis, the veterinarian believes 

that the drug is prophylactically or therapeutically indicated for the animal or 

group of animals, and the veterinarian is readily available in case of adverse 

reactions to the drug or failure of the regimen of therapy" (Government of 

Ontario, 1990b). Raymond et al. noted that 94% of producer respondents 

indicated they relied on veterinarians most in dealing with health management 

issues; cost and access to veterinary services were cited as barriers 

(Raymond et al., 2006). From interviews and focus groups involving South 

Carolina dairy producers Friedman et al. (2007) reported that herd 

veterinarians were viewed as credible sources of information about 

antimicrobial use and that a functional VCPR could influence attitudes about 

the impact of antimicrobial resistance on farm workers. Kaneene and Miller 

(Kaneene and Miller, 1992) reported that veterinary presence on farm 

influenced antimicrobial selection by producers. A survey of Pennsylvania 

dairy producers found that approximately one third of the respondents 
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reported consulting a veterinarian prior to the administration of an 

antimicrobial (Sawant et al., 2005). 

Antimicrobial Use Communications 

The value of a VCPR to a producer is borne out of the knowledge and 

diligence brought to the communications process by the herd veterinarian. 

The provision of written case-specific protocols was one element of 

communications pertaining to antimicrobial use, which was investigated in this 

study. A relatively low proportion of producer respondents to surveys 

conducted in Pennsylvania (21%) (Sawant et al., 2005), Washington State 

(27%) (Raymond et al., 2006), and South Carolina (32%) (Friedman et al., 

2007) indicated having written treatment plans in place. Authors of a 

Wisconsin study reported that the use of written treatment protocols increased 

with herd size, likely driven by a need for standardized procedures as the 

number of farm personnel increased, and that 60% were written by a 

veterinarian (Hoe and Ruegg, 2006). Raymond et al. (Raymond et al., 2006) 

also found that only 21% of producers had written diagnostic protocols on-

farm. Interviews with South Carolina producers revealed that while protocols 

may not be available as formal written documents, dairy herd management 

still followed standard operating procedures developed through personal 

experience (Friedman et al., 2007). Considerations in establishing diagnostic 

and treatment protocols for clinical mastitis have been described (Robertson, 

2003). 
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At the time of our survey, the Canadian dairy industry was developing, 

but had yet to implement, the Canadian Quality Milk (CQM) program (Dairy 

Farmers of Canada, 2009). This HACCP-based (Hazard Analysis Critical 

Control Points) program outlined best management practices linked to the 

prevention of specific hazards, including drug use management on farms to 

avoid residues in milk and meat. Under this part of the program, producers 

using an antimicrobial in an extra-label manner are required to do so under 

veterinary prescription and should maintain treatment records (Dairy Farmers 

of Canada, 2003). A Wisconsin survey found that a greater proportion of 

producers with large herds (> 200 lactating cows) kept computerized or paper 

treatment records, while most of those with medium to very small herds used 

calendars or white boards - 15 to 19% of the latter group had no treatment 

records (Hoe and Ruegg, 2006). Friedman et al. noted that producers wanted 

antimicrobial use information "written in plain and simple language" with less 

technical information (Friedman et al., 2007) 

Studies investigated on-farm antimicrobial use records maintained by 

producers. Sawant et al. found that only 29% of the producers surveyed 

maintained complete antimicrobial treatment records (Sawant et al., 2005). A 

survey of Wisconsin producers found that Cow ID (72%) and date of 

treatment (74%) were most frequently captured pieces of information in cow 

treatment records, followed by Product name (54%) and Date milk is salable 

(45%) (Hoe and Ruegg, 2006). Treatment instructions (dose, route of 

administration and treatment duration) were reported to be included in 
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treatment records at frequencies between 15 and 34%. There was a 

significant herd size association noted for several key elements of the 

treatment record, where the level of inclusion increased with the number of 

lactating cows (P < 0.01). 

It was anticipated that implementation of the CQM program in Ontario 

herds would increase awareness among veterinarians and producers of the 

need for complete treatment records and the development of on-farm 

protocols regarding all drug use in the lactating cattle, including 

antimicrobials. In a study to assess the influence of a milk and dairy beef 

quality assurance program (QAP) on drug management practices a 

questionnaire was administered to Michigan dairy producers (Gibbons-

Burgener et al., 2000). The researchers reported that 21 % of the respondents 

kept no written treatment records, but those who were involuntarily certified, 

due to previous inhibitor violation, were 2.5 times more likely to keep good 

written records compared to uncertified farms. A general conclusion was that 

QAP certification was not associated with greater implementation of 

recommended drug management practices aimed at residue avoidance. 

Categorization of Antimicrobials by Importance to Human Medicine 

The final major aspect of prudent use that was investigated by this 

study was the limited use of antimicrobials critically important to human 

medicine. The Veterinary Drugs Directorate, Health Canada (VDD) developed 

a categorization scheme that ranked antimicrobial drugs as being of very high 

importance (Category I), high importance (Category II), medium importance 
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(Category III) or low importance (Category IV) to human medicine (Veterinary 

Drugs Directorate, 2006). Similar categorized lists of antimicrobial drugs have 

been developed and refined by the World Health Organization (WHO) and the 

World Organization for Animal Health (OIE). Joint sessions of these two 

organizations and the Food and Agriculture Organization of the United 

Nations (FAO) have compared the two lists (FAO/WHO/OIE, 2008). The 

WHO convened meetings of experts to develop criteria to categorize 

antimicrobials as critically important, highly important and important to human 

medicine, and to create the associated lists. In parallel, the OIE created a 

categorized list of antimicrobials important to veterinary medicine through 

surveys of member countries that applied different criteria, given the animal 

health context of the list. When compared, those antimicrobials defined as 

critically important in both lists were aminoglycosides, 3rd and 4th generation 

cephalosporins, macrolides, penicillins and quinolones. Guidance documents, 

which include rankings of antimicrobials by their importance to human 

medicine, have been developed by several countries, such as the United 

States and Australia (Food and Drug Administration et al., 2003; EAGAR 

2006, 2006) The Guidance for Industry #152, developed by the US Food and 

Drug Administration (FDA), outlined a proposed qualitative risk assessment 

process for antimicrobial new animal drug applications. As part of the 

consequence assessment of this process a ranking of antimicrobials was 

tabled, which also categorized drugs/drug classes as critically important, 

highly important or important to human medicine. The criteria used were 
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similar to those of the WHO with additional consideration given to the 

potential for cross-resistance and mechanisms of transmission of resistance 

determinants. This draft categorization identified 3rd generation 

cephalosporins, macrolides, fluoroquinolones and potentiated sulphonamides 

as critically important to human medicine. The risk estimation process 

outlined under Guidance #152 has been applied to applications for parenteral 

tulathromycin and cefquinome in cattle (Food and Drug Administration et al., 

2004; Food and Drug Administration et al., 2006). The Australian approach is 

similar to that of the VDD in its application of broad, simplified criteria. It is 

notable that categorizations of specific antimicrobials or classes differ among 

the lists cited, but fundamental to all are criteria that reflect the relative 

importance of certain antimicrobial drugs and/or drug classes by virtue of their 

indication in the treatment of serious human infection and the lack of 

alternative choices, acknowledging that several antimicrobial classes are 

common to human and veterinary medicine. The need for such lists grew out 

of recognition that critically important antimicrobials should be identified and 

prioritized for risk assessment and management strategies directed at efficacy 

preservation. Because concern around the use of antimicrobials in food 

producing animals is rooted in its potential public health impact, it is important 

that results from this thesis are presented in this context. The VDD 

classification system was developed and refined through expert consultation. 
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Antimicrobials of Critical Importance to Human Medicine 

Antimicrobials frequently identified as critically important to human 

medicine include fluoroquinolones (e.g., ciprofloxacin and enrofloxacin), 

extended-spectrum cephalosporins (e.g., ceftriaxone and ceftiofur) and 

macrolides (erythromycin, azithromycin, clarithromycin, tilmicosin and tylosin) 

(Molbak, 2005). The polymyxins have been classified as Category I 

antimicrobials, given their renewed use in the treatment of nosocomial 

infections in ICU. The following discussion will describe the use of each of 

these important antimicrobial agents/classes in humans and dairy cattle, and 

the associated public health concern. 

Third Generation Cephalosporins 

A 1995 national survey targeting dairy practitioners in the United States 

determined that ceftiofur was the third most frequently prescribed drug behind 

penicillin G and dexamethasone (Sundlof et al., 1995). Ceftiofur is a Group 4, 

third generation cephalosporin, and is classified by the VDD as a Category I 

antimicrobial. Members of this class are highly active against a broad range of 

gram-positive and gram-negative aerobes (Prescott, 2006). At the time of this 

survey, ceftiofur was approved for intramuscular injection in lactating dairy 

cattle for the treatment of bovine respiratory disease and acute interdigital 

necrobacillosis or foot rot (Compendium of Veterinary Products, 2001); 

subsequently acute postpartum metritis was added as an approved indication. 

Reported uses of ceftiofur were for the treatment of respiratory infections, 

retained placenta and metritis, and lameness with some extra-label use 
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reported for cases of mastitis (Zwald et al., 2004; Sawant et al., 2005; 

Raymond et al., 2006). Antimicrobial use data from five different studies are 

summarized in Table 1.1. 

In a British study involving a single farm, minimum inhibitory 

concentrations of ceftiofur for E. coli and A. Pyogenes isolated from uterine 

swabs of cows with metritis/endometritis were low, supporting its 

consideration in drug selection to treat such cases; resistance was noted 

among some strains of gram-negative anaerobes (Sheldon et al., 2004). 

Intramuscular ceftiofur appeared to prevent metritis in cows with retained fetal 

membranes but reproductive performance was not significantly different from 

that of untreated control cows (Risco and Hernandez, 2003). Clinical trials 

comparing the efficacy of injectable ceftiofur with other antimicrobial protocols 

demonstrated similar efficacy in the treatment of toxic puerperal metritis as 

indicated by reduced rectal temperature and post-treatment milk yield (Smith 

et al., 1998; Drillich et al., 2001). In a financial analysis of the cost of treating 

cows with puerperal metritis, Drillich et al. noted lower indirect treatment costs 

due to the zero milk withdrawal ascribed to the ceftiofur-treated group. This 

advantage has contributed to the promotion of ceftiofur as a therapy for sub-

clinical metritis, identified by an increase in rectal temperature in cows 

monitored during the postpartum period. Regarding the treatment of digital 

dermatitis, Read and Walker (Read and Walker, 1998) found that cows 

treated with injectable ceftiofur responded similarly to those treated with 

injectable penicillin or topical oxytetracycline, although the number of animals 
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and lesions assessed post-treatment in the investigation of 10 California dairy 

herds were limited. Injectable ceftiofur has been demonstrated to reduce the 

clinical effects of bacteremia, and cow mortality and culling associated with 

severe mastitis caused by coliforms (Erskine et al., 2002a). Erskine et al. 

(Erskine et al., 1996) investigated the use of intramuscular ceftiofur as an 

alternative to intramammary novobiocin-penicillin for 'blitz treatments' of herds 

with sub-clinical Streptococcus agalactiae mastitis, given the economic 

advantage associated with a zero milk withhold time. Due to its poor 

distribution to the mammary gland and milk, low ceftiofur concentrations 

achieved with injectable administration were ineffective in eliminating S. 

agalactiae intramammary infections. In systemically mild mastitis cases, 

treatment outcomes associated with injectable ceftiofur and/or intramammary 

pirlimycin or cephapirin were not significantly different (Wenz et al., 2005). 

There is concern that agri-food uses of ceftiofur will contribute to the 

development and dissemination of extended-spectrum cephalosporin 

resistance among foodborne pathogens (Winokur et al., 2000; Angulo et al., 

2000; Allen and Poppe, 2002; Gupta et al., 2003; Chen et al., 2004). Ceftiofur 

resistant Salmonella isolates from dairy farms have been shown to carry the 

blaCMY-2 gene, a determinant for beta-lactamses, which confers reduced 

susceptibility or resistance to ceftriaxone, and typically is associated with 

multi-drug resistance (Alcaine et al., 2005). Ceftriaxone and fluoroquinolones 

are the drugs of choice in the treatment of invasive human salmonellosis, but 

given that fluoroquinolone use is contraindicated in children there is a reliance 
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on ceftriaxone for the treatment of these cases in pediatric patients (Fey et al., 

2000; Guerrant et al., 2001; Chiappini et al., 2002). Of public health concern 

is the dissemination of CMY-2 mediated resistance to ceftiofur/ceftriaxone 

between commensal flora and pathogens, e.g., E. coli and Salmonella 

isolates, and among food animals and humans (Winokur et al., 2001). 

Tragesser et al. (Tragesser et al., 2006) found that ceftiofur was used in 11 of 

18 Ohio study dairy herds (61%) and 12% (mean) of cows within herds, with 

complete cow treatment records (n=8 herds), had been treated with ceftiofur 

in the previous 6 months. Sixty-six percent of herds and 34% of all cows 

sampled were positive for fecal E. coli isolates with reduced susceptibility to 

ceftriaxone. Herds where ceftiofur use was reported were 25 times more likely 

to have fecal E. coli isolates from cows with reduced susceptibility to 

ceftriaxone and 83% of those isolates carried the blaCMY-2 gene. Because 

the variation in recovering E. coli with reduced susceptibility to ceftriaxone 

was observed at the herd-level and not at the cow-level in this study, the 

researchers suggested that interventions directed at controlling the 

development and dissemination of this type of resistance should include 

minimizing the number of herds exposed to ceftiofur, and that any use should 

have extra-label use restrictions and be veterinary supervised. A subsequent 

study conducted on 50 dairy farms in the same state, using similar screening 

methodology for E coli and Salmonella, found the proportion of producers 

reporting ceftiofur use in the previous 12 months was 88% (44/50 herds) 

(Heider et al., 2009). The percentage of herds and cows with fecal E. coli 

19 



isolates with reduced susceptibility to ceftriaxone was higher relative to the 

findings of the previous study at 92% and 34%, respectively. Neither study 

found a cow-level association between ceftiofur use and the prevalence of E. 

coli with reduced susceptibility to ceftriaxone. All of the Salmonella isolates 

from the latter study were susceptible to ceftriaxone. 

Fluoroquinolones 

The other Category I antimicrobial of concern in terms of its use in 

dairy cattle is the fluoroquinolone enrofloxacin. In 2004 Health Canada 

approved enrofloxacin for therapeutic use only to treat bovine respiratory 

disease in beef cattle. The approved label warns that the product is not be 

used in an extra-label manner in any species, including other bovines (veal 

calves and dairy cattle); this drug is available by prescription only, through a 

veterinarian, and is labeled for treating relapse cases of bovine respiratory 

disease after initial treatment failure (Veterinary Drugs Directorate, 2004). The 

fluoroquinolone ciprofloxacin has broad clinical application in human 

medicine, including the treatment of foodborne infections. In a study 

conducted in 2002 to describe the prevalence and antimicrobial resistance of 

Campylobacter spp. in 96 dairy herds across the US, Englen et al.reported 

low level ciprofloxacin resistance in fecal isolates of C. jejuni (2.5%) and no 

ciprofloxacin resistance in C. coli (Englen et al., 2007). The same researchers 

found similar levels of ciprofloxacin resistance among C. jejuni isolates from 

beef and dairy fecal samples but higher resistance among C. coli isolates 

(Englen et al., 2005). Antimicrobial resistance testing of E. coli and 
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Salmonella isolates from US dairy cattle reported 100% susceptibility to 

ciprofloxacin (Lundin et al., 2008). Enrofloxacin was approved for use in beef 

cattle in the US, also with extra label use restrictions, prior to the sampling 

periods for these studies. The low level resistance reported may have been 

due, in part, to a lack selection pressure as a result of limited exposure to this 

class of antimicrobial in cattle. 

Polymyxins 

Due to a resurgence in the use of polymyxins (B and E - colistin) by 

intensive care unit physicians to treat multi-drug resistant nosocomial 

infections over the past decade, (Zavascki et al., 2007; Landman et al., 2008) 

this drug combination was categorized as very highly important to human 

medicine, VDD Category I. The high level classification of these drugs is a 

function of an antimicrobial used by physicians to treat immunocompromised 

patients in hospital populations, and this categorization highlights a drug use 

that is common to animals and humans, with specific importance to the latter. 

Beyond its inclusion in a combination intramammary product (Special 

Formula-17900-Forte® Suspension; Pharmacia Animal Health, Orangeville, 

Ontario), veterinary formulations of polymyxins have been incorporated in 

topical ophthalmic, otic and skin ointments (Compendium of Veterinary 

Products, 2001). Kaneene et al. reported that the use of polymyxin in calves 

with gastrointestinal disease and cows with reproductive infections was 

positively associated with the presence of a veterinarian at the time of the 

diagnosis, but that veterinary supervision may have had a slight sparing effect 
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on the use of polymyxins in the treatment of mastitis (Kaneene and Miller, 

1992). European surveys of antimicrobial susceptibility among E. coli isolates 

sourced from calves with neonatal diarrhea and cows with mastitis, reported 

high level susceptibility to polymyxins (Orden et al., 2000; Guerin-Faublee et 

al., 2003). 

Macrolides 

In addition to erythromycin, the arrival of azithromycin and 

clarithromycin in the 1990s broadened the clinical application of macrolide 

therapy in medicine (McKenna and Evans, 2001). Macrolides are classified by 

the VDD as Category II antimicrobials because there are Category I 

alternatives in the event of clinical resistance development. Nonetheless, 

these antimicrobials have indications in human medicine for the treatment of 

serious respiratory, skin, sexually transmitted and gastrointestinal infections, 

including zoonotic diseases, such as Campylobacter. From a British Columbia 

study on pediatric prescription rates of antimicrobials, Marra et al. (Marra et 

al., 2006) reported significant increases in the prescription rates of 

clarithromycin and azithromycin in the face of significant decreases (P < 0.05) 

in erythromycin and (3-lactam use over the seven year period 1996-2003. The 

authors recommended that public health messaging to physicians encourage 

the use of [3-lactams instead of the newer generation macrolides when 

treatment was necessary, and generally, to decrease the use of antimicrobials 

in the treatment of upper respiratory tract infections, bronchitis and acute otitis 

media in children. 

22 



Erythromycin is registered for use in lactating dairy cattle as a dry cow 

and lactating cow intramammary infusion for the treatment of subclinical 

mastitis due to Streptococcus agalactiae (Compendium of Veterinary 

Products, 2001). Injectable erythromycin preparations have indications for the 

treatment of respiratory infections, mastitis, metritis and foot rot in cattle. 

Tylosin is registered as a feed medication for the prevention of liver 

abscesses and as an injectable product for the treatment of pneumonia or 

metritis in beef cattle, and tilmicosin is a prescription injectable antimicrobial 

registered for the treatment of bovine respiratory disease - neither is 

registered for use in lactating dairy cows. Erythromycin use was reported in 

lactating dairy cows at moderate to low frequencies, (Sundlof et al., 1995) 

mainly in the treatment of mastitis (USDA, 2005). Zwald et al. (Zwald et al., 

2004) found the proportion of farms reporting erythromycin and tilmicosin use 

in adult cattle was 8% and 3%, respectively, while Raymond et al. found that 

the percentage of producers reporting erythromycin and tilmicosin across all 

age groups was 12% and 38%, respectively (Raymond et al., 2006). 

Veterinary presence at the time of diagnosis had a significant (P < 0.05) 

sparing effect on macrolide use in treating gastrointestinal disease in calves, 

but had no significant influence in their use on older heifers or cows (Kaneene 

and Miller, 1992). 

Studies assessing antimicrobial resistance among faecal isolates of 

Campylobacter from cattle have reported the prevalence of macrolide 

resistance to be low. An AMR study on faecal isolates of Campylobacter, 
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collected as part of the USDA National Animal Health Motoring System 

(NAHMS) Feedlot 1999 study, reported a total prevalence (C. jejuni and C. 

coli) of 0.9% resistance to each of azithromycin and erythromycin (Englen et 

al., 2005). A separate AMR study, using faecal isolates from the NAHMS 

Dairy 2002 study, reported a total prevalence of resistance to azithromycin of 

2.1% and erythromycin of 1.3 % among dairy cattle C. jejuni and C. coli 

isolates (Englen et al., 2007). From the dairy study, of the 29 multi-drug 

resistance phenotypes listed, five included azithromycin and 14 included 

azithromycin-erythromicin. In a study comparing Campylobacter faecal isolate 

susceptibilities among conventional and organic dairy farms in Wisconsin, 

Sato et al. (Sato et al., 2004) reported no isolates had minimum inhibitory 

concentrations (MIC) for erythromycin above the resistance breakpoint of £ 8 

pg/ml. However, Bae et al. (Bae et al., 2005) reported erythromycin 

resistance, among faecal isolates, in C. jejuni of 2.9% and C. coli of 31.8% -

faecal samples for this study were collected from 15 farms, including calf 

rearer farms, dairies, feedlots and cow-calf ranches; antimicrobial use data 

were not available to compare variations in selection pressure. A survey of 

mastitis pathogens isolated in a Michigan State diagnostic laboratory between 

1994 and 2000 reported overall prevalences for erythromycin resistance for 

Staphylococcus aureus, Streptococcus uberis, S. dysagalactiae and S. 

agalactiae to be 93%, 68%, 82% and 85%, respectively (Erskine et al., 

2002b). In contrast, a similar survey of clinical milk isolates indicated 

significant increases in erythromycin resistance for S. aureus, E. coli, 
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Enterococcus spp, Enterobacter spp and Pasteurella spp isolates from 

samples submitted to the Wisconsin Veterinary Diagnostic Laboratory 

between 1994 and 2001 (Makovec and Ruegg, 2003). A study on 

antimicrobial resistance among milk isolates of environmental Streptococci 

and Enterococci isolated at a California Milk Quality Laboratory found the 

prevalence of erythromycin resistance among S. dysgalactia was 6.6%, S. 

uberis was 48% and Enterococci 60%; the potential for cross-resistance 

between macrolides and lincosamides (e.g.Jincomycin and pirlimycin) was 

noted (Rossitto et al., 2002). 

Antimicrobial Use in Conventionally Managed Dairy Herds 

Prior to the mid-1980s, antimicrobials commonly used to treat dairy 

cattle were injectable preparations of penicillin-streptomycin, chloramphenicol, 

tetracycline, and cloxacillin, with lesser use of neomycin, sulphonamides, 

trimethoprim-sulfadoxine, erythromycin, gentamicin and ampicillin (Larson, 

1975; Meeketal., 1986). In 1981, Meeketal. conducted a study of 110 

south-western Ontario dairy herds and calculated the rate of prophylactic and 

therapeutic use of antimicrobials to be 3.85 doses per animal-year, with mean 

rates for the two most commonly used antimicrobials, penicillin-streptomycin 

and chloramphenicol, to be 1.45 and 1.03, respectively. Over the ensuing 

years chloramphenicol was banned from use in food producing animals, the 

use of the injectable streptomycin combined with penicillin diminished and 

cephalosporin products became more prevalent, while procaine penicillin G, 

trimethoprim-sulfadoxine and tetracycline persisted as mainstay antimicrobial 
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agents in dairy (Kaneene and Miller, 1992; Sundlof et al., 1995; Sawant et al., 

2005; Raymond et al., 2006). Table 1.1 shows the changes in relative use of 

selected antimicrobials between 1981 and 2005. Although the methodologies 

used by each study were different in terms of the age groups of interest and 

the parameter used to characterize antimicrobial use, p-lactams and 

tetracyclines were the dominant antimicrobials used by the herds represented 

in all of these studies. The lack of potentiated sulphonamide use in the four 

later studies is explained by the fact that these antimicrobials (e.g., 

trimethoprim-sulfadoxine) were not licenced for use in the US. Mastitis, 

reproductive tract infections (e.g., metritis), foot infections (e.g., foot rot, digital 

dermatitis) and respiratory disease are prevalent in dairy herds and most 

affected cows on conventional farms receive antimicrobial treatment (Sundlof 

et al., 1995; Zwald et al., 2004; USDA, 2005; Raymond et al., 2006). In 

contrast, Sawant et al. (Sawant et al., 2005) reported lower proportions of 

clinical cases were treated with only 14 % of mastitis cases, 11% of metritis 

cases and 16% of foot rot cases in lactating cows. From Table 1.1, much of 

the (3-lactam use was for the treatment of mastitis, with a broad range of 

reasons for use of ceftiofur, and tetracyclines use mainly to treat lameness, 

respiratory and gastrointestinal disease. 

Extra-Label Drug Uses 

Some antimicrobial uses by veterinarians and producers are not in 

accordance with the directions for use on the label and are regarded as extra-

label drug uses (ELDU) (Sundlof et al., 1995; Sawant et al., 2005; Raymond 
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et al., 2006). As part of a 1993 symposium on the use of drugs in veterinary 

medicine, Ritter and Alexander described findings from a survey of 

veterinarians as part of a presentation on the Canadian Bureau of Veterinary 

Drugs' policy on ELDU (Ritter and Alexander, 1993). From the survey, 84% of 

the respondent practitioners indicated they had used drugs in an extra-label 

manner and that antimicrobials were the most likely group of drugs to be used 

extra-label due largely to increased dosage. In undertaking an ELDU in a 

food-animal a veterinarian should be aware of the potential consequences to 

human health and the legislative authority pertaining to this "right" and the 

latitude provided in prescribing or dispensing medications (Mitchell, 1988). 

The criteria for ELDU include: a veterinarian has made a diagnosis under a 

valid VCPR, there is no approved drug labeled to treat the diagnosed 

condition or the drug therapy as per label has been ineffective, treated 

animals are identified, and an extended withdrawal period has been applied to 

any food product post-treatment. A recent Health Canada policy statement 

has provided a definition for ELDU and an updated list of recommendations 

(Grignon-Boutet et al., 2008); one recommendation being that drugs of very 

high importance to human medicine, Category I, not be use in an extra-label 

manner. European and American decision trees used in ELDU risk 

assessment and management have been compared (Gehring et al., 2006). 

Key elements outlined under Health Canada's ELDU policy are similar to 

those of the Animal Medicinal Drug Use Clarification Act (AMDUCA) in the US 

(Food and Drug Administration et al., 1994). Both allow for ELDU by 
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veterinarians when a valid veterinary-client -patient relationship (VCPR) exists 

and that such a use does not result in a residue violation. Similarly, in the 

Province of Ontario, veterinarians can dispense antimicrobials in an extra-

label manner provided they "advise the recipient of the drug or substance that 

the appropriate withholding time is not known but should be substantially 

longer than the recommended withholding time" (Government of Ontario, 

1990a). Under AMDUCA, the final criterion to be met in considering an ELDU 

is that there must be a food-animal claim and there is adequate information to 

establish a withdrawal period. The Food Animal Residue Avoidance Databank 

(FARAD) is a consultative service that provides information to veterinarians 

regarding drug disposition and withdrawal time associated with a specific 

ELDU (CgFARAD, 2008). Sischo et al. surveyed food-animal veterinarians in 

the US to assess the extent of use of the FARAD system and associated 

perceptions (Sischo et al., 1999). They reported that dairy and general 

practitioners were high frequency users of FARAD and those in the beef 

sector were low frequency users. There was a greater likelihood of ELDU 

among dairy practitioners who had not used FARAD. Sawant et al.found that 

79% of farms reported using extra-label medication under veterinary 

supervision as per AMDUCA (Sawant et al., 2005). In contrast, a series of 

surveys of dairy producers in Washington State found that only half of the 

23% who reported extra-label antimicrobial uses consulted a veterinarian, as 

required by AMDUCA legislation (Raymond et al., 2006). Regulations and 

recommendations notwithstanding, different types of ELDU may not elicit a 
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wholly negative AMR impact and each should be evaluated on their own merit 

through clinical trial research. 

Non-Antimicrobial Treatment Approaches 

Low-input antimicrobial use strategies have been outlined to compare 

efficacy and economic return (Hady et al., 1993). In the early 1990s 

recommendations to treat cases of mild mastitis with supportive therapy only 

(stripping the affected quarter with/without oxytocin and/or fluid therapy, anti-

inflammatory medications, and no antimicrobials) was a topic of debate in the 

dairy literature and press. This approach was intended to address concerns 

regarding the cost-benefit of antimicrobial treatments and their inherent drug 

residue risks (Kirk et al., 1994). A trial conducted in three California dairy 

herds reported that there was no significant difference in the clinical or 

bacterial cure rates of mastitis cases caused by environmental pathogens 

when comparing two antimicrobial treatment groups, intramammary 

cephapirin or amoxicillin, with intramuscular oxytocin therapy (Guterbock et 

al., 1993). An economic analysis using data from two of the three California 

herds found that the relapse and recurrence rates were higher in the oxytocin 

treated cows, primarily in those cases with environmental streptococcal 

mastitis, but there was no difference among treatment groups in the mean 

number of nonsalable milkings per lactation (Van Eenennaam et al., 1995). 

Other studies demonstrated that the incorporation of intramammary 

cephapirin and intravenous oxytetracycline with supportive therapy to treat 

new intramammary infections, caused by environmental mastitis pathogens, 
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was associated with improved clinical and bacteriologic cure rates, less 

severe clinical disease, fewer subsequent episodes, and lower lactational milk 

loss and costs, compared to cases treated with supportive therapy alone 

(Morin et al., 1998; Shim et al., 2004). In a retrospective study that compared 

the bacteriological cure rates associated with 7 antimicrobials and no 

treatment for subclinical mastitis cases caused by 21 pathogens found that 

the advantage of antimicrobial therapy was pathogen and drug dependent 

(Wilson et al., 1999). Algorithm-based protocols have been developed that 

incorporated herd SCC history and case severity scores along with 

information from milk cultures to direct the treatments administered by 

producers or farm staff (Robertson, 2003). 

Hormone therapies may provide treatment alternatives to the 

management of bacterial infections of the reproductive tract. The use of 

hormone therapies (e.g., oxytocin, prostaglandin, gonadotropin-releasing 

hormone, estrogen) have been found to be of little value in treating early 

postpartum cows with retained fetal membranes or metritis, and they may 

have negative effects on future reproductive performance (Risco and 

Hernandez, 2003; Frazer, 2005; Heider et al., 2009). In the treatment of 

endometritis/pyometritis injectable prostaglandin administration at specific 

points in the post-partum period can provide a therapeutic alternative to 

antimicrobial-based protocols, which typically include intrauterine infusion 

(Kasimanickam et al., 2005). Hormone therapies can limit antimicrobial 

exposure and resistance but application of these alternatives should be 
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evaluated against public health concerns associated with bio-active residues 

in food and the environment (Refsdal, 2000). Regardless of the therapeutic 

approach taken, well developed case definitions and treatment criteria can 

limit unnecessary treatments by ensuring antimicrobials are used to achieve a 

justifiable outcome. LeBlanc et al. (LeBlanc et al., 2002a; LeBlanc et al., 

2002b) concluded that if the timing and criteria used to diagnose clinical 

endometritis are not properly applied, practitioners run the risk of false-

positive diagnoses and the administration of treatments that would be of little 

value to the producer. To extend this concept, adherence to proven diagnostic 

criteria and case definitions would limit the number of frivolous antimicrobial 

uses. 

Antimicrobial Resistance in Dairy Cattle 

Lundin et al. (Lundin et al., 2008) conducted a study to assess the 

prevalence of antimicrobial resistance among E. coli isolated from samples 

that were/were not concurrently positive for Salmonella spp. Faecal samples 

for this study were collected from cows > 2 years old on farms participating in 

the NAHMS Dairy 2002 study conducted by the USDA. The investigators 

reported that 86% and 87% of E. coli and Salmonella isolates, respectively, 

were fully susceptible. The prevalence of resistance to individual 

antimicrobials among E. coli isolates (reported here in their VDD categories) 

were as follows: Categroy I (ceftiofur 0.5%, ceftriaxone 0.0%, ciprofloxacin 

0.0%, amoxicillin/clavulanic acid 0.8%); Categroy II (amikacin 0.0%, ampicillin 

1.9%, cefoxitin 0.4%, cephalothin 4.1%, chloramphenicol 0.4%, gentamicin 
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0.2%, kanamycin 1.4%, nalidixic acid 0.2%, streptomycin 3.8%, 

trimethoprim/sulfamethoxazole 0.3%); Category III (sulfamethoxazole 3.5%, 

tetracycline 10.0%). The prevalence of multi-drug resistance phenotypes 

among E. coli isolates was 8% with a range of 2 to 8 antimicrobials per 

pattern. There was no significant difference in resistance profiles among E. 

coli and Salmonella isolated concurrently. Resistance patterns for Salmonella 

isolates varied by serotype (Ray et al., 2007). Findings of this study are 

similar to those from a case-control study conductred in 10 herds in 

Washington State that compared antimicrobial resistance profiles among E. 

coli isolates from herds that did (cases) or did not (controls) have a recent 

Salmonella outbreak (DeFrancesco et al., 2004). This study included E. coli 

isolates from calves, which had higher prevalences of resistance compared to 

cow isolates. An Ontario study of 25 dairy herds assessed antimicrobial 

resistance profiles of faecal isolates of Salmonella and commensal E. coli 

from cow-calf pairs (Leger et al., 2004). This study also reported a higher 

frequency of individual drug and multi-drug resistance among calf isolates 

relative to those from cows (P < 0.01). The antimicrobials with the highest 

level of resistance were tetracycline, sulfamethoxazole and streptomycin, 

none of the E. coli isolates were resistant to ceftiofur, ceftriaxone or 

ciprofloxacin. All Salmonella isolates were susceptible to all 16 antimicrobials 

tested. 

Englen et al. (2007) reported that the prevalence of resistance among 

dairy cow faecal isolates of Campylobacter coli was higher compared to C. 
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jejuni but the overall prevalence of resistance was low, with the exception of 

tetracycline: azithromycin 2.1%, chloramphenicol 0.0%, ciprofloxacin 2.3%, 

clindamycin 1.7%, erythromycin 1.3%, gentamicin 0.6%, nalidixic acid 4.5 % 

and tetracycline 49.4%. Similar findings were reported by Sato et al. (Sato et 

al., 2004). 

Rossitto et al. (2002) conducted a study on environmental Streptococci 

and Enterococci isolated from milk samples submitted to a California Milk 

Quality Laboratory. Results indicated S. dysgalactia and S. uberis isolates 

were highly susceptible to p-lactam antimicrobials with more prevalent 

resistance among S. dysgalactia isolates to erythromycin 6.6%, pirlimycin 8%, 

tetracycline 72% and sulfadimethoxine 53%, and among S. uberis isolates to 

erythromycin 48%, pirlimycin 59%, tetracycline 73% and sulfadimethoxine 

98%. The prevalence of resistance among Enterococci spp was oxacillin 

77%, cephalothin 60%, erythromycin 60%, tetracycline 22% and 

sulfadimethoxine 97%. 

Two studies assessed trends in antimicrobial susceptibility of mastitis 

pathogens isolated at veterinary diagnostic laboratories in Michigan (Erskine 

et al., 2002b) and Wisconsin (Makovec and Ruegg, 2003) between 1994 and 

2001. Results form these studies indicated there was no evidence for 

increasing resistance among major mastitis pathogens, and with the 

exception of erythromycin and pirlimycin, the trend was generally towards 

increasing susceptibility. 
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Barn Design and Cow Comfort 

The decade preceding this study (1991-2001) was a period of 

transition for many Ontario dairy operations. Trends toward regional 

concentrations of livestock within Ontario saw a move to a more commercial 

production model as the number of farms declined and dairy herd sizes 

increased (Beaulieu and Bedard, 2003). A rise in herd expansions plus a 

wave of immigration of European dairy farmers to southern Ontario resulted in 

many new and remodeled dairy facilities (Wolleswinkel, 2001; Eveland et al., 

2005). During this time of herd expansion and barn construction there was a 

shift towards larger barns that could house more livestock units (LU), many of 

which were free-stall barns. Emerging information regarding the impact of 

barn design on cow comfort, milk production and udder health influenced 

consultants and producers considering new barn construction or 

remodeling/retrofitting of existing facilities to incorporate current concepts in 

barn design and management that would improve the cow environment 

(Bewley etal., 2001). 

In addition to barn design, husbandry and level of production can 

influence the risk and prevalence of disease in a dairy herd. These 

management factors contribute, positively or negatively, to the antimicrobial 

exposure of a herd with disease factors intervening as the more proximal 

reason for treatment. Associations among facility design, management and 

antimicrobial use may be confounded by the attitudes of the herd veterinarian 

and producer. Concerns associated with on-farm food safety have contributed 
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to the development of a quality assurance program for the dairy industry, 

which is expected to raise awareness around identified hazards. Canadian 

Quality Milk (CQM), a HACCP -based program (Hazard Analysis Critical 

Control Points), outlines best management practices linked to the prevention 

of specific hazards, such as managing drug use on farms primarily to avoid 

residues in milk and meat (Dairy Farmers of Canada, 2009). Industry 

initiatives, such as CQM and the Livestock Medicines Education Program 

(Livestock Medicines Education Committee, 2008) provide information to 

producers regarding antimicrobial use and encourage the development of on-

farm treatment protocols under the guidance of a functional veterinary-client-

patient-relationship (VCPR). Over the same period of time there was 

increased awareness regarding animal welfare and the importance of cow 

comfort to production, which has led to significant change in various aspects 

of barn design. The number of LU in new barns increased through 1996 to 

2000 (Eveland et al., 2005) and many producers opted to house their milking 

herds in free-stall facilities (FSF), as opposed to tie-stall barns, incorporating 

design features intended to enhance cow comfort. The impact of on-farm food 

safety initiatives in Ontario and an altered cow environment on antimicrobial 

use has not been described. 

Stall Base and Bedding 

A key component of the cow environment is the stall base and bed, 

which should function to provide a comfortable clean dry bed for good cow 

cleanliness and udder health, and a resilient surface with good traction that 

35 



maximizes cow confidence and minimizes injuries (Bickert et al., 2000). 

Although sand stalls had been promoted for their advantages in cow comfort 

(Tucker et al., 2003; Wagner-Storch et al., 2003), the additional management 

demands associated with maintaining sand bedding may be a barrier to the 

adoption of this system (Bickert et al., 2000). There are also concerns 

associated with sand in terms of its potential for abrasive damage to manure 

handling equipment and the additional material in storage facilities with sand-

laden manure. Among survey respondents from Wisconsin with recently 

expanded herds 59% had free-stalls barns with sand and 28% had 

mattresses (Bewley et al., 2001). Commercial mattress systems are 

constructed with an inner layer(s) of cushioning materials enveloped in a 

heavy fabric outer layer, commonly installed over concrete. Several 

experiments have been conducted to assess stall surface preference. In two 

stall-preference experiments Manninen et al. (2002) reported cow preference 

and increased lying times for stalls with concrete-deep straw over rubber 

mats-straw in the winter and an avoidance of sand stalls, but that these 

results may have been influenced by prior cow experience with different 

bedding types and other unmeasured stall management and design factors. 

Tucker et al. reported stall preference and usage was greater for deep-

bedded sawdust over deep-bedded sand, than mattress-sawdust; mattress-

based stalls were associated with increased standing times, but pre-

experiment bedding experience of subject cows was cited as a potential 

confounding factor (Tucker et al., 2003). Another preference study that 
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accounted for prior experience found that straw cows preferred straw over 

sand stalls but sand cows had no preference - previous experience in sand 

stalls reduced sand avoidance (Norring et al., 2008). During the 

acclimatization phase of this study, measurements on cow cleanliness and 

improvement in hock and hoof lesion scores revealed an advantage with sand 

over concrete-straw stalls. Wagner-Storch et al.reported that stall occupancy 

was higher on mattress-based stalls than sand, rubber, waterbed or concrete, 

but sand had higher lying percentage in high stocking densities and rubber 

and mattress-based stalls had a higher percentage of cows standing in stalls 

(Wagner-Storch et al., 2003). Similar findings were reported in a study 

comparing lameness prevalence in 6 barns with cows in sand stalls to 6 with 

mattress-based stalls where clinical lameness was more prevalent in mattress 

barns and cows spent more time standing with reduced stall usage and daily 

lying times across lameness scores (Cook et al., 2004). Experiments to 

assess cow preference/aversion to two different mattress materials, wood 

shavings and solid manure, under different environmental conditions, 

indicated that preference changed with temperature and humidity, but there 

were no significant differences among the four stall surface types in udder/leg 

cleanliness, SCC, hoof conformation, or coliform counts from raw milk and 

stall surfaces (De Palo et al., 2006). Bewley et al.reported that producers with 

sand bedded FSF expressed higher satisfaction with udder health, cow 

cleanliness and comfort, and hock injuries compared to those with 

mattresses, but there were no differences in RHA milk or SCC score between 
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herds using sand and mattress-based stalls (Bewley et al., 2001). Similar 

finding were reported by Fulwider et al., who also found higher culling rates 

among herds with mattress-based stalls compared to those on sand, but cows 

on mattresses had higher hygiene scores than those on sand (Fulwider et al., 

2007). These researchers found cows on coarse recycled sand had a higher 

incidence and severity of leg lesions compared to new sand. 

Bedding and Teat-End Bacterial Counts 

Although several of the studies cited report no significant differences in 

SCC among stall surfaces, this parameter is not reflective of the incidence of 

clinical mastitis caused by environmental pathogens. Different bedding 

materials vary in their ability to support growth of environmental mastitis 

pathogens (Zehner et al., 1986). Hogan et al. reported that bacterial counts 

varied among organic (sawdust and straw) and inorganic (sand and crushed 

limestone) bedding materials, and seasons, with higher counts in summer/fall; 

rates of clinical mastitis in this study were positively associated with Gram-

negative and Klebsiella bacterial counts in bedding materials and clinical 

mastitis rates were significantly different among herds bedded on different 

materials (Hogan et al., 1989). Bacterial counts on teat ends were found to be 

correlated with those in sawdust and sand bedding, and coliforms and 

Klebsiella counts were higher on teat ends of cows bedded on sawdust 

compared to sand while teat end counts of Streptococcus were higher in cows 

bedded on sand (Zdanowicz et al., 2004). This experiment also found that 

bacterial counts in sawdust bedding were positively correlated with dry matter 
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content and stall cleanliness. Similarly, Rajala-Schultz et al. (2004) reported 

that organic bedding materials contained significantly higher bacterial counts 

than inorganic materials and that teat end exposure was highest during spring 

and summer. No seasonal differences were noted in trials comparing clean 

sand and recycled sand with similar bacterial populations and counts; herd 

was a significant factor suggesting different management systems influenced 

the type and counts of bacteria found in both types of sand bedding (Kristula 

et al., 2001). Although a majority of Wisconsin producers surveyed agreed 

that stall bed cleanliness was related to the control of mastitis, the 

researchers found that more frequent bedding management was difficult to 

implement (Hoe and Ruegg, 2006). 

Alleyway flooring 

Alleyway flooring should provide a walking surface to cows with 

traction sufficient to allay any apprehension regarding potential slipping 

hazards (Anderson, 2001). Cow preference for different flooring materials 

appears to be related to increased confidence in footing while in motion and 

comfort while standing, which are manifested as changes in gait, hoof and leg 

lesions, and dry matter intake associated with time standing at the feed bunk 

(Telezhenko and Bergsten, 2005; Tucker et al., 2006; Telezhenko et al., 

2007). An experiment conducted by Tucker et al.found that cows on softer 

rubber flooring had more frequent feeding and standing bouts, and 

significantly more time feeding compared to concrete or sawdust, which 

countered findings of an earlier experiment that showed no difference in time 
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spent feeding (Fregonesi et al., 2004; Tucker et al., 2006). Although there 

appears to be an advantage in cow comfort, hoof health and the incidence of 

clinical lameness with rubber flooring over concrete, the evidence is not 

incontrovertible. Studies have yet to demonstrate significant differences in 

claw lesion scores, lameness indices or milk production (Vokey et al., 2001; 

Vanegas et al., 2006; Kremer et al., 2007). 

Manure Management 

An experiment comparing dry concrete, wetted concrete and slurry-

covered concrete alleyway floors indicated that cows altered their gait given 

the perceived risk of slipping associated with each of the flooring conditions; 

locomotion analysis found cows walking on deep slurry covered floors had 

reduced stepping rate and longer stride length compared to wetted floors, 

where cows appeared to compensate for a slipperier surface with increased 

step rate and shorter strides (Phillips and Morris, 2000). Cow cleanliness, 

determined to a large extent by alleyway manure management and stall 

cleanliness, can have a significant impact on udder health; poor udder 

hygiene related to dirty stall conditions have been associated with a higher 

prevalence of mastitis pathogens and SCC (Barkema et al., 1998; Schreiner 

and Ruegg, 2003). 

Cull Dairy Beef and the Dissemination of Antimicrobial Resistance 

Pasteurization of milk minimizes the risk of disseminating antimicrobial 

resistant bacteria to consumers from dairy farms through conventional retail 

dairy products. Beyond environmental contamination, direct occupational 
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exposure and veal calf movement, recently treated cull dairy beef cattle may 

pose another public health risk for the carriage and dissemination of 

resistance determinants via a food pathway. In a review of microbial hazards 

associated with cull dairy beef, Troutt and Osburn estimated that the 

proportion of ground beef in the US that was dairy in origin to be 17% (Troutt 

and Osburn, 1997). An Ontario dairy study conducted between 1979-1981 

reported the percentage of culls for mastitis was 6% and that an increased 

risk of culling (for slaughter) prior to 150 DIM was associated with mastitis, 

milk fever, feet and leg problems, teat injuries and respiratory disease -

culling risk was highest among mastitis cases that required systemic therapy 

(Dohoo and Martin, 1984). Two studies, conducted 10-15 years later 

described primary reasons for culling among herds in the North-East United 

States (Bascom and Young, 1998) and France (Seegers et al., 1998), 

estimated the percentage of culls due to mastitis to be 15% and 8%, 

respectively, as the third primary reason for culling behind poor reproduction 

and production. Even though mastitis is a major reason for antimicrobial use 

in dairy cows, the public health risk associated with this proportion of culled 

cows may also depend on other factors - the nature and proximity of the 

antimicrobial exposure to slaughter, and the ante mortem prevalence and 

level of carcass contamination with resistant commensal and pathogenic 

bacteria. Tragesser et al. (2006) found that 66% of Ohio study herds and 34% 

of cows sampled had E. coli isolates with reduced susceptibility to ceftriaxone. 

A subsequent study of Ohio farms, using similar selective media 

41 



methodology, found a higher proportion of herds (92%) and cows (61%) 

positive for E. coli isolates with reduced susceptibility to ceftriaxone (Heider et 

al., 2009). A multi-state study (n=21 States) reported the majority of faecal E. 

coli (85%) and Salmonella (87%) isolates from dairy cows were susceptible to 

all of the antimicrobials tested (Lundin et al., 2008). Wells et al. (2001) 

reported a within-herd prevalence of Salmonella spp. of 5% of milking cows, 

18% among milking cows to be culled in the next week, and 15% of cows at 

market; 89% were susceptible to all of the antimicrobials tested. Recent 

studies in slaughter cattle (Frye et al., 2008) and milking dairy cows (Heider et 

al., 2009) reported a low prevalence (0-2%) of faecal Salmonella isolates with 

reduced susceptibility or resistance to ceftriaxone. 

Attitudes Regarding the Animal and Public Health Impacts of 
Antimicrobial Use in the Dairy Industry 

While there is very little published information regarding veterinary 

attitudes towards antimicrobial resistance, several researchers have 

investigated the attitudes of producers about the use of antimicrobials in the 

context of on-farm food safety. From a study that investigated dairy producer 

attitudes regarding antimicrobial use and resistance development, Raymond 

et al. reported that 74% of producers agreed that "antibiotics become less 

effective the more they are used"; a majority of producers (59%) agreed that 

antimicrobial use in food-animals could impact human health, but only 34% 

felt that a cow with an antimicrobial resistant infection in the herd would pose 

a threat to farm workers (Raymond et al., 2006). Interviews conducted with 

South Carolina dairy producers revealed that 86% were not concerned about 
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the potential for farm staff to develop antimicrobial resistance in relation to the 

overuse of antimicrobials on the farm (Friedman et al., 2007). However, 59% 

of Washington State dairy producers agreed with the perception that antibiotic 

use in food-producing animals could have an impact on human health 

(Raymond et al., 2006). Those in animal agriculture who disagree with this 

premise contend that the greatest determinant of antimicrobial resistance in 

humans is overuse/misuse by physicians. This concern has been identified 

and characterized (Neu, 1992). Assessments of physician prescribing 

behavior have quantified compliance with clinical practice guidelines. One 

such study found that 61 % of prescriptions met with guideline 

recommendations, in 10 % lower-line alternatives were used and 

antimicrobials were not indicated in 20% of cases (Jelinski et al., 2005). 

Educational interventions aimed at curbing excessive or inappropriate 

prescriptions in community or hospital settings, often focused on with health 

economics outcomes, have met with varied success; generally the net result 

being modified prescription profiles of subject physicians (De Santis et al., 

1994; Hux et al., 1999; Stewart et al., 2000; Mclsaac et al., 2002). The need 

for veterinary leadership and education in developing strategies for the 

preservation of antimicrobials has been identified (Morley et al., 2005), but 

there remains little in the way of sustained veterinary and producer education 

concerning antimicrobial use and resistance in a public health context. The 

Canadian Veterinary Medical Association has published species-specific 

prudent use guidelines, which ranked antimicrobials by their category of 
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importance the human medicine, for selected bacterial diseases. In a study 

that provided educational materials to dairy producers concerning the removal 

of medicated milk replacers, calf immunity and health management, protocols 

for the diagnosis and treatment of common diseases of cows, 19-37% of 

respondents reported the adoption of one or more management changes to 

improve animal health and welfare, and a more judicious approach to 

antimicrobial use (Raymond et al., 2006). 

The South Carolina dairy producer study also assessed the impact of 

recent discussions (previous 6 months) with their herd veterinarian on the 

topic of antimicrobial resistance on producer attitudes and perceptions about 

antimicrobial resistance (Friedman et al., 2007). Sixty-five percent of those 

who had not had recent consultations on the topic were significantly more 

likely to strongly disagree with the notion that antimicrobial resistant infections 

in cows could pose a threat to farm staff. Of those who had discussions with 

their veterinarian, 70% agreed that antimicrobial efficacy would decline with 

increased use. Data from focus groups in the same study indicated that dairy 

producers regarded veterinarians as trusted and credible sources of 

information on antimicrobial use. As with other health professional, 

veterinarians are tasked by their clients to provide leadership and guidance 

on issues of health management. The influence of veterinary opinion in 

shaping producer perceptions and attitudes regarding the animal and public 

health impacts of antimicrobial use in diary herds should not be 

underestimated. 
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OBJECTIVES 

The objectives of this thesis are to describe: 

1. dairy producer and practitioner demographics; 

2. the frequency of use of antimicrobials by veterinarians, and 
associations between use frequency and veterinary demographic 
factors; 

3. the most common reasons for antimicrobial use in lactating dairy cows 
by producers and veterinarians 

4. treatment approaches taken by producers and veterinarians in 
response to clinical case scenarios; 

5. veterinary considerations in dispensing antimicrobials to dairy 
producers; 

6. the role of the herd veterinarian in providing advice on antimicrobial 
use; 

7. veterinary-producer communications and records associated with 
antimicrobial dispensing and use; 

8. veterinary attitudes regarding antimicrobial use in the dairy industry 
and its impact on animal and public health. 

9. associations among aspects of barn design, production and 
antimicrobial use in free-stall dairy herds. 
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CHAPTER TWO 
FREE-STALL BARN DESIGN, PRODUCTION AND 

ANTIMICROBIAL USE PREFERENCES ON 
ONTARIO DAIRY FARMS 

INTRODUCTION 

The decade preceding this study (1991-2001) was a period of transition 

for many Ontario dairy operations. Trends toward regional concentrations of 

livestock saw a move to a more commercial production model as the number of 

farms declined and dairy herd sizes increased (Beaulieu and Bedard, 2003). A 

rise in herd expansions plus a wave of immigration of European dairy farmers to 

southern Ontario resulted in many new and remodeled dairy facilities 

(Wolleswinkel, 2001; Eveland et al., 2005). During this time of herd expansion 

and barn construction, there was a shift towards larger barns that could house 

more livestock units (LU), many of which were free-stall barns. Information 

regarding the impact of barn design on cow comfort, milk production and udder 

health influenced consultants and producers considering new barn construction 

or remodeling/retrofitting of existing facilities to incorporate current concepts in 

barn design and management which would improve the cow environment 

(Bewley etal., 2001). 

In addition to barn design, husbandry and level of production can influence 

the risk and prevalence of disease in a dairy herd (Faye et al., 1997). These 

management factors may contribute, positively or negatively, to the antimicrobial 

exposure of a herd with disease factors intervening as the more proximal 
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reasons for treatment. Associations among facility design, management and 

antimicrobial use may be confounded by the attitudes of the herd veterinarian 

and producer. Concerns with on-farm food safety have contributed to the 

development of a quality assurance program for the dairy industry, which was 

intented to address issues pertaining to identified hazards. Canadian Quality Milk 

(CQM), a HACCP- (Hazard Analysis Critical Control Points) based program, 

outlined best management practices linked to the prevention of specific hazards, 

such as managing drug use on farms, primarily to avoid residues in milk and 

meat (Dairy Farmers of Canada, 2009). Industry initiatives, such as CQM and the 

Livestock Medicines Education Program (Livestock Medicines Education 

Committee, 2008) provide information to producers regarding antimicrobial use 

and encourage the development of on-farm treatment protocols under the 

guidance of a functional veterinary-client-patient-relationship (VCPR). 

Over the same decade there was increasing awareness regarding animal 

welfare and the importance of cow comfort to production, which led to significant 

changes in various aspects of barn design. The number of LU in new barns 

increased through 1996 to 2000 (Eveland et al., 2005), and many producers 

opted to move away from traditional tie-stall barns, housing their milking herds in 

free-stall facilities (FSF), incorporating design features intended to enhance cow 

comfort. 

Antimicrobials are commonly used in the conventional management of 

dairy herds (Larson, 1975; Meek et al., 1986; Hady et al., 1993). Concerns over 

the potential public health impact associated with the emergence and 
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dissemination of resistant commensal bacteria and zoonotic pathogens of food-

animal origin (Witte, 2000; Lathers, 2002) has resulted in calls for the prudent 

use of antimicrobials in agriculture (World Health Organization, 2000; Veterinary 

Drugs Directorate, 2002). In response, prudent use guidelines have been 

developed by veterinary organizations (American Association of Bovine 

Practitioners, 1999; Canadian Veterinary Medical Association, 2001; American 

Veterinary Medical Association, 2005). Qualitative information on how dairy 

producers incorporate antimicrobials into therapeutic approaches, with or without 

direct veterinary supervision, to treat bacterial infections prevalent in lactating 

cows may contribute to identifying opportunities for rationalizing antimicrobial use 

in this agri-food sector. 

The objectives of this cross-sectional study were to describe variations in 

herd demographics, facility design, milk production and somatic cell counts 

among free-stall dairy operations in Ontario, and to provide qualitative data on 

antimicrobial use among the treatment approaches taken by producers in 

response to clinical case scenarios. Associations among barn design 

parameters, milk production, somatic cell count and clinical case treatment 

approaches were assessed and described. Additionally, this study will describe 

the main reasons for antimicrobial use by producers in lactating dairy cows, and 

their primary retail sources and sources of advice regarding antimicrobial use 

were determined. 
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MATERIALS AND METHODS 

Data Collection 

Data for this cross-sectional study were obtained using producer 

questionnaires and Dairy Farmers of Ontario (DFO) production information. A 

sampling frame of 849 producers from the DFO registry was developed using the 

inclusion criterion that milking cows were housed in a free-stall facility (FSF). 

Questionnaires were mailed to all 849 dairy producers on June 1, 2001. Stamped 

and pre-addressed return envelopes were enclosed. Attempts were made to 

contact by telephone those producers who had not responded by August 1 to 

remind them of the survey. 

The self-administered questionnaire contained 18 questions in a 2-sided 

single page format (Appendix 2.1). Demographic questions comprised Dairy 

Herd Improvement (DHI) membership, the age of their FSF, and the number of 

milking cows and free-stalls. The number of stalls in the barn available to milking 

cows was used to calculate a stocking rate (STCKRATE = number of cows 

milked h- milking cow stalls x 100) for each herd. 

The FSF design section consisted of questions on stall base, bedding 

type, alleyway flooring, manure removal system, ventilation inlet and outlet types, 

and the use of fans. Pasture Mat® is a registered trade name for a mattress 

system constructed with an inner layer(s) of cushioning materials enveloped in a 

heavy fabric outer layer, commonly installed over concrete (Canadian Patent 

#2,087,464). For the purposes of capturing broad categorical stall base data this 

term was used in lieu of generic terminology or an exhaustive list of different mat 
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products to avoid confusion, as it was the prevailing term used to reference this 

type of system among pre-test producers. 

The next section of the questionnaire focused on qualitative aspects of 

antimicrobial use. Respondent producers were asked if they had completed a 

Livestock Medicines Course and to rank their main sources for retail 

antimicrobials and antimicrobial use advice. Two clinical case scenario questions 

asked respondents to indicate their typical approach to managing a case of mild 

mastitis and a case of digital dermatitis occurring in a second lactation cow 60 

days in milk. Respondents could select one or more of eight treatment options 

listed and/or "Other treatments" that might apply. This section of the 

questionnaire concluded by asking producers to rank the most common reasons 

for antimicrobial use in lactating dairy cows in their herds. Finally, respondents 

were asked to provide the name and practice address of their herd veterinarian. 

Monthly DFO production and somatic cell count (SCC) data for 2001 were 

combined with the questionnaire data for analysis. The geographic location 

(Census Division / County) of a respondent's herd was established through DFO 

member address information or through the herd veterinarian's practice location. 

Statistical Analysis 

Relational database (Microsoft® Access 2000), and spreadsheet 

(Microsoft® Excel 2000) software were used for data management. Data were 

transferred to a statistical program for analysis. Descriptive statistics were 

generated using univariate, means and frequency procedures (PROC 
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UNIVARIATE, PROC MEANS, PROC FREQ; Cody and Smith, 1997; SAS 9.1.2, 

2004). 

To facilitate geographic comparisons, the list of census divisions for the 

province of Ontario was divided into four regions: South-Western (SWO), South-

Central (SCO), South-Eastern (SEO) and Northern Ontario (NO) (Appendix 2.2). 

Treatment option selections from the two clinical case questions were 

further categorized as "non-antimicrobial" (mastitis: strip out at milking/between 

milkings/with oxytocin; digital dermatitis: copper sulphate and formalin footbath; 

no treatment for both cases), "local antimicrobial" (mastitis: intramammary 

infusion; digital dermatitis: topical spray, footbath or dressing) or "parenteral 

antimicrobial" (intramuscular or intravenous injection) treatments, and "call for 

veterinary treatment". For both cases, the selection frequency of individual 

treatment options and various treatment combinations were described. 

DFO milk production was expressed as Energy Corrected Milk (ECM) 

using the following formula (Bernard, 1997), which standardizes milk production 

to 3.5% fat and 3.2% protein: 

ECM = (0.3246 x kgs Milk) + (12.86 x kgs Fat) + (7.04 x kgs Protein) 

Total annual ECM per herd and the number of cows milking were used to 

calculate a milk-per-cow-per-year variable for each respondent herd. For those 

herds with DHI records, if the reported number of cows milking and that in the 

DHI record differed by greater than 20%, the DHI herd size was used to calculate 

ECM per cow per year (n=20 herds). 
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Monthly milk-test data from DFO were collapsed to a herd-level data set 

for each respondent then merged with their questionnaire data. Herds that did 

not have 12 months of production data were excluded from this analysis. 

As an initial step in the development of multivariable models (Dohoo et al., 

2003a), a path model was constructed to conceptualize potential associations 

among independent (herd demographics and aspects of barn design) and 

dependent variables (ECM, SCC and Case Treatments), and to identify potential 

confounders and intervening variables (Figure 2.1). The exposure factors of 

interest were grouped into a cluster of categorical variables designated as Free-

Stall Facility Design (FSFD). Data regarding the dominant breed(s) of cattle in a 

herd were not collected and therefore breed effects were not controlled for in the 

models. 

Linear relationships among continuous and outcome variables were 

assessed using scatter plots (PROC PLOT, PROC GLM; SAS 9.1.2, 2004) and 

examining univariable associations between the outcome and quadratic terms for 

the predictor variable (PROC GLM; SAS 9.1.2, 2004). Ordinal variables were 

created from continuous predictor variables that were not linearly associated with 

the outcome. Barn design variables were recoded to collapse those categories 

with scant data (e.g., BEDDING, FLOOR, MANMGMT, FANS, AIRIN, AIROUT). 

Independent variables were screened for inclusion in multivariable models by 

assessing unconditional associations (PROC GLM)(SAS 9.1.2, 2004) with 

dependent variables using a liberal P-value (Partial F-test, P £ 0.2). The 

continuous dependent variables being investigated through multivariable linear 
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regression models were energy corrected milk per cow per year (ECMCOWYR) 

and herd median somatic cell count average (SCCAVG, x10 cells/ml). The 

independent variables that were screened included all demographic and barn 

design variables. To avoid multicollinearity in the models, Spearman's rank 

correlation coefficients were examined for pairwise correlations among predictor 

variables greater than 0.7 (PROC CORR, SPEARMAN; SAS 9.1.2, 2004). 

Linear regression models were developed with ECMCOWYR as the 

dependent variable using PROC GLM (SAS 9.1.2, 2004). Variable selection was 

performed manually given the small number of predictor variables. Predictor 

variables were retained in the final model if there was evidence of a significant 

(partial F-test, P < 0.05) association with the outcome or evidence of 

confounding, through notable changes in covariate coefficients (> 20%). 

Biologically plausible two-way interaction terms involving exposure variables of 

interest were assessed (e.g., stall base x bedding, bedding x fan ventilation, fan 

ventilation x air inlet, stocking rate x fan ventilation, and DHI membership x 

stocking rate). Assumptions for linear regression were evaluated using plot of 

standardized residuals vs. predicted values (homoscedasticity plot), quantile-

quantile plots of residuals (normality of residuals), plots of residuals vs. predictor 

variables (linear association of outcome with continuous predictors). Individual 

observations were evaluated for outlier (residuals > 3) and leverage [> 3(k+1)/n] 

and influential [DFITS > 2 (k+1/n)1/2] observations; all observations exceeding the 

cut points were assessed based on their profile of predictor variables. 
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A similar approach was taken in the development of multivariable logistic 

models for clinical case treatment approaches (PROC GENMOD; SAS 9.1.2, 

2004). As described for the linear models, predictor variables were screened for 

inclusion in models by evaluating unconditional associations, (PROC LOGISTIC; 

SAS 9.1.2, 2004) with dichotomous dependent variables, using a liberal P-value 

(Wald x2, P ^ 0.2). The dependent variables of interest were the treatment 

approaches taken for each to the two clinical cases. These treatment approach 

variables were dichotomous and mutually exclusive. Models were developed for 

those treatment approaches, dichotomized as non-antimicrobial, local and 

injectable treatments, with significant univariable associations and where there 

were sufficient positive/negative outcomes (10x [number of predictors+1]). 

Continuous independent variables (BARNAGE, HERDSIZE, STCKRATE) were 

assessed for linear associations with the outcome. 

Rankings of reasons for antimicrobial use in lactating dairy cows were 

reported as percentage weighted response frequencies. Ranks were weighted in 

reverse order, 1=7, 2=6, etc. Percentage response frequencies were calculated 

as the percentage of total weighted rankings across all reason categories. 

RESULTS AND DISCUSSION 

Respondent Demographics 

Just over half of the producers from the DFO sampling frame returned 

questionnaires. The producers who responded were generally representative of 

dairy producers in the province based on regional distribution, DHI membership, 

average annual milk production and SCC (Statistics Canada, 2001; Dairy 
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Farmers of Ontario, 2007). Respondent demographic information is summarized 

in Table 2.1. Data from the questionnaires of 393 (46%) of eligible producers 

were analyzed after responses with missing data for region, herd size and/or milk 

production were excluded (n = 44). Approximately 68% of the herds in the 

sampling frame were located in SWO. The response rate between regions was 

proportionate to the number of herds in each region. 

DHI membership (DHIMEMB) among respondents reflected provincial 

enrollment in milk recording programs (Dairy Farmers of Ontario, 2007). The 

lowest level of membership was among respondents from Eastern Ontario 

(63%), but there was no significant difference in DHIMEMB across regions = 

2.8, 3 df, P = 0.42). 

While BARNAGE had a wide range, the majority of free-stall facilities were 

between four and 26 years of age with a median age of 10 years. New barns 

accounted for 28% of respondent facilities, the exception being those in SCO 

where only two respondents reported having built a new milking cow facility 

within the last five years. The questionnaire did not capture whether existing 

facilities had been renovated/retrofitted. Eveland et al. (Eveland et al., 2005) 

assessed barn building permits issued in SWO from 1996 to 2001 and found that 

the majority of permits for dairy facilities (68%) were to house less than 100 LU 

and 31% were for 100-500 LU; a relatively high proportion of permits (42%) were 

for additions, as opposed to new barn construction, which the authors attributed 

to the high costs of expansion in a supply managed commodity. On a univariable 
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basis, BARNAGE was significantly associated with all aspects of barn design 

captured by the questionnaire (x2, P < 0.001). 

Five producers (1.5%) under-reported their milking herd size by more than 

20% relative to DHI data and 12 (3.5%) over-reported the number of cows 

milking by the same margin; HERDSIZE for these 17 observations were 

reconciled with the DHI number. The mean and median HERDSIZE reported by 

respondents were 78 and 65 cows respectively, with 90% milking 130 or fewer 

cows; 12 herds were extreme outliers with very large herds, which skewed the 

distribution. Average herd size reported by DHI for all herds, tie- and free-stall 

housed, in 2001 was 56.5 cows (Dairy Farmers of Ontario, 2007). The exclusion 

of producers with tie-stall facilities from our study may account for the difference 

in average herd size. A significantly greater proportion of producers milking over 

89 cows (the upper quartile for herd size) reported having free-stall housing that 

was 10 years old or less (Fisher's Exact Test, two-sided, P < 0.002). These 

findings are consistent with the expansion of dairy herds in the 1990s and trends 

towards larger barns that could house more livestock units (Beaulieu and 

Bedard, 2003; Eveland et al., 2005). HERDSIZE has been found to be a 

significant factor in the adoption of different management practices (Hoe and 

Ruegg, 2006). Kaneene and Miller (Kaneene and Miller, 1992) reported a herd 

size association with antimicrobial use in dairy herds; the proportional use of 

certain antimicrobials (e.g., aminoglycosides) in cows varied by herd size strata. 

The median number of milking cow stalls was 76 stalls per barn. Based on 

that, 75% of respondents had stocking rates at or below full capacity, with a 
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mean rate of 97%. These rates were lower than those reported from a survey of 

expanding dairy operations in Wisconsin, where mean stocking rates ranged 

from 104 -112% depending on barn configuration (Bewley et al., 2001). Among 

the overstocked herds (stocking rates > 100%) in our study, the majority (71%) 

had stocking rates between 101% and 120%. Stocking rates can have an impact 

on the cow environment and behavior. For example, as stocking rates increase 

lying times decrease, more time is spent standing idly and not eating, and 

competitive behavior expressed as stall displacements increase (Fregonesi et al., 

2007; Krawczel et al., 2008). In our study, stocking rate was a function of 

available stalls relative to milking herd size only. Feed bunk space was not 

considered in characterizing herd stocking densities. An experiment to assess 

the impact of feed bunk stocking density on feeding and social behavior of dairy 

cows found that daily feeding time decreased, and idle standing and feed bunk 

displacements increased, as bunk space became more limited (Huzzey et al., 

2006). Authors of a British study that assessed overcrowding and claw lesions in 

first lactation heifers, suggested that reduced lying times acted as exacerbating 

factors in lameness development, in that a 2:1 heifer to stall ratio resulted in 

shorter lying times, which were negatively associated with claw lesion scores 

(Leonard et al., 1996). In contrast, a study by Espejo and Endres (Espejo and 

Endres, 2007) to assess risk factors for lameness in 50 high-production herds, 

did not find a significant association with pen stocking density of free-stall barns; 

the authors suggested that overcrowded herds may have more intensive foot 
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health management protocols in place. Stocking rates of pens can also affect 

internal barn temperatures (Wagner-Storch and Palmer, 2002). 

At the time of this study, the DFO was implementing a new HACCP-based 

National Quality Assurance Program. One program requirement was to have at 

least one person on the farm with a valid Livestock Medicines Certificate. In 

Ontario a target date of April 2003 was set for all DFO members to be in 

compliance with this program. During the 2000-01 fall/winter teaching season, 

7% of all Ontario producers (430/6,200) completed a Livestock Medicines Course 

(LMC) (MacNaughton, 2001), and this was reflected in the 9% of respondents 

who had acquired their certificate during the same period. The remaining 13% of 

respondents who had completed a LMC did so 5-10 years earlier. Courses were 

delivered largely by veterinarians as day-long meetings with a focus on residue 

avoidance through proper drug handling and administration, and record keeping 

associated with the use of drugs in dairy cattle. In general, there was relatively 

little LMC content devoted to prudent antimicrobial use and resistance 

avoidance. One of the themes that emerged from focus groups of South Carolina 

dairy producers was that they lacked knowledge about the significance of 

antimicrobial resistance (Friedman et al., 2007). Other themes included a lack of 

time as a significant barrier to acquiring information regarding drug use, 

educational seminars as the desired knowledge transfer format, and 

veterinarians were the most trusted and credible source of antimicrobial use 

information. 
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Facility Design: Stall Base and Bedding 

In general, barn design data indicated that the majority of free-stall 

facilities in Ontario had stalls based (BASE) with pasture mats bedded (BED) 

with straw or wood shavings, and solid concrete alleyways with either tractor or 

automatic scraping systems for manure removal (Table 2.2). A key component of 

the cow environment is the stall base and bed, which should function to provide a 

comfortable clean dry bed for good cow cleanliness and udder health, and a 

resilient surface with good traction that maximizes cow confidence and minimizes 

injuries (Bickert et al., 2000). The most common stall base was pasture mats 

(58%) followed by dirt (16%), concrete (13%) and rubber mats (12%). Other stall 

bases (2%) noted included gravel, wood, felt on wood, sand and tires, nylon over 

sand, crushed limestone and sand. Wood shavings (45%) and straw (43%) were 

the most common stall bedding materials used. Only 8% of respondents reported 

using sand. Other bedding types (2%) included: shavings and straw, lime, 

manure, crushed drywall, hay, paper and sawdust, and 2% of respondents 

indicated no bedding use in stalls. 

Diversity in stall design and management was reflected in the large 

number of different base-bedding combinations. In descending order of 

prevalence, the most prevalent stall base-bedding system in our study was 

pasture mat-based stalls bedded with shavings (35%) or straw (20%), concrete-

straw stalls (8%), dirt - straw stalls (8%), rubber mat - straw (6%), dirt - sand 

(5%), and rubber mat - shavings (4%). Although sand-bedded stalls had been 

promoted for their advantages in cow comfort (Tucker et al., 2003; Wagner-
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Storch et al., 2003), the low number of study herds reporting FSF with dirt-based 

sand-bedded stalls may reflect the additional management demends associated 

with maintaining sand bedding compared to pasture mats and concerns 

associated with sand in terms of its potential for abrasive damage to manure 

handling equipment and the additional material in storage facilities with sand-

laden manure (Bickert et al., 2000). In contrast, among survey respondents taken 

from Wisconsin producers with recently expanded herds, 59% had free-stalls 

barns with sand and 28% with mattresses (Bewley et al., 2001). These 

researchers reported that producers with sand-bedded FSF expressed higher 

satisfaction with udder health, cow cleanliness and comfort, and hock injuries 

compared to those with mattresses, but there were no differences in rolling herd 

average milk or SCC score between herds using sand and mattress-based stalls. 

Similar findings were reported by Fulwider et al., who also found higher culling 

rates among herds with mattress-based stalls compared to those on sand, but 

cows on mattresses had higher hygiene scores than those on sand (Fulwider et 

al., 2007). 

Although several of the studies cited report no significant differences in 

SCC among stall surfaces, this parameter is not reflective of the incidence of 

clinical mastitis caused by environmental pathogens. Different bedding materials 

vary in their ability to support growth of environmental mastitis pathogens 

(Zehner et al., 1986). Hogan et al. (1989) reported that bacterial counts varied 

among organic (sawdust and straw) and inorganic (sand and crushed limestone) 

bedding materials, and seasons, with higher counts in summer/fall; rates of 
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clinical mastitis in this study were significantly different among herds bedded on 

different materials. Bacterial counts on teat ends were found to be correlated with 

those in sawdust and sand bedding (Zdanowicz et al., 2004). 

Facility Design: Alleyway Flooring 

The most frequent alleyway flooring (FLOOR) reported was solid concrete 

(68%) followed by slatted floors (28%) and rubber-covered concrete (4%). 

Alleyway flooring should provide a walking surface to cows with traction sufficient 

to allay any apprehension regarding potential slipping hazards (Anderson, 2001). 

Cow preference for different flooring materials appears to be related to increased 

confidence in footing while in motion and comfort while standing, which are 

manifested as changes in gait, hoof and leg lesions, and dry matter intake 

associated with time standing at the feed bunk (Telezhenko and Bergsten, 2005; 

Tucker et al., 2006; Telezhenko et al., 2007). An experiment conducted by 

Tucker et al. (2006) found that cows on softer rubber alleyway flooring had more 

frequent feeding and standing bouts, and significantly more time feeding 

compared to concrete or sawdust, which countered findings of an earlier 

experiment that showed no difference in time spent feeding (Fregonesi et al., 

2004). Although there appears to be an advantage in cow comfort, hoof health 

and the incidence of clinical lameness with rubber flooring over concrete 

alleyways, the evidence is not conclusive. Studies have yet to demonstrate 

significant differences in claw lesion scores, lameness indices or milk production 

(Vokey et al., 2001; Vanegas et al., 2006; Kremer et al., 2007). 
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Facility Design: Manure Management 

Of the five selections available to respondents regarding their manure 

management (MANMGMT) systems the majority indicated tractor (39%) or 

automatic (31%) scraping of the alleyways. Most of the remaining respondents 

indicated cow traffic alone over slatted floors (18%) and/or some type of scraping 

system over the slats (9%). Only 11 respondents (< 3%) had flush barn systems. 

An experiment comparing dry concrete, wetted concrete and slurry-covered 

concrete alleyway floors indicated that cows altered their gait given the perceived 

risk of slipping associated with each of the flooring conditions. Locomotion 

analysis found cows walking on deep slurry covered floors had reduced stepping 

rate and longer stride length compared to when walking over wetted floors where 

cows appeared to compensate for a more slippery surface with increased step 

rate and shorter strides (Phillips and Morris, 2000). Cow cleanliness, determined 

to a large extent by alleyway manure management and stall cleanliness, can 

have a significant impact on udder health; poor udder hygiene related to dirty 

stall conditions have been associated with a higher prevalence of mastitis 

pathogens and SCC (Barkema et al., 1998; Schreiner and Ruegg, 2003). 

Facility Design: Ventilation 

The majority of FSF were naturally ventilated, constructed with half- or full-

open sidewalls and chimneys. Approximately 70% of respondents reported four 

main types of ventilation system including full sidewalls/chimneys (25%), half 

sidewalls/chimneys (24%), half sidewall/open peak (13%) and full sidewall/open 

peak (8%). Experience with frozen manure and water supply systems in open 
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peak bams during extreme winter conditions may have contributed to the 

apparent shift in new barn construction to insulated roofs and chimneys to 

exhaust warm moist air. Stocking densities can have an impact on the 

temperature gradient across non-insulated naturally-ventilated barns with open 

sidewalls and curtains (Wagner-Storch and Palmer, 2002). Most respondents 

indicated they used fans (FANS) either never or seasonally, and those with half 

sidewalls indicated seasonal fan use more frequently than those with full 

sidewalls. There were no differences in ventilation systems across regions but 

preference did change over time with barn designs changing from using 

windows, doors and other forms of ventilation inlets / outlets (AIRIN / AIROUT)in 

barns over 10 years old to half open sidewalls and chimneys in barns 5-10 year 

old, then progressing to newer barn designs, built between 1996-2001, where full 

open sidewalls and chimneys were the most common ventilation system (61%). 

In building new facilities on open land, decisions regarding barn location and 

orientation relative to potential wind shadows and the direction of prevailing 

summer winds would be taken into account (Bickert et al., 2000; Wagner-Storch 

and Palmer, 2002) in an effort to maximize air movement through the barn on 

most days, minimizing the need for supplemental fan ventilation. Our survey 

instrument did not capture whether or not the FSF was a new free-standing 

structure or an addition/renovation to existing facilities, or its location/orientation 

relative to topography, other buildings and prevailing winds. Fifty-eight percent of 

building permits for dairy facilities in SWO between 1996-2001 were for new barn 

construction (Eveland et al., 2005). 
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Milk Production and Somatic Cell Count 

The number of months of DFO milk-test data per herd ranged from four to 

twelve months and 95% (372/393) of herds had data for all 12 months of 2001. 

Herds that did not have 12 months of data where excluded from the following 

analysis. Excluded herds did not differ significantly from included herds in terms 

of REGION, BARNAGE or HERDSIZE, but a larger proportion of excluded 

producers were not DHIMEMB (Fisher's Exact Test, two sided, P = 0.03), which 

could bias analyses assessing this aspect of herd management. 

Average annual production parameters calculated from monthly DFO data 

for study herds (9,183 kgs milk/cow, 359 kgs fat/cow and 307 kgs protein/cow) 

were higher than that reported for all DHI herds in the same year (8,597 kgs, 337 

kgs, 277 kgs, respectively) (Dairy Farmers of Ontario, 2007). Energy Corrected 

Milk (ECM) production per study herd for that year was 645,446 kgs; the 

distribution was right-skewed with several extreme outliers. Energy Corrected 

Milk per Cow per Year (ECMpCy) ranged from 2,647 to 19,498 kgs with a 

median of 9,936 kgs and an interquartile range of 2,096 kgs, (8,664 to 10,760 

kgs). 

Univariable analyses were conducted to evaluate which variables should 

be considered for inclusion in a multivariable model for ECMpCy (Table 2.2). All 

barn design variables and four of the six demographic variables, with the 

exception of REGION and LMC, were unconditionally associated with ECMpCy, 

P < 0.20. Collinearity among the independent variables in the full model was not 

overly apparent; the greatest correlation was between FLOOR and MANMGMT; 

alleyway flooring type dictated specific manure management, e.g., 'slatted floors' 
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and 'cow traffic over slats' (Spearman Rank correlation coefficient, r = 0.73, P < 

0.01). BARNAGE, HERDSIZE and STCKRATE were not linearly associated with 

ECM because their quadratic terms were not significant in the model, and were 

therefore categorized into quartiles as ordinal and hierarchical dummy variables. 

DHI membership was the only dichotomous independent variable in the model. 

The main effects model is presented in Table 2.3. 

Overall, the independent variables explained a significant amount of the 

variation in milk production (F-value = 24.86, P < 0.01) and almost 60% of the 

variability in ECMpCy was explained by the model (R2 = 0.60). To meet the 

assumptions of equality of variance and normality of residuals the variable 

LOWMILK was created to control for those observations with extremely low 

values for ECMpCy (n = 22). These were herds that had production below 6,000 

Kgs of ECMpCy likely due to inaccurate herd size data, the denominator for this 

derived dependent variable. When the model controlled for these observations 

the assumptions of homoscedasticity and normality of residuals were met. While 

controlling for LOWMILK herds, BASE and BEDDING became insignificant in 

their association to ECMpCy (P = 0.0740 and 0.1631, respectively) and 

parameter estimates for other variables generally decreased marginally but 

remained significant. SCC was included in the model as a continuous predictor 

because it had a linear relationship with the outcome. None of the biologically 

plausible interaction terms investigated were significant in the model. REGION, 

BARNAGE, MANMGMT, AIROUT and LMC were not significantly associated 

with energy corrected milk production and were excluded from the model. Three 
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outlier cases were noted as having large standardized residuals (> |3|). One of 

the outlier cases was a relatively small herd with production at the top of the 

range while the other was a larger herd with the lowest production, but both 

cases remained in the dataset as they were otherwise unremarkable in their 

profile of other covariates in the model; a third outlier was removed from this 

analysis because of extremely high milk production of 19,498 kgs ECMpCy, 

which could not be substantiated and was suspected to be an artifact of 

erroneous herd size data. To further assess model fit, residuals with high 

leverage and influence were investigated. There were no observations with 

extreme leverage values (> 0.9). There were 36 potentially influential 

observations with DFFITS above a critical value of 0.31 (2[(k+1 )/n]A1/2). With 

these observations removed from the model, the general effect was an increased 

in significance for all variables with marginal changes to the parameter estimates 

except for BASE and BEDDING, whose estimates changed notably. Most of 

these influential observations were in the upper quartile for production, but given 

there was little change in terms of the overall effect on each variable in the model 

none could be justifiably removed from the dataset. 

Consistent with other research (Dohoo et al., 1984), this model indicated a 

negative association between SCC and milk production; while controlling for the 

other factors in the model, there was a decrease in ECMpCy of 4.85 kgs for 

every unit increase in herd average somatic cell count (x103 cells per milliliter). 

STCKRATE between 111 -120% was associated with significantly greater 

production compared to herds that were under stocked; the diminished return in 
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ECMpCy in herds with STCKRATE greater than 120% was not significantly 

different from those who were under stocked. The model suggested that pasture 

mat BASE, sand BEDDING and rubber covered FLOOR were associated with 

higher production compared to their referent categories, although the BASE and 

BEDDING effects were not significant, P > 0.05. Regarding aspects of ventilation, 

barns with full or half open side walls had higher production compared to those 

who indicated doors/windows as air inlets, and seasonal fan use was associated 

with an estimated mean production advantage of 381 kgs ECMpCy compared to 

herds where fan ventilation was never used. Being a DHI member was also 

associated with significantly greater milk production per cow per year (+1,049 

Kgs) than their non-member counterparts. 

Monthly average Somatic Cell Count (SCC) data for each respondent herd 

was collapsed to a median SCC per herd per year. SCC ranged from 69,500 to 

468,500 with a mean of 207,494, median of 196,250, and an interquartile range 

of 92,500 (155,250 - 247,750) cells per milliliter. The mean SCC for study herds, 

207,494 cells/ml, was marginally lower than the 12-month average reported by 

DFO for the 2000-01 and 2001-02 dairy years, 236,000 and 233,000, 

respectively (Dairy Farmers of Ontario, 2007). The differences in these average 

values may be an artifact of herd size reporting error by some respondents 

and/or the result of non-response by producers with lower production and higher 

SCC herds. Univariable analysis to assess associations among demographic, 

barn design variables and SCC revealed a significant association with bedding 

type at P ^ 0.05, where FSF with sand or shavings in the stalls were associated 
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with lower SCC compared to those bedded with straw (Table 2.4). Associations 

with region, DHI membership, age of barn, stall base type, alleyway flooring and 

ventilation outlet were noted using a more liberal level of significance (P £ 0.20). 

Multivariable models did not yield significant associations among demographic, 

barn design or production predictor variables and SCC. 

Antimicrobial Sources: Retail and Advice 

Most conventional dairy farms rely on veterinarians to provide 

recommendations for antimicrobial use (Zwald et al., 2004). Veterinary advice 

does influence how antimicrobials are used but farm personnel commonly 

administer treatments without direct veterinary supervision (Kaneene and Miller, 

1992; Sawant et al., 2005). Eighty-four percent of respondents ranked their herd 

veterinarian as their primary source of information on antimicrobial use, and 

Other Farmers and Other Veterinarians were the most frequent secondary and 

tertiary information sources. Other sources of advice included "student vet" and 

"nutritionist". Respondents to our questionnaire confirmed that they also rely on 

their herd veterinarian as a primary source of antimicrobial drug use information 

and as a major retail source (Figure 2.2). This situation, where veterinarians are 

both a primary source of antimicrobials and advice on their use, is viewed as a 

conflict of interest for the profession. In a parallel study of dairy practitioners 

(Chapter 3), respodents indicated that their profit was never (72%) or 

occasionally (22%) considered in antimicrobial selection. Among a list of 

recommendations made by an advisory committee the Veterinary Drugs 

Directorate, Health Canada, on the Animal uses of antimicrobials and impact on 
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resisitance and human health, was the recommendation that "the prescribing and 

pricing of antimicrobials should not result in any incentives to dispense 

antimicrobials" (Veterinary Drugs Directorate, 2002). 

There were no significant unconditional associations among respondents 

who ranked their herd veterinarian as their primary retail or advice source for 

antimicrobial use and other demographic variables (x2 test, P > 0.05). To a lesser 

extent, herd veterinarians were also the main retail providers of antimicrobial 

products to the majority of producers (69%) followed by feed and farm stores. 

Among the few Other retail sources cited, a single respondent indicated sourcing 

antimicrobials from "Dopharma - Netherlands", a mail order/on-line drug retailer. 

Many of the commonly used injectable and intramammary antimicrobials are 

Federal Drug Category F - Schedule I drugs that require a prescription and 

should be provided by a veterinarian or pharmacist under a functioning 

veterinarian-client-patient relationship (VCPR). The Livestock Medicines Act 

(Government of Ontario, 1990) in the province of Ontario permits the sale of a 

limited schedule of drugs, primarily in-feed medications and some injectable and 

intramammary antimicrobials, through feed and farm retail outlets, which 

influences how producers source product and the prescribing behavior of 

veterinarians. This survey instrument did not investigate perceptions concerning 

the need for a valid VCPR in antimicrobial dispensing. 
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Clinical Case Scenarios 

Clinical Case: Mild Mastitis 

The clinical case scenarios presented to producers in this questionnaire 

involved two of the more common reasons for antimicrobial use in dairy herds -

mild mastitis and acute lameness due to digital dermatitis. All but one respondent 

(n=392) provided at least one treatment option for the mastitis case; 55% and 

22% selected two and three treatment options respectively, while fewer than 7% 

selected four or more treatments. Among all of the individual treatment options 

the most frequently selected, in almost equal numbers, were intramammary 

antimicrobial infusion alone and "Strip out at milking" (the removal of fore milk 

from the gland and teat cisterns of the mammary gland immediately prior to 

milking) (Figure 2.3). The next four most frequently selected choices, "Oxytocin 

injection and strip", "Strip out between milkings", "Other treatments" and "No 

treatment" did not involve antimicrobial use. Of all of the products listed under 

"Other treatments" for this case, topical ointments / balms / creams / rubs were 

the most common (68%) followed by non-steroidal anti-inflammatory drugs 

(11%), homeopathic remedies (11%), steroids (5%), and diuretics (5%). 

Injectable antimicrobials accounted for less than five percent of the treatments 

selected. 

Individual treatment selections were reflected in the various treatment 

combinations that emerged, with most of the combinations being either non-

antimicrobial in nature or those that involved local antimicrobial administration 

alone or in combination with other non-antimicrobial treatments (Figure 2.4). 
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Seventy-two percent of respondents indicated their treatment would involve 

stripping milk from the affected quarter; 16% indicated they would strip the gland 

between milkings, and 28% would use oxytocin as part of their stripping protocol. 

Just over half (54%) of the respondents indicated they would use some form of 

antimicrobial in their treatment, intramammary infusions and/or injectable 

medications. Eight percent of the treatment combinations included injectable 

antimicrobials. It should be noted that 11 % of respondents selected No 

Treatment along with one or more of the remaining treatment options; these 

treatments were included in the analysis and most were non-antimicrobial in 

nature. Only two percent of respondents indicated they would seek direct 

veterinary supervision for a case of mild mastitis. 

Results of univariable analyses used to screen predictor variables for 

inclusion in multivariable logistic models for the mastitis case treatment 

approaches are summarized in Tables 2.5-6. No significant associations were 

revealed by multivariable models for any of the three treatment approaches. 

DHI members were more likely to use intramammary antimicrobials (OR = 

1.48, P = 0.1088) and less likely to use injectable antimicrobial (OR = 0.583, P = 

0.1698) compared to non-members. Respondents with FSF 5-10 years old were 

less likely to use intramammary treatments (OR = 0.49, P = 0.0269) but more 

likely to use injectable treatments (OR = 3.72, P = 0.0507) compared to those 

with old barns, over 26 years old; those with barns under five years old were also 

associated with a greater odds of using injectable antimicrobials (OR = 3.08, P = 

0.0930) to treat this case. Compared to large herds (> 89 milking cows), those 
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respondents in the lower quartiles for herd size were less likely to use injectable 

antimicrobials to treat this case (<47 cows, OR = 0.34 P = 0.0758; 47-64 cows, 

OR = 0.44, P = 0.1417). There were no significant associations, at the liberal P-

value of 0.2, among mastitis treatment categories and the regional location of 

herds or stocking rates. There was only one significant association noted among 

the eight barn design variables and treatment categories - concrete alleyway 

flooring was associated with lower odds of injectable antimicrobial use relative to 

herds housed in slatted floored barns (OR = 0.43, P = 0.0265). There were no 

significant univariable associations among mastitis treatment categories and 

energy corrected milk production. 

The mastitis case was deliberately described as "mild" to investigate the 

variation in treatment approaches given the debate in the dairy literature and 

dairy press over the preceding 5-10 years regarding the efficacy of a 

conservative, non-antimicrobial, management approach to these cases. In the 

early 1990s, recommendations to treat mild mastitis cases with supportive 

therapy only (stripping the quarters) with/without fluids, anti-inflammatory 

medications and no antibiotics) emerged with an apparent broad rate of adoption 

by producers in the USA and Canada. The perceived benefit was lower treatment 

costs associated with medication and discarded milk, and residue avoidance 

(Kirk et al., 1994). Subsequent research revealed that the application of this 

approach should be guided by herd culture and SCC history, clinical monitoring 

and pre-treatment milk culture results from the current case. The incorporation of 

antimicrobials with supportive therapy to treat new intramammary infections 

89 



caused by certain milk pathogens was found to be more efficacious and 

economically beneficial with higher clinical and bacterial cure rates with fewer 

relapses (Morin et al., 1998; Shim et al., 2004). In a study that compared the 

bacteriological cure rates of subclinical mastitis cases in which antimicrobials 

were used with those receiving no treatment, the advantage of antimicrobial 

therapy was pathogen and drug dependent (Wilson et al., 1999). Answers to the 

mild mastitis clinical case question in our study indicated that management with 

supportive therapy alone was a very prevalent approach among respondents. 

The majority selected either non-antimicrobial or local (intramammary) 

antimicrobial therapy in almost equal proportions, which was consistent with the 

debate at the time. Of the few who indicated they would use injectable 

antimicrobials, most did so in combination with local antimicrobial and/or 

supportive therapy. 

Algorithm-based protocols have been developed that incorporate herd 

SCC history and case severity scores along with information from milk cultures to 

direct the treatments administered by producers or farm staff (Robertson, 2003). 

Although the questionnaire did not ask respondents if their treatment approach 

was based on any form of diagnostic testing, a few did offer under Other 

treatments that they would conduct a milk culture. The question asked 

respondents to select treatment options that would reflect how they would 

"TYPICALLY manage/treat" a case of mild mastitis. The extent to which case 

severity, chronicity, individual and herd SCC or milk culture history was 

considered is unknown. Respondents with herds in the lower quartile for somatic 

90 



cell count (less than 156,000 cell/ml) were approximately two times less likely to 

use non-antimicrobial treatments (Wald x2 = 5-8, 3 df, P = 0.09) and two times 

more likely to use intramammary antimicrobials (Wald x2 = 3.9, 3 df, P = 0.15) 

than herds in the upper quartile for somatic cell count. The associations among 

herd average SCC, intramammary and non-antimicrobial treatments suggests 

that herd level udder health may influence how individual cows are treated for 

mastitis; however, the directionality of this association cannot be elucidated by 

this cross-sectional study. 

Clinical Case: Digital Dermatitis 

Digital dermatitis, also referred to as papillomatous digital dermatitis, 

strawberry foot rot and hairy heel warts, emerged in the early 1990s as a major 

cause of lameness in American and Canadian dairy herds. Herd prevalence 

varied by region and herd size, ranging between 23 and 75%, with estimates for 

with-in herd prevalence of 12 and 18% of cows affected (Rodriguez-Lainz et al., 

1996). Fifteen of 381 (4%) respondents to our survey indicated they did not have 

digital dermatitis in their herd. A causative agent has yet to be confirmed, but 

researchers have reported the isolation of Treponema-Wke spirochetes among 

mixed bacterial populations from lesions (Hanna et al., 1994; Blowey et al., 1994; 

Walker et al., 1995; Walker et al., 1997; Trott et al., 2003), and the efficacy of 

antimicrobial therapy implies a bacterial etiology (Britt et al., 1996; Read and 

Walker, 1998; Hernandez et al., 1999; Hernandez and Shearer, 2000; Moore et 

al., 2001; Manske et al., 2002a; Silva et al., 2005). 
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In response to this case scenario most producers indicated that they 

managed digital dermatitis using an antimicrobial administered directly to the 

affected foot as a spray or dressing; footbaths were selected at a lower 

frequency. Of the individual treatment options available for the digital dermatitis 

case, the top three individual treatments had almost equal frequencies: "Spray on 

antibiotic", "Bandage with topical antibiotics" and "Cooper Sulphate footbath" 

(Figure 2.5). "Formalin Footbath" and "Antibiotic Footbath" had similar but lower 

frequencies. Fewer than six percent of respondent producers indicated they 

would use injectable antimicrobials or "Other treatments", including hoof trimming 

and the application of other non-antimicrobial topical products. Preventive hoof 

trimming has been demonstrated to reduce the risk of other claw-related causes 

of lameness but not the risk of digital dermatitis (Manske et al., 2002b). This case 

scenario specifically asked about the treatment approach to a acutely lame cow 

due to digital dermatitis, as opposed to preventive treatments for a herd, which 

may explain why cow-level treatments (e.g., direct topical applications) were 

more frequently selected over herd-level preventive protocols (e.g., footbaths and 

regular hoof trimming). However, among those who selected footbath treatment 

options, copper sulfate use equaled the use of both formalin and antimicrobial 

footbaths. The occupational hazard associated with exposure to formalin makes 

this option less desirable on dairy operations (Guard, 1999). 

Thirty-one treatment combinations emerged from the responses to the 

digital dermatitis case. With such a wide range in approaches, predominant 

treatments were not evident; however, the most frequently used approaches 
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were in the local antimicrobial use category (Figure 2.6). Approximately half of 

the combinations were made up in-whole or in-part by some form of topical 

antimicrobial use, with or without bandage application and/or a non-antimicrobial 

treatment. For the purposes of this analysis, "Copper sulfate footbath", "Formalin 

footbath" and "No treatment" were categorized as non-antimicrobial treatments; 

few indicated they would use only non-antimicrobial treatments for this case. 

Approximately one quarter of the respondents indicated they would use a 

treatment combination that included an antimicrobial footbath. Of the number of 

different treatment combinations that emerged, almost half involved injectable 

antimicrobials, but the total frequency of combinations that included injectable 

treatments was 13%. Consistent with recommendations found in the literature, 

injectable antimicrobial use was not common, and of those who did, the majority 

indicated they would do so in conjunction with a topical treatment. Most of the 

recommended protocols for individual cow and herd-level treatments involve 

some form of topical application of an antimicrobial, as a dressing under a 

bandage, as a foot spray or as a footbath (Guard, 1999). Two commonly used 

antimicrobials for topical treatments are oxytetracycline and lincomycin; this 

indication and route of administration are extra-label uses of these drugs. 

Alternatives to antibiotics include a range of disinfectant caustic solutions and 

commercial formulations such as soluble copper, peroxide, acidified ionized 

copper and formalin. The efficacy of these products has been compared to that 

of antimicrobials (Brittet al., 1996; Hernandez et al., 1999; Moore etal., 2001; 

Manske et al., 2002a; Silva et al., 2005). There is evidence that the efficacy of 
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oxytetracycline may be affected by the anatomical location of lesions on the foot 

and the development of antimicrobial resistance resulting from continuous use of 

this drug for routine herd prophylaxis over several years (Hernandez and 

Shearer, 2000; Shearer and Hernandez, 2000). 

Twenty-four of the 381 respondents (6%) indicated they would "call for 

veterinary treatment" and six (2%) indicated they would not treat this case. The 

low frequency of veterinary supervision associated with this case is not surprising 

given the role of professional hoof trimmers on dairy farms in advising producers 

on treatment approaches for lameness. 

Screening of predictor variables for multivariable analysis through 

univariable analyses revealed there were no significant associations among the 

three treatment categories for the digital dermatitis case and demographic, barn 

design or milk production variables (Tables 2.7-8). 

Clinical Case Comparisons 

Categorical treatment approaches were compared for both of the case 

scenario questions (Figure 2.7). In the treatment of mild mastitis an almost equal 

number of respondents indicated they would use local antimicrobials and non-

antimicrobial treatments, but in treating a case of digital dermatitis, local 

antimicrobial treatments were the predominant choice. There was much lower 

use of non-antimicrobial treatments for the digital dermatitis case compared to 

the mastitis case. Systemic antimicrobial treatments were not prevalent in either 

case, with 8% and 13% of respondents indicating the use of injectable therapy in 

treating mild mastitis and digital dermatitis, respectively. For both cases, few 
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respondents indicated they would seek direct veterinary supervision without 

initiating other treatments. 

The comparison of responses by treatment approach category (systemic, 

local or non-antimicrobial) highlights the difference in antimicrobial exposure 

between these specific cases and the limitations of high-level qualitative 

antimicrobial use information. If antimicrobials were used in either case, they 

were mainly administered locally with relatively little injectable therapy. The 

higher frequency of non-antimicrobial approaches used in the typical 

management of mild mastitis may be related to the fact that there are several 

different milk pathogens, some self-limiting in their colonization of the udder, 

others commonly associated with chronic infections and each have varying 

susceptibility to antimicrobial therapy; whereas digital dermatitis often presents 

as a persistent herd infection that is generally susceptible to topical 

antimicrobials. Injectable treatments do not contribute to improved efficacy for 

digital dermatitis, but may improve the clinical and bacterial cure rates for certain 

mastitis infections. Because both case scenarios were depicted as mild, it was 

not surprising to find that very few producers indicated they would call for 

veterinary supervision. 

Multivariable logistic models with demographic, barn design, and 

production independent variables did not reveal significant associations with any 

of the three dichotomized treatment approaches, for either of the clinical cases. 

Qualitative information (e.g., categorical drug use information), may be useful in 

identifying where opportunities to rationalize antimicrobial use exist. 
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Observational studies can identify potential risk factors associated with the 

incidence of disease (Rodriguez-Lainz et al., 1996; Vokey et al., 2001; Manske et 

al., 2002b; Holzhauer et al., 2006). The importance of infectious disease in the 

dairy industry can be ranked in terms of a disease's impact on production, animal 

welfare, public health and international trade (Wells et al., 1998). Biosecurity, 

management strategies and interventions that minimize disease incidence could 

limit prophylactic and therapeutic uses of antimicrobials. Information from 

observational studies and surveillance with refined qualitative and quantitative 

use data, and data from clinical trials focused on protocol comparisons and 

associated antimicrobial resistance outcomes, would provide better guidance to 

industry about the most efficacious and justifiable therapeutic approaches to 

these and other common reasons for antimicrobial use. 

Reasons for Antimicrobial Use in Lactating Cows 

The number of respondents who provided at least one selection in ranking 

the most common reasons for antibiotic use in lactating cows over the previous 

three months was 344/393 (88%); the percentage of respondents who provided 

2nd, 3rd, 4th and 5th rankings were 52, 29, 12 and 8%, respectively. The list was 

neither exhaustive nor extensive by design, to limit the length of the 

questionnaire. As expected, mastitis was ranked above all other choices as the 

most common reason for antimicrobial use in lactating dairy cows. Clinical and 

sub-clinical mastitis were not differentiated as reasons in the list of choices. 

Uterine/vaginal infections and lameness were the next highest ranked reason. 

The majority of #1 rankings were for mastitis (47%) followed by uterine/vaginal 
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infection (31%), lameness (12%), other reasons (6%) and pneumonia (4%) 

(Figure 2.8). Other reasons included surgery (e.g., abomasal displacement), peri-

parturient metabolic disease, dry cow therapy and trauma (e.g., traumatic 

reticuloperitonitis). These findings mirrored those from a parallel survey of 

Ontario dairy veterinarians (Chapter 4), and reflect the common diseases in dairy 

herds (Kelton et al., 1998; McLaren et al., 2006) that are associated with 

antimicrobial use (Meek et al., 1986; Kaneene and Miller, 1992; Sawant et al., 

2005). Meek et al. (1986) found that 54% of antimicrobial use was to treat 

mastitis, 22% for metritis and retained placenta, and 6% for unspecified 

conditions. Considering that study was conducted in 1981-82, prior to the 

emergence of prevalent digital dermatitis in North American herds, it is evident 

that little has changed over the ensuing 20 years regarding reasons for 

antimicrobial use on Ontario dairy farms. However, as expected there has been 

an apparent shift over time to newer antimicrobials as the predominant drugs 

used to treat these conditions. 

STUDY LIMITATIONS 

Limitations of this study relate primarily to issues of mailed self-

administered questionnaires, specifically, the potential for selection bias and 

misclassification bias (Streiner and Norman, 1995; Dohoo et al., 2003b). The 

target population was Ontario dairy producers who housed their milking herd in a 

free-stall facility. To encourage participation and to limit design-based selection 

bias, the length and complexity of the questionnaire instrument were kept to a 

minimum. Fifty-one percent of the producers from the original sampling frame 
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responded to our questionnaire and based on regional distribution, DHI 

membership, average annual milk production and SCC they were generally 

representative of dairy producers in the province. As with most questionnaire-

based research, the impact of non-response/response bias on study findings is 

difficult to assess. The disparity between DFO herd size and milk production 

statistics and the findings of this study are likely related to the exclusion of 

smaller tie-stall farms rather than a selection bias towards larger higher 

producing herds. 

Misclassification of observations may have resulted at various levels of 

this study. A disparity between reported milking herd size and that found in DHI 

records resulted in misclassification of the herd-level production parameter 

energy corrected milk per cow per year, given that herd size forms the 

denominator. To account for this difference and the associated misclassification, 

5% of the observations had their herd size changed to the DHI herd size. This 

control measure was not available for non-DHI members. The effect of this 

misclassification may have contributed erroneous parameter estimates in the 

model for ECMpCy, where a very influential group of observations had extremely 

low milk production (< 6000 Kgs/cow/year). These observations were controlled 

for in the model as LOWMILK herds. When controlling for LOWMILK herds, the 

effect of stall base and bedding were no longer significant, indicating that 

misclassification in this case was differential in nature, but the directionality of the 

bias was towards the null, no difference in production among herds due to the 

type of stall base and bedding used in the barn. 
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While the age of the barn was determined, information regarding the last 

substantive renovation was not collected, which may have misrepresented 

associations among different aspects of barn design and the age of the facility. 

Producers may have been misclassified in there profile of different barn design 

attributes where two or more of the available options were in fact being used. 

Attempts were made at the point of data entry to qualitatively assess these 

instances and create categorization rules to minimize misclassification. 

Categorical barn design variables were ultimately re-coded to eliminate those 

levels with sparse data. 

The content and construct validity of using clinical case scenarios to 

assess treatment response may be questioned for its complexity and potential for 

false positive answers or faking good (Streiner and Norman, 1995). The number 

and diversity of the different treatment combinations that emerged from case-

based questions is evidence that this effect was not prevalent. The lack of 

quantitative or qualitative data on the use of specific antimicrobials limited the 

findings to higher level qualitative information (e.g., whether antimicrobials were 

used and how). This limitation was related to efforts to maximize the response 

rate by limiting the number and complexity of questions presented to producers. 

Other than that associated with herd size, the effect of misclassification 

was likely non-differential across demographic and barn design factors, given the 

distribution of answers for each of these independent variables, thus the direction 

of the bias was assumed to be towards the null - no difference between groups. 

Rigorous and timely follow-up would address some aspects of misclassification 
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associated with missing or erroneous data, but attempts to do so were not met 

with great success. 

Although attempts were made to validate the questionnaire instrument 

prior to general mail-out to identify and correct items that may contribute to 

missing data or misclassification, this process was also inherently biased. The 

candidates were necessarily selected based on their ability to provide timely and 

reflective evaluations. Such a convenience sample introduced a selection bias to 

a process which ultimately did not reveal the substantive problems with the 

questionnaire instrument. To maximize the validity of questionnaire based 

studies, pre-testing of data collection instruments should be conducted in a 

randomly selected sub-set of the target population. 

CONCLUSIONS 

Producers indicated that they continue to regard their herd veterinarian as 

a trusted source of advice pertaining to antimicrobial use. In addition to this 

influential advisory role, veterinarians are a major part of the retail chain for 

antimicrobials used in the Ontario dairy industry. Mastitis, reproductive infections 

and lameness continue to rank highly as reasons for antimicrobial use in lactating 

cows. Continued research on barn design and herd management strategies that 

maximize cow comfort and health will minimize the incidence of these diseases 

and thus have a sparing effect on antimicrobial use. Clinical case scenarios can 

provide qualitative antimicrobial use information, highlighting differences in 

antimicrobial exposure and the nature of the exposure across the range of 

diseases common to dairy production. Given the limitations of qualitative data, 
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quantitative information on the use and efficacy of specific antimicrobials, 

differentiated by host-pathogen indication, is likely necessary for the 

development of rational clinical practice guideline and on-farm treatment 

protocols. Farm surveillance that integrates antimicrobial use and resistance data 

can potentially provide trend information and flag emerging issues of public 

health importance for the dairy industry. 
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Table 2.1. Demographic and production statistics for free-stall dairy farms 

Response Rate: Number (%) of respondents with complete data1 393 (46) 

Number (%) of respondents located in each Ontario region: 
South-western 266 (68) 
South-eastern 89 (23) 
South-central 26 (7) 
Northern 12 (3) 

Number (%) of respondents who were DHI members 270 (69) 

Median (range) age of respondent's free-stall facilities - Years 10 (<1- 101) 

Number (%) of respondents with FSF less than five years old 109 (28) 

Median (range) herd size - number of cows milking 65 (16- 630) 

Median (range) stocking rate - Percent 88 (22- 875) 

Number (%) who had completed a Livestock Medicines Course 50 (13) 

Median (range) energy corrected milk per cow per year - kgs 9,936 (2,647-19,498) 

Median (range) somatic cell count - x103 cells/mL 198 (70- 469) 

1 Complete data for REGION, HERDSIZE and monthly DFO MILK variables; 
DHI: Dairy Herd Improvement; FSF: Free-stall facility. 
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Table 2.2. Univariable analysis: Associations among Energy Corrected Milk 
and demographic and barn design categorical variables 
VARIABLE LEVEL HERD 

COUNT 
DIFFERENCE 
ECM 1 (Kgs) 95% CL P-VALUE 

T-Test2 
P-VALUE 

Partial F-Test 

Ontario Region Northern 
South-Western 
South-Central 
South-Eastern 

11 
228 

24 
80 

Ref3 

645 
152 
718 

Ref 
[-389, 1678] 

[-1068, 1373] 
[-360, 1796] 

Ref 
0.22 
0.81 

3 0.19 

0.31 

DHI 
Membership 

No 
Yes 

100 
243 

Ref 
1110 

Ref 
[729, 1491] 

Ref 
a<0.01 

a<0.01 

Barn Age >26 years old 
11-26 years old 
5-10 years old 
<5 years old 

77 
82 
85 
99 

Ref 
-150 
687 
464 

Ref 
[-674, 374] 
[168, 1207] 

[-38, 966] 

Ref 
0.57 

a0.01 
8 0.07 

a 0.004 

Herd Size >89 cows 
65-89 cows 
47-64 cows 
<47 cows 

90 
79 
87 
87 

Ref 
-166 

-31 
-827 

Ref 
[-675, 343] 
[-528, 465] 

[-1323, -331] 

Ref 
0.52 
0.90 

8 0.001 

a 0.003 

Stocking Rate < 100% 
100-110% 
111 -120% 
> 120% 

273 
35 
24 
11 

Ref 
268 

1024 
-766 

Ref 
[-327, 863] 
[318, 1729] 

[-1785, 253] 

Ref 
0.37 

a 0.005 
0.14 

8 0.01 

Stall Base Concrete 
Dirt 
Other 
Pasture Mat 
Rubber Mat 

44 
54 
6 

199 
40 

Ref 
669 
972 

1127 
637 

Ref 
[1, 1336] 

[459, 2402] 
[579, 1674] 
[-81, 1355] 

Ref 
a 0.05 
a 0.18 

a <0.0001 
a 0.08 

8 0.001 

Bedding Straw 
None 
Other 
Sand 
Shavings 

143 
8 
9 

29 
154 

Ref 
-300 
-644 
875 
715 

Ref 
[-1490, 889] 
[-1770, 481] 
[208, 1542] 
[335, 1095] 

Ref 
0.62 
0.26 

a0.01 
a 0.0003 

8 0.0004 

Alleyway 
Flooring 

Slatted Floor 
Solid Concrete 
Rubber/Concrete 

95 
230 

18 

Ref 
-286 
699 

Ref 
[-692, 121] 

[-157, 1555] 

Ref 
a 0.11 
a 0.17 

8 0.036 

Manure 
Management 

Cow Traffic 
Auto. Scrape 
Other 
Tractor Scrape 

60 
117 
21 

145 

Ref 
432 
293 

-325 

Ref 
[-92, 956] 

[-544, 1130] 
[-832, 182] 

Ref 
a 0.11 

0.73 
0.21 

8 0.004 

Fan Ventilation Always 
Seasonal 
Never 

161 
143 
39 

Ref 
1090 
514 

Ref 
[497, 1683] 
[-72, 1101] 

Ref 
a 0.003 

a 0.09 

8 0.0003 

Air Inlet Doors/Windows 
Full Side Walls 
Half Side Walls 
Other 

53 
125 
144 
21 

Ref 
1366 
1056 
491 

Ref 
[835, 1897] 
[536, 1577] 

[-344, 1326] 

Ref 
a <0.0001 
a <0.0001 

0.25 

8 <0.0001 

Air Outlet Windows 
Chimneys 
Other 
Open Peak 

28 
195 
27 
93 

Ref 
693 

-139 
237 

Ref 
[23, 1363] 

[-1034, 755] 
[-478, 952] 

Ref 
a 0.04 

0.76 
0.52 

8 0.014 

Livestock Med. 
Course 

No 
Yes 

300 
43 

Ref 
281 

Ref 
[-266, 828] 

Ref 
0.31 0.31 

IECM: Energy Corrected Milk per cow per year; * Difference in least square means from referent; 
Ref: Referent level;a Variable screening criteria for inclusion in multivariable models, P < 0.20. 
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Table 2.3. Final multivariable linear model: Energy Corrected 
Milk/Cow/Year, controlling for herds with very low production. 

VARIABLE LEVEL ESTIMATE LCL UCL P-VALUE P-VALUE 
PARTIAL F TEST 

Intercept 8687 <0.0001 

Somatic Cell Count (SCC) -4.85 <0.0001 <0.0001 

Stocking Rate (STCKRATE) 0.0333 
< 100% Ref Ref Ref Ref 
100-110% -141 -558 276 0.5067 
111 -120% 721 209 1233 0.0059 
> 120% -70 -635 496 0.8081 

Stall Base (BASE) 0.0740 
Concrete Ref Ref Ref Ref 
Dirt 228 -260 717 0.3591 
Other 322 -681 1325 0.5285 
Pasture Mat 605 180 1030 0.0054 
Rubber Mat 417 -144 949 0.1235 

Bedding Type (BEDDING) 0.1631 
Straw Ref Ref Ref Ref 
None -102 -1030 827 0.8297 
Other 57 -799 913 0.8966 
Sand 705 157 1253 0.0119 
Shavings 21 -284 325 0.8927 

Alleyway Flooring (FLOOR) 0.0224 
Slatted Ref Ref Ref Ref 
Concrete -60 -367 250 0.7048 
Rubber 793 154 1432 0.0151 

Air Inlet (AIRIN) 0.0017 
Door/Windows Ref Ref Ref Ref 
Other 305 -309 919 0.3298 
Full Side Wall 855 402 1307 0.0002 
Half Side Wall 673 274 1071 0.0001 

Fan Ventilation (FANS) 0.0280 
Never Ref Ref Ref Ref 
Seasonal 381 97 665 0.0087 
Always 79 -371 529 0.7291 

DHI Member (DIHMEMB) <0.0001 
No Ref Ref Ref Ref 
Yes 1049 765 1334 <0.0001 

Low Milk Herds (LOWMILK)1 <0.0001 
No Ref Ref Ref Ref 
Yes -4344 -4901 -3786 <0.0001 

LCL: Lower 95% Confidence Limit; UCL: Upper 95% Confidence Limit; Ref: Referent level; 
Herds with Low Confidence herd-size data. 
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Table 2.4. Univariable analysis: Associations among Average Somatic Cell 
Count and demographic and barn design categorical variables 
VARIABLE LEVEL HERD 

COUNT 
DIFFERENCE 

Avg. SCC (x103) 
95% CONFIDENCE 

LIMITS P-VALUE 

Ontario Region Northern 11 Ref Ref Ref 
South-Western 228 20 [-27, 67] 0.4056 
South-Central 24 39 [-17, 95] a 0.1674 
South-Eastern 80 28 [-21, 78] 0.2557 

DHI No 100 Ref Ref Ref 
Membership Yes 243 -16 [-35, 3] a 0.0963 

Barn Age >26 years old 77 Ref Ref Ref 
11-26 years old 82 -14 [-39, 12] 0.2889 
5-10 years old 85 -10 [-35, 15] 0.4463 
<5 years old 99 -16 [-41, 8] a 0.1930 

Herd Size >89 cows 90 Ref Ref Ref 
65-89 cows 79 -5 [-29, 20] 0.7117 
47-64 cows 87 -8 [-31, 16] 0.5303 
<47 cows 87 2 [-27, 21] 0.8864 

Stocking Rate < 100% 273 Ref Ref Ref 
100-110% 35 4 [-23, 32] 0.7628 
111 -120% 24 -18 [-51, 15] 0.2910 
> 120% 11 29 [-20, 79] 0.2474 

Stall Base Concrete 44 Ref Ref Ref 
Dirt 54 -12 [-45, 22] 0.4999 
Other 6 -48 [-117, 22] a 0.1754 
Pasture Mat 199 -9 [-36, 17] 0.4853 
Rubber Mat 40 13 [-21, 47] 0.4581 

Bedding Straw 143 Ref Ref Ref 
None 8 -30 [-90, 30] 0.3278 
Other 9 21 [-35, 76] 0.4624 
Sand 29 -42 [-78, -6] a 0.0235 
Shavings 154 -22 [-40, -5] a 0.0138 

Alleyway Slatted Floor 95 Ref Ref Ref 
Flooring Solid Concrete 230 14 [-5, 33] a 0.1419 

Rubber/Concrete 18 26 [-15, 67] 0.2124 

Manure Cow Traffic 60 Ref Ref Ref 
Management Auto. Scrape 117 3 [-22, 29] 0.7889 

Other 21 9 [-30, 49] 0.6493 
Tractor Scrape 145 6 [-19, 31] 0.6188 

Fan Ventilation Never 161 Ref Ref Ref 
Seasonal 143 -1 [-19, 17] 0.9058 
Always 39 8 [-20, 37] 0.5548 

Air Inlet Doors/Windows 53 Ref Ref Ref 
Full Side Walls 125 -13 [-39, 13] 0.3324 
Half Side Walls 144 -6 [-31,20] 0.6741 
Other 21 -10 [-50, 30] 0.6323 

Air outlet Windows 28 Ref Ref Ref 
Chimneys 195 -29 [-61,2] a 0.0683 
Other 27 -24 [-67, 19] 0.2734 
Open Peak 93 -8 [-42, 26] 0.6610 

Livestock Med. No 300 Ref Ref Ref 
Course Yes 43 -13 [-38, 12] 0.3128 

SCC: Somatic Cell Count; Ref: Referent level;a Variable screening criteria for inclusion in 
multivariable models, statistically significant at P< 0.20. 
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Table 2.5. Univariable analysis of dichotomized treatment approaches for 
the mild mastitis case and demographic and barn design independent 
variables 
Variable Level Count Non-Antimicrobial 

Treatments 
OR 95%CL 

Intramammary 
Antimicrobial Use 
OR 95%CI 

Injectable 
Antimicrobial Use 
OR 95%CI 

Ontario Northern 11 Ref Ref Ref Ref Ref Ref 
Region South-Western 227 0.78 0.23-2.64 1.24 0.35-4.35 1.13 0.14-9.21 

South-Central 24 0.42 0.01-1.79 2.45 0.56-10.68 0.91 0.07-11.23 
South-Eastern 79 0.60 0.17-2.13 1.99 0.54-7.33 0.53 0.05-5.26 

DHI No 99 Ref Ref Ref Ref Ref Ref 
Membership Yes 242 0.82 0.52-1.31 1.48 0.92-2.38 a 0.58 0.27-1.26 a 

Barn Age >26 years old 77 Ref Ref Ref Ref Ref Ref 
<5 years old 99 0.72 0.39-1.31 1.04 0.57-1.88 3.08 0.83-11.46 a 

5-10 years old 84 1.39 0.74-2.58 0.49 0.26-0.92 a 3.72 1.00-13.86 a 

11-26 years old 81 1.17 0.63-2.19 0.78 0.42-1.46 1.62 0.37-7.03 

Herd Size >89 cows 89 Ref Ref Ref Ref Ref Ref 
<47 cows 87 1.04 0.58-1.89 1.31 0.72-2.38 0.34 0.10-1.12 a 

47-64 cows 86 1.17 0.65-2.12 1.11 0.61-2.02 0.44 0.15-1.32 a 

65-89 cows 79 0.97 0.53-1.79 1.01 0.55-1.87 1.03 0.41-2.57 

Stocking <100% 272 Ref Ref Ref Ref Ref Ref 
Rate 100-110% 34 1.34 0.66-2.74 0.93 0.45-1.90 0.33 0.04-2.51 

111-120% 24 1.41 0.61-3.26 0.48 0.20-1.21 2.17 0.68-6.88 
>120% 11 0.27 0.06-1.25 2.06 0.59-7.19 2.41 0.49-11.8 

Stall Base Concrete 43 Ref Ref Ref Ref Ref Ref 
Rubber Mat 40 0.88 0.37-2.08 1.38 0.57-3.35 0.51 0.09-2.97 
Pasture Mat 198 0.56 0.29-1.09 1.69 0.85-3.35 1.22 0.40-3.74 
Other 4 0.40 0.07-2.40 3.73 0.61-22.80 — . . . 

Dirt 26 0.85 0.38-1.91 1.49 0.65-3.41 0.38 0.07-2.15 

Bedding Straw 142 Ref Ref Ref Ref Ref Ref 
None 8 0.64 0.15-2.76 2.03 0.47-8.83 — — 

Other 9 2.12 0.51-8.79 0.61 0.15-2.53 — — 

Sand 29 0.75 0.33-1.68 1.50 0.67-3.35 0.53 0.06-4.34 
Shavings 153 0.82 0.52-1.30 0.93 0.58-1.47 2.22 0.98-5.06 

Alleyway Slatted Floor 93 Ref Ref Ref Ref Ref Ref 
Flooring Rubber/Concrete 18 1.52 0.55-4.19 1.21 0.44-3.35 . . . 

Solid Concrete 230 1.02 0.63-1.66 1.36 0.84-2.22 0.42 0.20-0.90 a 

Manure Cow Traffic 58 Ref Ref Ref Ref Ref Ref 
Management Auto. Scrape 117 0.70 0.37-1.31 1.46 0.76-2.79 0.99 0.38-2.61 

Other 21 0.47 0.116-1.33 2.86 1.02-8.03 0.36 0.04-3.15 
Tractor Scrape 145 0.87 0.47-1.60 1.51 0.81-2.83 0.43 0.15-1.23 

Fan Never 159 Ref Ref Ref Ref Ref Ref 
Ventilation Seasonal 143 1.32 0.84-2.08 0.73 0.46-1.15 1.12 0.50-2.51 

Always 39 0.91 0.45-1.85 1.01 0.50-2.04 1.28 0.40-4.18 

Air Inlet Doors/Windows 53 Ref Ref Ref Ref Ref Ref 
Full Side Walls 125 0.72 0.38-1.38 1.27 0.67-2.42 1.03 0.40-4.23 
Half Side Walls 142 1.19 0.63-2.23 0.81 0.43-1.53 1.13 0.35-3.67 
Other 21 1.02 0.37-2.80 0.91 0.33-2.51 1.29 0.22-7.63 

Air outlet Windows 28 Ref Ref Ref Ref Ref Ref 
Chimneys 194 1.02 0.46-2.26 1.02 0.46-2.27 0.91 0.25-3.28 
Other 27 0.49 0.16-1.48 2.27 0.77-6.69 0.67 0.10-4.34 
Open Peak 92 1.11 0.47-2.58 1.07 0.46-2.52 0.58 0.14-2.49 

Livestock No 298 Ref Ref Ref Ref Ref Ref 
Med. Course Yes 43 0.92 0.48-1.75 1.32 0.70-2.50 0.47 0.11-2.05 

OR: Odds ratio; 95%CI: 95% Confidence interval; Ref: Referent level; 
a Variable screening criteria for inclusion in multivariable models, Wald x2, P < 0.20. 
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Table 2.6. Univariable analysis of dichotomized treatment approaches for 
the mastitis case and milk production and somatic cell count independent 
variables 

Variable Level Count Non-Antimicrobial 
Treatments 

OR 95%CL 

Intramammary 
Antimicrobial Use 

OR 95%CI 

Injectable 
Antimicrobial Use 

OR 95%CI 

Energy Q4: > 10750 85 Ref Ref Ref Ref Ref Ref 
Corrected Q3: 9936-10751 86 0.85 0.47-1.55 1.50 0.82-2.74 0.46 0.15-1.42 
Milk/Cow/Yr Q2: 8692-9937 86 1.07 0.59-1.96 1.13 0.62-2.07 0.56 0.20-1.62 
(Kgs) Q1: < 8693 84 0.93 0.51-1.70 1.13 0.61-2.07 0.90 0.35-2.34 

s e e Q4: >248 • 84 Ref Ref Ref Ref Ref Ref 
Quartiles Q3: 196-249 88 0.87 0.48-1.58 1.07 0.58-1.96 1.37 0.42-4.48 
(x103) Q2: 155-197 81 0.73 0.40-1.34 1.06 0.57-1.98 2.23 0.73-6.82 (x103) 

Q1: < 156 88 0.47 0.26-0.87 a 1.85 1.01-3.39a 1.58 0.50-5.04 

OR: Odds ratio; 95%CI: 95% Confidence interval; Ref: Referent level; 
a Variable screening criteria for inclusion in multivariable models, Wald x2, P < 0.20. 
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Table 2.7. Univariable analysis of dichotomized treatment approaches for 
the digital dermatitis case and demographic and barn design independent 
variables 

Variable Level Count Non-Antimicrobial Topical Injectable Variable Level Count Treatments Antimicrobial Use Antimicrobial Use 
OR 95%CL OR 95%CI OR 95%CI 

Ontario Northern 10 Ref Ref Ref Ref Ref Ref 
Region South-Western 207 0.53 0.11-2.62 2.27 0.62-8.38 0.50 0.10-2.50 

South-Central 23 0.38 0.05-3.18 1.25 0.27-5.77 1.41 0.23-8.61 
South-Eastern 70 0.24 0.04-1.54 2.44 0.61-9.79 0.75 0.14-3.99 

DHI Yes 220 Ref Ref Ref Ref Ref Ref 
Membership No 90 1.54 0.72-3.30 0.81 0.46-1.42 0.97 0.48-2.00 

Barn Age >26 years old 71 Ref Ref Ref Ref Ref Ref 
<5 years old 90 0.91 0.29-2.85 1.36 0.65-2.86 0.69 0.28-1.66 
5-10 years old 77 1.81 0.63-5.17 0.80 0.39-1.64 0.91 0.38-2.18 
11-26 years old 72 1.35 0.45-4.12 1.29 0.59-2.82 0.53 0.20-1.43 

Herd Size >89 cows 84 Ref Ref Ref Ref Ref Ref 
<47 cows 72 0.90 0.32-2.54 1.52 0.73-3.19 0.58 0.23-1.45 
47-64 cows 81 1.17 0.45-3.06 1.22 0.61-2.44 0.65 0.27-1.54 
65-89 cows 73 0.75 0.25-2.21 1.55 0.74-3.24 0.65 0.27-1.58 

Stocking <100% 245 Ref Ref Ref Ref Ref Ref 
Rate 100-110% 33 1.27 0.41-3.92 1.53 0.60-3.87 0.35 0.08-1.53 

111-120% 22 2.05 0.64-6.54 1.15 0.41-3.25 0.26 0.03-1.99 
>120% 10 — — 3.05 0.38-24.54 0.61 0.08-4.92 

Stall Base Concrete 38 Ref Ref Ref Ref Ref Ref 
Rubber Mat 36 0.77 0.16-3.72 1.20 0.44-3.26 0.91 0.29-2.82 
Pasture Mat 187 0.96 0.31-3.00 1.59 0.74-3.43 0.53 0.22-1.28 
Other 5 — - - — . . . . . . — 

Dirt 44 1.34 0.35-5.16 1.57 0.59-4.19 0.38 0.10-1.36 

Bedding Straw 132 Ref Ref Ref Ref Ref Ref 
None 6 1.83 0.20-16.89 1.53 0.17-13.62 — — 

Other 9 2.62 0.49-13.93 0.61 0.15-2.60 0.79 0.09-6.71 
Sand 21 0.46 0.06-3.70 1.30 0.41-4.17 1.06 0.28-3.95 
Shavings 142 1.08 0.49-2.37 0.94 0.54-1.63 1.04 0.52-2.06 

Alleyway Slatted Floor 86 Ref Ref Ref Ref Ref Ref 
Flooring Rubber/Concrete 16 0.37 0.05-3.08 1.31 0.34-5.07 1.61 0.30-8.57 

Solid Concrete 208 0.53 0.25-1.14 0.93 0.52-1.69 2.13 0.90-5.02 

Manure Cow Traffic 51 Ref Ref Ref Ref Ref Ref 
Management Auto. Scrape 107 0.55 0.21-1.50 0.87 0.40-1.89 2.38 0.76-7.43 

Other 20 0.60 0.12-3.09 1.74 0.44-6.98 0.62 0.07-5.90 
Tractor Scrape 132 0.54 0.21-1.40 1.00 0.47-2.15 1.98 0.64-6.12 

Fan Never 141 Ref Ref Ref Ref Ref Ref 
Ventilation Seasonal 135 0.97 0.44-2.14 1.21 0.69-2.12 0.77 0.38-1.54 

Always 34 1.56 0.52-4.69 0.79 0.35-1.82 0.99 0.34-2.83 

Air Inlet Doors/Windows 46 Ref Ref Ref Ref Ref Ref 
Full Side Walls 116 0.70 0.26-1.89 1.16 0.53-2.55 1.13 0.38-3.33 
Half Side Walls 129 0.52 0.19-1.43 1.07 0.50-2.31 1.59 0.56-4.51 
Other 19 0.31 0.04-2.71 1.88 0.47-7.62 0.97 0.17-5.47 

Air outlet Windows 24 Ref Ref Ref Ref Ref Ref 
Chimneys 178 0.89 0.24-3.24 1.08 0.40-2.90 0.99 0.27-3.58 
Other 23 0.67 0.10-4.41 1.20 0.31-4.65 1.05 0.19-5.83 
Open Peak 85 0.63 0.15-2.64 1.02 0.36-2.90 1.38 0.36-5.27 

Livestock Yes 40 Ref Ref Ref Ref Ref Ref 
Med. Course No 270 0.78 0.28-2.15 0.92 0.41-2.02 1.47 0.50-4.38 

OR: Odds ratio; 95% CI: 95% Confidence interval; Ref: Referent level; 
a Variable screening criteria for inclusion in multivariable models, Wald x2< P < 0-20. 
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Table 2.8. Univariable analysis of dichotomized treatment approaches for 
the digital dermatitis case and milk production and somatic cell count 
independent variables 

Variable Level Count Non-Antimicrobial 
Treatments 

OR 95%CL 

Topical 
Antimicrobial Use 

OR 95%CI 

Injectable 
Antimicrobial Use 

OR 95%CI 

Energy Q4: > 10750 78 Ref Ref Ref Ref Ref Ref 
Corrected Q3: 9936-10751 76 0.19 0.41-3.47 0.77 0.36-1.65 1.30 0.50-3.33 
Milk/Cow/Yr Q2: 8692-9937 80 1.62 0.59-4.41 0.68 0.33-1.42 1.22 0.48-3.14 
(Kgs) Q1: <8693 76 0.87 0.28-2.72 0.90 0.42-1.94 1.30 0.50-3.33 

s e e Q4: >248 80 Ref Ref Ref Ref Ref Ref 
Quartiles Q3: 196-249 76 1.87 0.64-5.42 0.77 0.38-1.55 0.97 0.42-2.23 
(x103) Q2: 155-197 76 1.25 0.40-3.91 1.36 0.64-2.89 0.56 0.22-1.41 (x103) 

Q1: < 156 78 1.60 0.54-4.76 1.29 0.61-2.73 0.47 0.18-1.22 

OR: Odds ratio; 95%CI: 95% Confidence interval; Ref: Referent level; 
There were no significant associations noted at a screening level of significance of P < 0.20, 
Wald x2-
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Figure 2.1. Path model depicting associations among herd demographics, barn 
design factors and production, somatic cell count and case treatment 
outcomes 
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LAMETX 

ECMCOWYR: herd energy corrected milk per cow per year; AVGSCC: herd average somatic cell 
count; MASTTX: treatment approach to mastitis case scenario; LAMETX: treatment approach to 
mastitis case scenario; DHIMEMB: DHI member. 
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Figure 2.2. Response frequency (%) for the ranking of RETAIL and ADVICE 
sources for antimicrobial use 
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Figure 2.3. Response frequency (%) for each of the separate therapeutic choices 
selected for the treatment of a case of mild mastit is 
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Figure 2.4. Frequency (%) of treatment combinations for Case 1, mild 
mastitis 
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Figure 2.5. Response frequency (%) for each of the separate therapeutic choices 
selected for the treatment of a case of digital dermatitis 
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Figure 2.6. Frequency (%) of treatment combinations for Case 2, digital 
dermatitis 
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Figure 2.7. Comparison of categorical therapeutic approaches to the two clinical 
case scenarios, mild mastitis and digital dermatitis 
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Figure 2.8. Weighted response frequencies (%) for rankings of antimicrobial use 
reasons in lactating dairy cattle 
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CHAPTER THREE 

ANTIMICROBIAL DISPENSING BY ONTARIO DAIRY 
VETERINARIANS 

INTRODUCTION 

Antimicrobial drugs are used in the conventional management of dairy 

herds (Meek et al., 1986; Hady et al., 1993). Calls for the containment of 

antimicrobial resistance in animals through more prudent use of antimicrobials in 

agriculture have emerged from concerns regarding the potential public health 

impact of resistant bacterial infections of food-animal origin (World Health 

Organization, 1997; World Health Organization, 2000; Avorn et al., 2001). This 

has in turn spawned the development of guidelines and policy recommendations 

regarding the use of antimicrobials by veterinarians and producers (American 

Association of Bovine Practitioners, 1999; Canadian Veterinary Medical 

Association, 2001; Veterinary Drugs Directorate, 2002; FAAIR Scientific Advisory 

Panel, 2002; American Veterinary Medical Association, 2005; Morley et al., 

2005). Common elements among these guidelines are the need for a valid 

veterinarian-client-patient-relationship (VCPR); justifiable antimicrobial treatment 

and selection; the need for written treatment protocols and dispensing records; 

the promotion of husbandry practices that will have a sparing effect on 

antimicrobial use; and on-going veterinary and producer continuing education 

regarding antimicrobial use and resistance. 
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Although not specifically tied to the issue of antimicrobial resistance, 

concerns associated with on-farm food safety have contributed to the 

development of a quality assurance program for the dairy industry, which is 

expected to raise awareness around the identified hazards. Canadian Quality 

Milk (CQM) is a HACCP (Hazard Analysis Critical Control Points)-based program 

that outlines best management practices linked to the prevention of specific 

hazards, such as managing drug use on farms to avoid residues in milk and meat 

(Dairy Farmers of Canada, 2009). Industry initiatives like CQM and the Livestock 

Medicines Education Program (Livestock Medicines Education Committee, 2008) 

could alter the attitudes of producers and veterinarians regarding antimicrobial 

drug use. 

The objectives of this questionnaire-based cross-sectional study were to 

describe the demographics of dairy practices and practitioners in the Province of 

Ontario, to collect data on factors that could influence antimicrobial dispensing, 

selection and use, to describe aspects of communications and record keeping 

associated with antimicrobial dispensing, and to ascertain the attitudes regarding 

antimicrobial resistance in an animal health and public health context. 

MATERIALS AND METHODS 

Sampling Frame 

The population of interest for this study was veterinarians in the province 

of Ontario who practice dairy medicine. A sampling frame of veterinarians (n = 

340) was developed from a list of practices (n = 240) accredited as Food-

Producing Animal Mobile by the provincial veterinary licensing body, the College 
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of Veterinarians of Ontario (CVO). The CVO registry did not categorize practices 

or members by species focus. Individual veterinarians from these practices were 

identified using the CVO 2001 Directory. To further characterize the response 

rate, veterinary practices were sub-categorized in the sampling frame as Dairy 

Intensive (practices with one or more veterinarians committed to full-time dairy 

practice, n = 48) based on known practice profiles and the species focus of 

individual practitioners (n = 117) within those practices. 

Data Collection 

A questionnaire, designed to elicit information about antimicrobial use by 

dairy veterinarians, was pre-tested by 12 practitioners and refined. On July 2, 

2001 340 questionnaires were mailed to 230 practices. There were no incentives 

in place to motivate participation. Over the 6-month period following the initial 

mailing, practices with non-respondents were contacted by telephone to remind 

those practitioners to complete and submit their surveys. 

The questionnaire was self-administered and contained four sections 

focusing on respondent and practice demographics, dispensing considerations 

and communications, antimicrobial drug use, and opinions regarding 

antimicrobial use and resistance. Practitioner demographic information included 

the veterinary school year of graduation, the proportion of total professional 

activity dedicated to dairy practice, and the amount of time spent on different 

aspects of dairy production medicine. 

Practice level information included the counties served, the number of 

dairy herds served, herd size and housing-type profiles, and the proportion of 
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practice gross income derived from drug sales. For the purposes of regional 

comparisons, the primary county (census division) location of respondent 

practices was categorized into one of four regions: south-western (SWO), south-

central (SCO), south-eastern (SEO) and northern (NO) Ontario. 

The body of the questionnaire focused on aspects of antimicrobial use 

pertaining primarily to lactating cow treatments. Attitudes regarding antimicrobial 

use were investigated with questions about dispensing policies and veterinary-

client-patient-relationship, factors influencing drug selection, the use of written 

on-farm protocols, drug-use information sources, and the records associated with 

antimicrobial drug dispensing on-farm and over-the-counter. 

The questionnaire also contained questions regarding drug selection 

considerations, treatment protocols, antimicrobial information sources, drug use 

instruction communication for producers, data about practice and farm records 

associated with drug dispensing. 

In the final section, respondents were asked to express their opinion 

regarding the impact of various barn design features and husbandry practices on 

antimicrobial use in dairy herds. The questionnaire concluded with three 

questions on respondents' opinions regarding the risk of recent antimicrobial 

treatments in cull cows and the impact of antimicrobial drug use by the dairy 

industry on antimicrobial resistance in dairy cattle and humans. 

Data Analysis 

Questionnaire data were stored in a relational database (Microsoft® 

Access 2000). Descriptive analysis was conducted using statistical software; 
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Fishers Exact Test, x2, F-test and T-test statistics (two-sided) were used to 

evaluate univariable associations between demographic variables, and were 

considered significant at P < 0.05. (PROC FREQ and PROC GLM; SAS 9.1.2, 

2004), Tables and figures were produced with a spreadsheet application 

(Microsoft® Excel 2000). 

To assess associations between over-the-counter dispensing policies 

(OTC, dependent variable), non-prescription (penicillin G) and prescription 

(ceftiofur) antimicrobials (AMTYPE), and level of veterinary-client-patient-

relationship (VCPR), a mixed multivariable logistic regression model was created 

that controlled for extraneous respondent and practice demographic factors using 

PROC GLIMMIX (SAS 9.1.2, 2004). Given the small number of predictor 

variables of interest, all were admitted to the full model. Spearman's rank 

correlation coefficients were examined for pairwise correlations among predictor 

variables greater than 0.7 (PROC CORR, SPEARMAN) (SAS 9.1.2, 2004). 

Model building was done manually through an iterative process where variables 

were retained based on evidence of confounding, substantive change (> 20%) in 

coefficients of the explanatory variables of interest (antimicrobial type, AMTYPE 

and veterinary-client-patient-relationship,VCPR), with a significance level of P < 

0.05. Continuous variables (YEARS - years in practice; INCOWMED - percent 

time spent on individual cow medicine; PRACSIZE - number of dairy clients; and 

DRUGS - percent revenue from drug sales) were examined for linear 

relationships with the outcome, OTC, by assessing quadratic terms and 

hierarchical dummy variables. To account for a practice effect in the model, 
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PracticelD was included as a random intercept. Iteractions among all terms in the 

main effects model were examined for significant associations with OTC 

dispensing. 

RESULTS AND DISCUSSION 

Respondent and Practice Demographics 

Two hundred and sixty-four veterinarians remained in the sampling frame 

once those indicating dairy practice was "not a duty" were removed. The 

response rate was 47% (124/264). The response rate in each region was 

reflective of the provincial distribution of the dairy industry, with the majority of 

respondents practicing in either South-Western (56%) or South-Eastern (27%) 

Ontario. There were 83 different practice locations represented: 42 in SWO, 20 in 

SEO, 15 in SCO and 6 in NO. The number of respondents per practice ranged 

from 1 to 5, but in most cases there was only one (70%) or two respondents 

(18%) per practice. Seventy-three percent of the practices were categorized as 

dairy intensive practices and 57% of the veterinarians in these practices 

responded to the questionnaire. 

Generally, respondents to our questionnaire were representative of dairy 

practitioners across the province, predominately male graduates of the Ontario 

Veterinary College with 11 to 24 years in practice (Table 3.1). The median time in 

practice (VETYEARS) for respondent veterinarians was 19 years with fifty 

percent graduating between 1976 and 1990, the inter-quartile range. 

Eleven female veterinarians (9%) responded. There were no significant 

differences in the distribution of female and male respondents among the other 
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demographic variables with the exception of PCTDAIRY, where the majority of 

women respondents (9/11) spent less than 50% of their professional time 

engaged in dairy practice (Fisher's Exact Test, P = 0.0006). 

The percentage of professional time spent in dairy practice (PCTDAIRY) 

varied among respondents (x2 for equal proportions = 20, 3 df, P < 0.001) and 

across regions. Sixty-eight percent were engaged in dairy-related activities for 

more than 50% of their professional time. Forty-five percent of the respondents 

from SEO and SWO, where the dairy industry is concentrated, spent more than 

75% of their time working in dairy herds compared to 29% and 13% of those from 

NO and SCO, respectively. There was no significant univariable association 

between PCTDAIRY and being a recent (1990-2001) graduate veterinarian (x2 = 

1.82, 3 df, P = 0.61). 

Ninety-five percent and 98% of the respondents indicated most of their 

time was occupied by either individual cow medicine/surgery or reproductive 

management, respectively (Table 3.1). Udder health, feeding and nutrition, and 

replacement heifer management were also frequently cited but they occupied a 

much smaller percentage of total dairy practice time. The number of respondents 

involved with facility design and farm finance was lower as was the amount of 

time devoted to these activities. Other dairy practice activities cited comprised 

mainly routine technical items, such as regular dehorning, calf health programs, 

vaccination and parasite control programs, export testing, and embryo transfer. 

Female respondents spent approximately 16% more time on individual cow 

medicine and surgery (ICM) compared to their male counterparts (T-test = 4.2, 1 
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df, P = 0.04). Respondents practicing in SCO spent approximately 25% more 

time on ICM, and less time on reproductive management programs, compared to 

SEO or SWO (F-test = 6.9, 3 df, P = 0.003). The amount of time spent on ICM 

declined with VETYEARS (F-test = 7.0, 3 df, P = 0.0002), while the time spent on 

reproductive management programs increased with years in practice (F-test = 

3.8, 3 df, P = 0.01). PCTDAIRY was also negatively associated with ICM (F-test 

= 15, 3 df, P < 0.01), with practitioners below 50% dairy medicine spending on 

average 25-33% more time on ICM than those at higher levels of PCDAIRY. 

Practice size (number of dairy clients/practice), within practice herd size 

distribution (number of cows milking), barn type (tie-stall, free-stall, both) and 

percentage of gross revenue from drug sales were summarized at practice-level 

(Table 3.1). There was some variation, among individual respondents within the 

same practice, in the parameter estimates provided for 11 of 22 group practices. 

To collapse the data to practice-level the information used was that provided by 

the principal dairy practitioner in the practice with complete data for these 

parameters. Other than the third category for practice size, 76-100 farms, the 

number of dairy clients per practice was fairly evenly distributed across the other 

categories with 48% of respondents serving 50 farms or less. From the response 

frequencies for herd size categories, a median practice size (PRACSIZE) of 45 

herds per practice was calculated. Practices in SEO had significantly more dairy 

clients compared to those in NO and SCO (F-test = 3.3, 3 df, P = 0.03). At a 

practitioner-level, respondents who reported PCTDAIRY < 50% were associated 
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with smaller dairy practices (F-test = 13, 3 df, P < 0.01), and ICM was negatively 

associated with PRACSIZE (F-test = 8, 1 df, P = 0.006). 

There were no significant regional differences in the proportion of small, 

medium and large herds across regions (F-test, 3 df, P > 0.05). Practices across 

the province indicated the majority of herds they attended milked 50 cows or less 

and a relatively small percentage of herds milked more than 100 cows. 

Generally, one fifth of practice dairy herds were housed in free-stall 

facilities. The proportion of free-stall dairy barns was significantly lowr in 

practices located in SEO compared to those in SWO and SCO (F-test = 4.9, 3 df, 

P = 0.004). The number of farms with a mix of both free- and tie-stalls in their 

milking barns was very small making the median percentage of tie-stall barns the 

reciprocal of that for free-stall barn frequency. 

The demographic statistics for veterinary respondents and practices 

mirrored the distribution of dairy operations in the province and regional milk 

production statistics for 2001 (Dairy Farmers of Ontario, 2007). 

The question regarding dairy practice gross revenue had a relatively low 

response rate of 80% (99/124). Specifically, this questionnaire asked 

respondents to estimate the percentage of their dairy practice gross revenue that 

was derived from drug sales and professional fees. Overall, the interquartile 

range for gross revenue from retail drug sales was 15% (40-55%) with a median 

of 43%. In surveys conducted by the Ontario Veterinary Medical Association 

(OVMA), median drug revenue for mixed and large animal practitioners, 

excluding equine specialists, was found to be 45.7% (Personal Communications: 
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Darren Osborne, Director of Economic Research, OVMA). The regional 

distributions for these data had similar central tendencies but varied in range with 

outliers in the lower and upper percentages of gross revenue; data from NO and 

SCO were relatively sparse for this question. There were no significant 

associations among gross retail revenue and other demographic variables (F-

test, P > 0.05). 

Veterinary-Client-Patient-Relationship and Dispensing Policies 

To assess the influence that the level of Veterinary-Client-Patient-

Relationship (VCPR) has on dispensing policy for different drug classes, 

respondents were first asked to provide a profile of their dairy practice clientele 

by farm visit frequency: Regularly (every 2-8 weeks), Sporadic (1-5 visits/year) 

and Rare (< 1 visit/year). Overall, median values for the proportion of each VCPR 

client type were 80%, 15% and 0.5%, respectively. The proportion of Regular 

clients was significantly lower at lower levels of PCTDAIRY (< 25%; F-test = 8, 

3df, P < 0.01) and PRACSIZE (< 25 herds; F-test = 5, 4df, P < 0.0005). The 

second part of this question asked respondents to use the VCPR client 

categories to indicate their clinic policies regarding the dispensing of procaine 

penicillin G (a non-prescription antimicrobial) and ceftiofur (a prescription 

antimicrobial) to dairy clients by non-veterinarian staff. There were four policy 

options to choose from: Over-the-Counter dispensing without a farm visit or 

consultation (OTC), Require a veterinary consultation (telephone or in-clinic), 

Require a veterinary farm visit, or Require a signed prescription. A qualitative 

assessment of the data indicated within-practice variation among responses from 
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multi-respondent practices, therefore data were analyzed at the individual 

respondent-level and not collapsed to the practice-level (Figure 3.1). For regular 

clients, most of the respondents indicated a policy of OTC dispensing for both 

antimicrobials, with 24% and 31 % requiring some form of veterinary consultation 

prior to dispensing penicillin or ceftiofur, respectively. When dispensing to 

sporadic clients, there was evidence of a policy shift to less OTC dispensing and 

an increase in the number who required some form of consultation for both 

drugs, but to a greater extent on dispensing ceftiofur relative to penicillin. For 

clients with more tenuous VCPRs, less than one farm visit per year, there was 

three to four times the number of respondents who indicated they would only 

dispense these antimicrobials during a farm visit relative to the number with this 

same requirement for dispensing to sporadic or regular clients. After removing 

'NA' (not applicable) responses, 25% and 32% of respondents indicated they 

would not dispense penicillin or ceftiofur, respectively, OTC to any dairy 

producer, while 20% and 7% indicated they would dispense these antimicrobials 

without any form of veterinary consultation regardless of the level of VCPR. 

A mixed multivariable logistic regression model indicated that OTC 

dispensing policy was associated with the type of antimicrobial being dispensed 

and VCPR client type, while controlling for the other demographic confounders in 

the model. There were no substantial (r < 0.7) pairwise correlations among 

explanatory variables noted. The association between OTC and VETYEARS was 

not linear; VETYEARS was expressed as a dichotomous variable after 

examination of hierarchical dummy variables indicated 10 years in practice to be 
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a significant cut point. PRACSIZE and DRUGS (% gross revenue from retail drug 

sales) were not significantly associated with OTC dispensing, while controlling for 

the other variables in the model. Fixed effects in the final mixed model for the 

dependent variable OTC (dispensed over-the-counter without consultation, 

yes/no) included AMTYPE, VCPR, PCTDAIRY, and VETYEARS, with 

PRACTICE as a random intercept (Table 3.2). All 2-way interactions between 

main effects variables were evaluated and none were significantly associated 

with OTC. The odds of procaine penicillin G being dispensed OTC was four times 

greater compared to ceftiofur. Regular clients were 19 times more likely to 

receive antimicrobials OTC compared to sporadic clients, and the odds of 

sporadic relative to rare clients were 14 times greater. Relative to respondents 

with PCTDAIRY < 26%, those with higher percentages of time spent in dairy 

practice were more likely to allow OTC dispensing without requiring a veterinary 

consultation. The odds of OTC dispensing was 4 times greater among 

respondents with less than 10 years in veterinary practice compared to their 

more experienced counterparts. 

The elements of a valid VCPR are defined in a Regulation under the 

Veterinarians Act of Ontario as a relationship where "a veterinarian has assumed 

the responsibility for making medical judgments regarding the health of the 

animal or group of animals and the need for medical treatment, the custodian of 

the animal or group of animals has indicated a willingness to accept the advice, 

the veterinarian has sufficient knowledge of the animal or group of animals by 

virtue of a history and inquiry and either physical examination of the animal or 
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group of animals or medically appropriate and timely visits to the premises where 

the animal or group of animals is kept to reach at least a general or preliminary 

diagnosis, the veterinarian believes that the drug is prophylactically or 

therapeutically indicated for the animal or group of animals, and the veterinarian 

is readily available in case of adverse reactions to the drug or failure of the 

regimen of therapy" (Government of Ontario, 1990). Although this section of the 

Act pertains to the administration, dispensing or prescribing of any drug, our 

questions regarding dispensing policies focused on two antimicrobials, penicillin 

G (non-prescription) and ceftiofur (prescription) (Compendium of Veterinary 

Products, 2001). Client-type profiles were based solely on the element of 

frequency of "timely visits to the premises" to categorize the level of VCPR, under 

the assumption that all other elements in the definition were implicit for Regular 

clients but less so for Sporadic and Rare clients. These findings indicate that 

most of the veterinarians who responded to this survey applied the concept of a 

valid VCPR in dispensed antimicrobials. Our survey instrument did not establish 

the extent to which responses reflected actual clinic level policy or individual 

case-by-case dispensing behaviour. Responses to this question did establish 

that farm visit frequency and prescription status of an antimicrobial were reported 

by veterinarians to be discriminating factors in determining the limitations on 

dispensing. Multivariable models indicated that practice and individual 

demographic factors, generation of veterinarian and his/her time spent on dairy 

practice, may effect dispensing policy. Those practitioners practicing less than 

26% of their time in dairy herds may be applying a more cautious dispensing 
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policy, tending to dispense while on-farm, or less specialized practices are not 

destinations for producers to pick-up drugs. Younger dairy practitioners may feel 

some level of intimidation by demanding producers as they try to establish 

themselves in their practices and wanting to avoid confrontation over access to 

drugs. Raymond et al. (Raymond et al., 2006) noted that although 94% of 

producer respondents indicated they relied on veterinarians most in dealing with 

health management issues, cost and access to veterinary services were cited as 

barriers. A survey of Ontario producers found that 99% of respondents ranked 

their herd veterinarian as a primary source of advice on antimicrobial use 

specifically and 96% identified their veterinarian as a primary retail source of 

antimicrobial products for their herd (Chapter 2). Evidence from a study involving 

South Carolina producers suggested that herd veterinarians are viewed as 

credible sources of information about antimicrobial use and that a functional 

VCPR can influence attitudes of farm workers about the potential occupational 

hazards associated with antimicrobial resistance on the farm (Friedman et al., 

2007). 

Antimicrobial Use Information Sources 

Respondents provided a ranking of the relative frequency with which they 

consulted different sources of information regarding antimicrobial drug use in 

lactating cows. Continuing education seminars, veterinary journals, and 

pharmaceutical company representatives were cited as primary information 

sources with higher mean ranking scores compared to the other choices (Figure 

3.2). The second tier of information sources included veterinary colleagues, 
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laboratory tests and the Compendium of Veterinary Products, followed by 

provincial government publication and specialist advice. Among the lower ranking 

sources were the Veterinary Drugs Directorate, the gFARAD (global Food Animal 

Residue Avoidance Databank) system and on-line sources. Other information 

sources cited were product labels (5) and clinical experience (4). 

Considerations in Antimicrobial Selection 

Among different factors considered in choosing an antimicrobial treatment 

for a lactating cow, a drug treatment's efficacy for the given condition ranked the 

highest, in terms of mean frequency score (Figure 3.3). Having a label indication 

for lactating dairy cattle and the milk withdrawal time for the drug were reported 

to be the next most frequent considerations in choosing an antimicrobial. Most 

indicated that potential injection site lesions and antimicrobial resistance 

development were only occasionally considered. Six respondents identified Other 

considerations: "the farmer's familiarity with the product", "the risk of an inhibitor 

violation if directions are not followed or if used in an extra-label manner", and 

"what neighboring practices dispensed OTC to non-clients"; these were cited as 

frequent considerations, often or always. Implicit in this question was a 

presumptive diagnosis that met case selection criteria for a bacterial infection, 

given the empirical knowledge of the clinician, and the need for antimicrobial 

treatment was justified; this question was not intended to solicit 

pharmacodynamic/pharmacokinetic considerations in drug selection (Erskine et 

al., 2003) beyond efficacy for the given condition of an antimicrobial. 

Respondents indicated that the potential for resistance development was rarely 
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considered in selecting an antimicrobial, while efficacy, labeled for use in 

lactating dairy cow, and milk withdrawal time were the primary considerations, all 

of which are among the key elements of prudent antimicrobials use (American 

Association of Bovine Practitioners, 1999; Canadian Veterinary Medical 

Association, 2001). The implicit context of this question was animal health and 

perceptions regarding antimicrobial resistance consequences did not emerge as 

a frequent consideration for animal or public health. 

Mean frequency scores for Veterinarian's profit were low, with the majority 

indicating this was never (72%) or occasionally (22%) considered in antimicrobial 

selection. Among a list of recommendations made by an advisory committee the 

Veterinary Drugs Directorate, Health Canada, on the Animal uses of 

antimicrobials and impact on resistance and human health, was the 

recommendation that "the prescribing and pricing of antimicrobials should not 

result in any incentives to dispense antimicrobials" (Veterinary Drugs Directorate, 

2002). 

Protocol Provision to Producers 

Thirty-four respondents (28%) indicated they provided their dairy clients 

with antimicrobial drug use protocols for lactating cows. This finding was similar 

to the proportion of producer respondents to surveys in Pennsylvania (21%) 

(Sawant et al., 2005), Washington State (27%) (Raymond et al., 2006) and South 

Carolina (32%) (Friedman et al., 2007), who indicated having written treatment 

plans in place. Authors of a Wisconsin study reported that the use of written 

treatment protocols increased with herd size, likely driven by a need for 
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standardized procedures as the number of farm personnel increased, and that 

60% were written by a veterinarian (Hoe and Ruegg, 2006). Several respondents 

to our questionnaire commented that protocols were not provided frequently, nor 

were they provided to all clients. Raymond et al. (2006) also found that only 21% 

of producers had written diagnostic protocols on-farm. Interviews with South 

Carolina producers revealed that while protocols may not be available as formal 

written documents, daily herd management still followed standard operating 

procedures developed through personal experience (Friedman et al., 2007). 

Considerations in establishing diagnostic and treatment protocols for clinical 

mastitis have been described (Robertson, 2003). The number of different 

protocol topics provided per practitioner ranged from 1 to 6, covering several 

disease entities, the most common being for the treatment of metritis (n=24, 

69%) and mastitis (n=23, 66%), followed by protocols for post-surgical care, 

lameness, bovine respiratory disease and pinkeye. Other protocol topics included 

"footbath use", "milk fever and ketosis", "fresh cow temping - first 10 days post-

calving", and "fresh cow off feed". Not surprisingly, the most common protocol 

topics from Ontario veterinarians reflected the most common reasons for 

antimicrobial drug use, reproductive tract infections and mastitis (Chapter 4). 

Communicating Antimicrobial Use Instructions 

At the time of our survey, the Canadian dairy industry was developing, but 

had yet to implement, the Canadian Quality Milk (CQM) program (Dairy Farmers 

of Canada, 2009). This HACCP-based (Hazard Analysis Critical Control Points) 

program outlined best management practices linked to the prevention of specific 
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hazards, including drug use management on farms to avoid residues in milk and 

meat. Under this part of the program, producers using an antimicrobial in an 

extra-label manner are required to do so under veterinary prescription and should 

maintain treatment records (Dairy Farmers of Canada, 2003). The 

communications methods employed in the provision of antimicrobial use (AMU) 

instructions to dairy producers were investigated by asking respondent 

veterinarians to indicate how frequently they used one or more of verbal 

instructions only, written dispensing records, instructions written on the invoice, 

clinic label instructions on product containers or Other forms of instruction 

communication. Eighty-eight percent of respondents indicated that they wrote 

instructions for clients "often" or "always", with 40% indicating they "always" left 

some form of written record. Close to half of the respondents (48%) indicated 

they always or often provided use instructions through verbal communications 

only, but it should be noted that of those reporting always giving verbal 

instructions only, most (98%) also indicated some form of written instruction was 

provided at frequencies ranging from occasionally to always. Other forms of 

treatment instruction were cited by 13 respondents at various frequencies and 

they included writing instructions on the milk house white board, writing 

instructions in the herd book or written treatment sheets and protocols. A 

Wisconsin survey found that a greater proportion of producers with large herds (> 

200 lactating cows) kept computerized or paper treatment records, while most of 

those with medium to very small herds used calendars or white boards - 15 to 

19% of the latter group had no treatment records (Hoe and Ruegg, 2006). 
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Friedman et al. (2007) noted that producers wanted antimicrobial use information 

"written in plain and simple language" with less technical information. 

Just over half of the respondents indicated that they included drug-use 

instructions as part of their farm-specific medical record often or always, while 

12% indicated this information was never captured in the practice's medical 

record. 

Dispensing Instructions and Records 

In dispensing a bottle of procaine penicillin G on-farm vs. over-the-

counter, the range of information provided in the dispensing record was 

significantly different (Table 3.3, Figure 3.4). The drug name, date and amount 

dispensed were the only record elements not significantly different in frequency 

between the two record types (Fisher's Exact Test, P > 0.5). The range of 

response frequencies for all component parts of an on-farm dispensing record 

were generally higher compared to OTC records. The information most 

frequently included (73-79%) in an OTC record was the drug name, the date and 

amount dispensed, but information about the case and treatment specifics, and 

residue avoidance instructions were cited at frequencies below 20%. Twenty-

seven percent of the veterinarians provided complete records when dispensing 

on-farm, however none of the respondents provided a complete OTC dispensing 

record. On a component basis there was a significant difference in the proportion 

of complete records on-farm vs. OTC (Table 3.3): complete case data (cow ID, 

history and examination findings, and diagnosis) was 60% vs. 0%; complete 

dispensing information (drug ID, amount and date dispensed, and vet. ID) was 
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60% vs. 34%; complete use instruction (dose, route of administration, treatment 

frequency and duration) was 67% vs. 13%; complete residue avoidance 

information (milk and meat withhold times) was 58% vs. 17%. Studies have been 

conducted that investigated on-farm antimicrobial use records maintained by 

producers. Sawant et al. (2005) found that only 29% of the producers surveyed 

maintained complete antimicrobial treatment records. A survey of Wisconsin 

producers found that Cow ID (72%) and date of treatment (74%) were the most 

frequently captured pieces of information in cow treatment records, followed by 

Product name (54%) and Date milk is salable (45%) (Hoe and Ruegg, 2006). 

Study producers reported the inclusion of treatment instructions (dose, route of 

administration and treatment duration) in their treatment records at frequencies 

between 15 and 34%. The Wisconsin study noted a significant herd size 

association with several key elements of the treatment record, where the level of 

inclusion increased with the number of lactating cows (P < 0.01). 

In our study, there were no significant univariable associations between 

the provision of complete on-farm dispensing records and GENDER, REGION, 

PCTDAIRY or PRACSIZE, but 21% of recent graduates (1990-2001) indicated 

they would provide complete on-farm records compared to 11 % of those who 

graduated prior to 1990 (Fisher's Exact Test, P = 0.04). One respondent to our 

questionnaire, who indicated always providing verbal communications without 

any form of written instruction commented, "All antibiotics have their own labels 

and withdrawal times." This attitude may, in part, explain the low frequency of 

complete dispensing records among respondents, in that veterinarians defer to 
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the drug label and/or package insert information as providing the necessary 

instructions for producer-administered antimicrobials. The context of this question 

was the dispensing of injectable penicillin G only; the extent to which records are 

maintained may also vary by different antimicrobial format, class and/or 

prescription schedule. 

It was anticipated that implementation of the CQM program in Ontario 

herds would increase awareness among veterinarians and producers of the need 

for complete treatment records and the development of on-farm protocols 

regarding all drug use in lactating cattle, including antimicrobials. In a study to 

assess the influence of a milk and dairy beef quality assurance program (QAP) 

on drug management practices a questionnaire was administered to Michigan 

dairy producers (Gibbons-Burgener et al., 2000). The researchers reported that 

21% of the respondents kept no written treatment records, but those who were 

involuntarily certified, due to previous inhibitor violation, were 2.5 times more 

likely to keep good written records compared to uncertified farms. A general 

conclusion was that QAP certification was not associated with greater 

implementation of recommended drug management practices aimed at residue 

avoidance. 

Veterinary Opinion on the Influence of Barn Design and Husbandry on 
Antimicrobial Use 

Other than feed bunk design, there was general agreement by 

respondents that most of the aspects of barn design and husbandry cited could 

influence antimicrobial use in dairy herds. The highest mean opinion scores 

among barn design features were for ventilation system, stall base and bedding, 
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and stall dimensions/design (Table 3.4). Regarding the impact of different 

aspects of herd management on antimicrobial drug use, the majority of 

respondents strongly agreed that pre-partum dry cow management, ventilation 

management and cow cleanliness were the most influential husbandry areas. 

Herd biosecurity and ration formulation also had mean opinion scores above 4 

(Agree). Opinions on the influence of ventilation system, stall base/bedding and 

stall dimensions in barn design, and the management of close-up dry cows, 

ventilation, cow cleanliness, and biosecurity indicates recognition that maximizing 

cow comfort and health while limiting disease exposure/challenge represent key 

aspects of barn design and management where interventions could have sparing 

effects on antimicrobial use in lactating dairy cows. Free-stall surface, bedding 

and alleyway flooring have been shown to have an impact on cow comfort and 

hygiene (Bewley et al., 2001; Manninen et al., 2002; Wagner-Storch et al., 2003; 

Tucker et al., 2003; Fregonesi et al., 2004; Cook et al., 2005; Tucker et al., 2006; 

De Palo et al., 2006), and on the incidence and severity of lameness (Vokey et 

al., 2001; Cook et al., 2004; Fulwider et al., 2007; Norring et al., 2008; Cook and 

Nordlund, 2009). Studies investigating bacterial counts of environment mastitis 

pathogens have described teat end contamination and the risk of mastitis 

associated with different bedding materials (Rendos et al., 1975; Zehner et al., 

1986; Hogan et al., 1989; Kristula et al., 2001; Zdanowicz et al., 2004). 

Antimicrobial Exposure of Cull Cows 

Opinion among respondents was split as to whether cull cows were at a 

greater risk of an exposure to antimicrobials in the previous 2 months compared 
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to herd mates, with similar proportions indicating they agree compared to 

disagree and no opinion (Table 3.5; x2 - 2.57, 1 df, P = 0.11). Pasteurization 

minimizes the risk of disseminating antimicrobial resistance to consumers from 

dairy farms through conventional retail dairy products. Beyond environmental 

contamination, direct occupational exposure and veal calf movement, recently 

treated cull dairy-beef cattle may pose another public health risk for the carriage 

and dissemination of resistance determinants via a food (meat) pathway. In a 

review of microbial hazards associated with cull dairy-beef Troutt and Osburn 

provided an estimate of the proportion of ground beef in the US that was dairy in 

origin to be 17% (Troutt and Osburn, 1997). An Ontario dairy study conducted 

between 1979-1981 reported the percentage of culls for mastitis was 6% and that 

an increased risk of culling (for slaughter) prior to 150 DIM was associated with 

mastitis, milk fever, feet and leg problems, teat injuries and respiratory disease; 

culling risk was highest among mastitis cases that required systemic therapy 

(Dohoo and Martin, 1984). Two studies conducted 10-15 years later described 

primary reasons for culling among herds in the North-East United States 

(Bascom and Young, 1998) and France (Seegers et al., 1998) estimated the 

percentage of culls due to mastitis to be 15% and 8% respectively, as the third 

primary reason for culling behind poor reproduction and production. Even though 

mastitis is a major reason for antimicrobial use in dairy cows, the public health 

risk associated with this proportion of culled cows will depend on other factors -

the nature and proximity of the antimicrobial exposure to slaughter, and the ante 

mortem prevalence and level of carcass contamination with resistant commensal 
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and pathogenic bacteria. Tragesser et al. (2006) found that 66% of Ohio study 

herds and 34% of cows sampled had E. coli isolates with reduced susceptibility 

to ceftriaxone. A subsequent study of Ohio farms, using similar selective media 

methodology, found a higher number herds (92%) and cows (61%) positive for E. 

coli isolates with reduced susceptibility to ceftriaxone (Heider et al., 2009). A 

multi-state study (n=21 States) reported the majority of faecal E. coli (85%) and 

Salmonella (87%) isolates from dairy cows were susceptible to all of the 

antimicrobials tested (Lundin et al., 2008). Wells et al. (2001) reported a within 

herd prevalence of Salmonella spp. of 5% of milking cows, 18% among milking 

cows to be culled in the next week, and 15% of cows at market; 89% were 

susceptible to all of the antimicrobials tested. Recent studies in slaughter cattle 

(Frye et al., 2008) and milking dairy cows (Heider et al., 2009) have reported a 

low prevalence (0-2%) of faecal Salmonella isolates with reduced susceptibility or 

resistance to ceftriaxone. Additional research is needed to describe the 

associations between antimicrobial exposure of cull dairy beef cows and the 

carriage of resistant commensal bacteria and zoonotic pathogens through 

slaughter to retail meat products, which will further characterize the associated 

public health risk and identify potential intervention points. 

Animal and Public Health Impacts of Antimicrobial Use in the Dairy 
Industry 

Eighty-one percent of veterinarians who responded to our questionnaire 

agreed, compared to disagree and no opinion, that antimicrobial use in the dairy 

industry could contribute to decreased efficacy in dairy cattle (Table 3.6, x2 = 48, 

1 df, P < 0.01). In contrast, 86% of respondents indicate some level of 
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disagreement or no opinion, compared to the proportion that agreed, with the 

premise that antimicrobial use in dairy cattle could contribute to resistance in 

human medicine (Table 3.7, f - 64, 1 df, P < 0.01); of these, 27% indicated No 

Opinion. There were no significant associations between agreement (agree or 

strongly agree) on these opinion questions, antimicrobial use in dairy cattle 

having an animal and public health impact, and AMR development as a frequent 

(often or always) consideration in selecting an antimicrobial (Fisher's Exact Test, 

P > 0.05). There were no significant associations between agreement on these 

opinion questions and GENDER, VETYEARS or PCTDAIRY (x
2, P > 0.05). From 

a study that investigated dairy producer attitudes regarding antimicrobial use and 

resistance development, Raymond et al. (2006) reported that 74% of producers 

agreed that "antibiotics become less effective the more they are used" and a 

majority of producers (59%) agreed that antibiotic use in food-animals could 

impact human health, but only 34% felt that a cow with an antimicrobial resistant 

infection in the herd would pose a threat to farm workers. Interviews conducted 

with South Carolina dairy producers revealed that 86% were not concerned 

about the potential for farm staff to develop antimicrobial resistance in relation to 

of the overuse of antimicrobials on the farm (Friedman et al., 2007). As 

previously described, the potential for resistance development was only an 

occasional consideration in the selection of an antimicrobial by most of the 

veterinary respondents in our study. However, 59% of Washington State dairy 

producers agreed with the perception that antibiotic use in food-producing 

animals could have an impact on human health (Raymond et al., 2006). Those in 
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animal agriculture who disagree with this premise contend that the greatest 

determinant of antimicrobial resistance in humans is overuse/misuse by 

physicians. This concern has been identified and characterized (Neu, 1992). 

Assessments of physician prescribing behavior have quantified compliance with 

clinical practice guidelines. One such study found that 61 % of prescriptions met 

with guideline recommendations, in 10 % lower-line alternatives (newer, 

important narrow spectrum antimicrobials) were used and antibiotics were not 

indicated in 20% of cases (Jelinski et al., 2005). Educational interventions aimed 

at curbing excessive or inappropriate prescriptions in community or hospital 

settings, often focused on health economic outcomes, have met with varied 

success, generally the net result being modified prescription profiles of subject 

physicians (De Santis et al., 1994; Hux et al., 1999; Stewart et al., 2000; Mclsaac 

et al., 2002). Calls for restricted use of antimicrobials in agriculture (van den 

Bogaard and Stobberingh, 2000; Lipsitch et al., 2002; Singer et al., 2003) and the 

need for veterinary leadership and education in developing strategies for the 

preservation of antimicrobials (Morley et al., 2005) have motivated several 

organizations to create prudent use guidelines (American Association of Bovine 

Practitioners, 1999; Canadian Veterinary Medical Association, 2001), but there 

remains little in the way of sustained veterinary and producer education 

concerning antimicrobial use and resistance in a public health context. The 

Canadian Veterinary Medical Association has published species-specific prudent 

use guidelines, which ranked antimicrobials by their category of importance in 

human medicine, for selected bacterial diseases (available only to members at 
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the time of publication). In a study that provided educational materials to dairy 

producers concerning the removal of medicated milk replacers, calf immunity and 

health management, protocols for the diagnosis and treatment of common 

diseases of cows, 19-37% of respondents reported the adoption of one or more 

management changes to improve animal health and welfare, and a more 

judicious approach to antimicrobial use (Raymond et al., 2006). 

The South Carolina dairy producer study also assessed the impact of 

recent discussions (previous 6 months) with their herd veterinarian on the topic of 

antimicrobial resistance (35%) on attitudes and perceptions about antimicrobial 

resistance (Friedman et al., 2007). Sixty-five percent of those who had not had 

recent consultations on the topic were significantly more likely to strongly 

disagree with the notion that antimicrobial resistant infections in cows could pose 

a threat to farm staff. Of those who had discussions with their veterinarian, 70% 

agreed that antimicrobial efficacy would decline with increased use. Data from 

focus groups, in the same study, indicated that veterinarians were regarded by 

dairy producers to be a trusted and credible source of information on 

antimicrobial use. As with other health professionals, veterinarians are tasked by 

their clients to provide leadership and guidance on issues of health management 

- the influence of veterinary opinion in shaping producer perceptions and 

attitudes regarding the animal and public health impacts of antimicrobial use in 

dairy herds should not be underestimated. 
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STUDY LIMITATIONS 

Limitations of this cross-sectional study are related to the potential for 

selection and misclassification bias, and various types of biases in responding, 

which are common concerns with questionnaires-based research (Streiner and 

Norman, 1995; Dohoo et al., 2003). Twenty percent (25/124) of respondents did 

not provide answers to the gross revenue questions, but there were no significant 

associations between this missing data and any of the other demographic factors 

(X
2 ,P> 0.05). 

A common element of our questionnaire was the use of 5-point Likert or 

Likert-like scales, which may have exposed the data collection instrument to 

certain forms of misclassification bias or biases in responding. End-aversion or 

central tendency bias, where the actual scale used by some respondents is 

contracted down from five to the three central choices, may have affected 

responses to questions on considerations in selecting an antimicrobial, methods 

of communicating treatment instructions, and the final series of opinion 

questions. Modification of this scale to reflect relative frequencies (Never, 

Occasionally, Half of the time, Often, Always) appears to have minimized this 

potential bias. Other than the opinion questions regarding the influence of barn 

design and husbandry on antimicrobial use, response distributions to Likert scale 

questions do not indicate the presence of significant positive skewing, central 

tendency or acquiescence bias. There does not appear to be evidence of 

significant systematic misclassification in data collected for this study. 
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The content and construct validity of assessing perceptions concerning a 

VCPR in dispensing prescription vs. non-prescription antimicrobials using a client 

type by dispensing policy matrix may be questioned for its complexity and 

potential for false positive answers or faking good (Streiner and Norman, 1995). 

Assuming this form of response bias was present and perhaps unavoidable given 

the construct of the questions, the ultimate objective appears to have been 

achieved that being to determine if veterinarians differentiated their dispensing 

policy by the level of VCPR and the prescription schedule of the antimicrobial. 

CONCLUSIONS 

In general, respondents indicated the requirement for some form of 

consultation prior to dispensing penicillin or ceftiofur increased as the VCPR 

became more tenuous, and a shift towards more restrictive dispensing policies 

was greatest for ceftiofur, relative to that for penicillin. The majority of 

respondents frequently provided some form of written instruction when 

dispensing an antimicrobial and just over half reported that they frequently added 

this information to the main clinic medical record for that farm. None of the 

respondents indicated they provided complete OTC dispensing records, whereas 

27% indicated they provided complete on-farm dispensing records. 

Potential antimicrobial resistance development was not a primary 

consideration in the selection of an antimicrobial but there was general 

agreement among respondent veterinarians that antimicrobial use in the dairy 

industry was a contributor to antimicrobial resistance in cattle. The majority 

disagreed that it could have a negative impact on human medicine. 
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Questionnaire data can provide valid data and information regarding 

veterinary demographics and prescribing behaviour. This information, combined 

with qualitative and quantitative antimicrobial use information, can be used to 

identify potential interventions that could contribute prudent antimicrobial use by 

veterinarians and producers. Dairy practitioners are recognized as trusted 

advisors to producers. Veterinary leadership is essential to identify the animal 

and public health hazards associated with antimicrobial use in this sector and to 

implement interventions that will stem the development and dissemination of 

resistance, and preserve the efficacy of important antimicrobials. 
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Table 3.1. Respondent and practice demographics 

Number (%) of respondents 124 (47) 

Median (range) years in practice 19 (0.25-50) 

Number (%) of OVC1 graduates 117 (94) 

Number (%) of female respondents 11 (9) 

Number (%) of respondents practicing in each Ontario region: 
South-western 69 (56) 
South-eastern 33 (27) 
South-central 15 (12) 
Northern 7 (6) 

Number (%) of respondents, % professional time spent in dairy practice: 
> 75% 50 (40) 

51-75% 34 (27) 
26-50% 19 (15) 

1-25% 21 (17) 

% respondents active in different aspects of dairy practice, and the average 
(range) % practice time spent on those activities: 

Individual cow medicine and surgery (ICM) 95 40 (0-100) 
Reproduction 98 38 (0-100) 
Milk quality and udder health 85 7 (0-30) 
Feeding and nutrition 72 6 (0-40) 
Replacement heifer management 73 4 (0-20) 
Facility planning 38 1 (0-10) 
Financial consulting 15 0.4 (0-15) 

Number (%) of respondent practices in practice size categories:2 

< 26 farms/practice 24 (29) 
26-50 farms/practice 24 (29) 
51-75 farms/practice 15 (18) 

76-100 farms/practice 10 (12) 
>100 farms/practice 11 (13) 

Median (range) number of dairy herds per practice2 45 (1-250) 

Median (range) percentage of practice herds milking:2 

< 50 cows 59% (0-100) 
51-100 cows 36% (0-100) 

> 100 cows 4% (0-29) 

Median (range) % herds per practice with free-stall barns2 20% (0-83) 

Median (range) % gross practice revenue from drug sales2 43% (1-100) 

1 OVC: Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada; 
2 Calculated at practice-level, n = 84 respondent veterinary practices. 
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Table 3.2. Logistic regression model for OTC dispensing (yes/no) of 
procaine penicillin G and ceftiofur 

Effect F Value Pr > F Odds Ratio 95% CL 
Lower Upper 

P-Value 

AMTYPE 22.66 <.0001 
Ceftiofur Ref Ref Ref Ref 
Penicillin 4.0 2.3 7.2 <.0001 

VCPR 64.49 <.0001 
Sporadic Ref Ref Ref Ref 
Rare 0.07 0.04 0.15 <.0001 
Regular 19.3 8.89 41.97 <.0001 

PCTDAIRY 5.00 0.0018 
< 26% Ref Ref Ref Ref 
26-50% 5.08 1.33 19.45 0.0178 
51-75% 9.97 3.08 32.30 0.0001 
> 75% 6.01 1.96 18.95 0.0018 

VETYEARS 13.11 0.0003 
Over 10 years Ref Ref Ref Ref 
10 years or less 4.46 1.98 10.05 0.0003 

Covariance Parameter Estimates 
Subject Estimate Std. Error 

Intercept PRACTICE 1.01 0.45 
Residual (VC) 1.03 0.07 

OTC: dependent variable, over-the-counter dispensing (yes/no) of an antimicrobial without a 
veterinary consultation; 
AMTYPE: antimicrobial type, procaine penicillin G - non-prescription, ceftiofur - prescription; 
VCPR: Veterinary-client-patient relationship client type; 
Regular client: farm visit frequency of every 2-8 weeks; 
Sporadic client: farm visit frequency of 1-5 times per year; 
Rare client: farm visit frequency of less than once per year. 
PCTDAIRY: Percentage of professional time spent on dairy practice; 
VETYEARS: Years in veterinary practice; 
PRACTICE: Practice ID; 
95% CL: 95% confidence limits. 
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Table 3.3. Response frequency (%) for different components of an on-farm 
and over-the-counter dispensing record for Penicillin 

Record Component Component Detail OTC (%) On-Farm (%) P-Value 

Case Data Cow Identification 4 82 <0.01 
Diagnosis 5 75 <0.01 
History & Exam. Findings 1 64 <0.01 

Dispensing Information Drug Identification 79 89 1 0.0566 
Date Dispensed 76 85 1 0.0763 
Veterinarian's name 43 82 <0.01 
Amount Dispensed 73 70 1 0.6723 

Use Instructions Treatment Frequency 16 79 <0.01 
Dose 19 75 <0.01 
Treatment Duration 15 75 <0.01 
Route of Administration 17 70 <0.01 

Residue Avoidance Milk Withhold Time 18 67 <0.01 
Information Meat Withhold Time 17 58 <0.01 

1 No significant difference between OTC and on-farm records, Fisher's Exact Test, two-sided, 
P > 0.05. 
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Table 3.4. Mean opinion scores on the influence of barn design features 
and husbandry practices on antimicrobial use 

Mean Lower 95% Upper 95% 
Barn Design Feature N Score Std Dev CL for Mean CL for Mean 

Ventilation system 119 4.454 0.756 4.316 4.591 

Stall base and bedding 119 4.202 0.839 4.049 4.354 

Stall dimensions/design 118 4.025 0.91 3.859 4.191 

Alleyway flooring 119 3.866 0.812 3.718 4.013 

Manure management system 118 3.763 1.01 3.579 3.947 

Feed bunk design 117 3.265 0.894 3.101 3.429 

Husbandry Practices 

Close-up dry cow management 119 4.563 0.659 4.443 4.683 

Ventilation management 119 4.529 0.662 4.409 4.650 

Cow cleanliness 119 4.479 0.699 4.352 4.606 

Herd biosecurity 118 4.186 0.867 4.028 4.344 

Ration formulation 119 4.134 0.882 3.974 4.295 

Feeding management 119 3.975 0.828 3.824 4.125 

Water quality/access 119 3.782 0.855 3.626 3.937 

Scores: 1-Strongly disagree; 2-Disagree; 3-No opinion; 4-Agree; 5-Strongly agree. 
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Table 3.5. Response frequencies for opinions on the increased risk of cull 
cows having a recent antimicrobial treatment compared to non-cull herd 
mates 

Frequency Percent Cumulative Cumulative 
Frequency Percent 

Strongly Disagree 8 6.45 8 6.45 
Disagree 39 31.45 47 37.90 
No Opinion 23 18.55 70 56.45 
Agree 47 37.90 117 94.35 
Strongly Agree 7 5.65 124 100.00 

Chi-Square Test for Equal Proportions=52.29, DF=4, P < 0.0001 

Frequency Percent Cumulative Cumulative 
Frequency Percent 

Strongly disagree, 
disagree and no 
opinion 72 57.14 72 57.14 

Agree and strongly 
agree 54 42.86 126 100.00 

Chi-Square Test for Equal Proportions=2.57, DF=1, P < 0.1088 
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Table 3.6. Response frequencies for opinions on antimicrobial use in the 
dairy industry as a contributor to decreased efficacy in dairy cattle 

Frequency Percent Cumulative Cumulative 
Frequency Percent 

Strongly Disagree 3 2.42 3 2.42 
Disagree 12 9.68 15 12.10 
No Opinion 7 5.65 22 17.74 
Agree 76 61.29 98 79.03 
Strongly Agree 26 20.97 124 100.00 

Chi-Square Test for Equal Proportions= =144, DF=4, P < 0.0001 

Frequency Percent Cumulative Cumulative 
Frequency Percent 

Strongly disagree, 
disagree and no 
opinion 24 19.05 24 19.05 

Agree and strongly 
agree 102 80.95 126 100.00 

Chi-Square Test for Equal Proportions=48.3, DF=1, P < 0.0001 
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Table 3.7. Response frequencies for opinions on antimicrobial use in the 
dairy industry as a contributor to antimicrobial resistance in human 
medicine 

Frequency Percent Cumulative Cumulative 
Frequency Percent 

Strongly Disagree 19 15.32 19 15.32 
Disagree 54 43.55 73 58.87 
No Opinion 33 26.61 106 85.48 
Agree 15 12.10 121 97.58 
Strongly Agree 3 2.42 124 100.00 

Chi-Square Test for Equal Proportions=61.5, DF=4, P < 0.0001 

Frequency Percent Cumulative Cumulative 
Frequency Percent 

Strongly disagree, 
disagree and no 
opinion 108 85.71 108 85.71 

Agree and strongly 
agree 18 14.29 126 100.00 

Chi-Square Test for Equal Proportions=64.29, DF=1, P < 0.0001 
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Figure 3.1. Response frequency (%) for dispensing policies for Procaine 
Penicillin G and Ceftiofur by VCPR client type 
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VCPR: Veterinary-client-patient relationship; 
OTC: over-the-counter dispensing of an antimicrobial without a veterinary consultation; 
Regular client: farm visit frequency of every 2-8 weeks; 
Sporadic client: farm visit frequency of 1-5 times per year; 
Rare client: farm visit frequency of less than once per year. 
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Figure 3.2. Mean Rank Score for information sources on antimicrobial use 

Mean Ranking Score 

Whiskers indicate 95% confidence limits for mean frequency scores 
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Figure 3.3. Mean frequency scores for considerations in selecting an 
antimicrobial treatment in a lactating cow 
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Figure 3.4. Inclusion frequency (%) of different record components for on-
farm and over-the-counter dispensing of procaine penicillin G 
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Not significantly different between OTC and on-farm dispensing records, 
Fisher's Exact Test, two-sided, P > 0.05; refer to Table 3.3. 

172 



CHAPTER FOUR 

ESTIMATED ANTIMICROBIAL DISPENSING FREQUENCY AND 
PREFERENCE FOR LACTATING COW THERAPY BY ONTARIO 

DAIRY VETERINARIANS 

INTRODUCTION 

The spectre of human illness caused by bacterial infections that are 

resistant to antimicrobials commonly used in both livestock and human medicine 

has led to increased scrutiny regarding the use of these drugs in food-animal 

agriculture (O'Brien, 2002; Singer et al., 2003; Molbak, 2005). Evidence for the 

dissemination of resistance determinants through clonal spread of bacterial 

strains or by the acquisition and transfer of genetic elements among bacterial 

species, and the role of the food chain in bridging animal and human ecosystems 

has been described (Witte, 2000). The potential public health impact of resistant 

commensal bacteria and zoonotic pathogens of food-animal origin has resulted in 

calls for the containment of antimicrobial resistance in animals and prudent 

antimicrobial use in agriculture (World Health Organization, 1997; World Health 

Organization, 2000; Avorn et al., 2001), which have in turn spawned the 

development of guidelines and policy recommendations regarding the use of 

antimicrobials by veterinarians and producers (American Association of Bovine 

Practitioners, 1999; Canadian Veterinary Medical Association, 2001; Veterinary 

Drugs Directorate, 2002; FAAIR Scientific Advisory Panel, 2002; American 

Veterinary Medical Association, 2005; Morley et al., 2005). Antimicrobial drugs 
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are used commonly in the conventional management of dairy herds (Meek et al., 

1986; Hady et al., 1993). Qualitative and quantitative information about the 

antimicrobials used by veterinarians for disease prevention and treatment in dairy 

cattle, including those that are of very high importance to human medicine, are 

fundamental to understanding the associated potential public health hazards. 

A primary objective of this cross-sectional study was to describe 

antimicrobial use by dairy veterinarians in Ontario, and to explore associations 

between antimicrobial use and individual and practice demographic factors. 

Responses to questions on use frequency by route of administration and clinical 

case scenarios provided qualitative and semi-quantitative antimicrobial use data. 

To put the result of this study in a public health context, antimicrobial use 

information is presented and discussed using the categories of importance to 

human medicine (Veterinary Drugs Directorate, 2006). 

MATERIALS AND METHODS 

Data Collection 

Data were collected using a self-administered questionnaire instrument, 

which was mailed to food-animal veterinary practices in Ontario in 2001. The 

sampling frame, target population and respondent demographics are described 

in a companion paper (Chapter 3). Antimicrobial use data were collected through 

a series of questions that listed antimicrobial agents/classes, grouped by routes 

of administration common to dairy medicine (injectable, intramammary, 

intrauterine, topical foot and oral). Respondents were also asked to complete 

four case-based clinical scenario questions and to specify any antimicrobial use 
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in each case. The context of this survey was antimicrobial use in lactating cows. 

There were no questions pertaining to administration in calves or replacement 

heifers. Respondents were also asked to rank their reasons for antimicrobial use 

in lactating dairy cows (Appendix 3.1). 

Data Analysis 

Antimicrobial use findings from this study were categorized according to 

their importance in human medicine as described by the Veterinary Drugs 

Directorate, Health Canada: Category I - Very high importance, Category II -

High importance, Category III - Medium importance, Category I V - Low 

importance (Veterinary Drugs Directorate, 2006). 

Rankings of reasons for antimicrobial use in lactating dairy cows were 

reported as percentage weighted response frequencies. Ranks were weighted in 

reverse order, 1=7, 2=6, etc. Percentage response frequencies were calculated 

as the percentage of total weighted rankings across all reason categories. 

Antimicrobial use frequencies by route of administration were captured as 

ordinal data from a 5-point scale: Daily, Weekly, Monthly, Yearly or Never. To 

reflect the fact that the intervals between frequency levels were not equal in 

magnitude, the data were re-scaled to full-time equivalent (FTE) days (Osborne, 

2008), where Daily = 275 FTE days, Weekly = 48 FTE days, Monthly = 8 FTE 

days, Yearly = 1 FTE day, and Never = 0 FTE days. Total and mean annual 

dispensing frequencies (tADF, mADF) were calculated as an expression of use 

frequency for each drug (/' drugs, D), by each route of administration (J routes, R), 

for each respondent veterinarian {k vets, V) within a category (overall and l-IV) of 
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human health importance (Cat); the denominator for mADF was the total number 

of respondents (nVets = 124): 

tADFcat = I (ADF DiRiVk)cat as FTE days 

mADFcat = tADFcat / nVets as FTE days 

To assess antimicrobial use in a clinical context, four case-based 

questions asked veterinarians to indicate how each case would typically be 

treated in their practice. Specifically, would the treatment involve direct veterinary 

supervision, what would the typical initial treatment approach include and which 

antimicrobial(s) would be used, if any? Data from these four clinical case 

scenarios validated the responses to questions on antimicrobial use frequency by 

route of administration. 

Questionnaire data were stored in a relational database (Microsoft® 

Access, 2000), and descriptive analysis, univariable and multivariable analyses 

were conducted using statistical software (SAS 9.1.2, 2004). Test statistics (x2, 

Fisher's Exact Test, partial F-tests, Kruskal-Wallis Test, Exact x2, Wilcoxon Rank 

Sum Tests) were considered significant at P< 0.05. Tables and figures were 

produced using a spreadsheet application (Microsoft® Excel, 2000). 

Years in veterinary practice (VETYEARS) was derived from respondent's 

year of graduation from veterinary college, which was categorized by decade as 

GRADYR. Due to relatively low respondent numbers in Northern and South-

Central Ontario the nominal variable REGION was re-categorized from four to 

three levels, ONTAREA, by collapsing these areas into a single region with 

South-Western and South-Eastern regions. The percentage of professional time 
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spent on dairy practice was collected as a 4-level ordinal variable and was 

included in the model building process as PCTDAIRY. Continuous variables (ICM 

and PRACSIZE) were assessed for linearity with tADF; significant quadratic 

terms or categorical dummy variables would be used not linearly associated with 

the outcome. Practice size data were collected as a 5-level ordinal variable 

categorizing the number of farms served; a continuous variable () for practice 

size was created as the sum of farm counts from herd size and barn type data, 

and this variable was used in tADF models. Data on milking herd sizes within 

practices was collected as count data for small (1-50 cows), medium (51-100 

cows), and large (> 100 cows) herds. Similarly, barn type for milking herds was 

collected as the number of tie-stall and free-stall barns in each dairy practice. 

Farm count data were converted to percentages of total herds for descriptive 

purposes, and they were assessed in univariable and multivariable settings as 

binary variables dichotomized at their median value. Variables characterizing 

respondent dispensing policies were created from data that pertained to practice 

veterinary-client-patient-relationship (VCPR) profiles and two drug dispensing 

scenarios. PenOTC and TioOTC were dichotomous variables created to reflect 

over-the-counter (OTC) dispensing of penicillin G and ceftiofur, respectively, to 

"sporadic" clients, and both were assessed in univariable and multivariable 

analyses. 

To investigate associations among antimicrobial use frequencies, 

practitioner and practice demographic factors, mixed models were developed 

with total annual dispensing frequencies (tADF) as the dependent variable using 
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PROC MIXED (SAS 9.1.2, 2004). Five antimicrobial use frequency models were 

built, one for each of the four categories of importance to human medicine and 

one overall model. The independent variables considered for inclusion in the full 

model as fixed effects were gender (GENDER), years in practice (VETYEARS), 

Ontario region (ONTAREA), percentage of time spent on dairy practice 

(PCTDAIRY), percentage of time spent on individual cow medicine (ICM), 

practice size (PRACSIZE), the number of small/medium/large herds and the 

number of free-stall / tie-stall milking cow facilities in a practice(FREE), percent 

gross revenue from drug sales (DRUGS), and VCPR-OTC dispensing policy 

variables for penicillin (PenOTC) and ceftiofur (TioOTC). PRACTICE was 

included as a random effect in each model. Predictor variables were screened 

based on a causal diagram (Figure 4.1), descriptive statistics, correlation 

analysis, and unconditional associations among dependent and independent 

variables (Dohoo et al., 2003a). Pairwise correlations were evaluated for all 

independent variables to identify potential sources of collinearity (r > 0.7). 

Variables with significant unconditional associations, P < 0.20, with the 

dependent variable tADFcau-iv (total annual dispensing frequencies for all drugs 

in Categories l-IV) were selected as predictor variables in multivariable models. 

Given the small number of predictor variables in the full model, automated 

selection procedures were not employed in the model building process and main 

effects models were derived through an iterative manual approach where 

independent variables were retained or removed based on the significance of the 

effect or evidence of confounding, by virtue of a substantive change (>20%) in 
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the coefficients of the predictors of interest in the model, or if part of a significant 

interaction term. 

Model assumptions were evaluated (homoscedasticity and normality of 

residuals) with a plot of standardized residuals against predicted values and a 

normal probability plot of residuals. To meet the assumption of homoscedasticity, 

a log transformation of dependent variables was performed. Continuous 

variables (VETYEARS, ICM, PRACSIZE and DRUGS) were assessed for linear 

relationships with tADF by plotting them against the residuals and assessing the 

significance of their quadratic terms. Significant quadratic terms were retained 

with their main effects. Model fit was evaluated by identifying and assessing 

outlier, leverage and influential observations. 

RESULTS AND DISCUSSION 

Reasons for Antimicrobial Use 

Reproductive tract infections, respiratory disease and lameness were 

ranked second, third and fourth respectively, based on weighted response 

frequencies, followed by post-surgical uses and treatments for enteric disease 

(Figure 4.2). Results of this study indicated that antimicrobial use in lactating 

dairy cattle was driven primarily by mastitis. These findings were consistent with 

reasons for antimicrobial use indicated by producer respondents to a survey 

conducted in parallel with this study (Chapter 2). These bacterial infections are 

prevalent in dairy herds (Sauvageau et al., 1994; Hanna et al., 1994; Borgmann 

et al., 1996; Sargeant et al., 1998; USDA, 2005) and have been associated with 

much of the antimicrobial use in milking and dry cows (Larson, 1975; Meek et al., 
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1986; Kaneene and Miller, 1992; Hady et al., 1993; Sawant et al., 2005; 

Raymond et al., 2006). Among the Other reasons cited were: "fever of unknown 

origin - 100 Day Contract" (n=3), "owner comfort" (n=1), "injury/abscess" (n=1), 

"pyelonephritis" (n=1), "peritonitis" (n=1) and "dry cow therapy" (n=1); rankings 

were provided for all but dry cow therapy. The "100 day Contract" is a 

pharmaceutical company protocol involving daily body temperature monitoring of 

post-partum cows for the early detection and treatment of metritis cases (Pfizer 

Animal Health, 2009). 

Antimicrobial Use Frequency 

In this study qualitative and semi-quantitative antimicrobial use frequency 

data were collected for listings of drugs grouped by route of administration: 

injectable, topical-hoof application, intramammary, intra-uterine/vaginal (IU), and 

oral (Table 4.1). Antimicrobial use frequency for each antimicrobial and route of 

administration are presented as mean annual dispensing frequencies (mADF) by 

their category of human health importance (Table 4.2, Figure 4.3). The routes of 

administration with the greatest mADF were injectable, lactating and dry cow 

intramammary infusions, followed by intra-uterine administration, topical-foot and 

oral. Antimicrobial use data from these frequency questions, along with that 

specified in response to clinical case scenarios, revealed drug use that spanned 

several antimicrobial classes, mainly potentiated sulfonamides, tetracyclines and 

beta-lactam antibiotics including cephalosporins, with less frequent use of 

lincosamides, aminoglycosides and macrolides. Prior to the mid-1980s, 

antimicrobials commonly used to treat dairy cattle were injectable preparations of 
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penicillin-streptomycin, chloramphenicol, tetracycline, and cloxacillin, with lesser 

use of neomycin, sulphonamides, trimethoprim-sulfadoxine, erythromycin, 

gentamicin and ampicillin (Larson, 1975; Meek et al., 1986). In a 1981 study of 

110 south-western Ontario dairy herds, Meek et al. (1986) calculated the rate of 

prophylactic and therapeutic use of antimicrobials to be 3.85 doses per animal-

year, with mean rates for the two most commonly used antimicrobials, penicillin-

streptomycin and chloramphenicol, to be 1.45 and 1.03, respectively. Over the 

ensuing years chloramphenicol was banned from use in food producing animals, 

the use of the injectable streptomycin combined with penicillin diminished and 

cephalosporin products became more prevalent, while procaine penicillin G, 

trimethoprim-sulfadoxine and tetracycline persisted as mainstay antimicrobial 

agents in dairy medicine in Ontario herds. 

Among the most frequently used injectable antimicrobials identified in this 

study, ceftiofur, penicillin, potentiated sulfonamides and oxytetracycline, there 

was no significant difference in use frequency with mADF between 130 and 158 

FTE days (Figure 4.4). Injectable macrolides, tilmicosin and erythromycin, and 

florfenicol were used at monthly-yearly frequencies with mADF of 13 FTE days. 

Sodium iodide, gentamicin, enrofloxacin, lincomycin-spectinomycin and 

streptomycin were infrequently used injectable antimicrobials. 

Among topical-foot antimicrobials, respondents indicated that tetracyclines 

were the most frequently dispensed (mADF = 51 FTE days), but not significantly 

more than copper sulfate, suspensions or footbaths (Figure 4.5). The dispensing 

frequency of lincomycin for topical-foot applications was weekly to monthly with a 
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mADF of 18 FTE days. Other products included a selection of topical antiseptic 

sprays and ointments. 

The intramammary infusion products most frequently dispensed for use in 

lactating cows contained a combination of penicillin-novobiocin-streptomycin-

polymyxin B with mADF of 122 FTE days, and cephapirin with 111 FTE days 

(Figure 4.6). These products had significantly higher dispensing frequencies 

compared to the next most frequently dispensed drug, pirlimycin. The dispensing 

frequency of ceftiofur for (extra-label) intramammary use was not significantly 

different from that of pirlimycin, novobiocin-penicillin, cloxacillin or erythromycin. 

Other lactating cow intramammary antimicrobilas included ampicillin, dimethyl 

sulfoxide (DMSO), lincomycin-spectinomycin, nystatin and enrofloxacin with use 

frequencies ranging from weekly to monthly. 

Cephapirin as a dry cow intramammary antimicrobial was dispensed at a 

mean frequency of 104 FTE days, which was not significantly higher than the 

next two most frequently dispensed dry cow antimicrobial infusion products 

containing cloxacillin and novobiocin-penicillin (Figure 4.7). Relatively low 

dispensing frequencies of intramammary erythromycin and novobiocin were 

significantly higher than (extra-label) subcutaneous tilmicosin and intramammary 

penicillin-streptomycin as dry cow therapies. Three respondents indicated Other 

dry cow therapies included intramammary gentamicin-penicillin, tilmicosin and 

tylosin at monthly use dispensing frequencies. 

Of the intra-uterine (IU) antimicrobials listed, cephapirin and tetracycline 

were the dominant antimicrobials dispensed for IU infusion or boluse 
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administration, with mADF of 81 and 73 FTE days, respectively (Figure 4.8). 

These two antimicrobials were dispensed at significantly higher frequencies than 

was spectinomycin, penicillin and ceftiofur infusions, or sulfonamide boluses. 

Other intra-uterine products dispensed at monthly to daily use frequencies 

included spectinomycin, alone or in combination with lincomycin, iodine and/or 

physiological saline. 

The frequency with which monensin was recommended or dispensed was 

significantly higher in the oral bolus form than as a feed additive. These were the 

only oral antimicrobials listed given the lactating cow context of the 

questionnaire. 

The final part of this series of questions on antimicrobial use asked 

respondents to list the three most frequently dispensed injectable and 

intramammary antimicrobials overall. Responses to this question validated the 

results from the preceding use frequency questions. The highest ranking 

injectable antimicrobials were ceftiofur, potentiated sulfonamides (trimethoprim-

sulfadoxine) and procaine penicillin G (Table 4.3). The top ranked intramammary 

products included the antimicrobial combination of penicillin-novobiocin-

streptomycin-polymyxin B, cephapirin sodium and benzathine, and cloxacillin 

benzathine (Table 4.4). 

In the decades preceding this study, agri-food uses of antimicrobials were 

being scrutinized for their "profitability" and the public health risks associated with 

antibiotic residues in dairy and meat products (McEwen et al., 1991; Hady et al., 

1993). While residue avoidance continues to be a major food safety issue, it is 
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important that antimicrobial use by producers and veterinarians and the potential 

for resistance avoidance in animal production systems be discussed in a public 

health context. 

Findings from our questionnaire on antimicrobial use were reported by 

category of importance to human medicine (Veterinary Drugs Directorate, 2006). 

Similar categorized lists of antimicrobial drugs have been developed and refined 

by the World Health Organization (WHO), and the World Organization for Animal 

Health (OIE) (FAO/WHO/OIE, 2008). Guidance documents, which include 

rankings of antimicrobials by their importance to human medicine, have been 

developed by several countries, e.g.,the United States and Australia (Food and 

Drug Administration et al., 2003; EAGAR 2006, 2006). It is notable that 

categorizations of specific antimicrobials or classes differ among the lists cited, 

but common to all are criteria that reflect the relative importance of certain 

antimicrobial drugs and/or drug classes by virtue of their indication in the 

treatment of serious human infection and the lack of alternative choices, 

acknowledging that several antimicrobial classes are common to human and 

veterinary medicine. The need for such lists grew out of recognition that critically 

important antimicrobials should be identified and prioritized for risk assessment 

and management strategies directed at efficacy preservation. Because concern 

around the use of antimicrobials in food producing animals is rooted in its 

potential public health impact, it is important that results from this study are 

presented in this context. The VDD classification system was developed and 
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refined through expert consultation, and was based on Canadian and 

international trends in antimicrobial use and resistance in human medicine. 

Of the three Category I antimicrobials listed in the current study, ceftiofur 

emerged as one of the most frequently used injectable antimicrobials next to 

penicillin, with infrequent extra-label intramammary and intrauterine 

administration. The other major Category I antimicrobial use was polymyxin B in 

combination with penicillin G, novobiocin and streptomycin as an intramammary 

infusion product. Two respondents indicated they administered enrofloxacin 

injectablely at yearly frequencies and two at monthly frequencies; one 

respondent indicated monthly enrofloxacin use under Other intramammary use. 

Across the four categories of human health importance, the majority of 

antimicrobials used in dairy medicine fall under Category II (61%, 14/23), 

including all of the remaining intramammary products. Cephapirin, in its 

intramammary and intra-uterine product formats, was the most frequently used 

Category II antimicrobial and this drug had the highest mADF over all categories. 

Penicillin G and trimethoprim-sulfadoxine were the most frequently used 

injectable antimicrobials in this category followed by intramammary infusion 

products containing the combination of novobiocin-penicillin G and cloxacillin, 

with lesser use of pirlimycin and erythromycin. The balance of Category II was 

made up of low frequency uses of lincosamides, macrolides and 

aminoglycosides administered by various routes. Spectinomycin and lincomycin-

spectinomycin were reported under Other antimicrobials at low use frequencies, 

mainly for IU administration. 
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Category III antimicrobial use was dominated by tetracyclines, primarily 

injectable, IU and topical-hoof applications of oxytetracycline, with some use of 

tetracycline and chlortetracycline products topically and IU. Low frequency use of 

florfenicol and sulfonamides were the other two category III antimicrobial uses. 

Under Other for this category the use of an eye-and-wound spray that contained 

neomycin, gentian violet and tetracycline was reported at monthly frequencies as 

a topical-hoof application. 

Low importance antimicrobials, Category IV, and uncategorized chemical 

agents were reported to be used at moderate to low frequencies. The major 

Category IV, and only oral antimicrobial listed in this series of questions, was the 

ionophore, monensin. Monensin boluses were dispensed at an average 

frequency of 86 FTE days compared to a 24 FTE day prescription frequency for 

in-feed use. Low frequency uses of intramammary novobiocin (beyond that as a 

component in Special Formula-17900®) and IU or topical-foot administration of 

nitrofurazone were the other two antimicrobials in this category. 

Multivariable Mixed Models for Dispensing Frequency 

Associations among dispensing frequency and demographic variables 

were assessed using multivariable mixed models. Univariable screening of 

independent variables revealed significant unconditional associations between 

tADFcat.i-iv and ONTAREA, PCTDAIRY, ICM, PRACSIZE, GENDER, the number 

of small/medium/large herds, PenOTC and TioOTC (Table 4.5). Similar 

unconditional associations were noted for each separate category with the 

following differences: tADFCat.i was also significantly associated with VETYEARS 
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and DRUGS (gross revenue from retail drug sales) (Table 4.6); tADFcaui was 

also associated with GENDER but not VETYEARS or DRUGS (Table 4.7); 

Category III total daily dispensing (tADFcat.m) was associated with GENDER but 

not VETYEARS (Tabel 4.8); tADFCat.iv was not significantly associated with 

GENDER, DRUGS or TioOTC, on an unconditional basis (Table 4.9). Barn type 

variables, the number of free-stall and tie-stall dairy facilities in a practice, were 

not significantly associated with any of the annual dispensing frequency 

dependent variables. 

Herd size and facility-type variables were highly and positively correlated 

(Spearman rank correlation coefficient, r > 0.80, P <0.0001) with practice size 

(PRACSIZE) and were deemed to be intervening between practice size and 

tADF, as these variables are a sub-set of PRACSIZE. Practice size was retained 

in the model building process in its continuous form as a major confounding 

variable to be controlled, over the number of small, medium and tie-stall herds 

that make up the number of client farms in a practice. There were moderate 

positive correlations among PCTDAIRY and PRACSIZE, herd size and barn type 

variables (r > 0.50, P < 0.01), and there was moderate negative correlation 

between PCTDAIRY and ICM (r = -0.47, P < 0.01). 

An initial evaluation of model assumptions revealed that the assumption of 

equality of variance, homoscedasticity, was not met, evident by a fanning pattern 

of a plot of standardized residuals against predicted values. To meet the 

assumption of homoscedasticity, a log transformation of dependent variables 

was performed. When modeled on the log scale this assumption and that of 
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normality of residuals were met. The associations among log_tADF dependent 

variables and continuous predictors, GradYr, ICM, PRACSIZE and Drugs, were 

not linear. Year of graduation from veterinary school was categorized by 

quartiles. Drug sales as a percentage of gross revenue had a narrow range of 

values (IQR=15, 40-55%) and this variable was dichotomized at its median 

representing practices with high or low gross drug revenue. Quadratic terms for 

both ICM and PRACSIZE were significantly associated with tADF and they were 

added to the model. Models were evaluated for outlier, leverage and influencial 

observations - none were extreme enough to merit their removal from the dataset 

to improve model fit. 

From the evaluations described above the full model for tADFCat.i-iv was 

specified to include GENDER, ONTAREA, ICM, and PRACSIZE. 

Multivariable mixed models for antimicrobial use frequency indicated that 

practice location (ONTAREA) and GENDER were significantly associated with 

total annual dispensing frequencies, tADFCat.i-iv. when controlling for practice size 

and the percentage of time spent on individual cow medicine (Tables 4.10-14). 

Year of graduation was not a significant factor in antimicrobial use frequency 

when controlling for the other variables in the model. The effect of REGION in the 

overall model indicated significant variation in dispensing frequency among the 

three regions forming this class variable. This effect was driven largely by higher 

dispensing frequencies of tetracyclines and monensin by respondents from 

Eastern-Ontario compared to those in the South-Western part of the province, 

which was evident in models for tADF of Category III and IV antimicrobials 
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(Tables 4.13-14). GENDER, through its interaction with percent time spent on 

individual cow medicine, was a significant factor in Category II antimicrobial use 

frequency, which was reflected in the overall model (Figure 4.9). The number of 

female respondents was low, but these veterinarians were distributed across a 

range of ICM values from 20% to 100%. This interaction suggests that female 

respondents dispensed Category II antimicrobials at higher frequencies then their 

male counterparts at lower levels of ICM, but as ICM increased male 

respondents dispensed these antimicrobials at relatively higher frequencies. This 

gender effect was consistent across different levels of practice size, although 

only three females reported being members of dairy practices in the upper 

quartile for the number of farms served. Except for the model for overall tADF, 

GENDER was only significant in models for Category II antimicrobials, which 

include most of the injectable and intramammary antimicrobials (Table 4.12). An 

explanation for this difference may be related to case severity, in that female 

veterinarians were dispensing at higher frequencies because they were 

encountering more systemically ill cows (e.g., severe acute mastitis or toxic 

puerperal metritis). To validate and elucidate the effect of gender on dispensing 

frequency would require a greater number of female respondents and data on 

cow-level factors that could influence antimicrobial use. The quadratic 

association of PRACSIZE and ICM with the outcome suggests that tADF 

increased as values for these variables increased to a peak dispensing 

frequency, and then the association became negative, where dispensing 

frequency declined as practice size and the percentage of time spent on 
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individual cow medicine increased (Figure 4.10). The interaction between these 

two factors on dispensing frequency is consistent with what one might expect, 

that practitioners in larger practices will have similar or higher dispensing 

frequencies at lower levels of ICM compared to smaller practices, but the 

difference in FTE Days of dispensing diminishes among practices of different 

size at higher levels of ICM. This would suggest that veterinarians in larger 

practices and/or that do more individual cow medicine have refined their list of 

frequently used drugs to include fewer different antimicrobials or they dispense 

antimicrobials in general at frequencies below that of their case load. A survey-

based study of US dairy practitioners developed regression models that found 

the interaction of the number of herds served and the percent time spent in dairy 

medicine was significantly associated with average use scores of FDA-approved 

antimicrobials (Sundlof et al., 1995). Models for antimicrobials not approved by 

the FDA indicated that these two variables remained as significant main effects 

along with region, but their interaction was not significant. Similar to our study, 

year of graduation and herd size were not significant factors in multivariable 

models when controlling for PRACSIZE and PCTDAIRY. Compared to anti-

inflammatory, tranquillizers or analgesic drugs, respondents to the USA study 

used antibiotics most frequently with Penicillin G, ceftiofur, oxytetracycline, 

cloxacillin, cephapirin, and ampicillin as the 5 most often prescribed - all but 

oxytetracycline were p-lactam antibiotics with FDA-approval for use in lactating 

cows. On a univariable basis, herd size profiles of respondent practices were 

significantly associated with Category II and III antimicrobial use, but barn-type 
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profile, the proportion of tie-stall and free-stall barns, was not a significant factor 

(F-Test, P > 0.05). These variables were not controlled for in multivariable 

models from our study as they were highly correlated with PRACSIZE. In a study 

of Michigan dairy herds, Kaneene and Miller (1992) found that the proportional 

use of penicillins, tetracyclines, cephalosporins, aminoglycosides and 

sulphonamides in cows was similar across lower herd size strata, but in herds 

milking 200 cows or more, cephalosporin and aminoglycoside use declined in 

favor of greater tetracycline use. 

Clinical Case Scenarios 

A series of case scenario questions provided antimicrobial use data in a 

clinical context. For each of the four cases respondents indicated whether the 

majority of their dairy clients would request direct veterinary supervision of the 

case and what the typical initial treatment plan would include, specifying any 

antimicrobial use. All cases were described as occurring in a cow producing 35 

kilograms of milk in her second lactation with presenting data from a general 

physical assessment and a diagnosis of mild mastitis, metritis, digital dermatitis 

or severe mastitis. 

Clinical Case 1: Mild Mastitis 

In the case of mild mastitis, only two of the 117 respondents to this 

question thought producers would request a consultation prior to treatment 

initiation. Twenty-four percent indicated they would not use an antimicrobial in 

the treatment of this case. Of all of the individual treatment options for this 

question, intramammary antimicrobial infusion was the most frequently selected 
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followed by stripping of the quarter (manual milking of secretions from the 

mammary gland) with or without the use of injectable oxytocin. The primary 

treatment combinations that emerged from this case included an intramammary 

antimicrobial treatment with a non-antimicrobial treatment (e.g., stripping the 

quarter) or intramammary antimicrobial infusion or non-antimicrobial treatments 

only (Figure 4.11). Sixteen respondents specified Other treatments which 

included various topical udder preparations, injectable steroidal and non-steroidal 

anti-inflammatory drugs and diuretics. Of the intramammary antimicrobial 

products specified, a majority (85%) cited the use of penicillin G-streptomycin-

novobiocin-polymyxin B followed by cephapirin (47%). Pirlimycin use was low in 

this case (Table 4.15). The questionnaire did not ask respondents to rank 

specified antimicrobials as first, second or third line choices. Of the nine 

responses indicating injectable antimicrobial use, potentiated sulfa and/or 

penicillin or oxytetracycline were specified in almost equal proportions. 

Clinical Case 2: Acute Metritis 

In the case of a diagnosis of metritis in a cow 8 days in milk with anorexia, 

antimicrobial therapy by intramuscular injection was the most frequently selected 

individual treatment option followed by intrauterine administration. There was 

considerable diversity in the treatment combinations used to treat this case, but 

the majority included an injectable antimicrobial treatment, intramuscular and/or 

intravenous, along with an intrauterine infusion and/or a non-antimicrobial 

treatment (Figure 4.12). Three respondents indicated they would not use 

antimicrobials in treating of this cow. Eight percent of the treatment combinations 
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included injectable and intrauterine antimicrobial administration along with other 

supportive therapies. A diverse number of antimicrobial combinations were also 

noted for this case, involving mainly four injectable antimicrobials: 

oxytetracycline, procaine penicillin G, ceftiofur, and trimethoprim-sulfadoxine 

(Table 4.16). Oxytetracycline and trimethoprim-sulfadoxine were the most 

frequently used for intravenous administration, and penicillin and ceftiofur for 

intramuscular administration. Oxytetracycline was the dominant antimicrobial 

specified for intrauterine infusion followed by cephapirin, with the remainder 

indicating the use of iodine infusions or intrauterine boluses containing 

tetracycline or sulfonamide drugs. The non-antimicrobial treatments cited 

included intravenous and oral fluid supportive therapy, non-steroidal anti-

inflammatory drugs, and hormone therapies using estradiol and/or prostaglandin. 

Seventy-one percent of respondents thought that producers would request 

veterinary supervision for a case of metritis of this nature. 

Clinical Case 3: Digital Dermatitis 

The third case scenario presented a case of digital dermatitis. Only 10% of 

respondents felt they would be consulted in managing this case in an individual 

cow. The most common treatment options selected were to apply an 

antimicrobial as a topical spray or as a dressing with a foot bandage. These 

approaches were reflected in the majority of the 22 treatment combinations for 

this case, with the remainder including various combinations of other topical and 

systemic therapies (Figure 4.13). Most of the topical antimicrobial exposure was 

in the form of tetracycline spray or dressing followed by lincomycin alone or in 
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combination with spectinomycin. Ceftiofur was the main injectable antimicrobial 

used with 16% of respondents citing this drug for intramuscular administration in 

treating a case of digital dermatitis (Table 4.17). 

Clinical Case 4: Severe Mastitis 

The final case scenario question presented a systemically ill cow with 

pyrexia and dehydration due to severe mastitis. The full range of individual 

treatment options were selected in response to this case with intravenous and 

Other supportive non-antimicrobial treatments among the most frequently 

selected. The treatment combinations that emerged indicated that the majority of 

respondent veterinarians would treat this case with an intravenous antimicrobial 

treatment and some form of supportive therapy, with or without intramammary 

and intramuscular antimicrobials (Figure 4.14). Trimethoprim-sulfadoxine was 

generally the antimicrobial of choice for intravenous and intramuscular 

administrations followed by oxytetracycline; cephapirin and the penicillin-

streptomycin-novobiocin-polymyxin B combination were selected at similar 

frequencies for intramammary use in this case (Table 4.18). Other non-

antimicrobial supportive therapies were commonly selected (79%), of which 

intravenous fluid therapy, injectable non-steroidal anti-inflammatory drugs 

(NSAIDs) and oral fluids were the most frequently cited. Ninety-three percent of 

respondents expected that they would be called by the producer to attend this 

case. 
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Clinical Case Comparisons 

In comparing the four case scenario questions, the perception that 

veterinary consultation or supervision would be requested was highest for those 

cases with signs of systemic illness, namely, metritis and severe mastitis. These 

cases also resulted in more aggressive treatment approaches with higher levels 

of injectable antimicrobial use, whereas the mild mastitis and digital dermatitis 

cases tended to be managed to a larger extent using local antimicrobial 

therapies. 

The antimicrobials specified in the responses to clinical cases are 

summarized by route of administration in Table 4.19. It should be noted that 

where a respondent specified more than one antimicrobial, the count was divided 

equally by the number of antimicrobials specified; the question did not ask for 

relative use frequencies of specified drugs. The severe mastitis case resulted in 

the highest antimicrobial use counts per case and the mild mastitis case was 

associated with the lowest use, while the metritis and digital dermatitis cases 

resulted in similar use levels. Most of the antimicrobials used to treat the severe 

mastitis case were in Category II. The metritis case saw mainly Category II and 

III drug use at similar levels and antimicrobial treatments for digital dermatitis 

were primarily from Category III. The mild mastitis case resulted in the use of 

Categories I and II antimicrobials. Of the three drugs in Category I, those 

deemed to be of very high importance to human medicine, the intramammary 

infusion product containing penicillin-streptomycin-novobiocin- polymyxin B had 

the highest use frequency followed by ceftiofur, one of the primary injectable 
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treatments used for the metritis and digital dermatitis cases. Some minor extra-

label uses of ceftiofur and the fluoroquinolone enrofloxacin were also reported. 

The majority of Category II antimicrobial use was in the form of trimethoprim-

sulfadoxine, cephapirin and penicillin, driven mainly by the treatment of mastitis 

and metritis. Oxytetracycline and tetracycline use for the treatment of metritis and 

digital dermatitis made up almost all of the Category III exposure. There were no 

Category IV drugs specified by respondents to the case-based questions. 

Generally, these findings validated those revealed by data from the questions 

referring to antimicrobial use frequencies by route of administration. 

Veterinary Supervision of Cases 

From the four case scenario questions, respondents indicated that 

producers were more likely to initiate treatment of mild or common clinical 

infections (milder mastitis, digital dermatitis) without direct veterinary supervision 

or consultation compared to cases of acutely ill cows with systemic signs (toxic 

metritis, severe acute mastitis). Responses to these questions also confirmed 

that cases presenting with systemic illness begat a greater number of treatment 

combinations that included injectable antimicrobial use, as opposed to those 

involving only local or non-antimicrobial therapies. In a case-control study 

investigating antibiotic treatment practices among dairy farms with or without a 

recent inhibitor violation, researchers reported that more farms with negative 

residue tests sought veterinary advice for the treatment of mastitis with 

intramammary antibiotics than case farms, although the percentage of farms was 

low at 14% and 8% respectively; the percentage of farms seeking veterinary 
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advice for injectable antimicrobial use increased to 38% and 45%, respectively 

(McEwen et al., 1991). From a survey of 113 Pennsylvania dairy producers, 32% 

indicated they always sought veterinary advice before using an antimicrobial and 

on 93% of farms most of the antimicrobials were administered by farm personnel 

(Sawant et al., 2005). Kaneene and Miller (1992) reported that Michigan dairy 

producers used antibiotics on their own more than with veterinary advice and the 

presence of a veterinarian at the time of diagnosis was associated with greater 

use of tetracyclines, sulfonamides, nitrofurans and spectinomycin, but had a 

sparing effect on penicillin and aminoglycoside use. 

The number and variety of treatment combinations that emerged from the 

clinical cases implies that both theoretical and empirical knowledge are brought 

to bear in determining a therapeutic approach. In general, there is evidence from 

the combinations selected that the route(s) of administration were directed by the 

target pharmacological compartment(s) (Erskine et al., 2003), and the 

antimicrobial(s) employed were considered based on their spectrum of activity 

and pharmacokinetic/pharmacodynamic properties. The use of injectable 

antimicrobials and concurrent non-antimicrobial supportive therapies were most 

prevalent in the management of the systemically ill cases. Local antimicrobial 

therapies, alone or along with other non-antimicrobial management options, were 

the typical initial treatment approach in dealing with the milder clinical cases. In 

addition to case selection criteria, these aspects of antimicrobial use are 

fundamental to the development of prudent use guidelines and farms protocols. 
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The true AMR impact of these interventions will need to be evaluated through 

clinical trials and risk assessments. 

Extra-Label Use of Antimicrobials 

Extra-label drug use (ELDU) was evident among the drugs specified in 

responses to the case-based questions, e.g., use of a drug not approved for use 

in lactating dairy cattle (species and production class), for an unapproved 

indication and/or route of administration. Extra-label drug use related to drug 

dose, treatment frequency and/or duration cannot be described by this study 

because the data were not collected for specified antimicrobials. The majority of 

treatment combinations used in response to the mild mastitis case included 

intramammary antimicrobials with label indication for use in clinical mastitis. The 

few who indicated they would use injectable antimicrobials in this case used 

penicillin G or oxytetracycline, both have mastitis as an indication. The only 

ELDU noted in this case was injectable trimethoprim-sulfadoxine (4% of 

respondents), which is indicated for use in respiratory and alimentary tract 

infection, pododermatitis and septicemia, but not mastitis. ELDU in the metritis 

case were, by indication, intravenous/intramuscular ceftiofur (20%) and 

trimethoprim-sulfadoxine (9%), by route of administration, intrauterine 

oxytetracycline (injectable preparation, 27%) and ceftiofur (1%), and by route of 

administration and species, intrauterine spectinomycin (1%). At the time of the 

survey, ceftiofur was not approved for the treatment of metritis or for intrauterine 

infusion. Only five respondents specified that they would use the approved 

intrauterine suspension of oxytetracycline and the remainder indicated they 
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would infuse the injectable preparation. While several of the antimicrobials cited 

in the treatment of the digital dermatitis case do have an indication for 

pododermatitis (foot rot), none were approved specifically for digital dermatitis. 

All were ELDU by route of administration, when applied topically, and most by 

species of animal and production class; e.g., the antimicrobial combinations for 

the digital dermatitis case included the following antimicrobials as primary or 

alternative treatments: topical tetracycline (85%), lincomycin (21%) and 

spectinomycin (15%), and intramuscular ceftiofur (16%). Treatment combinations 

for the severe mastitis case revealed ELDU by production class for 

intramammary enrofloxacin (1%) and florfenicol (1%), by indication and route of 

administration for ceftiofur (6%) and ampicillin (1%). Sundlof et al. (1995) found 

oxytetracycline, spectinomycin, gentamicin, sulfonamides, and potentiated 

sulfonamides were prescribed at monthly to yearly frequencies. These 

antimicrobials are not FDA-approved and the use of sulfonamides is prohibited in 

lactating cows. 

In Canada ceftiofur, potentiated sulfonamides, cephapirin, cloxacillin, 

tilmicosin, florfenicol, and gentamicin are prescription drugs under Federal Drug 

Schedule F (part I), and can only be prescribed by a licensed veterinarian for 

animals where a valid VCPR exists (Compendium of Veterinary Products, 2001). 

Procaine penicillin G, oxytetracycline, lincomycin, spectinomycin, and the 

intramammary combination of penicillin-streptomycin-novobiocin-polymyxin B are 

not listed under this schedule and are available to producers through non-
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veterinary provincially-regulated livestock medicines outlets (Government of 

Ontario, 1990a). 

In undertaking an ELDU in a food-animal a veterinarian should be aware 

of the potential consequences to human health and the legislative authority 

pertaining to this "right" (Mitchell, 1988). The criteria for ELDU include: a 

veterinarian has made a diagnosis under a valid VCPR, there is no approved 

drug labeled to treat the diagnosed condition or the drug therapy as per label has 

been ineffective, treated animals are identified, and an extended withdrawal 

period has been applied to any food product post-treatment. As part of a 1993 

symposium on the use of drugs in veterinary medicine, Ritter and Alexander 

(1993) described findings from a survey of veterinarians as part of a presentation 

on the Canadian Bureau of Veterinary Drugs' policy on ELDU. From the survey, 

84% of the respondent practitioners indicated they had used drugs in an extra-

label manner and that antimicrobials were the most likely group of drugs to be 

used off label due largely to increased dosage. A recent Health Canada policy 

statement has provided a definition for ELDU and an updated list of 

recommendations (Grignon-Boutet et al., 2008); one recommendation being that 

drugs of very high importance to human medicine, Category I, not be use in an 

extra-label manner. Respondents to this questionnaire did report ELDU of 

Category I antimicrobials, enrofloxacin and ceftiofur. European and American 

decision trees used in ELDU risk assessment and management have been 

compared (Gehring et al., 2006). Key elements outlined under Health Canada's 

ELDU policy are similar to those of the Animal Medicinal Drug Use Clarification 
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Act (AMDUCA) in the USA (Food and Drug Administration et al., 1994). Both 

allow for ELDU by veterinarians when a valid veterinary-client-patient-relationship 

(VCPR) exists and that such a use does not result in a residue violation. 

Similarly, in the Province of Ontario, veterinarians can dispense antimicrobials 

extra-label provided they "advise the recipient of the drug or substance that the 

appropriate withholding time is not known but should be substantially longer than 

the recommended withholding time" (Government of Ontario, 1990b). Under 

AMDUCA, the final criterion to be met in considering an ELDU is that there is 

adequate information to establish a withdrawal period. The Food Animal Residue 

Avoidance Databank (FARAD) is a consultative service that provides information 

to veterinarians regarding drug disposition and withdrawal time associated with 

specific ELDU (CgFARAD, 2008). Sischo et al. (1999purveyed food-animal 

veterinarians in the USA to assess the extent of use of the FARAD system and 

associated perceptions. They reported that dairy and general practitioners were 

high frequency users of FARAD and those in the beef sector were low frequency 

users. There was a greater likelihood of ELDU among dairy practitioners who 

had not used FARAD. Only 18% of the respondents to our questionnaire 

considered FARAD in their ranking of information sources for antimicrobial drug 

use in lactating cows and the mean ranking score for this source was low, but the 

context of the question was general use and not ELDU specifically. Sawant et al. 

(2005)found that 79% of farms reported using extra-label medication under 

veterinary supervision as per AMDUCA. In contrast, a series of surveys of dairy 

producers in Washington State found that only half of the 23% who reported 
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extra-label antimicrobial uses consulted a veterinarian, as required by AMDUCA 

legislation (Raymond et al., 2006). Regulations and recommendations 

notwithstanding, different types of ELDU may not elicit a wholly negative AMR 

impact and each should be evaluated on their own merit through clinical trial 

research. 

Non-Antimicrobial Treatment Approaches 

Our survey instrument did not investigate the level of adoption of specific 

antimicrobial alternative therapies, (e.g., probiotics, essential oils, nutraceuticals, 

etc.) however several non-antimicrobial approaches were employed in 

addressing clinical case scenarios. Nineteen percent of respondents indicated 

that the typical initial treatment plan for the mild mastitis case would not include 

an antimicrobial treatment. This was significantly higher than the 'no antimicrobial 

drug use' frequency for the other three clinical cases (Kruskal-Wallis Exact x2 = 

26, 3 df, P < 0.01; pairwise comparisons, Wilcoxon Rank Sum Tests, P < 0.005), 

which were not significantly different in this respect. By comparison, only 1% of 

operations indicated they did not use antibiotics to treat mastitis cases in a US 

survey (USDA, 2005). In the early 1990s recommendations to treat cases of mild 

mastitis with supportive therapy only (stripping the affected quarter with/without 

oxytocin and/or fluid therapy, anti-inflammatory medications, and no 

antimicrobials) was a topic of debate in the dairy literature and press. This 

approach was to address concerns regarding the cost-benefit of antimicrobial 

treatments and their inherent drug residue risks (Kirk et al., 1994). A trial 

conducted in three California dairy herds reported that there was no significant 
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difference in the clinical or bacterial cure rates of mastitis cases caused by 

environmental pathogens when comparing two antimicrobial treatment groups, 

intramammary cephapirin or amoxicillin, with intramuscular oxytocin therapy 

(Guterbock et al., 1993). An economic analysis using data from two of the three 

California herds found that the relapse and recurrence rates were higher in the 

oxytocin treated cows, primarily in those cases with environmental streptococcal 

mastitis, but there was no difference among treatment groups in the mean 

number of nonsalable milkings per lactation (Van Eenennaam et al., 1995). Other 

studies demonstrated that the incorporation of intramammary cephapirin and 

intravenous oxytetracycline with supportive therapy to treat new intramammary 

infections, caused by environmental mastitis pathogens, improved clinical and 

bacteriologic cure rates, less severe clinical disease, fewer subsequent episodes, 

and lower lactational milk loss and costs compared to cases treated with 

supportive therapy alone (Morin et al., 1998; Shim et al., 2004). In a retrospective 

study that compared the bacteriological cure rates associated with seven 

antimicrobials and no treatment for subclinical mastitis cases caused by 21 

pathogens found that the advantage of antimicrobial therapy was pathogen and 

drug dependent (Wilson et al., 1999). Respondents to the mild mastitis clinical 

case question of our questionnaire indicated that an initial treatment plan 

employing non-antimicrobial supportive therapy only or no treatment was still a 

relatively prevalent approach (19%). The majority (73%) indicated intramammary 

antimicrobial therapy with or without non-antimicrobial therapy would be used to 

treat this case, with fewer than 10% using injectable antimicrobials. Algorithm-
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based protocols have been developed that incorporate herd SCC history and 

case severity scores along with information from milk cultures to direct the 

treatments administered by producers or farm staff (Robertson, 2003). Although 

our questionnaire did not ask respondents if their treatment approach would be 

directed by any form of diagnostic testing, a few (4) indicated under Other 

treatments that they would conduct a milk culture. The extent to which other cow 

factors, case characteristics (relapse, recurrence and chronicity), individual and 

herd SCC, or milk culture history would be considered in treatment decisions was 

not captured by this survey instrument. From a survey of Ontario producers that 

paralleled this veterinary survey, associations among herd average SCC, and 

intramammary and non-antimicrobial treatments suggested that herd-level udder 

health may influence how individual cows are treated for mastitis, however the 

actual directionality of this association could not be elucidated further given the 

cross-sectional design of the study (Chapter 2). 

Hormone therapies may provide treatment alternatives to the 

management of bacterial infections of the reproductive tract. Given the case 

description for the metritis case-scenario question was for toxic puerperal metritis 

(eight days in milk with clinical signs of systemic illness) few indicated the 

incorporation of hormone therapy as an alternative or supplement to antimicrobial 

treatment. The use of hormone therapies (e.g., oxytocin, prostaglandin, 

gonadotropin-releasing hormone, estrogen) is of little value in treating early 

postpartum cows with retained fetal membranes or metritis, and the therapies 

may have negative effects on future reproductive performance (Risco and 
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Hernandez, 2003; Frazer, 2005; Heider et al., 2009). In the treatment of 

endometritis/pyometritis injectable prostaglandin administration at specific points 

in the post-partum period can provide a therapeutic alternative to antimicrobial-

based protocols, which typically include intrauterine infusion (Kasimanickam et 

al., 2005). Respondents to our questionnaire indicated cephapirin and 

tetracycline were the main antimicrobials infused, followed by lower level uses of 

spectinomycin, ceftiofur and penicillin. Hormone therapies can limit antimicrobial 

exposure and resistance but application of these alternatives should be 

evaluated against public health concerns associated with bio-active residues in 

food and the environment (Refsdal, 2000). Regardless of the therapeutic 

approach taken, well developed case definitions and treatment criteria can limit 

unnecessary treatments by ensuring antimicrobials are used to' achieve a 

justifiable outcome. LeBlanc et al. (2002a and 2002b) concluded that if the timing 

and criteria used to diagnose clinical endometritis are not properly applied, 

practitioners run the risk of false-positive diagnoses and the administration of 

treatments that would be of little value to the producer. To extend this concept, 

adherence to proven diagnostic criteria and case definitions would limit 

unnecessary antimicrobial exposures and the associated risk for antimicrobial 

resistance development. 

STUDY LIMITATIONS 

Limitations of this cross-sectional study are related to the potential for 

selection and misclassification bias, and various types of biases in responding, 

which are common concerns with questionnaires-based research (Streiner and 
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Norman, 1995; Dohoo et al., 2003b). The target population was practitioners who 

provided veterinary services to Ontario dairy producers. In lieu of a dairy-specific 

list of veterinarians, subjects were solicited from a sampling frame of licensed 

veterinary facilities accredited as Food-Producing Animal Mobile with the College 

of Veterinarians of Ontario. To allow participation by all dairy practitioners in the 

province, irrespective of the amount of time spent on dairy-related activities, 

multiple questionnaires were mailed to all group practices identified on the list. 

Individual dairy practitioners were self-identified through their response to the 

question asking the percentage of time they spent on dairy medicine, surgery 

and herd health, which included Not a Duty. To maintain the internal validity of 

the study, the number of responses from practices categorized as Dairy Intensive 

was monitored to ensure an adequate level of response from this group. To limit 

design-based selection bias, in the form of non-response bias, all non-

respondent practices and veterinarians were contacted with equal rigor through 

multiple follow-up telephone reminders. The resulting overall response of 47% 

with one third of respondents reporting less than 50% of their time was spent on 

dairy practice. The proportion female dairy practitioners represented by the 11 

female respondents could not be estimated because the actual number of 

women engaged in dairy practice in the province was unknown. As with most 

questionnaire-based research, the impact of non-response/response bias on 

study findings is difficult to assess. Beyond gender, practitioner and practice 

demographics were reflective of the distribution of Ontario dairy industry. 
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A common element of our questionnaire was the use of 5-point Likert or 

Likert-like scales, which may have exposed the data collection instrument to 

certain forms of misclassification bias or biases in responding. End-aversion or 

central tendency bias, where the actual scale used by some respondents is 

contracted down from five to the three central choices, may have affected 

responses to questions on antimicrobial use frequency. Modification of this scale 

to reflect relative use frequencies of antimicrobials (Never, Yearly, Monthly, 

Weekly, Daily) appears to have minimized this potential bias, but a broader 

scale, e.g.,a seven-point scale, discriminating different levels of weekly and daily 

use, as employed by Sundlof et al., may have provided more information 

(Sundlof et al., 1995). There was no evidence of significant systematic 

misclassification in data collected for this study. 

Another limitation of our data collection instrument is that it did not provide 

data regarding in-feed antimicrobial use, beyond monensin, or drinking water 

routes of administration. These routes of administration were omitted given the 

lactating cow context of the study. Of the four case scenarios, none presented a 

disease outbreak that might merit a herd-level antimicrobial treatment 

intervention, other than the foot bath options for the digital dermatitis case. 

Information about these routes of administration was not pursued given the 

lactating cow context of the study. Most questions included an option for open-

ended Other answers in the event the list provided was not exhaustive, e.g., 

spectinomycin was not included in the lists of antimicrobial use frequency 

selections. This approach and its inherent potential for misclassification through 
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missing information is an issue of construct validity in that the prevalence, and in 

this example, frequency of use was likely under-estimated for this particular 

antimicrobial as it was not offered for consideration by all respondents. 

CONCLUSIONS 

In general, antimicrobial use revealed by respondents to this survey 

indicated that Ontario dairy veterinarians were following current concepts 

regarding the application of antimicrobial therapy in dairy cow medicine (Erskine 

et al., 1993; Kirk et al., 1994; Smith et al., 1998; Morin et al., 1998; Fajt and 

Apley, 2001; Drillich et al., 2001; Kristula et al., 2001). Mastitis and reproductive 

tract infections were cited as major reasons for antimicrobial use in lactating 

cows. Of the routes investigated, injectable and intramammary infusion made up 

the most frequently used routes for antimicrobial administrations, followed by 

intrauterine infusion and topical foot applications. On the basis of annual 

dispensing frequency cephapirin, tetracycline and ceftiofur had the greatest FTE 

days of use across all routes of administration. In total, (3-lactam antimicrobials, 

penicillins and cephalosporins, accounted for the majority of dispensings on a 

frequency basis. Ceftiofur was the most frequently dispensed Category I 

antimicrobial, primarily for injectable use. Many of the antimicrobials used by 

respondents were in Category II, the category where most lactating and dry cow 

intramammary products are listed. Cephapirin is a major intramammary and 

intrauterine infusion antimicrobial. Penicillin G and trimethoprim-sulfadoxine were 

the most frequently used Category II injectable antimicrobials. Among the few 

Category III antimicrobials used, tetracycline use by dairy practitioners continues 

208 



to be prevalent by injectable, intrauterine and topical-foot administration. 

Multivariable models indicated that the effect of practice location and gender on 

dispensing frequencies varied across the different antimicrobial categories and 

was mediated through interactions with the amount of time spent on individual 

cow medicine and practice size. Category I antimicrobial use was prevalent 

among respondents, but was not associated with practitioner- or practice-level 

demographic factors beyond the time spent on individual cow medicine and 

practice size, and interactions between these factors. Category-level 

antimicrobial dispensing frequencies were not significantly associated with year 

of graduation or other practice demographic variables while controlling for 

practice size, individual cow medicine, gender and region. 

Antimicrobial use revealed through the case scenarios validated use 

frequency findings. Respondents anticipated producer requests for direct 

veterinary supervision would be associated with case severity, where there would 

be more requests to attend acute systemically ill cases compared to common 

mild infections. Treatment combinations for the acute toxic mastitis and metritis 

cases included higher levels of injectable antimicrobial use, whereas those for 

the mild mastitis and digital dermatitis cases indicated a greater use of local 

antimicrobial therapies. Efficacy and label indication for lactating dairy cows were 

primary considerations in selecting an antimicrobial. However, extra-label drug 

uses were noted in the form of unregistered disease and species indication, and 

route of administration for ceftiofur, enrofloxacin, trimethoprim-sulfadoxine, 
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lincomycin, spectinomycin and oxytetracycline at varying frequencies across the 

four cases. 

The antimicrobial use revealed through this survey is primarily of three 

classes: cephalosporin and penicillin |3-lactam antibiotics, and tetracyclines. The 

concern with antimicrobial use in food-producing animals is its potential public 

health impact. Several frequently used antimicrobials were deemed to be of high 

or very high importance to human medicine. Based on previous work (Chapter 

3), there was general agreement among respondent veterinarians that 

antimicrobial use in the dairy industry is a contributor to antimicrobial resistance 

in cattle, but a majority disagreed that it could have a negative impact on human 

medicine. Continued study and veterinary leadership are required to identify the 

animal and public health hazards associated with antimicrobial use in this sector 

and to implement interventions that will stem the development and dissemination 

of resistance, and preserve the efficacy of important antimicrobials. 
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Table 4.1. Frequency (%) response for antimicrobial use frequency by route 
of administration and Veterinary Drugs Directorate category 

Route VDD Cat.a Antimicrobial Never Yearly Monthly Weekly Daily 
Injectable I Ceftiofur 0.82 2.46 5.74 39.34 51.64 

II Penicillin 0.82 1.64 13.93 31.15 52.46 
II Trimethoprim-sulfadoxine 2.46 4.10 9.84 43.44 40.16 
III Tetracyclines 2.46 4.10 17.21 33.61 42.62 
II Macrolides 46.72 17.21 18.85 15.57 1.64 
III Florfenicol 53.28 10.66 19.67 14.75 1.64 

NA Iodides 43.44 40.98 13.93 1.64 
II Gentamicin 72.95 19.67 7.38 
II Other 96.72 1.64 0.82 0.82 
I Enrofloxacin 96.72 1.64 1.64 

Hoof Application III Tetracyclines 1.68 7.56 33.61 47.06 10.08 
NA CuSub Suspension 6.72 10.08 40.34 32.77 10.08 
NA CuSub Powder footbath 14.29 21.85 38.66 19.33 5.88 
II Lincomycin 26.89 23.53 31.09 15.13 3.36 

NA Formaldehyde 37.82 29.41 24.37 6.72 1.68 
NA MgSuc Paste 73.95 12.61 11.76 1.68 
IV Nitrofurans' 83.19 7.56 6.72 1.68 0.84 
III Sulphonamide powder 94.96 3.36 1.68 
II Gentamicin 99.16 0.84 

Intramammary I PEN-NOV-STR-POL c 1.67 10.00 51.67 36.67 
(Lactating Cow) II Cephapirin 3.33 13.33 50.83 32.50 

II Pirlimycin 5.83 12.50 38.33 34.17 9.17 
II Cloxacillin 32.50 19.17 26.67 16.67 5.00 
II Erythromycin 20.00 40.00 30.00 5.83 4.17 
I Ceftiofur 55.83 13.33 15.83 7.50 7.50 
II Novobiocin-Penicillin 69.17 5.00 10.83 6.67 8.33 
III Tetracyclines 71.67 10.83 8.33 5.83 3.33 
II Gentamicin 77.50 14.17 6.67 0.83 0.83 
III Florfenicol 89.17 5.83 4.17 0.83 

I, II, NA Other 95.96 0.81 2.42 0.81 
Intramammary II Cephapirin 2.61 4.35 13.91 46.96 32.17 
(Dry Cow) II Cloxacillin 9.57 3.48 20.87 42.61 23.48 (Dry Cow) 

II Novobiocin-Penicillin 10.43 6.09 16.52 44.35 22.61 
IV Novobiocin 82.61 6.96 2.61 3.48 4.35 
II Erythromycin 68.70 13.91 10.43 5.22 1.74 
II Tilmicosin-SC b 62.61 29.57 6.09 1.74 
II Penicillin-Streptomycin 89.57 6.96 2.61 0.87 
II Other 97.39 2.61 

Oral - Bolus IV Monensin 1.74 9.57 18.26 45.22 25.22 
Oral - In Feed IV Monensin 30.43 28.70 24.35 9.57 6.96 
Intra-Uterine/ III Tetracyclines 4.92 13.11 30.33 31.15 20.49 
Vaginal II Cephapirin 12.30 8.20 21.31 35.25 22.95 

I Ceftiofur 78.69 4.10 9.02 5.74 2.46 
II Penicillin G 75.41 10.66 6.56 4.92 2.46 

II, NA Other 86.07 4.10 4.10 5.74 
III Sulphonamides 81.15 4.92 9.84 4.10 
II Gentamicin 94.26 3.28 1.64 0.82 
IV Nitrofurazone 94.26 3.28 1.64 0.82 

a VDD Cat.: Categories of importance to human medicine (Veterinary Drugs Directorate, 2006) 
"CuSu: Copper Sulphate; MgSu: Magnesium Sulphate; SC: subcutaneous injection. 
c PEN-NOV-STR-POL: Penicillin-Novobiocin-Streptomycin-Polymyxin B (World Health 
Organization, 1999). 
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Table 4.2. Mean annual dispensing frequencies (mADF) by category of 
importance to human medicine and route of administration 

VDD Antimicrobial 
Cat.a 

im-iv-scc imm 
LCT d 

imm 
DCT d 

Intra-
uterine 

Topical 
Hoof 

Oral 
Bolus 

Oral 
Feed 

Total 

I Ceftiofur 158.77 24.80 10.11 193.69 
PEN-NOV-STR-POL b 122.35 122.35 
Enrofloxacin 0.15 0.06 0.21 

Total Category 1 158.92 147.22 10.11 316.25 

II Cephapirin 111.17 104.03 80.50 295.70 
Penicillin 157.76 9.60 167.35 

Trimethoprim-Sulfadoxine 130.00 130.00 

Novobiocin-Penicillin 26.16 78.69 104.85 
Cloxacillin 23.30 80.43 103.73 

Pirlimycin 43.35 43.35 
Erythromycin 16.51 7.66 24.17 
Lincomycin 18.45 18.45 
Spectinomycin (Other) 14.47 14.47 

Macrolides 13.44 13.44 

Gentamicin 0.77 3.26 0.55 0.06 4.65 
Timicosin (DCT) 1.50 1.50 

Other 0.06 0.39 0.19 0.65 
Penicillin-Streptomycin 0.65 0.65 
Linco-Spectin (Other) 0.45 0.01 0.13 0.59 

Total Category II 303.99 224.15 271.65 105.24 18.52 923.54 

III Tetracycline 132.59 12.33 72.67 50.94 268.53 

Florfenicol 13.06 0.77 13.82 

Sulfonamides 2.76 0.16 2.92 

Other 0.06 0.06 
Total Category III 145.65 13.10 75.43 51.17 285.34 

IV Monensin 85.89 24.07 109.96 

Novobiocin 12.90 12.90 

Nitrofurazone 0.55 3.58 4.13 
Total Category IV 12.90 0.55 3.58 85.89 24.07 126.98 

NA CuSu Liquid 44.90 44.90 

CuSu Powder footbath 27.60 27.60 

Formaldehyde 9.69 9.69 
Other 0.13 3.19 3.45 6.77 

Iodide 2.27 2.27 

MgSu Paste 1.80 1.80 
Total NA 2.27 0.13 3.19 87.44 93.03 

Route of Administration Total 610.83 384.59 284.54 194.52 160.71 85.89 24.07 1745.15 

a Categories l-IV: Categories of importance to human medicine (VDD 2006); 
b PEN-NOV-STR-POL: Penicillin-Novobiocin-Streptomycin-Polymyxin B; 
Civ-im-sc: intramuscular, intravenous or subcutaneous injection (Injectable); 
dimm: intramammary; LCT: lactating cow treatment; DCT: dry cow therapy. 
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Table 4.3. Ranking and frequency response (%) for the most frequently 
dispensed injectable antimicrobials 

Weighted Antimicrobial Rank=1 Rank=2 Rank=3 Not Identified 
Rank (%) (%) (%) (%) 

1 Ceftiofur 35.8 27.6 15.4 21.1 

2 Trimethoprim-Sulfadoxine 23.6 25.2 28.5 22.8 

3 Procaine Penicillin G 22.8 21.1 28.5 27.6 

4 Oxytetracycline 13.8 19.5 17.9 48.8 

5 Ampicillin 0.0 0.0 3.3 96.7 

6 Florfenicol 0.0 0.0 1.6 98.4 

Table 4.4. Ranking and frequency response (%) for the most frequently 
dispensed intramammary antimicrobials 

Weighted Antimicrobial Rank=1 Rank=2 Rank=3 Not Identified 
Rank (%) (%) (%) (%) 

1 PEN-NVB-STR-PMBa 45.5 23.6 15.4 15.4 

2 Cephapririn sodium 36.6 32.5 8.1 22.8 

3 Cephapririn benzathine 1.6 14.6 17.9 65.9 

4 Cloxacillin benzathine 6.5 6.5 11.4 75.6 

5 Novobiocin-PenicillinG 1.6 10.6 12.2 75.6 

6 Pirlimycin 1.6 3.3 22.0 73.2 

7 Erythromycin 0.0 1.6 4.1 94.3 

8 Gentamicin IMMb 0.0 0.0 0.8 99.2 

9 Ceftiofur IMMb 0.0 0.0 0.8 99.2 

a PEN-NVB-STR-PMB: PenicillinG-Novobiocin-Streptomycin-PolymyxinB 
bIMM: intramammary infusion 
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Table 4.8. Univariable analysis among respondent and practice 
demographic predictor variables and Category III Daily Antimicrobial 

Dispensing 
b Estimate P-Value F-Value 

Variable Value N Difference 95% CL Difference (P-Value) 

GENDER Female 11 0.406 (0.189, 0.875) 0.0218° 5.40 
Male 113 Ref Ref Ref 

Grad Year 1951-1976 34 1.713 (0.928, 3.162) 0.0848c 1.12 
(GRADYR) 1977-1882 29 1.510 (0.814, 2.802) 0.1895° (0.3437) 

1983-1990 30 1.412 (0.756, 2.635) 0.2761 
1991-2001 31 Ref Ref Ref 

Ontario Region North/S-Central 22 0.474 (0.265, 0.85) 0.0127° 5.59 
(ONTAREA) South-East 33 1.425 (0.86, 2.361) 0.1670° (0.0048°) 

South-West 69 Ref Ref Ref 

% Dairy Medicine 1-25% 21 0.247 (0.139, 0.438) <.0001c 11.24 
(PCTDAIRY) 26-50% 19 0.767 (0.423, 1.393) 0.3805 (<.0001 °) 

51-75% 34 1.400 (0.856, 2.288) 0.1783° 
76-100% 50 Ref Ref Ref 

% Individual 0-22% 31 1.180 (0.646, 2.156) 0.5882 4.48 
Cow Medicine 23-38% 31 2.366 (1.295, 4.324) 0.0055° (0.0051 °) 
(ICM) 39-57% 31 2.376 (1.3, 4.342) 0.0053° 

58-100% 31 Ref Ref Ref 

Dairy Practice Size 1 -25 Farms 26 0.149 (0.084, 0.265) <.0001 ° 12.43 
(PRACSIZE) 26-50 Farms 31 0.567 (0.331, 0.971) 0.0391° (<.0001 °) 

51-75 Farms 25 0.747 (0.411, 1.358) 0.3352 
76-100 Farms 10 0.774 (0.389, 1.54) 0.4620 
>100 Farms 28 Ref Ref Ref 

%Small Herds a % 1-50 cows 115 0.985 (0.976, 0.995) 0.0028° 9.36 

%Medium Herds a % 51-100 cows 115 1.018 (1.007, 1.03) 0.0025° 9.56 

%Large Herds a % >100 cows 115 1.018 (0.995, 1.067) 0.0960° 2.82 

Free-stall Barns a % of herds 115 0.998 (0.986, 1.01) 0.7400 0.11 

Tie-stall Barns a % of herds 115 1.001 (0.999, 1.012) 0.8389 0.04 

Drug Revenue % Gross Revenue 110 1.010 (0.994, 1.027) 0.2004 1.66 

Penicillin G Yes 60 2.342 (1.54, 3.561) 0.0001 ° 16.17 
OTC Dispensing No 64 Ref Ref Ref 

Ceftiofur Yes 45 2.040 (1.307, 3.186) 0.0019° 10.04 
OTC Dispensing No 79 Ref Ref Ref 

a Percentage of total dairy client herds per practice; b Estimate Difference: the percent difference 
in use frequency score compared to the referent of a class variable or per unit change in a 
continuous variable;0 Univariable screening level of significance, P £ 0.20; 
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Table 4.8. Univariable analysis among respondent and practice 
demographic predictor variables and Category III Daily Antimicrobial 
Dispensing 

b Estimate P-Value F-Value 
Variable Value N Difference 95% CL Difference (P-Value) 

Gender Female 11 0.848 (0.412, 1.747) 0.6523 0.20 
Male 113 Ref Ref Ref 

Grad Year 1951-1976 34 1.775 (1.032, 3.053) 0.0383 c 2.17 
1977-1882 29 1.643 (0.951, 2.839) 0.0747 c (0.0955°) 
1983-1990 30 1.860 (1.066, 3.246) 0.0292° 
1991-2001 31 Ref Ref Ref 

Ontario Region North/S-Central 22 0.651 (0.379, 1.12) 0.1196° 1.83 
South-East 33 1.154 (0.728, 1.829) 0.5405 (0.1646°) 
South-West 69 Ref Ref Ref 

% Dairy Medicine 1-25% 21 0.398 (0.226, 0.7) 0.0016° 4.63 
26-50% 19 0.936 (0.532, 1.647) 0.8180 (0.0043°) 
51-75% 34 1.164 (0.73, 1.855) 0.5212 
76-100% 50 Ref Ref Ref 

% Individual 0-22% 31 1.016 (0.586, 1.764) 0.9534 3.56 
Cow Medicine 23-38% 31 1.680 (0.977, 2.889) 0.0604° (0.0164°) 

39-57% 31 2.076 (1.208, 3.569) 0.0087° 
58-100% 31 Ref Ref Ref 

Dairy Practice 1 -25 Farms 26 0.272 (0.155, 0.479) <0.0001 ° 6.40 
Size 26-50 Farms 31 0.751 (0.448, 1.259) 0.2753 (0.0001 °) 

51-75 Farms 25 0.910 (0.513, 1.613) 0.7441 
76-100 Farms 10 0.864 (0.448, 1.668) 0.6604 
>100 Farms 28 Ref Ref Ref 

Small Herds a % 1-50 cows 115 0.993 (0.984, 1.002) 0.1234° 2.41 

Medium Herds a % 51-100 cows 115 1.008 (0.997, 1.019) 0.1741c 1.87 

Large Herds a % >100 cows 115 1.023 (0.991, 1.055) 0.1560° 2.04 

Free-stall Barns a % of Herds 115 0.995 (0.998, 1.006) 0.3966 0.72 

Tie-stall Barns3 % of Herds 115 1.002 (0.999, 1.012) 0.7043 0.14 

Drug Revenue % of Gross 107 1.019 (1.003, 1.035) 0.0187° 5.71 

Penicillin G Yes 60 1.963 (1.344, 2.869) 0.0006° 12.41 
OTC Dispensing No 64 Ref Ref Ref 

Ceftiofur Yes 45 1.708 (1.144, 2.549) 0.0093° 7.00 
OTC Dispensing No 79 Ref Ref Ref 

a Percentage of total dairy client herds per practice; b Estimate Difference: the percent difference 
in use frequency score compared to the referent of a class variable or per unit change in a 
continuous variable;0 Univariable screening level of significance, P £ 0.20; 
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Table 4.8. Univariable analysis among respondent and practice 
demographic predictor variables and Category III Daily Antimicrobial 
Dispensing 

b Estimate P-Value F-Value 
Variable Value N Difference 95% CL Difference (P-Value) 

Gender Female 11 0.407 (0.183, 0.905) 0.0278c 4.96 
Male 113 Ref Ref Ref 

Grad Year 1951-1976 34 1.762 (0.931, 3.333) 0.0811c 1.12 
1977-1882 29 1.519 (0.799, 2.889) 0.2005 (0.3431) 
1983-1990 30 1.352 (0.707, 2.586) 0.3592 
1991-2001 31 Ref Ref Ref 

Ontario Region North/S-Central 22 0.482 (0.262, 0.888) 0.0195c 4.88 
South-East 33 1.413 (0.834, 2.394) 0.1972° (0.0092°) 
South-West 69 Ref Ref Ref 

% Dairy Medicine 1-25% 21 0.256 (0.14, 0.466) <0.0001c 10.72 
26-50% 19 0.717 (0.385, 1.338) 0.2939 (<0.0001 °) 
51-75% 34 1.526 (0.913, 2.55) 0.10610 

76-100% 50 Ref Ref Ref 

% Individual 0-22% 31 1.193 (0.638, 2.232) 0.5781 4.53 
Cow Medicine 23-38% 31 2.464 (1.317, 4.61) 0.0052° (0.0048°) 

39-57% 31 2.471 (1.321, 4.624) 0.0050° 
58-100% 31 Ref Ref Ref 

Dairy Practice 1-25 Farms 26 0.140 (0.077, 0.256) <0.0001 ° 12.21 
Size 26-50 Farms 31 0.582 (0.332, 1.021) 0.0589° (<0.0001 °) 

51-75 Farms 25 0.765 (0.41, 1.429) 0.3980 
76-100 Farms 10 0.736 (0.359, 1.51) 0.4004 
>100 Farms 28 Ref Ref Ref 

Small Herds 3 % 1-50 cows 115 0.987 (0.976, 0.997) 0.0104° 6.79 

Medium Herds 3 % 51-100 cows 115 1.017 (1.004, 1.029) 0.0099° 6.88 

Large Herds 3 % >100 cows 115 1.028 (0.99, 1.066) 0.1449° 2.15 

Free-stall Barns3 % of Herds 115 0.998 (0.985, 1.01) 0.7318 0.12 

Tie-stall Barns3 % of Herds 115 1.003 (0.991, 1.015) 0.6226 0.24 

Drug Revenue % of Gross 107 1.009 (0.993, 1.026) 0.2592 1.29 

Penicillin G Yes 60 2.535 (1.645, 3.908) <0.0001 ° 18.11 
OTC Dispensing No 64 Ref Ref Ref 

Ceftiofur Yes 45 2.211 (1.395, 3.503) 0.0009° 11.63 
OTC Dispensing No 79 Ref Ref Ref 

a Percentage of total dairy client herds per practice; b Estimate Difference: the percent difference 
in use frequency score compared to the referent of a class variable or per unit change in a 
continuous variable;0 Univariable screening level of significance, P £ 0.20; 
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Table 4.8. Univariable analysis among respondent and practice 
demographic predictor variables and Category III Daily Antimicrobial 
Dispensing 

Variable Value N 

b Estimate 
Difference 95% CL 

P-Value 
Difference 

F-Value 
(P-Value) 

Gender Female 11 0.480 (0.202, 1.143) 0.0966° 2.80 
Male 113 Ref Ref Ref 

Grad Year 1951-1976 34 1.838 (0.926, 3.648) 0.0811 ° 1.25 
1977-1882 29 1.710 (0.857, 3.414) 0.1268° (0.2941) 
1983-1990 30 1.505 (0.749, 3.023) 0.2483 
1991-2001 31 Ref Ref Ref 

Ontario Region North/S-Central 22 0.647 (0.334, 1.252) 0.1942° 4.16 
South-East 33 1.834 (1.036, 3.248) 0.0376° (0.018°) 
South-West 69 Ref Ref Ref 

% Dairy Medicine 1-25% 21 0.317 (0.162, 0.621) 0.0010° 6.92 
26-50% 19 0.692 (0.344, 1.389) 0.2970 (0.0002°) 
51-75% 34 1.579 (0.889, 2.807) 0.1182° 
76-100% 50 Ref Ref Ref 

% Individual 0-22% 31 0.772 (0.39, 1.526) 0.4531 3.60 
Cow Medicine 23-38% 31 1.926 (0.974, 3.808) 0.0594° (0.0156°) 

39-57% 31 1.902 (0.962, 3.761) 0.0642° 
58-100% 31 Ref Ref Ref 

Dairy Practice 1-25 Farms 26 0.159 (0.081, 0.314) <0.0001 ° 8.20 
Size 26-50 Farms 31 0.591 (0.314, 1.113) 0.1028° (<0.0001 °) 

51-75 Farms 25 0.559 (0.277, 1.129) 0.1039° 
76-100 Farms 10 0.867 (0.386, 1.947) 0.7270 
>100 Farms 28 Ref Ref Ref 

Small Herds3 % 1-50 cows 115 0.978 (0.968, 0.988) <0.0001 ° 17.84 

Medium Herds3 % 51-100 cows 115 1.028 (1.015, 1.041) <0.0001 ° 18.08 

Large Herds3 % >100 cows 115 1.046 (1.006, 1.088) 0.0230° 5.31 

Free-stall Barn3 % of Herds 115 0.996 (0.982, 1.009) 0.5298 0.40 

Tie-stall Barns3 % of Herds 115 1.001 (0.988, 1.013) 0.9230 0.01 

Drug Revenue % of Gross 107 1.012 (0.994, 1.03) 0.1826° 1.80 

Penicillin G Yes 60 2.102 (1.299, 3.401) 0.0028° 9.34 
OTC Dispensing No 64 Ref Ref Ref 

Ceftiofur Yes 45 1.761 (1.059, 2.93) 0.0296° 4.85 
OTC Dispensing No 79 Ref Ref Ref 

a Percentage of total dairy client herds per practice; b Estimate Difference: the percent difference 
in use frequency score compared to the referent of a class variable or per unit change in a 
continuous variable;0 Univariable screening level of significance, P £ 0.20; 
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Table 4.8. Univariable analysis among respondent and practice 
demographic predictor variables and Category III Daily Antimicrobial 
Dispensing 

b Estimate P-Value F-Value 
Variable Value N Difference 95% CL Difference (P-Value) 

Gender Female 11 0.614 (0.193, 1.95) 0.4050 0.70 
Male 113 Ref Ref Ref 

Grad Year 1951-1976 34 2.469 (1.063, 5.731) 0.0357° 1.87 
1977-1882 29 1.892 (0.796, 4.496) 0.1473° (0.1390°) 
1983-1990 30 2.298 (0.975, 5.416) 0.0570° 
1991-2001 31 Ref Ref Ref 

Ontario Region North/S-Central 22 0.531 (0.226, 1.249) 0.1452° 5.19 
South-East 33 2.270 (1.143, 4.51) 0.0197° (0.0070°) 
South-West 69 Ref Ref Ref 

% Dairy Medicine 1-25% 21 0.145 (0.06, 0.354) <0.0001 ° 6.94 
26-50% 19 0.600 (0.256, 1.409) 0.2384 (0.0003°) 
51-75% 34 1.013 (0.505, 2.034) 0.9702 
76-100% 50 Ref Ref Ref 

% Individual 0-22% 31 1.987 (0.822, 4.8) 0.1258° 2.31 
Cow Medicine 23-38% 31 3.112 (1.316, 7.36) 0.0102° (0.0804°) 

39-57% 31 2.040 (0.857, 4.856) 0.1063° 
58-100% 31 Ref Ref Ref 

Dairy Practice 1-25 Farms 26 0.065 (0.028, 0.151) <0.0001 0 10.46 
Size 26-50 Farms 31 0.388 (0.184, 0.818) 0.0133° (<0.0001 °) 

51-75 Farms 25 0.391 (0.17, 0.898) 0.0273° 
76-100 Farms 10 0.363 (0.142, 0.933) 0.0357° 
>100 Farms 28 Ref Ref Ref 

Small Herds3 % 1-50 cows 115 0.989 (0.975, 1.003) 0.1081 ° 2.63 

Medium Herds3 % 51-100 cows 115 1.013 (0.996, 1.031) 0.1358° 2.26 

Large Herds3 % >100 cows 115 1.025 (0.983, 1.083) 0.2009 1.66 

Free-stall Barns3 % of Herds 115 0.989 (0.972, 1.005) 0.1638° 1.97 

Tie-stall Barns3 % of Herds 115 1.008 (0.992, 1.022) 0.3731 0.80 

Drug Revenue % of Gross 107 1.014 (0.99, 1.038) 0.2577 1.30 

Penicillin G Yes 60 1.880 (1.022, 3.458) 0.0424° 4.21 
OTC Dispensing No 64 Ref Ref Ref 

Ceftiofur Yes 45 1.400 (0.743, 2.637) 0.2949 1.11 
OTC Dispensing No 79 Ref Ref Ref 

a Percentage of total dairy client herds per practice; b Estimate Difference: the percent difference 
in use frequency score compared to the referent of a class variable or per unit change in a 
continuous variable;0 Univariable screening level of significance, P £ 0.20; 
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Table 4.10. Mixed linear regression model for total annual dispensing 
frequencies of drugs in Categories l-IV (tADFCat.i-iv) 

Fixed Effect Estimate a Std Error Lower CL Upper CL P-Value 

Intercept 
ONTAREA N SCOnt -SEOnt 

100.4384 2.1311 22.4337 449.6763 <.0001 

GENDER Female - Male 
ICM 
ICM2 

PRACSIZE 
PRACSIZE2 

ICMxPRACSIZE 
ICMxGENDER 

N_SCOnt - SWOnt 
SEOnt - SWOnt 

0.5027 1.3119 0.2936 0.8607 0.0127 
0.7106 1.2732 0.4403 1.1466 0.1598 
1.4135 1.2149 0.9611 2.0787 0.0782 
0.4141 1.9191 0.1138 1.5066 0.1789 
1.0654 1.0183 1.0278 1.1045 0.0007 
0.9992 1.0001 0.9990 0.9995 <.0001 
1.0396 1.0064 1.0266 1.0527 <0001 
0.9999 1.0000 0.9998 0.9999 <.0001 
0.9998 1.0001 0.9996 0.9999 0.0014 
1.0297 1.0113 1.0070 1.0530 0.0104 

Random Effect: There was no evidence of clustering at the PRACTICE level 

tADF: total annual dispensing frequencies in Full Time Equivalent (FTE) days; 
Categories l-IV: antimicrobial categories of importance to human medicine; 
ICM: %Time on individual cow medicine; ICM2: Quadratic term, ICMxICM; 
PRACSIZE: number of farms (size of dairy practice); PRACSIZE2: Quadratic term, PRACSIZExPRACSIZE; 
ICMxPRACSIZE: interaction term for % individual cow medicine and practice size; 
ICMxGENDER: interaction term for % individual cow medicine and gender; 
N_SCOnt - SEOnt: Northern and south-central regions compared to south-eastern Ontario; 
N_SCOnt - SWOnt: Northern and south-central regions compared to south-western Ontario; 
SEOnt - SWOnt: South-eastern compared to south-western Ontario; 
CL: 95% Confidence Limits; 
a After back-transformation from the log scale coefficients represent the percentage difference in FTE Days 
compared to referent levels for categorical or dichotomous variables (Region, GENDER), and the 
percentage difference per unit change in continuous variables (ICM, PRACSIZE). 
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Table 4.11. Mixed linear regression model for Category I Daily Antimicrobial 
Dispensing 

Fixed Effects Estimate Std Error Lower CL Upper CL P-Value 

Intercept 13.3107 1.5686 5.4563 32.4788 <.0001a 

ICM 1.0860 1.0150 1.0544 1.1186 < 0001a 

ICM2 0.9993 1.0001 0.9990 0.9996 <.0001a 

PRACSIZE 1.0323 1.0070 1.0180 1.0467 <.0001a 

PRACSIZE2 0.9999 1.0000 0.9999 1.0000 0.0007a 

ICMxPRACSIZE 0.9998 1.0001 0.9996 0.9999 0.00673 

Random Effect: There was no evidence of clustering at the PRACTICE level 

ICM: %Time on individual cow medicine; ICM2: Quadratic term, ICMxICM; 
PRACSIZE: number of farms (size of dairy practice); 
PRACSIZE2: Quadratic term, PRACSIZExPRACSIZE; 
ICMxPRACSIZE: interaction term for % individual cow medicine and practice size; 
CL: 95% Confidence Limits; "Statistically significant, P < 0.05. 

Table 4.12. Mixed linear regression model for Category II Daily 
antimicrobial dispensing 

Fixed Effect Estimate Std Error Lower CL Upper CL P-Value 

Intercept 45.1648 2.2233 9.2747 219.9379 <.0001a 

ICM 1.0678 1.0200 1.0267 1.1105 0.0012a 

ICM2 0.9992 1.0001 0.9989 0.9995 <.0001a 

PRACSIZE 1.0388 1.0068 1.0249 1.0530 <.0001a 

PRACSIZE2 0.9999 1.0000 0.9998 0.9999 <.0001a 

ICMxPRACSIZE 0.9998 1.0001 0.9997 1.0000 0.0197a 

Gender Female - Male 0.5105 2.0244 0.1263 2.0644 0.3425 
ICMxGender 1.0251 1.0122 1.0007 1.0501 0.0434a 

Random Effect: There was no evidence of clustering at the PRACTICE level 

ICM: %Time on individual cow medicine; ICM2: Quadratic term, ICMxICM; 
PRACSIZE: number of farms (size of dairy practice); 
PRACSIZE2: Quadratic term, PRACSIZExPRACSIZE; 
ICMxPRACSIZE: interaction term for % individual cow medicine and practice size; 
Gender: Female compared to male respondents; 
ICMxGender: interaction term for % individual cow medicine and gender; 
CL: 95% Confidence Limits; a Statistically significant, P < 0.05. 
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Table 4.13. Mixed linear regression model for Category III annual 
dispensing frequencies 

Fixed Effect Estimate Std Error Lower CL Upper CL P-Value 

Intercept 4.8029 1.6634 1.7527 13.1644 0.00263 

ICM 1.1026 1.0168 1.0667 1.1396 <0001a 

ICM2 0.9991 1.0002 0.9988 0.9994 <0001a 

PRACSIZE 1.0332 1.0081 1.0168 1.0499 <0001a 

PRACSIZE2 0.9999 1.0000 0.9998 1.0000 0.0046s 

ICMxPRACSIZE 0.9998 1.0001 0.9997 1.0000 0.0571 
Region N SCOnt - SEOnt 0.5454 1.4116 0.2755 1.0796 0.0813 
Region N_SCOnt - SWOnt 0.9722 1.3546 0.5328 1.7738 0.9261 
Region SEOnt - SWOnt 1.7828 1.2788 1.0952 2.9013 0.0204a 

Random Effect: There was no evidence of clustering at the PRACTICE level 

ICM: %Time on individual cow medicine; ICM2: Quadratic term, ICMxICM; 
PRACSIZE: number of farms (size of dairy practice); 
PRACSIZE2: Quadratic term, PRACSIZExPRACSIZE; 
ICMxPRACSIZE: interaction term for % individual cow medicine and practice size; 
N_SCOnt - SEOnt: Northern and south-central regions compared to south-eastern Ontario; 
N_SCOnt - SWOnt: Northern and south-central regions compared to south-western Ontario; 
SEOnt - SWOnt: South-eastern compared to south-western Ontario; 
CL: 95% Confidence Limits; a Statistically significant, P < 0.05. 

Table 4.14. Mixed linear regression model for Category IV annual 
dispensing frequencies 

Fixed Effect Estimate Std Error Lower CL Upper CL P-Value 

Intercept 2.7171 1.8463 0.8056 9.1643 0.1061 
ICM 1.0530 1.0199 1.0126 1.0949 0.01013 

ICM2 0.9994 1.0002 0.9989 0.9998 0.0029a 

PRACSIZE 1.0338 1.0092 1.0152 1.0528 0.0004a 

PRACSIZE2 0.9999 1.0000 0.9998 1.0000 0.00753 

Region NSCOnt - SEOnt 0.5304 1.5610 0.2193 1.2823 0.1574 
Region N_SCOnt - SWOnt 1.3029 1.4993 0.5837 2.9074 0.5151 
Region SEOnt - SWOnt 2.4564 1.3709 1.3140 4.5909 0.00533 

Random Effect: There was no evidence of clustering at the PRACTICE level 

ICM: %Time on individual cow medicine; ICM2: Quadratic term, ICMxICM; 
PRACSIZE: number of farms (size of dairy practice); 
PRACSIZE2: Quadratic term, PRACSIZExPRACSIZE; 
ICMxPRACSIZE: interaction term for % individual cow medicine and practice size; 
N_SCOnt - SEOnt: Northern and south-central regions compared to south-eastern Ontario; 
N_SCOnt - SWOnt: Northern and south-central regions compared to south-western Ontario; 
SEOnt - SWOnt: South-eastern compared to south-western Ontario; 
CL: 95% Confidence Limits; statistically significant at P < 0.05. 
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Table 4.15. Case 1, Mild Mastitis: Frequency (%) antimicrobial combinations 

Cumulative Cumulative 
Freq. % Frequency Percent 

immPEN-STR-NOV-POL 40 34.19 40 34.19 

immPEN-STR-NOV-POL or immHAP 28 23.93 68 58.12 

No antimicrobial drug use 22 18.8 90 76.92 

immHAP 10 8.55 100 85.47 

immNS 6 5.13 106 90.6 

imSXT and immPEN-STR-NOV-POL or immHAP 2 1.71 108 92.31 

immPRL 1 0.85 109 93.16 

immPEN-STR-NOV-POL or immPRL 1 0.85 110 94.02 

imOXY and immPEN-STR-NOV-POL or immHAP 1 0.85 111 94.87 

imOXY or imSXT and immPEN-STR-NOV-POL or 
immHAP 1 0.85 112 95.73 

imPEN and immNS 1 0.85 113 96.58 

imPEN and immPEN-STR-NOV-POL 1 0.85 114 97.44 

imPEN or imOXY and immNS 1 0.85 115 98.29 

imPEN or imSXT and immPEN-STR-NOV-POL 1 0.85 116 99.15 

ivSXT and imPEN or imSXT and immPEN-STR-
Mf~>\/ D<~ll 1 0.85 117 100 

aim: intramuscular injection; imm: intramammary infusion; iv: intravenous injection. 
bHAP: cephapirin; NOV: novobiocin; OXY: oxytetracycline; PEN: penicillin; POL: polymyxin B; 
PRL: pirlimycin; STR: streptomycin; SXT: trimethoprim-sulfadoxine (World Health Organization, 
1999). NS: antimicrobial not specified 
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Table 4.16. Case 2, Metritis: Frequency (%) of antimicrobial combinations 

Route(s) of Administration3 Cumulative Cumulative 
and Antimicrobial(s)b Freq. % Frequency Percent 
imPEN 12 10.26 12 10.26 
imTIO 11 9.40 23 19.66 
imPEN or imTIO 8 6.84 31 26.50 
ivSXT and iuOXY 7 5.98 38 32.48 
ivOXY and iuOXY 6 5.13 44 37.61 
imOXY and iuOXY 5 4.27 49 41.88 
iuOXY 5 4.27 54 46.15 
imOXY 4 3.42 58 49.57 
imPEN and iuOXY 3 2.56 61 52.14 
imPEN or imSXT 3 2.56 64 54.70 
imUnspecified 3 2.56 67 57.26 
iuOXY or iuHAP 3 2.56 70 59.83 
ivSXT and imSXT and iuOXY 3 2.56 73 62.39 
No antimicrobial use 3 2.56 76 64.96 
imTIO and iulOD 2 1.71 78 66.67 
iulOD 2 1.71 80 68.38 
ivSXT 2 1.71 82 70.09 
ivSXT and iuHAP 2 1.71 84 71.79 
imPEN and iulOD 1 0.85 85 72.65 
imPEN and iuOXY or iuHAP 1 0.85 86 73.50 
imPEN and iuSSS 1 0.85 87 74.36 
imPEN or imOXY and iuOXY 1 0.85 88 75.21 
imPEN or imOXY or imTIO and iuOXY 1 0.85 89 76.07 
imPEN or imSXT and iuOXY 1 0.85 90 76.92 
imPEN or imSXT and iuSSS 1 0.85 91 77.78 
imPEN or imTIO and iuOXY 1 0.85 92 78.63 
imPEN or imTIO and iuOXY or iuHAP 1 0.85 93 79.49 
imPEN or imTIO or imSXT and 1 0.85 94 80.34 
imPEN or imTIO or imSXT and iuOXY 1 0.85 95 81.20 
imSXT 1 0.85 96 82.05 
imSXT and iuOXY or iuHAP 1 0.85 97 82.91 
imTIO and iuHAP 1 0.85 98 83.76 
imTIO and iuOXY 1 0.85 99 84.62 
imTIO and iuSPT 1 0.85 100 85.47 
imTIO or imSXT and iuHAP 1 0.85 101 86.32 
iuHAP 1 0.85 102 87.18 
ivOXY 1 0.85 103 88.03 
ivOXY and imOXY and iuHAP 1 0.85 104 88.89 
ivOXY and imOXY and iuOXY 1 0.85 105 89.74 
ivOXY and imPEN 1 0.85 106 90.60 
ivOXY and imPEN and iuOXY 1 0.85 107 91.45 
ivOXY and iuCTE 1 0.85 108 92.31 
ivOXY and iuHAP 1 0.85 109 93.16 
ivOXY and iulOD 1 0.85 110 94.02 
ivOXY and iuOXY or iuHAP 1 0.85 111 94.87 
ivSXT and imPEN and iulOD 1 0.85 112 95.73 
ivSXT and imPEN and iuOXY 1 0.85 113 96.58 
ivSXT and imSXT 1 0.85 114 97.44 
ivSXT and imTIO or imSXT and iuOXY or iuTIO 1 0.85 115 98.29 
ivSXT and iulOD 1 0.85 116 99.15 
ivTIO 1 0.85 117 100.00 

aim: intramuscular injection; iu: intrauterine infusion or oblets; iv: intravenous injection. 
bCTE: chlortetracycline; HAP: cephapirin; OXY: oxytetracycline; PEN: Penicillin; 
SPT: spectinomycin; SSS: sulfonamide; SXT: trimethoprim-sulfadoxine; TIO: ceftiofur 
(World Health Organization, 1999); IOD: iodine. 
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Table 4.17. Case 3, Digital Dermatitis: Frequency (%) antimicrobial 
combinations 

Cumulative Cumulative 
Route of Administration and Antimicrobial Frequency Pet Frequency Percent 
spTET 19 16.24 19 16.24 
dsTET 16 13.68 35 29.92 
spTET and dsTET 8 6.84 43 36.75 
No antimicrobial use 5 4.27 48 41.03 
spTET or spNEO 5 4.27 53 45.30 
imTIO and spTET 4 3.42 57 48.72 
spNS orfbNS ordsNS 4 3.42 61 52.14 
spTET or spNEO and dsTET 4 3.42 65 55.56 
imTIO and dsTET 3 2.56 68 58.12 
spLIN-SPT 3 2.56 71 60.68 
spTET or spLIN-SPT 3 2.56 74 63.25 
fbTET and dsTET 2 1.71 76 64.96 
imTIO 2 1.71 78 66.67 
ivOXY and dsTET 2 1.71 80 68.38 
spCuS and fbTET 2 1.71 82 70.09 
spTET and dsNS 2 1.71 84 71.80 
spTET or spLIN 2 1.71 86 73.50 
spTET or spLIN-SPT and dsTET 2 1.71 88 75.21 
dslOD 1 0.85 89 . 76.07 
fbTET 1 0.85 90 76.92 
imOXY and spTET 1 0.85 91 77.78 
imOXY and spTET or spLIN-SPT 1 0.85 92 78.63 
imPEN or imTIO and spTET or spLIN and dsTET or 
dsLIN-SPT 1 0.85 93 79.49 

imPEN or imTIO or imSXT and spTET or spLIN and dsTET 1 0.85 94 80.34 
imTIO and fbTET 1 0.85 95 81.20 
imTIO and spLIN 1 0.85 96 82.05 
imTIO and spLIN-SPT 1 0.85 97 82.91 
imTIO and spTET and dsTET 1 0.85 98 83.76 
imTIO and spTET or spLIN-SPT 1 0.85 99 84.62 
imTIO and spTET or spLIN-SPT and dsTET 1 0.85 100 85.47 
imTIO and spTET or spNEO 1 0.85 101 86.33 
imTIO and spTET or spNEO and dsTET 1 0.85 102 87.18 
spLIN and dsTET 1 0.85 103 88.03 
spLIN-SPT and dsTET 1 0.85 104 88.89 
spNEO and dsTET 1 0.85 105 89.74 
spNS and dsTET 1 0.85 106 90.60 
spNS and fbTET 1 0.85 107 91.45 
spTET and fbTET 1 0.85 108 92.31 
spTET and fbTET and dsTET 1 0.85 109 93.16 
spTET and fbTET or fbLIN and dsTET 1 0.85 110 94.02 
spTET or fbLIN-SPT 1 0.85 111 94.87 
spTET or spCuS 1 0.85 112 95.73 
spTET or spCuS and dsTET or dsLIN-SPT 1 0.85 113 96.58 
spTET or spLIN and fbTET or fbLIN 1 0.85 114 97.44 
spTET or spLIN and fbTET or fbLIN and dsTET or 
dsLIN-SPT 1 0.85 115 98.29 

spTET or spLIN or spNEO 1 0.85 116 99.15 
spTET or spNEO and dsNS 1 0.85 117 100.00 

ads: bandage dressing; fb: footbath; im: intramuscular injection; iv: intravenous injection; 
sp: spray. LIN: lincomycin; NEO: neomycin; OXY: oxytetracycline; PEN: Penicillin;SPT: 
spectinomycin; SXT: trimethoprim-sulfadoxine; TET: tetracycline; TIO: ceftiofur; (World 
Health Organization, 1999). CuS: copper sulphate; IOD: iodine; NS: not specified. 
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Table 4.18. Case 4, Severe Mastitis: Frequency (%) of antimicrobial 
combinations 

Route of Administration3 and Antimicrobialb Freq. % 
Cumulative Cumulative 
Frequency Percent 

ivSXT 16 13.68 16 13.68 
ivSXT and immPEN-STR-NOV-POL 14 11.97 30 25.64 
ivSXT and immHAP 13 11.11 43 36.75 
ivSXT and imSXT and immHAP 10 8.55 53 45.3 
No antimicrobial use 7 5.98 60 51.28 
ivOXY 5 4.27 65 55.56 
imSXT and immPEN-STR-NOV-POL 4 3.42 69 58.97 
ivSXT and imSXT and immPEN-STR-NOV-POL 4 3.42 73 62.39 
ivSXT and immTIO 3 2.56 76 64.96 
ivSXT and imSXT 3 2.56 79 67.52 
ivOXY and immHAP 3 2.56 82 70.09 
immPEN-STR-NOV-POL 2 84 71.79 
ivNS 2 86 73.5 
ivSXT and immPEN-STR-NOV-POL or immHAP 2 88 75.21 
ivSXT and imSXT and immPEN-STR-NOV-POL or immHAP 2 90 76.92 
ivOXY and immPEN-STR-NOV-POL 2 92 78.63 
ivOXY or ivSXT 2 94 80.34 
ivOXY or ivSXT and immPEN-STR-NOV-POL 2 96 82.05 
immPEN-STR-NOV-POL or immPRL 1 0.85 97 82.91 
imFLR and immHAP 1 0.85 98 83.76 
imOXY and immTIO 1 0.85 99 84.62 
imSXT 1 0.85 100 85.47 
imSXT and immNS 1 0.85 101 86.32 
imSXT and immPEN-STR-NOV-POL or immHAP 1 0.85 102 87.18 
ivAMP 1 0.85 103 88.03 
ivNS and immHAP 1 0.85 104 88.89 
ivSXT and immENR 1 0.85 105 89.74 
ivSXT and immHAP or immTIO 1 0.85 106 90.6 
ivSXT and immNS 1 0.85 107 91.45 
ivSXT and imSXT and immHAP or immTIO 1 0.85 108 92.31 
ivSXT and imPEN or imSXT and immHAP 1 0.85 109 93.16 
ivSXT or ivTIO and imTIO or imSXT 1 0.85 110 94.02 
ivTIO 1 0.85 111 94.87 
ivTIO and immPEN-STR-NOV-POL or immHAP 1 0.85 112 95.73 
ivOXY and immPEN-STR-NOV-POL or immHAP 1 0.85 113 96.58 
ivOXY and imAMP and immPEN-STR-NOV-POL 1 0.85 114 97.44 
ivOXY and imOXY and immHAP 1 0.85 115 98.29 
ivOXY or ivAMP 1 0.85 116 99.15 
ivOXY or ivSXT and imOXY or imSXT and immPEN-STR-NOV-
POL or immHAP 1 0.85 117 100 

aim: intramuscular injection; imm: intramammary infusion; iv: intravenous injection. 
bAMP: ampicillin; ENR: enrofloxacin; FLR: florfenicol; HAP: cephapirin; OXY: oxytetracycline; 
PEN-STR-NOV-POL: penicillin-streptomycin-novobiocin-polymin B; PRL: pirlimycin; SXT: 
trimethoprim-sulfadoxine; TIO: ceftiofur (World Health Organization, 1999). NS: not specified. 
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Figure 4.2. Weighted frequency (%) response for rankings of reasons for 
antimicrobial use in lactating dairy cattle. 
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Figure 4.3. Dispensing frequencies of antimicrobials by category of 
importance to human medicine and route of administration 
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Categories l-IV: Categories of importance to human medicine (Veterinary Drugs 
Directorate, 2006); NA: Not applicable; 
PEN-NOV-STR-POL: Penicillin-Novobiocin-Streptomycin-Polymyxin B; 
Injectable: intramuscular, intravenous or subcutaneous injection; 
LCT: lactating cow treatment; DCT: dry cow therapy. 
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Figure 4.4. Mean annual dispensing frequencies for injectable 
antimicrobials by category of importance to human medicine 
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Injectable: intramuscular, intravenous or subcutaneous injection; 
Categories l-IV: Categories of importance to human medicine (VDD 2006); 
Error bars depict the 95% confidence limits for the mean. 
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Figure 4.5. Mean annual dispensing frequencies for topical-foot 
antimicrobials by category of importance to human medicine 
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Categories l-IV: Categories of importance to human medicine (VDD 2006); 
Error bars depict the 95% confidence limits for the mean. 
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Figure 4.6. Mean annual dispensing frequencies for lactating cow 
intramammary antimicrobials by category of importance to human 
medicine 
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PEN-NOV-STR-POL: Penicillin-Novobiocin-Streptomycin-Polymyxin B; 
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Figure 4.7. Mean annual dispensing frequencies for dry cow intramammary 
antimicrobials by category of importance to human medicine 
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Error bars depict the 95% confidence limits for the mean. 
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Figure 4.8. Mean annual dispensing frequencies for intra-uterine 
antimicrobials by category of importance to human medicine 
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Error bars depict the 95% confidence limits for the mean. 

241 



Figure 4.9. Graphical representation of the quadratic association of % 
Individual Cow Medicine with total annual dispensing frequencies depicting 
the effect of gender at three levels of practice size in south-western Ontario 
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Figure 4.10. Graphical representation of the quadratic association of % 
Individual Cow Medicine with total annual dispensing frequencies at 
various levels of practice size for respondents located in south-western 
Ontario 
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SWOnt: South-Western Ontario region; Q1: First quartile for practice size; M: Median for practice 
size; Q3: Third quartile for practice size 
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Figure 4.11. Case 1, Mild Mastitis: Treatment combinations 
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iv: Intravenous injection; im: intramuscular injection; imm: Intramammary 
infusion; Non-AM Tx: Non-antimicrobial treatment. 
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Figure 4.12. Case 2, Metritis: Treatment combinations 
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IV: Intravenous injection; IM: intramuscular injection; IU: Intrauterine infusion or 
oblets; Non-AM Txs: Non-antimicrobial treatments. 
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Figure 4.13. Case 3, Digital Dermatitis: Treatment combinations 
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im inj.: intramuscular injection; FB: Footbath; Non-AMD Tx: Non-antimicrobial drug treatment. 
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Figure 4.14. Case 4, Severe Mastitis: Treatment combinations 
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CHAPTER FIVE 
SUMMARY DISCUSSION AND CONCLUSIONS 

INTRODUCTION 

Over the decade that spanned 1991-2001 the trend in food-animal 

agriculture was toward regional concentrations of livestock, which saw the 

Ontario dairy industry move to a more commercial production model as dairy 

herd sizes increased in the face of shrinking herd numbers (Beaulieu and 

Bedard, 2003). With a rise in herd expansions came a concomitant increase in 

European immigration to southern Ontario that resulted in many new or 

remodeled larger dairy facilities (Wolleswinkel, 2001; Eveland et al., 2005; 

Eveland et al., 2005). Emerging information regarding the impact of barn design 

on cow comfort, milk production and udder health appeared to inform decisions 

around barn construction that incorporated concepts that would improve the cow 

environment (Bewley et al., 2001). 

Concerns associated with on-farm food safety, primarily driven by residue 

avoidance, contributed to the development of several industry initiatives directed 

at producers: Livestock Medicines Education Program (Livestock Medicines 

Education Committee, 2008) and Canadian Quality Milk (Dairy Farmers of 

Canada, 2009). Both programs provide information to producers regarding the 

proper handling and administration of drugs on farms, including antimicrobials, 

and producers were encouraged to develop and use treatment protocols under 

the guidance of a functional veterinary-client-patient-relationship (VCPR). 
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Antimicrobials are used commonly in the conventional management of 

dairy herds (Larson, 1975; Meek et al., 1986; Meek et al., 1986; Hady et al., 

1993; Hady et al., 1993). Concerns over the potential public health impact of 

antimicrobial use and resistance in food-producing animals (Witte, 2000; Lathers, 

2001; Lathers, 2002)resulted in calls for more prudent use of antimicrobials in 

agriculture (World Health Organization, 2000; Avorn et al., 2001; Veterinary 

Drugs Directorate, 2002; Veterinary Drugs Directorate, 2002). In response, 

prudent use guidelines were developed by veterinary organizations (American 

Association of Bovine Practitioners, 1999; Canadian Veterinary Medical 

Association, 2001; American Veterinary Medical Association, 2005; American 

Veterinary Medical Association, 2005; Morley et al., 2005). Common elements 

among these guidelines were the need for a valid veterinarian-client-patient-

relationship (VCPR), considerations in antimicrobial selection, the need for 

written treatment protocols and dispensing records, the promotion of husbandry 

practices that will have a sparing effect on antimicrobial use, and on-going 

veterinary and producer continuing education regarding antimicrobial use and 

resistance. 

Information on how and when antimicrobials are incorporated in the 

different therapeutic approaches taken by producers, with or without direct 

veterinary supervision, in treating bacterial infections prevalent in lactating cows 

will contribute to identifying opportunities for rationalizing antimicrobial use in the 

dairy industry. Qualitative and quantitative information about the antimicrobials 

used by veterinarians for disease prevention and treatment in dairy cattle, 
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including those that are of very high importance to human medicine, are 

fundamental to understanding the associated potential public health hazards. 

The original intent of this work was to provide preliminary data on 

variations in barn design, and attitudes of producers and veterinarians regarding 

antimicrobial use and resistance that would inform and facilitate on-farm 

research. To this end, two questionnaire based studies were conducted: a short 

producer questionnaire, which focused on aspects of free-stall facility design and 

qualitative antimicrobial use information, and a more extensive veterinary 

questionnaire that endeavored to collect information that would describe how 

antimicrobials were dispensed, their frequency of use, and the factors that 

influence those decisions. 

PRODUCER AND VETERINARIAN SURVEYS 

Producer Questionnaire 

Respondents to the producer questionnaire were generally representative 

of the target demographic for this study - dairy producers in the province of 

Ontario, who house their milking herd in free-stall facilities. Half of the 

respondents had built barns in the preceding decade, which was reflective of 

trends in herd expansion and new barn construction over that period. The 

majority of respondents farmed in south-western or south-eastern Ontario where 

the dairy industry was concentrated. Enrollment in milk recording programs 

among respondents was proportionate to provincial levels. This survey predated 

the staged roll-out of an industry quality assurance initiative and few of the 

respondent producers had completed a Livestock Medicines Course. Seventy-
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five percent of producers reported stocking rates below the capacity of the 

milking herd facility, with a mean stocking rate of 97%. The odds of being 

overstocked increased with herd size. 

The results of this study indicate that the "typical" free-stall facility, as 

reported by the majority of respondent producers, would be constructed with 

stalls based with pasture mats bedded with straw or wood shavings, and solid 

concrete alleyways with either tractor or automatic scraping systems for manure 

removal. Most barns were naturally ventilated, constructed with half- or full-open 

sidewalls and chimneys, and most producers reported they never used fans for 

supplemental ventilation or did so only seasonally. 

Herd energy corrected milk production per cow per year was significantly 

associated with somatic cell count, stocking rate, alleyway floor type, ventilation 

inlet type, fan use and DHI membership, while controlling for herds with 

extremely low milk production per cow per year. Although not significant, there 

was an apparent production advantage associated with cushion- (pasture mat) 

and rubber-based stall, and those bedded with sand, compared to concrete-

based stalls and straw bedding. Similar findings were not evident in evaluating 

the effect of these factors on somatic cell counts or antimicrobial use in case 

treatment approaches. There was little variation in the categorical independent 

variables used to assess treatment approaches to both clinical cases. 

Producers indicated that they regard their herd veterinarian to be a trusted 

source of advice pertaining to antimicrobial use. In addition to this influential 
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advisory role, veterinarians are a major part of the retail chain for antimicrobial 

products used in the Ontario dairy industry. 

Research using more refined indicators of antimicrobial use may reveal 

associations with barn design and herd management strategies. Hypothetically, 

herd management that maximizes cow comfort and health will minimize the 

incidence of these diseases and thus have a sparing effect on antimicrobial use. 

High-level qualitative antimicrobial use information can highlight differences in 

antimicrobial exposure and the nature of the exposure across a range of different 

clinical scenarios. Given the limitations of qualitative data, quantitative 

information on the use and efficacy of specific antimicrobials by host-pathogen 

indication is necessary for the development of rational clinical practice guidelines 

and on-farm treatment protocols. Farm surveillance that integrates antimicrobial 

use and resistance data can provide trend information and flag emerging issues 

of public health importance for the dairy industry. 

Veterinary Questionnaire 

One hundred and twenty-four of 264 veterinarians, who practiced some 

level of dairy medicine, responded to the questionnaire (47%). The response rate 

in each region was reflective of the provincial distribution of the dairy industry, 

with the majority of respondents practicing in either south-western (56%) or 

south-eastern (27%) Ontario. There were 83 different practice locations 

represented in this study. The number of respondents per practice ranged from 1 

to 5 veterinarians, but in most cases (70%) there was only one respondent per 

practice. Seventy-three percent of the practices were categorized as dairy 
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intensive practices and 57% of the veterinarians in these practices responded to 

the questionnaire. 

Generally, respondents to our questionnaire were representative of dairy 

practitioners across the province, predominately male graduates of the Ontario 

Veterinary College with 11 to 24 years in practice. The median time in practice 

for respondent veterinarians was 19 years with fifty percent graduating between 

1976 and 1990, the inter-quartile range. Eleven female veterinarians (9%) 

responded to this questionnaire. There were no significant differences in the 

distribution of female and male respondents among the other demographic 

variables with the exception that most of the women (9/11) spent 50% or less of 

their professional time engaged in dairy practice. 

In general, respondents indicated that the requirement for some form of 

consultation prior to dispensing a non-prescription antimicrobial (penicillin) or a 

prescription antimicrobial (ceftiofur) increased as the VCPR became more 

tenuous. The shift towards more restrictive dispensing policies was greatest for 

ceftiofur compared to penicillin for clients with herds visited sporadically or rarely. 

The majority of respondents frequently provided some form of written instruction 

when dispensing an antimicrobial and just over half reported that they frequently 

added this information to the main clinic medical record for that farm. None of the 

respondents indicated they provided complete OTC dispensing records, whereas 

27% indicated they provided complete on-farm dispensing records. Antimicrobial 

use protocols were inconsistently provided to producers by less than a third of 

responding veterinarians. 
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In general, antimicrobial dispensing frequencies and use practices 

revealed by respondents to this survey indicated that Ontario dairy veterinarians 

were following current concepts regarding the application of antimicrobial therapy 

in dairy cow medicine (Kirk et al., 1994; Smith et al., 1998; Morin et al., 1998; Fajt 

and Apley, 2001; Drillich et al., 2001; Kristula et al., 2001; Erskine et al., 2003). 

Mastitis and reproductive tract infections were cited as major reasons for 

antimicrobial use in lactating cows. Of the routes of investigated, injectable and 

intramammary infusion made up the most frequently used routes for antimicrobial 

administrations, followed by intrauterine infusion and topical foot applications. On 

the basis of estimated annual dispensing frequency, cephapirin, tetracycline and 

ceftiofur had the greatest FTE days of use across all routes of administration. In 

total, (3-lactam antimicrobials, penicillins and cephalosporins, accounted for the 

majority of dispensings on a frequency basis. Ceftiofur was the most frequently 

dispensed Category I antimicrobial, primarily for injectable use. Many of the 

antimicrobials used by respondents were in Category II, the category where most 

lactating and dry cow intramammary products are listed. Cephapirin use was 

prevalent as a major intramammary and intrauterine infusion antimicrobial. 

Penicillin G and trimethoprim-sulfadoxine were the most frequently used 

Category II injectable antimicrobials. Among the few Category III antimicrobials 

used, tetracycline use by dairy practitioners was prevalent and administered by 

injectable, intrauterine and topical-foot administration. Multivariable models 

indicated the effect of practice location and gender on dispensing frequencies 

varied across the different antimicrobial categories and was mediated through 
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interactions with the amount of time spent on individual cow medicine and 

practice size. Category-level antimicrobial dispensing frequencies were not 

significantly associated with year of graduation or other practice demographic 

variables while controlling for practice size, individual cow medicine, gender and 

region. 

Antimicrobial use preferences by veterinarians revealed through the case 

scenarios were consistent with estimated annual dispensing frequencies. 

Treatment combinations for the acute toxic mastitis and metritis cases included 

higher levels of injectable antimicrobial use, whereas those for the mild mastitis 

and digital dermatitis cases indicated a greater use of local antimicrobial 

therapies. Efficacy and label indication for lactating dairy cows were primary 

considerations in selecting an antimicrobial. However, extra-label drug uses were 

noted in the form of unregistered disease and species indication, and route of 

administration for ceftiofur, enrofloxacin, trimethoprim-sulfadoxine, lincomycin, 

spectinomycin and oxytetracycline at varying frequencies across the four cases. 

Antimicrobial use revealed through this survey is primarily of three 

classes: cephalosporin and penicillin (3-lactam antibiotics, and tetracyclines. In 

addition to concerns associated with the emergence of antimicrobial resistant 

pathogens in cows, the concern with antimicrobial use in food-producing animals 

is its potential public health impact. Several frequently used antimicrobials were 

deemed to be of high or very high importance to human medicine. Potential 

antimicrobial resistance development was not indicated to be a primary 

consideration of veterinarians in the selection of an antimicrobial but there was 
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general agreement among respondent veterinarians that antimicrobial use in the 

dairy industry was a contributor to antimicrobial resistance in cattle. The majority 

disagreed that it could have a negative impact on human medicine. Those in 

animal agriculture who disagree with this premise contend that the greatest 

determinant of antimicrobial resistance in humans is overuse/misuse by 

physicians. Veterinary education and understanding regarding the potential 

public health consequences of antimicrobial use in food-animals will provide the 

basis for the leadership necessary in developing strategies for the preservation of 

antimicrobials. The Canadian Veterinary Medical Association has published 

species-specific prudent use guidelines, which ranked antimicrobials by their 

category of importance the human medicine, for selected bacterial diseases. 

Comparison of Producer and Veterinary Responses 

There was agreement in ranking of the most common reasons for 

antimicrobial use in lactating cattle among the veterinarians and producers who 

responded to the questionnaires. Mastitis was ranked the highest followed by 

reproductive infections, lameness, and respiratory disease. 

Respondent veterinarians indicated that producer requests for direct 

veterinary supervision would be associated with case severity, where there would 

be more calls to attend acute, systemically ill cases compared to common, mild 

infections. Although producers were not presented with the metritis or severe 

mastitis cases, responses to the mild mastitis and digital dermatitis cases 

confirmed that the treatment of routine or mild cases would in most cases be 

initiated without direct veterinary supervision. 
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In comparing responses to the two clinical case scenarios common to both 

questionnaires, veterinary and producer respondents were similar in indicating a 

greater number and diversity of treatment combinations for the digital dermatitis 

case compared to the mastitis case. Collapsing individual treatment options into 

treatment approach categories (systemic, local or non-antimicrobial) revealed 

that an equal proportion of producer respondents (46%) would use local 

antimicrobials and non-antimicrobial treatments for the mild mastitis case, while 

veterinarians indicated significantly greater use (67%) of intramammary therapy. 

Both groups indicated that local topical antimicrobial applications would be the 

dominant approach to a case of digital dermatitis. Non-antimicrobial treatments 

were less frequent for the digital dermatitis case relative to the mastitis case in 

general, and fewer veterinarians reported using non-antimicrobial treatment 

compared to producers. 

Comparisons by specific antimicrobial drug, class or category among 

producer and veterinary respondents were not provided by this study as 

producers were not asked to specify which antimicrobial(s) they would use in 

treating clinical cases, as were the veterinarians. 

LIMITATIONS OF THIS STUDY 

Limitations of this cross-sectional study are related to the potential for 

selection and misclassification bias, and various types of biases in responding, 

which are common concerns with questionnaire-based research (Streiner and 

Norman, 1995; Dohoo et al., 2003). 
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For the producer survey, the target population was Ontario dairy 

producers who housed their milking herd in a free-stall facility. To encourage 

participation and to limit design-based selection bias, the length and complexity 

of the questionnaire instrument were kept to a minimum. Fifty-one percent of the 

producers from the original sampling frame responded to our questionnaire and 

based on regional distribution, DHI membership, average annual milk production 

and SCC they were generally representative of dairy producers in Ontario. As 

with most questionnaire-based research, the impact of non-response/response 

bias on study findings is difficult to assess. The disparity between DFO herd size 

and milk production statistics and the findings of this study are likely related to 

the exclusion of smaller tie-stall farms rather than a selection bias towards larger 

farms with higher milk production. 

Misclassification of observations may have resulted at various levels of 

this study. A disparity between reported milking herd size and that found in DHI 

records resulted in misclassification of the herd-level production parameter 

energy corrected milk per cow per year, given that herd size forms the 

denominator. To account for this difference and the associated misclassification, 

5% of the observations had their herd size changed to the DHI herd size. This 

control measure was not available for non-DHI members. The effect of this 

misclassification may have contributed erroneous parameter estimates in the 

model for ECMpCy, where a very influential group of observations had extremely 

low milk production (< 6000 Kgs/cow/year). These observations were controlled 

for in the model as LOWMILK herds. 
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While the age of the barn was determined, information regarding the last 

substantive renovation was not collected, which may have misrepresented 

associations among different aspects of barn design and the age of the facility. 

Producers may have been misclassified in there profile of different barn design 

attributes where two or more of the available options were in fact being used. 

Attempts were made at the point of data entry to qualitatively assess these 

instances and create categorization rules to minimize misclassification. 

Categorical barn design variables were ultimately re-coded to eliminate those 

levels with sparse data. 

The content and construct validity of using clinical case scenarios to 

assess treatment response may be questioned for its complexity and potential for 

false positive answers or faking good (Streiner and Norman, 1995). The number 

and diversity of the different treatment combinations that emerged from case-

based questions is evidence that this effect was not prevalent. The lack of 

quantitative data on the use of specific antimicrobials from the producer survey 

limited the findings to higher level qualitative information (e.g., whether 

antimicrobials were used and how). This limitation was related to efforts to 

maximize the response rate by limiting the number and complexity of questions 

presented to producers. 

Misclassification was assumed to be non-differential across demographic 

and barn design factors, given the distribution of answers for each of these 

independent variables, thus the direction of the bias was assumed to be towards 

the null - no difference between groups. Rigorous and timely follow-up would 
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address some aspects of misclassification associated with missing or erroneous 

data, but attempts to do so were not met with great success. 

Regarding selection bias associated with the veterinary survey, the target 

population was practitioners who provided veterinary services to Ontario dairy 

producers. In lieu of a dairy-specific list of veterinarians, subjects were solicited 

from a sampling frame of licensed veterinary facilities accredited as Food-

Producing Animal Mobile with the College of Veterinarians of Ontario. To allow 

participation by all dairy practitioners in the province, irrespective of the amount 

of time spent on dairy-related activities, multiple questionnaires were mailed to all 

group practices identified on the list. Individual dairy practitioners were self-

identified through their response to the question that asked the percentage of 

time they spent on dairy medicine, surgery and herd health, which included Not a 

Duty. To limit design-based selection bias and to maintain the internal validity of 

the study, practices were categorized as dairy intensive and all non-respondent 

practices and veterinarians were contacted with equal rigor through multiple 

follow-up telephone reminders. The resulting overall response was 47% and one 

third of respondents reported less than 50% of their time was spent on dairy 

practice. There were 11 (9%) female veterinarians. Establishing how 

representative these veterinarians are of this demographic was difficult to 

ascertain given the actual number of women engaged in dairy practice in the 

province was unknown. Beyond gender, regional demographics were reflective of 

the Ontario dairy industry. 
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A common element of the veterinary questionnaire was the use of 5-point 

Likert or Likert-like scales, which may have exposed the data collection 

instrument to certain forms of response bias. End-aversion or central tendency 

bias, where the actual scale used by some respondents is contracted down from 

five to the three central choices, may have affected responses to questions on 

considerations in selecting an antimicrobial, methods of communicating 

treatment instructions, antimicrobial use frequency, and the final series of opinion 

questions. Modification of this scale to reflect relative use frequencies of 

antimicrobials (Never, Yearly, Monthly, Weekly, Daily) appears to have 

minimized this potential bias. A broader scale (e.g., a seven-point scale), 

discriminating different levels of weekly and daily antimicrobial use frequencies, 

as employed by Sundlof et al. (1995), may have provided more information. 

Other than the opinion questions regarding the influence of barn design and 

husbandry on antimicrobial use, response distributions to Likert-scale questions 

do not indicate the presence of significant positive skewing, central tendency or 

acquiescence bias. The content and construct validity of assessing perceptions 

concerning a VCPR in dispensing prescription vs. non-prescriptioh antimicrobials 

using a client type by dispensing policy matrix may be questioned for its 

complexity and potential for false positive answers or faking good (Streiner and 

Norman, 1995). Assuming this form of response bias was present and perhaps 

unavoidable given the construct of the questions, the ultimate objective appears 

to have been achieved that being to determine if veterinarians associated the 
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level of VCPR with how they dispensed antimicrobials from different prescription 

schedules. 

Another limitation of our data collection instrument is that it did not provide 

data regarding in-feed antimicrobial use, beyond monensin, or drinking water 

routes of administration. Of the four case scenarios, none presented a disease 

outbreak that might merit a herd-level antimicrobial treatment intervention (e.g., 

bovine respiratory disease), other than the foot bath options for the digital 

dermatitis case. Information about these routes of administration was not 

pursued given the lactating cow context of the study. Most questions included an 

option for open-ended Other answers in the event the list provided was not 

exhaustive, e.g., spectinomycin was not included in the lists of antimicrobial use 

frequency selections. This approach could have misclassified respondents as 

having not dispensed spectinomycin and because this particular antimicrobial 

was not offered as an option for consideration by all respondents. 

Although attempts were made to validate the questionnaire instrument 

prior to general mail-out to identify and correct items that may contribute to 

missing data or misclassification, this process was also inherently biased. The 

candidates were necessarily selected based on their ability to provide timely and 

reflective evaluations. Such a convenience sample introduced a selection bias to 

a process which ultimately did not reveal the substantive problems with the 

questionnaire instrument. To maximize the validity of questionnaire-based 

studies, questionnaire items should be reviewed and refined by topic experts, 
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and the preliminary data collection instrument should be pre-tested by a 

randomly selected sub-set of the target population (Streiner and Norman, 1995). 

CONCLUSIONS 

This study has described the variation in different aspects of free-stall 

facility design as provided by producer respondents. Multivariable models 

provided evidence for significant associations among certain barn design factors 

and milk production, but not somatic cell counts or treatment approaches to 

clinical cases. Refinement of herd-level variables to characterize antimicrobial 

use, both qualitative and quantitative, would provide a more valid assessment of 

which aspects of barn design may or may not have a sparing effect on 

antimicrobial use in dairy herds. Veterinarian respondents generally agreed that 

most aspects of barn design and husbandry would significantly influence 

antimicrobial use in dairy herds. 

Veterinarians are highly regarded by producers as credible information 

sources for antimicrobial use. The majority of veterinarians indicated they 

required some form of direct consultations prior to dispensing a prescription 

antimicrobial (e.g., ceftiofur, to a dairy client with weak VCPR). A majority 

provided some form of written instruction when dispensing antimicrobials, but 

only 27% reported providing complete dispensing records on-farm and none 

provided complete OTC dispensing records. Less than a third of respondent 

veterinarians provided case-based on-farm protocols for antimicrobial use. 

Responses by producers and veterinarians to clinical-case questions confirmed 

that direct veterinary supervision of mild or routine cases was unlikely, indicating 
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a need for guidance by herd veterinarians in the development of on-farm 

treatment protocols for conditions that are commonly managed by farm 

personnel. 

P-lactam antimicrobials, penicillins and cephalosporins, accounted for the 

majority of dispensing by veterinarians on a frequency basis. Ceftiofur was the 

most frequently dispensed Category I antimicrobial. Most of the antimicrobials 

used in dairy medicine are Category II, the category containing the majority of 

lactating and dry cow intramammary products. Efficacy and label indication for 

lactating dairy cows were indicated to be primary considerations in selecting an 

antimicrobial. However, extra-label uses of ceftiofur, enrofloxacin, trimethoprim-

sulfadoxine, lincomycin, spectinomycin and oxytetracycline were noted at varying 

frequencies across the four clinical cases. 

Respondent veterinarians agreed that antimicrobial use in the dairy 

industry was a contributor to decreased antimicrobial efficacy in dairy cattle, but 

most disagreed that such use was a contributor to antimicrobial resistance in 

human medicine. 

Future research is required to identify the animal health and public health 

hazards associated with antimicrobial use in Ontario's dairy sector. Given the 

limitations of qualitative data, quantitative information, through clinical trials, on 

the efficacy and resistance of specific antimicrobial uses by host-pathogen 

indication is necessary for the development of rational clinical practice guidelines 

and on-farm treatment protocols. 
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Streamlined, sustainable farm-based surveillance that integrates 

antimicrobial use and resistance data can provide information on trends and flag 

emerging issues of public health importance for the dairy industry (Veterinary 

Drugs Directorate, 2002). Questionnaire-based research and surveillance are 

subject to the limitations discussed above. However the producer and veterinary 

survey data presented here provided evidence that with modification, 

questionnaires are an economical alternative for collecting qualitative and 

quantitative data on antimicrobial use and associated herd- and cow-level 

factors. Informed industry leaders, veterinarians and other dairy professionals 

can play an influential role in ensuring that the nature of antimicrobial use in dairy 

herds will contribute to efficacy preservation of important antimicrobials. 
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APPENDIX 

Appendix 2.1. Questionnaire mailed to producers June 2001 
GENERAL FREE-STALL FARM SURVEY 

UNIVERSITY 
^ g u e l p h 

'I '' 
1.Please provide us with your DFO License Number or affix your DFO sticker:^ 

2.Are you on DHI? • Yes • No If yes, what is your DHI #: 

The following questions pertain to the MILKING HERD only. 

3.ln what year was your Free-stall barn built? 

4.How many cows did you milk at one milking today? 

5.How many stalls are there for milking cows in your free-stall barn? 

6.What is the stall base and type of bedding in the free-stalls (check all that apply)! 
A.Base: B. Bedding: 
•Concrete DNone 
•Pasture Matt DShavings 
• Rubber Matt DSand 
• Dirt • Straw 
•Other: nOther: 

7.What is the floor surface of the alleyways? 
• Slatted floors • Rubber on Concrete, overall • Other: 
• Solid Concrete • Rubber on Concrete at feed bunk 

8.What is the method of manure removal from the alleyways? 
• Tractor Scrape • Flush Barn • Other Method: 

• Automatic Scrape • Cow Traffic over slats 

9.Do you use fans to ventilate the barn? 
• Never • Seasonal • Always • Other:_ 

10.What are the main air inlets? 
• Full open sidewalls • Half open sidewalls • Other: 

11.What are the main air outlets? 
• Open Peak • Chimneys • Windows • Other: 

12.Have you ever taken a Livestock Medicines Course? 
• No • Yes Year Taken: 

Over Please 
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For questions 13 and 14 please rank only the sources you use, with 1 = most. 

13.Where do you purchase 
antibiotic drugs? 

14.Who do you most frequently ask for 
advise regarding the use of 
antibiotic drugs in your herd? 

Mail Order Co. Mail Order Co. 
Feed Store Feed Store 
Your Veterinarian Your Veterinarian 
Other Veterinarians Other Veterinarians 
Other Farmers Other Farmers 
Other: Other: 

For questions 15 and 16, how would you TYPICALL Y manage/treat the following case 
scenarios in a second lactation cow, 60 days in milk (please check any that would apply)? 

15.Mild mastitis, clots in milk, 
mildly swollen quarter, not 
off-feed and no fever: 

16.Lameness due to Strawberry 
footrot with moderate swelling 
at the heel and between the claws: 

• No treatment • Spray on antibiotic 
• Strip out at milking • Antibiotic footbath 
• Strip out between milkings • Bandage with topical antibiotics 
• Oxytocin and strip • Inject antibiotic in muscle or vein 
• Infuse antibiotic into quarter • Copper Sulphate footbath 
• Inject antibiotic in muscle • Formalin footbath 
• Inject antibiotic in vein • No treatment 
• Call for veterinary treatment • Call for veterinary treatment 
• Other treatments: • Other treatments: 

17. In the last 3 months or so, what have been the most common reasons for antibiotic 
use in your milking cows? 
(Please rank any condition that would apply with 1 = most common reason) 

Uterine/vaginal infections Pneumonia 
Lameness Other: 

Mastitis Other: 

18. Please provide us with information about the veterinary practice you use for your dairy herd. 

Practice Name: 

Location (Town): 

Name of the primary veterinarian for your dairy herd: 

Thank You! 
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Appendix 2.2. List of census divisions stratified into Ontario regions 

Ontario Region Region Code Census Division (CD) Name CD # 

South-Western 1 Peel 3521 
1 Dufferin 3522 
1 Wellington 3523 
1 Halton 3524 
1 Hamilton-Wentworth 3525 
1 Niagara 3526 
1 Haldimand 3528 
1 Norfolk 3528 
1 Brant 3529 
1 Waterloo 3530 
1 Perth 3531 
1 Oxford 3532 
1 Elgin 3534 
1 Chatham-Kent 3536 
1 Essex 3537 
1 Lambton 3538 
1 Middlesex 3539 
1 Huron 3540 
1 Bruce 3541 
1 Grev 3542 

South-Central 2 Northumberland 3514 
2 Peterborough 3515 
2 Kawartha Lakes (Victoria) 3516 
2 Durham 3518 
2 York 3519 
2 Metropolitan Toronto 3520 
2 Simcoe 3543 

South-Eastern 3 Dundas 3501 
3 Glengarry 3501 
3 Stormont 3501 
3 Prescott 3502 
3 Russell 3502 
3 Ottawa-Carleton 3506 
3 Grenville 3507 
3 Leeds 3507 
3 Lanark 3509 
3 Frontenac 3510 
3 Lennox & Addington 3511 
3 Hastings 3512 
3 Prince Edward 3513 

Northern 4 Muskoka 3544 
4 Haliburton 3546 
4 Renfrew 3547 
4 Nipissing (Algonquin) 3548 
4 Parry Sound 3549 
4 Sudbury 3552 
4 Timiskaming 3554 
4 Cochrane 3556 
4 Algoma 3557 
4 Thunder Bay 3558 
4 Rainy River 3559 
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Appendix 3.3. Questionnaire mailed to veterinary practices July 2001 

1. Name of Practice 

Counties You Serve 

Your Name 

Year of Graduation 

Veterinary School 

Instructions to participants: please mark your choice with an "x" in the appropriate box, where applicable. 

2. What percentage of your professional activities involve dairy medicine, surgery and herd 
health? 

• More than 75% 

• 51-75% 

• 26-50% 

• 1-25% 

• Not a duty* 
* If you do not practice dairy medicine, we'd appreciate your return of the incomplete survey for our 
records. 

3. What percentage of your time, as an individual veterinarian, is spent on the following 
aspects of dairy production medicine? 

% Time spent on individual cow medicine and surgery 

% Time spent on heifer replacement management 

% Time spent on feeding and nutrition 

% Time spent on milk quality and udder health 

% Time spent on reproduction 

% Time spent on facility planning 

% Time spent on financial consulting 

% Time spent on other activities (Specify): 
100 % 

4. a) How many dairy farms does your PRACTICE provide veterinary services for? 

• <25 farms • 26 to 50 farms • 51 to 75 farms 
• 76 to 100 farms • > 100 farms 

b) Of these dairy farms, what is the number of farms that have a milking cow HERD SIZE 
within the ranges listed below? 
1 to 50 cows: farms; 51 to 101 cows: farms; £ 100 cows: farms 

UNIVERSITY 
yGUELPH 
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4. c) Of these dairy farms, what is the number that house their lactating cows in: 

Free-stall barns: farms 

Tie-stall barns: farms 

Both a free-stall and a tie-stall barn: farms 

5. What percentage of your practice's DAIRY gross revenue is derived from: 

Professional fees % 

Drug sales % 

6. a) What percentage of your dairy clients' herds do you visit: 

Regularly (once every 2-8 weeks) % 

Sporadically (1-5 times per year) % 

Rarely (less than 1 time per year) % 

b) Based on these three different client types (Question 6a), what is your policy regarding 
antimicrobial drug dispensing, by your reception staff, for the following drugs: 
(Please mark only one box for each client type) 

Client 
Type 

i) Penicillin (e.g. Pen G Procaine) 

Require drug Require Require veterinary Over-the-counter 
prescription signed veterinary farm consultation (phone sale (no prescription 
by a veterinarian visit or in-person) or visit or consult.) 

Regular • • • • 
Sporadic • • • • 

Rare • • • • 

ii) Cephalosporin (e.g. Excenel) 

Client 
Type 

Require drug 
prescription signed 
by a veterinarian 

Require 
veterinary farm 

visit 

Require veterinary 
consultation (phone 

or in-person) 

Over-the-counter 
sale (no prescription 
or visit or consult.) 

Regular • • • • 
Sporadic • • • • 

Rare • • • a 
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12. For each route of administration, please mark the box in each row that best describes how 
frequently you recommend, dispense or use that antimicrobial drug class for 
lactating dairy cattle (except for 7(c)ii). 

a) Subcutaneous/Intramuscular/Intravenous 

Generic Drug Description and Examples Never Yearly Monthly Weekly Daily 

Quinolones (e.g. Baytril 100) a • • • • 
Sulfonamides (e.g. Bimotrim, Borgal, Trimidox, 
Trivetrin) 
Aminoglycoside (e.g. Gentomicin/Gentocin Sol. 
Injection) 

• 
• 

• 
a 

• 
• 

• 
• 

• 
• 

Cephalosporins (e.g. Excenel) • • • • • 
Chloramphenicol and Congeners (e.g. Nuflor) • • a • • 
Macrolides (e.g. Micotil, Gallimycin 200) • • • a • 
Penicillins (e.g. Polyflex, Ethacilin, Pen-Aqueous, 
PenG) • a • • • 
Tetracyclines (e.g. Liquamycin, Oxymycine, Oxyvet) • • • • • 
Iodides (e.g. Sodide, Sodium Iodide) • • • a • 
Other (Specify): • • a a • 

b) Hoof application (topical spray, topical ointment, footbath) 

Generic Drug Description and Examples Never Yearly Monthly Weekly Daily 

Nitrofurans (e.g. Nitrofurazone) • • a • a 
Sulfonamides (e.g. Proud Flesh Dust) • • • • • 
Aminoglycoside (e.g. Gentomicin/Gentocin Sol. 
Injection) • a • a • 
Formalin/Formaldehyde • • • • • 
Magnesium sulphate+Glycerin+Methyl salicylate 
(e.g. Poultipaste) • • • • • 
Macrolides (e.g. Lincomycins) • • • • • 
Copper sulphate powder for footbath • a • • • 
Tetracyclines (e.g. Onycin, Oxytetracycline) a • • • • 
Antifungal (e.g. Coppercure, Coppersept, Kopertox) • a • • • 
Other (Specify): • • • • • 
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c) Intramammary 

i) Lactating Cow 

Generic Drug Description and Examples Never Yearly Monthly Weekly Daily 

Cephalosporin (e.g. Cefa-Lak) • • • • • 
Cloxacillin (e.g. Orbenin) • • • • • 
Erythromycin (e.g. Erythro36, Gallimycin36) • • • • • 
Cephalosporin (e.g. Excenel) • • • • • 
Chloramphenicol and Congeners (e.g. Nuflor) • • • • • 
Novobiocin+Penicillin (e.g. Albacillin Suspension) • • • a • 
Novobiocin+Pen+Streptomycin+PolymyxinB+Steroid 
(e.g. Special Formula) • • • • • 
Pirlimycin (e.g. Pirsue Aqueous Gel) a • • a • 
Tetracycline (e.g. Liquamycin, Oxymycine, Oxyvet) • • • • • 
Aminoglycoside (e.g. Gentomicin/Gentocin Solution 
Injectable) 
Other (Specify): 

• 
• 

• 
• 

• 
• 

• 
• 

• 
a 

ii) Dry Cow Antimicrobial Treatments (for dry cows) 

Generic Drug Description and Examples Never Yearly Monthly Weekly Daily 

Cephalosporin (e.g. Cefa-E>ri) • • • • • 
Cloxacillin (e.g. Dry-Clox) • • • • • 
Erythromycin (e.g. Erythro-Dry Cow, Gallimycin36) • • • • ' • 
Novobiocin (e.g. Albadry Suspension) • • • • • 
Novobiocin+Penicillin (e.g. Novodry Plus 
Suspension) • • • • • 
Penicillin+Streptomycin (e.g. Combisec Dry Cow) • • a • a 
Macrolides (e.g. subcutaneous Micotil) • • • a • 
Other (Specify): • • • • • 

d) Oral 

Generic Drug Description and Examples Never Yearly Monthly Weekly Daily 

Monensin (e.g. Rumensin in feed) • • • • • 
Monensin (e.g. Rumensin CRC Boluses) • • • a • 
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e) Intra-uterine/vaginal 

Generic Drug Description and Examples Never Yearly Monthly Weekly Daily 

Nitrofurans (e.g. Intrafur Solution) • • • • • 
Sulfonamides (e.g. After-Calf Bolus) • • • • • 
Aminoglycoside (e.g. Gentomicin/Gentocin Sol. 
Injection) a • • • • 
Cephalosporin (e.g. Metricure) • a • • • 
Cephalosporins (e.g. Excenel) • • a • • 
Penicillins (e.g. Ethacilin, Pen-Aqueous, Pen G) a • • • • 
Tetracyclines (e.g. Aureomycin Uterine Oblets, 
Kelamycin Intrauterine, Liquamycin LP) • • • • a 

Other (Specify): • • • a • 

f) Overall, please rank the 3 antimicrobial drugs you dispense most frequently for 
lactating and dry dairy cows? 

(Please use specific commercial product names to answer this question.) 

Injectable Antimicrobial Drugs: Intramammary Antimicrobial Drugs: 

1st 1st 

2nd 2nd 

3rd 3rd 

What do you feel are the most common reasons for the use of antimicrobial drugs in 
lactating dairy cows. 

(Please RANK each reason relative to others in the list, with 1 = most common reason.) 

Rank 

Respiratory infections 

Lameness 

Uterine/vaginal infections 

Enteric infections 

( D Mastitis (excluding Dry Cow Therapy at dry off) 

Post surgical prophylaxis 

Q Other (Specify): 
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9. When selecting an antimicrobial drug treatment for a lactating dairy cow, what 
considerations contribute to your choice? (Please mark one box for each consideration). 

Never Occasionally 50% of the time Often Always 

Cost to the farmer a • • • a 
Efficacy for the given condition • • • • • 
Potential injection site lesions • • • • • 
Potential resistance development • • • a a 
Withdrawal time for milk a • • • • 
Your Profit margin • • • • • 
Withdrawal time for meat • • • • • 
Labelled for use in lactating dairy cows • • • • • 
Route of administration • • • • a 
Frequency of administration • • • a • 
Other (Specify): • • • • • 

10. Do you provide producers with written antimicrobial drug use protocols for common disease 
syndromes in lactating dairy cows? (A protocol is defined here as an on-farm reference, beyond 
dispensing instructions, that provides information to a producer regarding the use of 
antimicrobial drugs in the treatment of a specific disease syndrome.) 

• No • Yes 

If yes, what protocols do you provide? (Please mark all that apply.) 

• Lameness • Post-surgical care 

• Mastitis • Keratoconjunctivitis 

• R.P./metritis/vaginitis • Other (Specify): 

• Respiratory disease 

11. Where do you obtain information about antimicrobial drug use for lactating dairy cows? 
(Please RANK each source relative to others in the list with 1 = most frequently used, ranking 
only those sources you use.) 

Rank Rank 

Q Pharmaceutical company representatives o Other veterinarians 

O Results from previous culture and sensitivity tests o Cont. education seminars and vet. literature 

O E-mail list serves (Specify): o Bureau of Veterinary Drugs 

o Specialists (e.g. academic, government or industry) o Compendium of Veterinary Products 

o Internet site (Specify): o FARAD 

o Government publications (e.g. Ceptor, OMAFRA) o Other (Specify): 
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12. The following question describes four case scenarios for a second lactation cow producing 35 
kilograms of milk per day. How would she typically be treated with OR without your 
consultation? 

Case #1 : 70 days in milk, mastitis with clots in milk, moderately swollen quarter, not 
off-feed and T =38.5 °C (101.3 °F). 

i) How would the majority of your producers deal with this case? (Mark only 1 box) 

• Majority of producers would phone you for advice or farm visit 

• Majority of producers would treat the cow without consulting you 

ii) Consequently, what is the typical initial treatment plan for this cow over the next 48 hours? 
- Please mark only those that would apply as initial treatments, given your answer in part (i). 
- Use the commercial product name to specify which antimicrobial drug is used. 

• Do nothing (this choice should not be combined with others in the list.) 

• Strip out at milking 

• Strip out between milkings 

• Oxytocin and strip 

• Intramammary infusion of an antimicrobial drug (Specify): 

• Intramuscular injection of an antimicrobial drug (Specify): 

• Intravenous injection of an antimicrobial drug (Specify): 

• Other treatment (Specify): 

Case #2 : Fresh 8 days, off feed with foul smelling uterine discharge containing tissue 
fragments and T = 39 °C (102.2 °F). 

i) How would the majority of your producers deal with this case? (Mark only 1 box) 

• Majority of producers would phone you for advice or farm visit 

• Majority of producers would treat the cow without consulting you 

ii) Consequently, what is the typical initial treatment plan for this cow over the next 48 hours? 
- Please mark only those that would apply as initial treatments, given your answer in part (i). 
- Use the commercial product name to specify which antimicrobial drug is used. 

• Do nothing (this choice should not be combined with others in the list.) 

• Intrauterine infusion of an antimicrobial drug (Specify): 

• Intramuscular injection of an antimicrobial drug (Specify): 

• Intravenous injection of an antimicrobial drug (Specify): 

• Other treatment (Specify): 
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Case #3: 70 days in milk with lameness due to Strawberry footrot with moderate 
swelling at the heel and between the claws and T =38.5°C(101.3°F). 

i) How would the majority of your producers deal with this case? (Mark only 1 box) 

• Majority of producers would phone you for advice or farm visit 

• Majority of producers would treat the cow without consulting you 

ii) Consequently, what is the typical initial treatment plan for this cow over the next 48 hours? 
- Please mark only those that would apply as initial treatments, given your answer in part (i). 
- Use the commercial product name to specify which antimicrobial drug is used. 

• Do nothing (this choice should not be combined with others in the list.) 

• Spray on antimicrobial drug (Specify): 

• Antimicrobial footbath (Specify): 

• Bandage with topical antimicrobial dressing (Specify): 

• Intramuscular injection of an antimicrobial drug (Specify): 

• Intravenous injection of an antimicrobial drug (Specify): 

• Formalin footbath 

• Copper Sulphate footbath 

• Other treatment (Specify): 

Case #4: Fresh 8 days, acute mastitis, watery milk secretions with clots, swollen hard 
quarter, anorexia and moderately dehydrated with T = 40.5 °C (104.9°F). 

i) How would the ma jority of your producers deal with this case? (Mark only 1 box) 

• Majority of producers would phone you for advice or farm visit 

• Majority of producers would treat the cow without consulting you 

ii) Consequently, what is the typical initial treatment plan for this cow over the next 48 hours? 
- Please mark only those that would apply as initial treatments, given your answer in part (i). 

- Use the commercial product name to specify which antimicrobial drug is used. 

• Do nothing (this choice should not be combined with others in the list.) 

• Strip out at milking 

• Strip out between milkings 

• Oxytocin and strip 

• Intramammary infusion of an antimicrobial drug (Specify): 

• Intramuscular injection of an antimicrobial drug (Specify): 

• Intravenous injection of an antimicrobial drug (Specify): 

• Other treatment (Specify): 
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13. a) How are your treatment instructions regarding antimicrobial drug use given to the 
producer? 

Never Occasionally 50% of the time Often Always 

Verbal only 

Written drug-dispensing record with 
farm and practice copies, separate from 
invoice 
Written instructions as part of the 
Service and Supplies Invoice 

Clinic label on the bottle or package 

Other (Specify): • • • • • 

b) Are your drug use instructions added to the main CLINIC medical records for that farm? 

• Never • Occasionally • 50% of the time • Often • Always 

c) When dispensing a bottle of penicillin to treat a lactating dairy cow at a farm-call or as 
an over-the-counter (O.T.C.) drug sale, what does your dispensing record contain? 
(Please mark the relevant boxes for both the on-farm column and the O. T. C. column) 

On-Farm O.T.C. 
• Individual cow identification • Individual cow identification 

• Case history and G.P.E. findings • Case history and G.P.E. findings 

• Diagnosis • Diagnosis 

• Drug name • Drug name 

• Drug quantity dispensed • Drug quantity dispensed 

• Drug dose a Drug dose 

a Drug route of administration • Drug route of administration 

• Treatment frequency • Treatment frequency 

• Treatment duration a Treatment duration 

• Meat withdrawal time • Meat withdrawal time 

• Milk withdrawal time • Milk withdrawal time 

• Date dispensed • Date dispensed 

• Veterinarian's name • Veterinarian's name 

• 
• 
• 

• 

• 
• 

a 
• 

• 
• 
• 
• 

• 
• 

a 
• 

• 
• 
• 
• 
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14. Do you feel the following barn design features and husbandry practices have a significant 
influence on antimicrobial drug use? 

a) Barn Design Features: 

Strongly disagree Disagree No Opinion Agree Strongly agree 

Stall dimensions/design • a • • • 

Stall base and bedding type • • • • • 

Feed bunk design • • • • • 

Alleyway flooring • a a • 

Manure management 
system • • • a • 

Ventilation system • • • • a 
Other (Specify) • • • • a 

b) Husbandry Practices: 

Strongly disagree Disagree No Opinion Agree Strongly 
Close-up dry cow 
management a • • • • 

Ration formulation • • a • • • 

Water quality/access • • • • a 
Feeding management • • • • • 

Herd biosecurity • • • a • 

Cow cleanliness a • • • • 

Ventilation management • • • • • 

Other (Specify) • • • • • 

15. Do you feel cull cows are at an increased risk of having had a recent (in the last 2 months) 
antimicrobial treatment compared to other cows that remain in the herd? 

• Strongly disagree • Disagree • No Opinion • Agree • Strongly agree 

16. Do you feel antimicrobial drug use, at current levels within the dairy industry, is a 
contributor to decreased antimicrobial drug efficacy in dairy cattle? 

• Strongly disagree • Disagree • No Opinion • Agree • Strongly agree 

17. Do you feel antimicrobial drug use, at current levels within the dairy industry, is a 
contributor to antimicrobial drug resistance in human medicine? 

• Strongly disagree • Disagree • No Opinion • Agree • Strongly agree 

THANK-YOV! 
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