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Abstract 

The emergence of antimicrobial resistant bacteria has become a concern in veterinary 

medicine. In addition to this problem, appropriate usage of antimicrobials is a concern in 

the U.S. as well as in developing countries such as South Africa. The objectives of this 

study were 1) to investigate the burden and patterns of antimicrobial resistance (AMR) 

among equine Staphylococcus samples submitted to the University of Kentucky 

Veterinary Diagnostic Laboratory (UKVDL); 2) to investigate the opinions, knowledge 

and perceptions of veterinarians in Kentucky regarding AMR and antimicrobial 

prescription practices; and 3) to identify predictors of their knowledge and opinions; 4) to 

investigates the knowledge, prescription practices and attitudes towards AMR among 

veterinarians in the City of Tshwane, Metropolitan Municipality; and 5) to identify 

predictors of their knowledge and attitudes. In study 1, the proportion of resistant 

isolates by animal breed, species of organism, sample source, and time period were 

computed. Chi-square and Cochran-Armitage trend tests were used to identify 

significant associations and temporal trends, respectively. Logistic regression models 

were used to investigate predictors of AMR and multidrug resistance (MDR). In studies 

2 and 3, a 30-question survey was administered to members of the Kentucky Veterinary 

Medical Association (KVMA) and among veterinarians in the City of Tshwane, 

Metropolitan Municipality. The proportion of responses to survey questions and 95% 

confidence intervals were computed. Predictors knowledge of antimicrobial resistance 

and antimicrobial prescription practices of respondents as well as their colleagues were 

investigated using Ordinary logistic models and multinomial logistic regression 

models.Study 1 found significant (p<0.05) associations between odds of AMR and 
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horse breed, species of organism and year. Similarly, significant (p<0.05) associations 

were identified between odds of MDR and breed and age. Study 2 observed no 

significant associations among any of the predictors. However, in study 3 veterinarians 

in mixed animal practice had significantly lower odds (OR=0.20; p=0.0103) of 

associating “improper use of antimicrobials” to “selection for AMR” compared to those in 

small animal practice. Compared to females, males were significantly more likely 

(Relative Risk Ratio [RRR]=10.5; p=0.002) to indicate that their colleagues over-

prescribed antimicrobials rather than to “neither agree nor disagree” or “disagree.” 
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1 Introduction 

 

The discovery of antimicrobial agents not only revolutionized how medical professionals 

were able to treat infections, but is often hailed as one of the major breakthroughs in the 

20th century [1].  However, with the emergence of antimicrobial resistant pathogenic 

bacteria, compounded by the limited number of new antibiotics entering the market, 

antimicrobial resistance (AMR) has become a major global health concern [2]. 

Antimicrobial resistance impedes effective prevention and treatment options for a 

variety of  infections caused by bacteria, parasites, viruses and fungi [3]. A combination 

of factors including injudicious use of antibiotics in both human and veterinary medicine, 

agriculture and aquaculture [4-7], and poor infection-control practices have led to the 

continuing development of AMR problems worldwide [8].  

 

In the United States alone, cost due to antibiotic-resistant infections is estimated to be 

between $21 billion and $34 billion [9-12]. The infections also extend hospital stays by 

more than 8 million days [9-12] per year. Overall per patient costs due to AMR 

infections differed globally. Studies have found that depending on the socioeconomic 

factors in a country, health care costs in patients can range from more than $10,000 in 

Thailand and Colombia to more than $35,000 in Turkey or less than $1,000 USD in 

Senegal [13] depending on length of stay. Antimicrobial resistant infections and the 

resulting treatment options can also have a substantial economic impact in veterinary 

medicine [14]. Treatment of a dog in Switzerland can amount to 176,000 Swedish 

crowns (around US $25,600) for a resistant infection [15]. Although the costs in the U.S. 
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are estimated to be much lower, similar treatment would still  be approximately $1,500–

4,800 [14]. Even more concerning is AMR in developing countries, where the infectious 

disease burden is high and cost constraints prevent the widespread application of 

newer, better but more expensive agents [16].  

 

The evolution of resistance to antimicrobials has rendered many antibiotics largely 

ineffective, and if replacements are not found, problems due to antimicrobial resistance 

will persists [17]. Resistant Staphylococcus infections have become major causes of 

concern in not only humans but in companion animals as well. More specifically, 

Methicillin-resistant staphylococci (MRS) have become serious emerging conditions in 

equine hospitals [18]. The first cases of methicillin resistant Staphylococcus (MRSA) in 

horses in a veterinary hospital in the United States was in 1999, and was soon followed 

by reports of MRSA infections in equine hospitals in Canada and in Central Europe only 

a few years later [19].  

 

Misuse of antimicrobials is one factor that has contributed to the selection for 

antimicrobial resistance in both humans and animals [20]. Many antimicrobials are used 

in animals for therapy, prophylaxis and metaphylaxis in many countries including South 

Africa. Both the reported levels of antimicrobial resistance and the antimicrobial 

prescription practices of medical and veterinary practitioners vary among countries in 

Africa [21]. Inappropriate antimicrobial prescription practices among veterinarians and 

physicians is a contributing factor to this issue [22]. In the United States (U.S.), 80% of 

the of antimicrobial agents sold in 2012 were for animal use [23]. Additionally, in the 
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United States, the use of antibiotics in the production of food animals to enhance animal 

growth has been identified as contributing to antimicrobial resistance. Although 

antimicrobials are commonly used in the U.S. in veterinary practice, and veterinarians 

are concerned about antimicrobial resistance [24, 25], a lack of studies investigating 

veterinarians’ opinions regarding antimicrobial prescription practices and usage [26] 

exacerbates the problem.  

 

Appropriate use of antimicrobials is a controversial topic where opinions vary greatly 

amongst veterinarians in South Africa and the U.S. With the rate of counterfeiting of 

pharmaceuticals being so problematic, it is estimated that one in five medications being 

sold in South Africa, including antibiotics, are believed to be counterfeit [27]. In some 

cases, policies and procedures for antimicrobial prescriptions are not followed. 

Moreover, animal owners sometimes acquire antimicrobials without veterinary 

prescription or use leftover prescriptions [26]. Amidst the rising need for antimicrobial 

stewardship in the U.S. and judicious use practices, in 2015, a veterinary feed directive 

was adopted by the U.S. federal government prohibiting non-therapeutic uses of 

antibiotics in food animals this is expected to reduce unnecessary usage [28]. 

Understanding the roles that veterinary opinions and clinic policies play in prescription 

practices is crucial. Additionally, research into the epidemiology of resistant infections is 

important to guide efforts to combat the problem.  

 

Although extensive research on the epidemiology of resistant Staphylococcus infections 

has been done in humans, far less research has been in horses [29], and yet bacterial 
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infections present major challenges in equine medicine [30]. There are increasing 

reports of methicillin-resistant Staphylococcus aureus (MRSA) infection and colonization 

in horses [31]. While MRSA has a low prevalence of nasal carriage in horses in the 

community, it is much higher for hospitalized horses [32].  

 

The horse industry in Kentucky contributes $3 billion and approximately 40,000 jobs to 

the U.S. economy [33], while the horse industry in South Africa contributes $226 million 

(approximately 13%) annually to the South African GDP [34]. This makes understanding 

the epidemiology of infections in horses and the antimicrobial prescription practices of 

the veterinarians who may treat them critical. Therefore this study was designed to 

investigate the epidemiology of AMR in Staphylococcus infections in horses as well as 

the prescription practices of veterinarians in Kentucky and South Africa. The specific 

objectives were to: (i) estimate the proportion of antimicrobial resistant staphylococcal 

isolates among equine samples in Kentucky; (ii) evaluate the opinions of veterinarians 

in Kentucky and South Africa regarding antibiotic prescription practices and 

antimicrobial resistance and to identify predictors of their opinions. I hypothesized that 

not only would AMR be high among horses in Kentucky, but that although veterinarians 

in Kentucky and South Africa would be aware of AMR they would still report 

overprescribing antimicrobials. Understanding the prevalence of resistant 

Staphylococcus infections in companion animals (specifically horses) and the 

antimicrobial prescription practices of veterinarians are critical in guiding the 

development of better antimicrobial prescription policies and increasing education of 

both practitioners and animal owners on judicious use of antimicrobials.   
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This is a five chapter dissertation. The first chapter includes the introduction to the study 

while the second chapter contains the literature review. Chapter 3 investigates the 

problem of antimicrobial resistance in horses, while chapters 4 and 5 describe 

antimicrobial prescription practices and knowledge of AMR in veterinarians in Kentucky 

and South Africa. Lastly, chapter 6 summarizes key findings, provides some 

recommendations and conclusions. 
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2 Literature review 

2.1 STAPHYLOCOCCUS INFECTIONS 

2.1.1 Etiology  

Staphylococcus is a genus of gram positive bacteria that takes the shape of round cocci 

that aggregate into cluster like formations [35]. They are facultative anaerobes that are 

1μm in diameter, non-motile and non-spore forming [36, 37]. Most species of 

Staphylococcus are harmless, and can normally be found residing on the skin and in the 

mucous membranes of both humans and animals but they can cause opportunistic 

infections [38]. The genus Staphylococcus consists of 47 species and 23 subspecies 

[39]. One of the most important criteria considered when classifying Staphylococcus 

bacteria is the ability to produce coagulase. Coagulase-positive staphylococci are 

common commensal microorganisms and opportunistic pathogens in humans and 

animals [40]. In particular, methicillin-resistant Staphylococcus aureus (MRSA), an 

important cause of nosocomial and community-associated infections in humans, has 

become increasingly recognized as a pathogen in companion animals [40-43]. There 

are several species of coagulase-positive staphylococci: S. aureus, S. delphini, S. 

hyicus, S. intermedius, S. lutrae, S. pseudintermedius and S. schleiferi. Certain 

staphylococci are important in both canine and feline health, including S. intermedius, S. 

schleiferi subsp. coagulans, and S. pseudintermedius [40, 44-46]. Although these 

staphylococi have been identified as commensal organisms, they can still cause 

disease such as pyoderma and otitis externa in both dogs and cats [40, 44-46]. 

Coagulase-negative staphylococci (CoNS) are part of the normal flora of the skin and 

have relatively low virulence but are increasingly being recognized as agents of 
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clinically significant infections of the bloodstream and other sites [47]. Coagulase 

negative staphylococci are unable to produce coagulase and coagulate rabbit plasma. 

There are more than 40 recognized species of coagulase-negative staphylococci 

(CoNS). Species of CoNS that are most frequently associated with clinical disease are 

S. epidermidis, S. lugdunensis, S. saprophyticus and S. haemolyticus. Today, CoNS, as 

typical opportunists, represent one of the major nosocomial pathogens, having a 

substantial impact on human and animal health. They are particularly associated with 

the use of indwelling or implanted medical devices (e.g. catheters, sutures, prosthetic 

material, etc ), which are indispensable in modern medicine. Colonization of different 

parts of the skin and mucous membranes of the host is the key source of endogenous 

infections by CoNS [39]. 

 

Of the over 40 species of Staphylococcus, Staphylococcus aureus has become 

important in both animal and human health. Staphylococcus aureus are recognized as 

one of the most important pathogenic Staphylococcus species in veterinary medicine 

[48]. It is a frequent cause of serious, chronic and therapy‐refractive infections in spite of 

susceptibility to antibiotics in vitro [49]. A wide variety of infections can be caused by S. 

aureus. These range from superficial skin and soft tissue infections such as boils or 

styes (inflammation of the eye or eyelid), to life-threatening septicemia, osteomyelitis, 

pneumonia and endocarditis [50]. Staphylococcus aureus can also cause food 

poisoning by releasing enterotoxins into food [51, 52] as well as causing toxic shock 

syndrome by releasing antigens into the blood stream [53-55].   
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Staphylococcus epidermidis is the most common source of infections on indwelling 

medical devices [56] and is a major cause of concern in hospital or clinic settings [57-

59]. It is now the most frequent cause of nosocomial infections in humans, at a rate 

about as high as that of S. aureus [56]. Overall, Staphylococcus aureus and 

Staphylococcus epidermidis are common commensals and also have the greatest 

pathogenic potential (42, 43). Staphylococcus saprophiticus not only causes urinary 

tract infections and cystitis in young girls [60-63] and is second only to E. coli as the 

most frequent causative organism of uncomplicated UTI in women [63], but is also a 

contaminant of foods of animal origin [64] particularly foods of cattle and pig origin.  

There are many other species of staphylococci (S lugdunensis, S haemolyticus, S 

warneri, S schleiferi, S intermedius) that are infrequent pathogens [65].    

 

In veterinary medicine, the most important Staphylococcus species are S. aureus, S. 

hyicus, and S. intermedius [66, 67] depending on the species of animal. These species 

are common and important causes of diseases, including abscesses, dermatitis, food 

poisoning, and wound infections [66]. In horses, Staphylococcus hyicus is often found in 

skin lesions or cases of dermatitis, characterized by epidermolysis, alopecia and crust 

formation [68]. In pigs, Staphylococcus hyicus causes exudative epidermitis also known 

as greasy pig disease, which is a relatively rare infection of the skin characterized by 

greasy peeling skin and blister formation [69, 70]. Its acute form can rapidly lead to the 

dehydration and death of suckling pigs. Furthermore, Staphylococcus hyicus has been 

isolated from cattle with septic polyarthritis and bovine mastitis [69]. Staphylococcus 

intermedius was first described in 1976 as a coagulase-positive Staphylococcus. It has 
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since been identified as part of normal skin and mucosal flora in a variety of animals, 

including horses, dogs, cats, pigeons, minks, foxes, raccoons, goats, and gray squirrels 

[71]. Staphylococcus pseudintermedius causes infections in horses and other 

companion animals [72] and is one of the most common Staphylococcus infections in 

dogs.  

 

2.1.2 Clinical signs 

Staphylococci species can cause many forms of infection, however, skin infections are 

the most common. They are often associated with skin infections in many animals 

including horses, sheep, cattle, and dogs [73]. Bacterial folliculitis is one of the 

commonest causes of focal hair loss in the horse [74]. It is usually caused by coagulase 

positive Staphylococcus species. Clinical signs often include crusts, epidermal 

collarettes, or encrusted papules [75]. In horses, folliculitis often develops in the saddle 

and lumbar region, particularly in the summer, where the affected area may appear 

swollen and sensitive; this is followed by formation of follicular papules and pustules 

[75]. Staphylococcus aureus causes superficial skin lesions (boils, styes) and localized 

abscesses in other sites. S. aureus also has the potential to cause deep-seated 

infections, and is a major cause of hospital acquired (nosocomial) infection of surgical 

wounds. A study by Tenhagen et. al., found that Staphylococcus aureus represents 

nearly 10% to 12% of all clinical mastitis infections in cows [76].   
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2.1.3 Diagnosis 

Diagnosis is made by identifying cocci on impression smears or by bacterial culture or 

histopathology [75]. In horses, there are a variety of outcomes resulting from 

Staphylococcus infections including skin lesions and wounds, sepsis, respiratory tract 

infections, and genital tract infections [77]. These conditions are diagnosed through  

standard methods such as catalase, coagulase, and commercial gallery testing [77], 

where Staphylococcus colonies are identified, based on morphological features, Gram 

stain, fermentation of maltose, polymixin B susceptibility, and results to the catalase and 

tube coagulase tests [78]. The coagulase test detects bound coagulase or coagulation 

of rabbit plasma when Staphylococcus bacteria is introduced and is used to differentiate 

coagulase negative Staphylococcus (CONS) from coagulase positive [79]. Polymyxin B, 

a gram-negative antibiotic, is used to identify the species of Staphylococcus because 

resistance to it is often seen in Staphylococcus aureus [80].  

 

2.1.4 Treatment 

When treating animals for confirmed Staphylococcus infections, veterinarians consider 

the nature of the disease in each patient to determine the best mode of therapy. For 

instance, in horses bacterial folliculitis caused by Staphylococcus infection is treated 

using trimethoprim sulfamethoxazole orally [75]. Antibiotics may be required in the 

treatment of severe cases of staphylococcal dermatitis in sheep, however, 

oxytetracycline and enrofloxacin have been shown to be minimally effective, whereas a 

lincomycin-spectinomycin combination or simply penicillin were both reported to be 

more effective [81]. Facial staphylococcal dermatitis will resolve within a couple of 
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months. Another approach to treatment consists of washing the affected skin with an 

iodophor or chlorhexidine shampoo, followed by drying and then coating it with an 

antiseptic or antibiotic ointment [81]. In cows, with clinical mastitis intramammary 

infusion of antibiotic are used. Antimicrobial susceptibility determined in vitro is a 

prerequisite for treatment. Cure rates for mastitis caused by penicillin-resistant strains of 

S. aureus seem to be lower than those of mastitis due to penicillin-susceptible strains 

[82]. This may be due to the fact that S. aureus infections can be notoriously hard to 

treat in cows and infected cows must be segregated or culled [83]. Treatment of 

superficial pyoderma in dogs has traditionally been treated using oral clavulanate-

amoxicillin, oral clavulanate-amoxicillin, clindamycin, cefadroxil, trimethoprim-

sulphamethoxazole and sulfadimethoxine-ormetoprim in superficial pyoderma [84]. 

However, topical therapy with chlorhexidine has been reported to resolve all clinical 

signs of superficial pyoderma in dogs [85]. 

 

2.1.5  Epidemiology of Staphylococcus infections 

2.1.5.1 Prevalence 

The prevalence of Staphylococcus in horses has been well studied worldwide. S. 

aureus has been reported to be the most prevalent cause of bloodstream infection, skin 

and soft-tissue infection, and pneumonia in almost all geographic areas [86]. 

Staphylococcus aureus colonizes animals, such as horses, dogs, livestock (e.g. 

donkeys, pigs, and sheep) or wild animals (e.g. monkeys, chimpanzees, gorillas, and 

bats) [87]. Colonization, wherein S. aureus resides at a body site without producing 

clinical disease, is more common than clinical infection in humans and other species 

[88]. In fact, multiple studies in horses have reported colonization rates ranging 
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anywhere from 0–16% [88-93]. Infections are most commonly seen and reported in 

cases of mastitis in dairy animals. S. aureus is also seen in other food producing 

animals such as chickens and farmed rabbits [94].  

 

Studies from a wide range of areas (including North America, Europe, Australia, Asia, 

and the Middle East) all found varying ranges (0%-12%) of nasal carriage rates of 

MRSA in horses with the highest rates being found in the United Kingdom (12%) [90, 

93, 95-99]. An Algerian study by Agabou et. al., found the rate of S. aureus nasal 

carriage in horses to be 15.2% [100]. Peterson et. al., identified MRSA in 61% of nasal 

samples on a racehorse farm in the United States [101]. In Denmark, Islam et. al., found 

much lower rates of S. aureus (13%) and MRSA (4%) in horses [102].  In a South 

African study by Oguttu et. al. [103], antimicrobial resistance patterns of Staphylococcus 

Spp. isolated from horses found that 12.0% of the samples were Staphylococcus 

positive with the majority of the isolates being Staphylococcus aureus (41.5%) [103].  

 

A German study by Sommerhäuser et. al., found that S. aureus showed a high 

prevalence in two dairy herds prior to the introduction of a control program [104]. Only 

limited data on the prevalence of Staphylococcus aureus is available for African 

countries including South Africa [105]. S. aureus strains have been reported in sick and 

healthy animals in 7 countries (Côte d’Ivoire, Egypt, Nigeria, Senegal, South Africa, 

Sudan, and Tunisia) [106].  

 



13 
 

2.1.5.2 Transmissions 

Staphylococcus is most commonly transmitted through direct contact or through contact 

with contaminated grooming or other tools. Studies have found that transmission of 

MRSA from humans to horses and vice versa is possible [78, 92, 93]. The 

transportation of horses, especially thoroughbreds and standardbreds, between Canada 

and the United States, may make MRSA colonization and infection more of a problem 

among equines [92]. Clinical mastitis infections are most commonly spread during 

milking and the bacteria is able to penetrate the teat canal [83].  

 

2.1.5.3 Risk factors 

There are a multitude of risk factors of Staphylococcus infection. Animals most at risk 

include those with weakened immune systems, burns, or surgical wounds. Invasive 

devices such as urinary catheters, feeding tubes, breathing tubes, and intravascular 

catheters can also present a risk for Staphylococcus infection which can travel along the 

medical tubing into internal organs. Soft tissue and joint infections are most common in 

horses with community-associated MRSA infections, IV cathetes are the most common 

source of Staphylococcus infections seen in equine hospitals [78]. Repeated veterinary 

practice or hospital admissions and usage of antimicrobials such as aminoglycosides 

have been noted as risk factors for Staphylococcus infection. [107]. A polish study by 

Bierowiec et. al., found that having one or more owners working in the healthcare 

industry (human medicine or veterinary medicine), dogs being kept with the cat under 

investigation, treatment of the cat under investigation with antibiotics or 

chemotherapeutics during the previous year all to be significant risk factors for 
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colonization of S. aureus in cats [108]. Staphylococcus bacteria can also spread easily 

through cuts, abrasions and skin-to-skin contact.  

 

2.2 ANTIMICROBIAL RESISTANCE 

2.2.1 Brief history of antimicrobials 

The 1930s introduced the world to what is commonly referred to as the “Golden Age” of 

antibiotics. Antimicrobial discovery began with the identification of sulfa drugs and 

concluded with the emergence of quinolones in the early 1960s [109]. Around the world 

more than 20 novel classes of antibiotics were introduced between 1930 and 1962 

[110]. Antibiotics were first prescribed to treat serious infections in the 1940s. Penicillin 

was successful in controlling bacterial infections among World War II soldiers. However, 

shortly thereafter, penicillin resistance became a substantial clinical problem, so that, by 

the 1950s, many of the advances of the prior decade were threatened. In response, 

new beta-lactam antibiotics were discovered, developed, and deployed, restoring 

confidence. However, the first case of methicillin-resistant Staphylococcus aureus 

(MRSA) was identified during that same decade, in the United Kingdom in 1962 and in 

the United States in 1968 [111]. Vancomycin was introduced into clinical practice in both 

human and veterinary medicine in 1972 for the treatment of methicillin resistance in 

both S. aureus and coagulase-negative staphylococci [112]. Vancomycin resistance 

took a while to develop and so it was believed unlikely to occur in clinical settings. 

However, cases of vancomycin resistance were reported in coagulase-negative 

staphylococci in 1979 and 1983. From the late 1960s through the early 1980s, the 

pharmaceutical industry introduced many new antibiotics to solve the resistance 
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problem, but after that the antibiotic pipeline began to dry up and fewer new drugs were 

introduced [111]. 

 

2.2.2 Use of antimicrobials in veterinary medicine and humans 

Arsphenamine, introduced in 1910, was the first sulfa drug and was widely used in the 

treatment of syphilis and trypanosomiasis [113]. Shortly after antimicrobial drugs were 

developed they were used in veterinary medicine to treat mastitis in dairy cows. 

Antibiotics are used in food animals to treat clinical disease, to prevent and control 

common disease events, and to enhance animal growth [114]. The antimicrobials that 

are most commonly used in food animals come from five of the major drug classes 

including β lactams, tetracyclines, aminoglycosides, macrolides, and sulphonamides 

[115]. Interestingly, although not one of those five major groups, quinolones have only 

been available in some European countries for more than 20 years. The use of 

antimicrobials in human medicine produced a marked interest in their use in animals. 

This increased interest and usage has resulted in increased resistance rates in most 

countries [116]. In some countries, antibiotic use in livestock requires a veterinary 

prescription, although individual treatment decisions are often made and administered 

by lay farm workers in accordance with guidelines provided by a veterinarian [114]. 

 

Despite the widespread use of antimicrobials  in food animals, data about the quantity 

and patterns of use is sparse [117]. Of the antimicrobials available for use in animals 

there are “12 classes of antimicrobials—arsenicals, polypeptides, glycolipids, 

tetracyclines, elfamycins, macrolides, lincosamides, polyethers, beta-lactams, 



16 
 

quinoxalines, streptogramins, and sulfonamides—that are available for use in poultry, 

cattle, and swine” [117]. Judicious use of antimicrobials is an important part of equine 

medicine. Antimicrobials are used to treat known or suspected bacterial infections and 

for post-operative and secondary infections. In horses, vancomycin can be used alone 

or in combination with an aminoglycoside to treat methicillin-resistant staphylococcal 

infections [118]. 

 

2.2.3 Why antimicrobial resistance is a problem 

Antibiotic resistance is a natural occurrence in microorganisms that are exposed to 

antibiotic over time. Under the selective pressure of antimicrobials, susceptible bacteria 

are killed or inhibited, while bacteria that acquired resistance survive and multiply. 

Antimicrobial resistance has been attributed to combinations of microbial 

characteristics, selective pressures of antimicrobial use, and societal and technologic 

changes that enhance the transmission of drug-resistant organisms [119]. Increased 

AMR is the cause of severe infections, complications, longer hospital stays and 

increased mortality [120]. Over-prescription among veterinary and medical practitioners 

is associated with an increased risk of adverse effects, more frequent re-attendance 

and increased medicalization of self-limiting conditions [120]. Over-prescription of 

antimicrobials is a particular problem in primary care. An increasing number of 

pathogenic organisms are resistant to one or more antimicrobial drugs. Consequently, 

certain infections have become more difficult to treat. For instance, the treatment of 

equine wounds is becoming progressively difficult due to the increase of antibiotic-

resistant bacterial strains, particularly MRSA [121]. In fact, the rise in multi-drug 

resistant (MDR) bacteria is problem found in horses worldwide, where many pathogens 
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have become harder to treat including multidrug-resistant Salmonella, MRSA, multidrug-

resistant Pseudomonas  (particularly P. aeruginosa) and multidrug-resistant 

Enterococcus (e.g. vancomycin-resistant enterococci) [122]. A large number of studies 

focus on the consequences of emergence and spread of AMR among animals as it 

relates to people, and thereby a potential impact on public health [123]. This is relevant 

in many countries such as Egypt, where 80 % of meat production is of poultry origin, 

and constitutes one of the main sources of pollution with veterinary antibiotics (VAs) into 

the environment increasing the potential environmental risks associated with the use of 

VAs in these farms [124]. Research has shown that antimicrobial resistance develops in 

zoonotic bacteria in response to antibiotics used in food animals [125]. Increased 

movement of horses for trade purposes, sports, or have also effected the spread of 

equine diseases [126]. Antimicrobial resistance is also a problem among some 

foodborne bacteria including Campylobacter and Salmonella which exhibit increasing 

resistance, to fluoroquinolones and third generation cephalosporins [127]. However, the 

consequences of AMR in animals is not limited to public health, but instead often 

impacts antimicrobial therapy with a direct negative effect on animal health and welfare 

[123].  

 

2.2.4 General mechanisms of antibiotic resistance 

Antimicrobials are classified according to their principal mechanism of action. 

Mechanisms include interference with cell wall synthesis (e.g., β-lactams and 

glycopeptide agents), inhibition of protein synthesis (macrolides and tetracyclines), 

interference with nucleic acid synthesis (fluoroquinolones and rifampin), inhibition of a 
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metabolic pathway (trimethoprim-sulfamethoxazole), and disruption of bacterial 

membrane structure (polymyxins and daptomycin) [128].  

 

Resistance to only one antimicrobial class can occur through multiple biochemical 

pathways [129]. Overall, bacteria have developed two main adaptations to combat 

antimicrobials. These adaptations include both gene mutations associated with the 

mechanism of action of the antimicrobial compound, and horizontal gene transfer (HGT) 

[129]. The three main mechanisms of antimicrobial resistance include: enzymatic 

degradation of antibacterial drugs, alteration of bacterial proteins that are antimicrobial 

targets, and changes in membrane permeability to antibiotics [129]. Resistance to 

cephalosporins is often seen with resistance to penicillins [130], where the mechanism 

of resistance to both antimicrobial classes is antibiotic hydrolysis mediated by the 

bacterial enzyme β-lactamase [131]. Methods to overcome resistance to β-lactam 

antibiotics include development of β-lactamase inhibitors and the compounds that keep 

bacteria from identifying an antibiotic as dangerous and keeping the bacteria from being 

able to activate resistance mechanisms [132]. Resistance to methicillin occurs through 

the expression of a foreign penicillin-binding protein (PBP) [133]. Bacterial enzymes 

play a major role in the development of AMR [134] through both enzymatic modification 

and synthesis of antibiotic-insensitive bacterial targets in many classes of antibiotics 

[131]. Penetration barriers [135] are a resistance mechanism seen in several classes of 

antibiotics [131]. 
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Bacteria may be resistant to more than one class of antimicrobial agents, or may 

acquire resistance by mutation or through the acquisition of resistance genes from other 

organisms [128]. Resistance genes enable bacteria to produce enzymes that destroy 

the antibacterial. They also allow bacteria to express efflux systems that prevent the 

drug from reaching its intracellular target. These same resistance genes also give 

bacteria the ability to modify the drug’s target site, or to produce an alternative 

metabolic pathway that bypasses the action of the drug [128]. Bacteria may acquire new 

genetic material from resistant strains of bacteria through conjugation, transformation, 

or transduction, [128].  

 

2.2.5 Antibiotic susceptibility testing 

2.2.5.1 Dilution methods 

One of the earliest antimicrobial susceptibility testing methods was the macrobroth or 

tube-dilution method [136]. The aim of broth and agar dilution methods is to determine 

the lowest concentration of the antimicrobial agent, also known as the minimal inhibitory 

concentration (MIC) that inhibits the visible growth of the bacteria being investigated. 

Minimum inhibitory concentration values are used to determine susceptibilities of 

bacteria to antimicrobials [137]. Dilution methods are the reference methods for 

antimicrobial susceptibility testing. Minimum inhibitory concentration methods are used 

in a variety of ways from resistance surveillance to testing on organisms where disc 

tests may be unreliable. 
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Broth dilution is another testing method and uses about 1.0 ml microdilution total broth 

volume and can be conveniently performed in a microtiter format. Unlike in the dilution 

test, in broth dilution, the lowest concentration where the isolate is completely inhibited 

is the MIC [138]. Agar dilution is also another option and follows the same method of 

identifying the MIC where the lowest concentration of the serially diluted antimicrobial 

concentration is used where the growth of bacteria is still inhibited [138].  

 

2.2.5.2 Disk diffusion-based methods 

The disk diffusion method is the most widely used method for antimicrobial susceptibility 

testing in veterinary clinics [139]. Known as the Kirby-Bauer disk diffusion susceptibility 

test it is able to determine the sensitivity or resistance of bacteria to various 

antimicrobial agents [139]. The bacteria for this test are grown on Mueller-Hinton agar in 

antimicrobial saturated filter paper disks. The growth or non-growth on these disks 

measures the capacity of an antimicrobial to inhibit growth [139]. The diameter of the 

zone are interpreted using specific criteria. The criteria published by the Clinical and 

Laboratory Standards Institute (CLSI, formerly the National Committee for Clinical 

Laboratory Standards or NCCLS) or those included in the US Food and Drug 

Administration (FDA)-approved product inserts for the disks [140] are most commonly 

used. The results of the disk diffusion test are then given a category of susceptibility (ie, 

susceptible, intermediate, or resistant) based on the results of zone diameters. The 

diameter of the zone is related to the susceptibility of the isolate and to the diffusion rate 

of the drug through the agar medium .   
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2.2.5.3 E-Test 

The Epsilometer test (E-test) method for antimicrobial susceptibility testing provides 

quantification of antimicrobial susceptibility of microorganisms [141]. This is a gradient 

method of testing that allows the antibiotic to diffuse freely into the agar. After 48 hours 

incubation [141] at 42°C [142], the MIC is read at the point where bacterial growth 

inhibition intersects with the MIC scale on the strip. This makes for a more convenient 

quantitative test [141]. 

 

2.2.5.4 Automated antimicrobial testing methods 

An automated testing system consists of automated inoculation of MIC panels followed 

by computer‐assisted incubation with reading, interpretation, and reporting functions 

that do not require manual intervention [143]. There are several commercially available 

systems that are intended to reduce technical errors and lengthy preparation times. 

Most automated antimicrobial susceptibility testing systems although costly, are quick 

and more convenient in providing automated inoculation, reading and interpretation.  

 

2.2.6 Epidemiology of antimicrobial resistance in Staphylococcus infections 

2.2.6.1 Prevalence 

Most studies that examine AMR in horses are based on horses admitted to referral 

hospitals, where horses are more likely to have received antimicrobial treatment and 

therefore carry resistant bacteria [122]. These selection biases tend to overestimate the 

actual levels of antimicrobial resistance [122]. Canada, Ontario Veterinary College 

identified 75 horses and 27 persons colonized or infected with MRSA from October 

2000 to November 2002; most isolations occurred in a 3-month period in 2002 [144]. In 
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samples taken from both Ontario, Canada and New York state, community associated 

MRSA was isolated from 46 of 972 (4.7%) horses [145]. In Israel, Staphylococcus 

colonization rates were 3.8% and 51% among farm and hospital horses, respectively 

[18]. A German study found that, nasal MRSA colonization was found in 19.5% of 

veterinary personnel with occupational exposure to horses [19]. Denmark is a country 

with high prevalence of livestock-associated methicillin-resistant Staphylococcus aureus 

(MRSA). One study in that country found MRSA isolates were obtained from 54/401 

(13%) of the horses originating from 30 farms [146]. An Italian study examined samples 

from  horses on farms, at racecourses, and at slaughterhouses and found that not only 

were 7% positive for MRSA, but that the prevalence of MRSA in horses tested at 

slaughterhouses was significantly higher (p < 0.001) compared with those tested on 

farms and racecourses [147].  

 

The prevalence of MRSA colonization has been investigated in various horse 

populations, with rates of 0–10.9% reported in horses in the community and upon 

admission to veterinary hospitals [148]. A Canadian study by Burton et. al., [149] found 

that MRSA colonization was not identified in any of 497 horses from Atlantic Canada. 

However, methicillin-susceptible Staphylococcus aureus (MSSA) was isolated from 

7.9% of horses [149]. Colonization with MSSA is relatively common in healthy horses in 

Atlantic Canada, but MRSA is currently rare or absent [149]. Another Canadian study by 

Weese et. al., [144] identified 79 horses and 27 persons colonized or infected with 

MRSA from October 2000 to November 2002 [144], where clinical infections developed 

in 16% of the horses. A community-based study in both Ontario and New York state 
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reported a prevalence of 4.7% [93]. These results are similar to an Ohio study that 

found 5.8% of the horses sampled were positive for MRSA [150].  

 

Resistant Staphylococcus infections can also be seen in cats and dogs. In a study of 

UK cats and dogs from 2003 to 2012, a new trend of increasing resistance to important 

antimicrobials was identified overtime and the emergence of methicillin resistant 

staphylococcus pseudintermedius (MRSP) from UK clinical cases was confirmed [151]. 

A cross-sectional study of nasal colonization of Staphylococcus aureus of dogs and 

their owners found that almost 90% of isolates were resistant to at least one antibiotic 

[152]. Higher prevalence of Staphylococcus aureus were found in canine isolates than 

human isolates in this sample set [152]. A UK study by Loeffler et. al., found prevalence 

of MRSA in dogs to be quite low (9%) [153]. This is much lower than the resistance 

levels found in previous studies and does not agree with the trend of increasing 

resistance identified in the study by Beever et. al. which found that 90% of isolates from 

dogs and owners were resistant to at least one antibiotic [151]. Overall, as in many 

other species, MRSA can be found in a small percentage of healthy dogs, however 

there has been fewer investigations of colonization in cats, with rates of 0–4% reported 

[148].  

In the United States, it is estimated that MRSA causes approximately 95,000 invasive 

infections and 19,000 mortality cases per year in humans [154]. MRSA infections are 

among the most frequently occurring of all antibiotic-resistant threats. In the United 

States., 11,285 deaths per year have been attributed to MRSA alone [111]. From 2001 

to 2002, national Staphylococcus aureus and MRSA colonization prevalence estimates 
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were 32.4%  and 0.8%, respectively. There were almost 9,000 observed cases of 

invasive MRSA reported from July 2004 through December 2005 [155]. Most of these 

cases were health care–associated (58.4%) [155]. A world health organization report on 

antimicrobial resistance from 2014 found that in some settings, as many as 90% of 

Staphylococcus aureus infections are reported to be methicillin-resistant [3]. 

 

In Africa, many studies have found prevalence of AMR Staphylococcus infections to be 

low particularly in MRSA infections [106] in ruminant animals, pigs, sheep and 

companion animals. “The prevalence of MRSA in humans varies between African 

countries, with prevalence reported as high as 52% in Egypt, 45% in Algeria, 44% in 

Botswana, and between 6 and 19% in Morocco” [156]. In fact, “even in South Africa, the 

prevalence of MRSA bacteraemia varies depending on the geographical location and 

population studied” [156].  

 

2.2.6.2 Temporal distribution 

The worldwide emergence and spread of resistant Staphylococcus is concerning. Of 

even greater concern is the spread of methicillin-resistant Staphylococcus aureus 

(MRSA) over the last 50 years, which represents a serious challenge to health 

professionals and clinical scientists worldwide [157]. The first MRSA infections seen in 

animals were reported from cases of mastitis in dairy cattle in 1972. However, in the 

following years infrequent infections were reported although some did include 

postsurgical wound infections in horses [158]. Historically, MRSA infections in 

companion animals involved strains resembling human nosocomial strains, including 
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epidemic MRSA [107]. However, this problem has developed over time to encompass 

strains of MRSA that are thought to have evolved in animals colonizing and infecting 

human attendants [159]. 

This global trend toward progressively more resistant bacteria is extremely evident in 

Staphylococcus bacteria, with MRSA being of major concern. In Quebec, Canada, the 

incidence of MRSA bacteremia increased from 0 per 100,000 person-years to 7.4 per 

100,000 person-years from 1991 to 2005 [160]. “Similar trends of increasing MRSA 

bacteremia incidence over this time period were seen in Minnesota from 1998 to 2005 ; 

Calgary, Canada, from 2000 to 2006 ; and Oxfordshire, United Kingdom, from 1997 to 

2003” [160]. “Since 2005, most of these same regions have experienced significant 

reductions in rates of MRSA bacteremia, almost certainly linked to improvements in 

infection control procedures” [160]. “These reductions were especially evident in the 

United Kingdom, where rates of MRSA bacteremia were halved between 2004 and 

2011, but have also been documented in the United States, Australia, and France” 

[160]. A Lisbon study found that in isolates taken from companion animals over a 16 

year period, that among the 38 antimicrobials analyzed, resistance increased over the 

period analyzed in 27 antimicrobials and the number of isolates with resistance to at 

least one antimicrobial or with multidrug resistance also increased over time [161]. 

However, a Brazillian study found no trend towards increased resistance for most 

antimicrobials tested in isolates taken from milk samples in cows over a 20 year period 

[162]. 
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2.2.6.3 Risk factors 

Multiple factors including, but not limited to, the overuse and misuse of antimicrobials 

contribute to the increase of antibiotic resistance [163]. Risk factors for MRSA infections 

in animals are similar to  those found in humans, where living in a household with a 

colonized human or animal, hospitalization and surgery are all risks factors [107]. Other 

risk factors identified in animals include repeated veterinary practice or hospital 

admissions and usage of antimicrobials such as aminoglycosides [107]. Additional 

issues that could contribute to the risk of MRSA such as the horizontal spread of MRSA 

between horses on farms and in veterinary clinics is well known. A Canadian study by 

Weese et. al., found that previous colonization of the horse, previous identification of 

colonized horses on the farm, antimicrobial administration within 30 days, admission to 

the neonatal intensive care unit, and admission to a service other than the surgical 

service were all risk factors for community-associated colonization of MRSA [164].  A 

Canadian study found that horses that were found to be colonized with MRSA on 

admission were more likely to suffer from clinical infection than non-colonized horses 

[31]. Another Canadian study found that admission to neonatal intensive care was a risk 

factor for MRSA colonization in horses [164]. A study by Anderson et. al., [165] found 

that both previous hospitalization and treatment with gentamicin were significantly 

associated with community acquired methicillin-resistant Staphylococcus aureus 

(CA‐MRSA), while infected incision sites were associated significantly with hospital 

acquired methicillin-resistant Staphylococcus aureus (HA‐MRSA). A German study by 

Vincze et. al., found that the number of employees working at a veterinary setting, prior 

antibiotic treatment and surgical site infection are all risk factors for MRSA in companion 

animals [166].  Another study from the UK found that significant risk factors for MRSA 
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infection among cats and dogs were the number of antimicrobial courses, the number of 

days admitted to veterinary clinics and having received surgical implants [167]. 

 

2.2.6.4 Surveillance for AMR 

The National Antimicrobial Resistance Monitoring System for Enteric Bacteria (NARMS) 

established in 1996 is a monitoring system that combines efforts from state and local 

public health departments, CDC, the U.S. Food and Drug Administration (FDA), and the 

U.S. Department of Agriculture (USDA). This is a nationwide public health initiative, that 

monitors deviations in antimicrobial susceptibility of enteric (intestinal) bacteria through 

the CDC for affected people , retail meats (FDA), and food animals (USDA) across the 

United States [168]. There are multiple primary objectives of the NARMS system. The 

first objective is to provide descriptive data on the extent and temporal trends of 

antimicrobial drug susceptibility in Salmonella and other enteric bacteria from humans, 

food animals and retail foods of animal origin. Next, NARMS seeks to respond to 

unusual or high levels of bacterial drug resistance in humans, animals, and retail meats 

in order to contain or mitigate resistance dissemination. Lastly, NARMS aims to design 

follow-up epidemiology and research studies to better understand the emergence and 

transfer of antimicrobial drug resistance [169]. 

 

In South Africa surveillance efforts are also being made in veterinary medicine. The 

South African National Veterinary Surveillance and Monitoring Program for Resistance 

to Antimicrobial Drugs (SANVAD) was established in 2003 and monitors antimicrobial 

resistance in the country. The program, in accordance with the Office International des 



28 
 

Épizooties (OIE) guidelines, is based on 3 categories of bacteria: indicator bacteria, 

zoonotic bacteria and animal pathogenic bacteria. These categories provide the best 

opportunities to detect resistance where selective pressures are applied, and clinically ill 

animals are treated [170]. In October 2015, the Global Antimicrobial Resistance 

Surveillance System (GLASS) was developed to support the global action plan on 

antimicrobial resistance with 15 countries across the continent of Africa completing 

enrollment in the program. GLASS provides surveillance and laboratory guidance, tools 

and support to countries in developing effective AMR surveillance systems. As a part of 

this global initiative, a conference on antimicrobial resistance and prudent use of 

antimicrobial agents in animals was held in October of 2018 [171]. The objectives of this 

conference were to foster national AMR surveillance systems through harmonized 

global standards to monitor ARM trends, detect emerging resistance, and inform 

estimates of AMR burden .  

 

The Study for Monitoring Antimicrobial Resistance Trends (SMART) is the premier 

global surveillance system on antimicrobial resistance of microbes for almost 200 

countries. Data gathered from SMART studies have shown that the level of 

antimicrobial resistance differs by geographic region and is highest in Asia-Pacific 

countries [172]. A WHO report found that in the South East Asia region as of 2011, the 

health ministers of the region committed to combat drug resistance. Since then, there 

has been growing awareness of the need for appropriate tracking of drug resistance, 

and all countries in the report have agreed to contribute information to a regional 

database. Collaboration on tracking of antibiotic resistance between countries in the 
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WHO Western Pacific Region was established in the 1980s. However, many countries 

in the region have long-established national systems for tracking resistance. Recently, 

WHO’s Regional Office for the Western Pacific has taken steps to revive the regional 

collaboration [3]. Major gaps in tracking of antibiotic resistance were found in the 

Eastern Mediterranean region. However, WHO’s Regional Office for the Eastern 

Mediterranean has identified strategic actions to contain drug resistance and is 

supporting countries to develop comprehensive national policies, strategies and plans 

[3]. Gaps were also found in the African region, where tracking of antibiotic resistance 

and data gathered in a limited number of countries [3]. While it is not possible to assess 

the true extent of antimicrobial resistance in this area due to lack of data from many 

countries, with the data that are currently available the problem is concerning [3]. 

 

Across the United States, increasing cases of antimicrobial resistance are currently 

affecting the ability of each state's public health laboratory to keep up [173]. Funding 

continues to decrease for AMR education programs and surveillance. Approximately 

only half of state public health labs can provide some basic resistance testing [174]. In 

the United States, different surveillance mechanisms exist to monitor resistant 

Staphylococcus infections, focusing on resistant Staphylococcus aureus. In 2004 the 

CDC launched the Emerging Infections Program (EIP) invasive Staphylococcus aureus 

infection surveillance program [175]. The invasive Staphylococcus aureus infection 

surveillance program is an active population- and laboratory-based surveillance system. 

Laboratories provide reports of results among patients in defined geographic areas. 

This program is conducted through CDC’s EIP Healthcare-Associated Infections 
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Community Interface (HAIC) [175]. Data from the EIP Staphylococcus aureus program 

are used to evaluate the incidence of invasive S. aureus infections in the population, 

characterize Staphylococcus aureus strains associated with disease, and monitor 

trends in disease over time [175]. 

 

2.3 ANTIBIOTIC STEWARDSHIP IN VETERINARY MEDICINE 

2.3.1 History of prescription antibiotic practices 

As antibiotic resistance has increased, the development of new antimicrobials has 

decreased dramatically over the last 30 years [172]. In order to prevent not only 

increased prevalence of antimicrobial resistant infections, but a return to an era before 

widespread use of antimicrobials, antimicrobials must be used more judiciously [172]. 

Antibiotic resistance can be reduced by using antimicrobials more prudently based on 

guidelines of antimicrobial stewardship programs (ASPs) [172]. Without antimicrobial 

prescription policies physicians and veterinarians often prescribe antimicrobials to 

patients even when there is no clear indication for their use. Strides have been made in 

veterinary medicine to insure judicious use of antimicrobials. The veterinary feed 

directive (VFD) went into effect January 1, 2017, and enacted stricter federal rules 

regulating how medically important antibiotics could be administered to animals in feed 

and drinking water [176]. In 2015 the British Veterinary Association (BVA) put in place a 

7 point plan for the responsible use of antimicrobials in veterinary practice [177]: to 1) 

work with clients to avoid need for antimicrobials, 2) avoid inappropriate use, 3) choose 

the right drug for the right bug, 4) monitor antimicrobial sensitivity, 5) minimize use, 6) 

record and justify deviations from protocols, and 7) report suspected treatment failure 

[177]. Prior to 2007 there were no standard programs to instruct and provide information 
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about antimicrobial stewardship. However as of 2007, many institutions now have 

Antimicrobial Stewardship Programs (ASPs) to optimize antimicrobial therapy, reduce 

treatment-related cost, improve clinical outcomes and safety, and reduce or stabilize 

antimicrobial resistance [172]. The formal guidelines for ASPs were developed in 2007 

by the Infection Diseases Society of America (IDSA) and the Society of Healthcare 

Epidemiology of America (SHEA) [172, 178].  

 

2.3.2 How opinions affect antibiotic prescription practices 

Antimicrobial stewardship seeks to improve the efficacy and reduce the adverse effects 

of antimicrobial use by reducing the number of inappropriate antibiotic prescriptions 

[179]. An Irish study by Cotter and Daly [180], used a questionnaire designed to 

determine attitudes and practices regarding the prescription of antibiotics of general 

practitioners and found that not only did 94.7% of practitioners agree that antibiotic 

resistance was a problem, but that 81% of practitioners felt that antibiotics were over 

prescribed [180]. In fact, nearly 7% of these same practitioners admitted to frequently 

prescribing antibiotics to patients who did not need them, while 44% admitted to 

sometimes doing the same [180].  

 

A 2017 UK study by Smith et al., found that communication between veterinarians and 

pet owners were fraught with misunderstandings and misconceptions around antibiotics 

by pet owners, and veterinarians and owners had differing opinions about where the 

pressure to prescribe antibiotics inappropriately originated [181]. Interestingly, 

veterinarians reported pet owners pushed for inappropriate antibiotics, while pet owners 
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reported that veterinarians were the ones who overprescribed without their input [181]. 

Additionally, there was an overall low level of understanding of AMR among pet owners 

[181]. A U.S. study by Ekakoro and Okafor identified culture and susceptibility test 

results as the most important factor in antimicrobial prescription decisions, while 

pressure from clients was deemed the least important factor in decision making by 

veterinarians [182].  An Australian study by Hardefeldt et. al., found that key barriers to 

the implementation of antimicrobial stewardship programs among companion animal, 

equine and bovine veterinarians included a lack of antimicrobial stewardship 

governance structures, client expectations and competition between practices, cost of 

microbiological testing, and lack of access to education, training and antimicrobial 

stewardship resources [183]. 

 

2.4 CONCLUSION 

The global challenges in veterinary medicine presented by antimicrobial resistance are 

concerning. Prescription policies and guidelines need be employed both nationally and 

internationally in order to address some of these concerns at the clinical level. 

Additionally, increased surveillance efforts need be applied in order to track global 

increasing temporal changes in AMR infections. Lastly, research into at risk populations 

will give a more encompassing view of the problem in both human and animal 

populations.  
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3 An epidemiologic study of antimicrobial resistance of 

Staphylococcus species isolated from equine samples 

submitted to a diagnostic laboratory 
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3.2 ABSTRACT 

Background: Antimicrobial resistance limits traditional treatment options and increases 

costs. It is therefore important to estimate the magnitude of the problem so as to provide 

empirical data to guide control efforts. The aim of this study was to investigate the 

burden and patterns of antimicrobial resistance (AMR) among equine Staphylococcus 

samples submitted to the University of Kentucky Veterinary Diagnostic Laboratory 

(UKVDL) from 1993 to 2009. Retrospective data of 1,711 equine Staphylococcus 

samples submitted to the UKVDL during the time period 1993 to 2009 were included in 

the study. Antimicrobial susceptibility testing, that included 16 drugs, were performed 

using cultures followed by the Kirby-Bauer disk diffusion susceptibility test. The 

proportion of resistant isolates by animal breed, species of organism, sample source, 

and time period were computed. Chi-square and Cochran-Armitage trend tests were 

used to identify significant associations and temporal trends, respectively. Logistic 

regression models were used to investigate predictors of AMR and multidrug resistance 

(MDR). 

Results: A total of 66.3% of the isolates were resistant to at least one antimicrobial, 

most of which were Staphylococcus aureus (77.1%), while 25.0% were MDR. The 

highest level of resistance was to penicillins (52.9%). Among drug classes, isolates had 

the highest rate of AMR to at least one type of β-lactams (49.2%), followed by 

aminoglycosides (30.2%). Significant (p<0.05) associations were observed between 

odds of AMR and horse breed, species of organism and year. Similarly, significant 

(p<0.05) associations were identified between odds of MDR and breed and age. While 

some isolates had resistance to up to 12 antimicrobials, AMR profiles featuring single 
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antimicrobials such as penicillin were more common than those with multiple 

antimicrobials. 

Conclusion: Demographic factors were significant predictors of AMR and MDR. The 

fact that some isolates had resistance to up to 12 of the 16 antimicrobials assessed is 

quite concerning. To address the high levels of AMR and MDR observed in this study, 

future studies will need to focus on antimicrobial prescription practices and education of 

both practitioners and animal owners on judicious use of antimicrobials to slow down 

the development of resistance. 

 

3.3 BACKGROUND 

The development of antimicrobial agents has been one of the most critical advances in 

both human and veterinary medicine within the last century. However, due to a 

combination of factors, but most notably to the rise in the use of antimicrobials for 

treating both human and domestic species, antimicrobial resistance has become a 

global scientific and public health concern in both human and veterinary medicine [29, 

184]. The quantity of antimicrobials used in both human and veterinary medicine as well 

as in aquaculture have contributed to the selection for antimicrobial resistance [185]. 

High rates of antimicrobial resistant bacterial infections increase morbidity, be it to a 

single agent, or multiple drug classes, hindering the ability to effectively treat infections. 

As a result, both morbidity and mortality of antimicrobial resistant infections have 

increased in affected populations [184]. Identification of the resistance profiles of 

microorganisms is a critical step in understanding antimicrobial resistance and is useful 

in providing information to guide treatment options and to combat the problem.  
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According to the World Health Organization, the frequency of resistance to first-line 

drugs that have traditionally been used to treat infections caused by Staphylococcus 

has increased globally [186]. Unfortunately, this resistance is not limited to human 

medicine, but is being seen more frequently in domestic species, and in equine 

medicine in particular [184]. Although the widespread use of antimicrobials among 

equine species in the U.S. has been addressed in multiple forums, the epidemiology of 

antimicrobial resistance in bacteria found in horses has not been assessed [29]. 

Identifying and describing the burden of antimicrobial resistance among domestic 

species has become even more important due to evidence of potential cross 

transmission of certain bacteria between humans and domestic species [187]. Both the 

Centers for Disease Control and Prevention (CDC) and the United States Department of 

Agriculture (USDA) have reported such findings in past years [188, 189]. Outcomes 

from these investigations found evidence of a potential zoonotic transfer of 

Staphylococcus bacteria and/or their genetic material between healthy humans and 

horses [188, 190]. Other reports suggest that resistant Staphylococcus infections in 

domestic animals may contribute to transmission seen in human contacts [191].  

 

Understanding the burden of antimicrobial resistant Staphylococcus infections in horses 

is critical in not only being able to understand the risk to those in immediate contact with 

these animals, but also in effectively providing information to guide efforts for the 

development of antimicrobial stewardship programs. Although a number of studies have 

investigated mainly methicillin-resistant S. aureus in horses [192-196], many other 

Staphylococcus species not only exhibit resistance to antimicrobials, but are clinically 
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relevant to understanding the epidemiology of antimicrobial resistance in horses and its 

zoonotic spread to humans [29]. Thus, the objective of this study was to estimate the 

proportion of antimicrobial resistant staphylococcal isolates among equine samples 

submitted to the University of Kentucky Veterinary Diagnostic Laboratory between 1993 

and 2009 and to identify potential predictors of antimicrobial resistance and multidrug 

resistance. 

 

3.4 METHODS 

3.4.1 Data Sources, preparation & study area 

Laboratory records of all samples from horses submitted to the University of Kentucky 

Veterinary Diagnostic Laboratory were included in this study.  The records included a 

combination of antimicrobial sensitivity test results and animal demographic information. 

For the isolation of bacteria, specimens were cultured on blood agar and eosin 

methylene blue agar plates at 37°C in 5–10% CO2, for a minimum of 24 hr. If the 

specimen was from a likely contaminated site such as nasal swab, a Columbia colistin 

and nalidixic acid (CNA) plate with blood was also inoculated. The plates were 

examined for pathogenic bacteria and were incubated for an additional 24 hr at 37°C in 

aerobic incubators and examined again for pathogenic bacteria. The criteria used for 

reporting a microorganism was the isolation of the microorganism in pure culture or 

significant numbers from specimens (as the predominate microorganism).  

Staphylococcus isolates were identified by using colony morphology, dark-field 

examination, β-hemolysis on blood agar and CNA plates, and conventional biochemical 

tests, including coagulase, catalase, maltose, mannitol, and trehalose. Additionally, 
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selective and differential plates with antimicrobials and indicator were used to 

differentiate between S. aureus and S. hyicus. 

 

Antimicrobial susceptibility testing, that included 16 drugs, were performed using Kirby-

Bauer disk diffusion susceptibility test. The laboratory followed procedures of the 

Clinical Laboratory Standards Institute (CLSI) testing and classification to determine the 

susceptibility of isolates [197-201]. Sizes of the zones of inhibition were measured and 

interpreted as susceptible, intermediate, or resistant. Sizes of zones of susceptible and 

resistant in millimeters were as follows: bacitracin (≥13, ≤8), cephalothin (≥18, ≤14), 

erythromycin (≥21, ≤15), neomycin (≥17, ≤12), kanamycin (≥18, ≤13), streptomycin 

(≥15, ≤11), oxacillin (≥13, ≤10), lincomycin (≥19, ≤15), enrofloxacin  (≥21, ≤17), 

amoxicillin/clavulanic acid (≥20, ≤19), nitrofurantoin (≥17, ≤14), gentamicin (≥15, ≤12), 

novobiocin (≥17, ≤14) penicillin (≥28, ≤19), tetracycline (≥23, ≤18), and trimethoprim and 

sulfamethoxazole (≥16, ≤10). Isolates were classified as either susceptible, intermediate 

or resistant based on the above classification procedure [197-201]. For the purpose of 

this study, only susceptible and resistant isolates were included for subsequent 

analyses. Only records from the state of Kentucky were included in the study.  

 

3.4.2 Data analysis  

All statistical analyses were performed in SAS 9.4 [202]. For the purpose of this study, 

the resistance status variable was reclassified into a binary outcome, resistant or 

susceptible. Thus, all isolates indicated as “intermediate” were not included in the 

analysis. Antimicrobial resistance (AMR) was defined as resistance to at least one 
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antimicrobial. Additionally, multi-drug resistance (MDR) was defined as resistance to 

three or more antimicrobial classes [203]. The proportion of resistant isolates and 95% 

confidence intervals were computed by breed, sex, age, sample source, the species of 

Staphylococcus, antimicrobial agent, year (which was scaled by subtracting 1993 from 

each year), season and month. Season was classified as follows: summer (June-

August), fall (September-November), winter (December-February), and spring (March-

May).  All specimen types that had frequencies of less than 1% were combined into a 

category called “Other”. These were too many to list. Similarly, breeds with frequencies 

less than 1% were classified as “other breeds” and included Appaloosa, Belgian, Burro, 

Clydesdale, Donkey, Draft, French Warmblood, Hanover, Miniature Horse, Missouri Fox 

Trotter, Morgan, Other, Paint, Palomino, Percheron, and Pony.  

 

Temporal graphs were generated in excel to visualize the temporal patterns of 

resistance. In addition, the Cochran-Armitage Trend test was used to identify significant 

temporal trends. Simple and multivariable logistic regression models were used to 

investigate if AMR had significant associations with breed, sex, age, sample source, 

species of Staphylococcus organism, year, season, and month. The model building 

process was done in two steps. In the first step, simple logistic regression models were 

fitted with “AMR, (1=Resistant, 0=Susceptible)” as the outcome and each of the 

variables in Table 1 as the explanatory variables. Variables with p-values less than 0.15 

were considered for inclusion in the multivariable logistic regression model that was 

used in the second step. During this 2nd step, the multivariable logistic regression model 

was fitted using a manual backwards selection procedure. Confounding was assessed 
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by comparing the change in parameter estimate of the variables in the model with and 

without the suspected confounding variable. A 20% change in the estimate of any of the 

variables already in the model was considered to be indicative of a confounder that was 

then retained in the final model. Odds ratios and their corresponding 95% confidence 

intervals were computed for all variables included in the final model. Goodness-of-fit of 

the final model was assessed using the Hosmer-Lemeshow goodness-of-fit test. No 

evidence of lack of fit was found. Steps 1 and 2 for the process above were repeated to 

investigate predictors of multidrug resistance (MDR). In this model, the outcome 

variable used was “MDR, (1=Multidrug Resistant/0=Not Multidrug Resistant)”. Again, 

Goodness-of-fit of the final model was assessed using the Hosmer-Lemeshow 

goodness-of-fit test. No evidence of lack of fit was found. 

 

3.5 RESULTS 

3.5.1 Summary statistics 

A total of 1,711 samples, from 26 horse breeds, were included in the study. The most 

common breeds were Thoroughbreds (74.3%) followed by Tennessee Walking Horses 

(5.6%) (Table 3.1). Overall, more samples were submitted from female horses (83.7%) 

than male horses (16.3%) (Table 3.1). Similarly, horses >4 years old contributed the 

highest proportion of samples (46.0%), followed by aborted fetuses (22.6%) and those < 

1 year old (19.7%) (Table 3.1). Additionally, samples testing positive for coagulase 

negative Staphylococcus were most frequent (47.8%), followed by coagulase positive 

Staphylococcus aureus (40.3%). S. hyicus was the least frequent (4.4%). 
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Overall, 66.3% of the isolates were resistant to at least one antimicrobial. Of the 

samples with known breed information, the highest proportion of resistant isolates was 

from Thoroughbreds (70.5%) followed by the Standardbreds (68.6%) and Arabians 

(68.4%), while the lowest proportion of resistance was seen in mixed breeds (40.0%) 

(Table 3.1). Standardbreds had the highest proportion of MDR isolates (37.1%), 

followed by Thoroughbreds (31.1%), and Quarter Horse (18.3%). The lowest proportion 

of MDR was in the Tennessee Walking Horse (3.4%) (Table 3.1).  Although females 

seemed to have a slightly higher level of AMR (68.1%) than males (64.0%), these 

differences were not statistically significant. However, the same does not apply to the 

levels of MDR between the sexes. In fact, males had a markedly higher proportion of 

MDR (32.9%) than females (25.4%) (Table 3.1). 

 

Foals (< 1 years old) showed the highest levels of AMR (75.9%), followed by horses 2–

4 years old (67.3%), and yearlings (1–2 years old) (65.6%). Adult horses (> 4 years old) 

had the lowest levels of antimicrobial resistance (60.0%) (Table 3.1). Foals again 

showed the highest levels of MDR (37.6%) when compared with other age groups 

(Table 3.1). MDR for horses 2–4 years old (28.9%) and those 1–2 years old (18.8%) 

were again the next highest. The highest proportion of AMR was observed among 

Staphylococcus aureus isolates (77.1%) followed by coagulase negative 

Staphylococcus strains (60.1%) (Table 3.1).  Similarly, Staphylococcus aureus (38.3%) 

again had the highest levels of MDR, followed by coagulase negative Staphylococcus 

strains (20.0%) (Table 3.1). 
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Table 3.1: Distribution and antimicrobial resistance of equine Staphylococcus samples submitted to the 
University of Kentucky veterinary diagnostic laboratory, 1993-2009 

Variable 
No. of 

Samples 
Tested  

*Percentage 
of Samples 
Tested  (%) 

195% CI 
2AMR 

Samples 

2AMR† 
(%) 

195% CI 
3MDR 

Samples 

3MDR‡ 
(%) 

195% CI 

Breed n=1577   n=1046      

     Arabian 19  1.2 0.7, 1.7 13  68.4 43.5, 87.4 4  21.1 6.1, 45.6 
     American Saddlebred  63   4.0 3.0, 5.0 34   54.0 40.9, 66.6 10  15.9 7.9, 27.3 
     Mixed Breed 30   1.9  1.2, 2.6 12   40.0 22.7, 59.4 3  10.0 2.1, 26.5 
     Quarter Horse 60   3.8  2.9, 4.8 28  46.7 33.8, 60.0 11  18.3 9.5, 30.4 
     Rocky Mountain 
Saddlebred 

16  1.0 0.5, 1.5 7  43.8 19.8, 70.1 1  6.3 0.2, 30.2 

     Standardbred 35   2.2 1.6, 3.1 24  68.6 50.7, 83.2 13  37.1 21.5, 55.1 
     Thoroughbred 1172   74.3 72.2, 76.5 826  70.5 67.8, 73.1 365  31.1 28.5, 33.9 
     Tennessee Walking 
Horse 

88   5.6 4.5, 6.7 46   52.3 41.4, 63.0 3  3.4 8.5, 75.5 

     Other Breeds 94   6.0 4.8, 7.3 56   59.6 49.0, 69.6 9  9.6 4.5, 17.4 

Sex n=1377   n=928      

     Female 1152   83.7 81.6, 85.6 784   68.1 65.3, 70.7 293   25.4 22.9, 28.1 
     Male 225   16.3 14.4, 18.4 144   64.0 57.4, 70.3 74  32.9 26.6, 39.5 

Age Groups n=717   n=459      

      >4 years 330   46.0 42.4, 49.7 198  60.0 54.5, 65.3 68   34.3 16.4, 25.4 
     2-4 years 52   7.3 5.5, 9.4 35   67.3 52.9, 79.7 15  28.9 17.1, 43.1 
     1-2 years 32   4.5 3.0, 6.0 21  65.6 46.8, 81.4 6   18.8 7.2, 36.4 
     < 1 year 141   19.7 16.8, 22.6 107   75.9 68.0, 82.7 53   37.6 29.6, 46.1 
     Aborted Fetus (0 years) 162   22.6 19.5, 25.7 98   60.5 52.5, 68.1 35   21.6 15.5, 28.8 

Species of Organism n=1711   n=1131      

     CoNS4 817   47.8 45.4, 50.1 491   60.1 56.7, 63.5 163  20.0 17.3, 22.9 
     Staphylococcus aureus 689   40.3 37.9, 42.6 531   77.1 73.7, 80.2 264   38.3 34.7, 42.1 
     Staphylococcus hyicus 75   4.4 3.4, 5.4 31  41.3 30.1, 53.3 1   1.3 0.03, 7.2 
     Staphylococcus 
intermedius 

130  7.6 6.3, 8.9 78   60.0 51.1, 68.5 16   12.3 7.2, 19.2 
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3.5.2  Distribution of resistance across antimicrobials  

Overall, 16 antimicrobials from 10 antimicrobial classes were examined in this study 

(Table 3.2). Highest proportions of AMR isolates were seen among β-lactams (49.2%), 

with more isolates exhibiting resistance to Penicillin (52.9%) than oxacillin (15.6%) 

(Table 2 and Fig 1). The drug class with the second highest proportion of AMR isolates 

was aminoglycosides (30.2%) (Fig 3.1), with 28.9% and 22.8% of the isolates exhibiting 

resistance to Kanamycin and Gentamicin, respectively (Table 2). As for MDR, β-

Lactams again had the highest levels (23.5%) of isolates that were MDR followed by 

Aminoglycosides (22.1%) (Table 3.2 and Fig 3.1). Although the majority of resistant 

isolates (51.3%) were only resistant to 1 or 2 antimicrobial classes, 13.4% of the 

resistant isolates were resistant to 5 antimicrobial classes. 
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Table 3.2: Distribution of antimicrobial resistance categorized by antimicrobial class among equine  

Staphylococcus samples submitted to the University of Kentucky veterinary diagnostic laboratory, 1993-2009 

1AMR: Antimicrobial Resistance 
295% Confidence Interval 
3MDR: Multidrug Resistance 
4Amoxicillin/Clavulanic Acid

Antimicrobial 
Class 

Drug 1AMR Samples 1AMR % 295% CI 3MDR Samples 3MDR % 295%CI 

     Aminoglycosides  516/1710  30.2 28.0, 32.4 377/1710   22.1 20.1, 24.1 
 Neomycin 53/1582   3.4 2.5, 4.4 46/1582  2.9 2.1, 3.9 
 Kanamycin 486/1682  28.9 26.7, 31.1 369/1682   21.9 20.0, 24.0 
 Streptomycin  59/287   20.6 16.0, 25.7 28/287   9.8 6.6, 13.8 
 Gentamicin  369/1622   22.8 20.7, 24.9 270/1622   16.7 14.9, 18.6 
     β-lactams  841/1710   49.2 46.8, 51.6 402/1710   23.5 21.5, 25.6 
 Penicillin  814/1539   52.9 50.4, 55.4 396/1539   25.7 23.6, 28.0 
 Oxacillin  254/1634   15.6 13.8, 17.4 235/1634   14.4 12.7, 16.2 
 Amox/clav. acid  115/1644   7.0 5.8, 8.3 107/1644  6.5 5.4, 7.8 
     Macrolides  292/1668    17.5 15.7, 19.4 249/1668   14.9 13.3, 16.7 
 Erythromycin  292/1668   17.5 15.7, 19.4 249/1668   14.9 13.3, 16.7 
     Sulfonamides  463/1645   28.2 26.0, 30.4 372/1645   22.6 20.6, 24.7 
 Sulfonamide 488/1702  28.7 26.5, 30.9 372/1702   21.9 19.9, 24.0 

 
Trimethoprim-
sulfadiazine  

330/1355 24.4 22.1, 26.7  297/1355 21.9 19.7, 24.2 

     Lincosamides  28/970   2.9 1.9, 4.2 25/970   2.6 1.7, 3.8 
 Lincomycin  28/970   2.9 1.9, 4.2 25/970   2.6 1.7, 3.8 
     Aminocoumarins  141/1578 8.9 7.6, 10.6 31/1578  2.0 1.3, 2.8 
 Novobiocin 141/1578   8.9 7.6, 10.6 31/1578   2.0 1.3, 2.8 
     Cephalosporins  63/1711   3.7 2.8, 4.7 63/1711   3.7 2.8, 17.1 
 Cephalothin  48/1692   2.8 2.1, 3.7 48/1692   2.8 2.1, 3.7 
     
Fluoroquinolones 

 1/25   4.0 0.1, 20.4 1/25  4.0 0.1, 20.4 

 Enrofloxacin  1/24   4.2 0.1, 21.1 1/24   4.2 0.1, 21.1 
     Tetracyclines  451/1682   26.8 24.7, 29.0 326/1682   19.4 17.5, 21.4 
 Tetracycline 451/1682   26.8 24.7, 29.0 326/1682   19.4 17.5, 21.4 
     Polypeptides  45/1649 2.7 2.0, 3.6 36/1649 2.2 1.5, 3.0 
 Bacitracin 45/1649 2.7 2.0, 3.6 36/1649 2.2 1.5, 3.0 
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Figure 3-1: Antimicrobial resistance and multidrug resistance by drug class from equine Staphylococcus 
samples submitted to the University of Kentucky veterinary diagnostic laboratory, 1993-200
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Of the isolates that were found to be MDR, 8.0% were resistant to 9 antimicrobials 

(Amoxycillin/clavulanic acid, Erythromicin, Gentamicin, Kanamycin, Oxacillin 

(Methicillin), Penicillin, Sulfonamides, Tetracycline, and Trimethoprim-sulfadiazine) 

belonging to 5 antimicrobial classes (Aminoglycosides, β-Lactams, Macrolides, 

Sulfonamides and Tetracyclines) (Table 3.3).  Another 7.0% were resistant to the same 

profile of antimicrobials except Erythromycin. In fact, 46.0% of the isolates that were 

MDR, and had a sample size greater than 10, had resistance profiles that contained 

penicillin, kanamycin, sulfonamides, and trimethoprim-sulfadiazine (Table 3.3). 

Additionally, 34.0% of the MDR samples with sample sizes greater than 10 showed 

resistance to oxacillin (Table 3.3).   

 

3.5.3 Temporal trends 

There was a significant (p =0.023) decreasing temporal trend in AMR over the study 

period (Fig 3.2). The proportions of AMR isolates were highest in 2000 (76.0%) and 

reached their lowest levels by 2007 (52.4%) (Fig 3.2). On the contrary, there was an 

increasing temporal trend in MDR (p= 0.007) over the study period (Fig 3.2). The 

proportion of MDR isolates began at its lowest point in 1993 (14.4%) before reaching 

the highest level in 2000 (42.5%) (Fig 3.2).  
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Table 3.3: Antimicrobial resistance profiles of equine resistant Staphylococcus 

samples submitted to the University of Kentucky veterinary diagnostic laboratory, 

1993-2009 

Profile *No. of 
Samples 

Percent 195% CI 

Amo-Cep-Ery-Gen-Kan-Oxa-Pen-Sul-Tet-Tri 14 4.3 2.3, 6.9 

Amo-Ery-Gen-Kan-Oxa-Pen-Sul-Tet-Tri 28 8.3 5.6, 11.8 

Amo-Ery-Kan-Oxa-Pen-Sul-Tet-Tri 10 3.0 1.4, 5.4 

Amo-Gen-Kan-Oxa-Pen-Sul-Tet-Tri 10 3.0 1.4, 5.4 

Ery-Gen-Kan-Oxa-Pen-Sul-Tet-Tri 25 7.4 4.9, 10.8 

Ery-Gen-Kan-Pen-Sul-Tet-Tri 14 4.2 2.3, 6.9 

Ery-Kan-Oxa-Pen-Sul-Tet-Tri 12 3.6 1.9, 6.1 

Gen-Kan-Oxa-Pen-Sul-Tet-Tri 17 5.0 3.0, 8.0 

Gen-Kan-Pen-Sul-Tet-Tri 16 4.8 2.7, 7.6 

Gen-Kan-Pen-Sul-Tri 10 3.0 1.4, 5.4 

Amo: Amoxiillin/clavulanic acid 
Cep: Cephalothin 
Ery: Erythromycin 
Gen: Gentamicin 
Kan: Kanamycin 
Oxa: Oxacillin 
Pen: Penicillin 
Sul: Sulfonamide 
Tet: Tetracycline 
Tri: Trimethoprim-sulfadiazine 
The denominator used for each percentage was (337) after missing values were 
removed 
195% Confidence Interval  
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Figure 3-2: Annual temporal distribution of antimicrobial resistance & multidrug 
resistance from equine Staphylococcus samples submitted to the University of 
Kentucky veterinary diagnostic laboratory, 1993-2009 
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3.5.4 Predictors of antimicrobial resistance (AMR) and multidrug resistance 

(MDR) 

Species of organism, breed, age, sex, season, and year all had significant simple 

associations with the odds of AMR at an α = 0.15. (Table 3.4). Similarly, species of 

organism, breed, age, sex, and year had significant simple associations with the odds of 

MDR (Table 3.4). All variables found to be significant (p ≤ 0.15) in the AMR or MDR 

simple models were considered for inclusion in their respective multivariable models. 

 

Breed (p=<0.001), species of organism (p=<0.001) and year (p=0.023) were 

significantly associated with the odds of antimicrobial resistant Staphylococcus 

infections in horses (Table 3.5). There was a significant (p=<0.001) association between 

breed and AMR with Thoroughbreds having higher odds (Odds Ratio [OR] = 1.61; 95% 

Confidence Interval [CI] = 1.07, 2.42) of AMR than other breeds (Table 3.5). 

Interestingly, species of organism was a significant predictor for AMR but not MDR. The 

odds of AMR among Staphylococcus aureus isolates was significantly (p<0.0001) 

higher (OR=2.30; 95% CI=1.81, 2.93) than that of coagulase negative Staphylococcus 

isolates (Table 3.5), while the odds of AMR among Staphylococcus hyicus isolates was 

significantly (p<0.0001) lower (OR=0.46; 95% CI=0.27, 0.77) than that of coagulase 

negative Staphylococcus isolates. Year had a negative association with AMR (OR=0.97, 

95% CI=0.95, 1.00).  
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Table 3.4: Results of simple logistic models assessing predictors of antimicrobial 
resistance and multidrug resistance in equine Staphylococcus samples 
submitted to the Kentucky state diagnostic laboratory, 1993-2009 

 Variable AMR1 P-Value MDR2 P-Value 

      Breed   <0.001 <0.001 
      Age 0.019   0.002 
      Organism <0.001 <0.001 
      Sex 0.107   0.021 
      Season 0.083  0.781 
      Month 0.379 0.519 
      Year 0.046  0.001 
      City  0.390 0.146 
1Antimicrobial Resistance 
2Multidrug Resistance 

 

Table 3.5: Significant predictors of antimicrobial resistant Staphylococcus in 
equines from samples submitted to the Kentucky state diagnostic laboratory, 
1993-2009 

     

 Variable Odds 
Ratio 

95% CI1 P-Value 

 Breed     <0.001 

       Arabian 1.5 0.5, 4.3 0.331 
       American Saddlebred 0.9 0.5, 1.7 0.763 
       Mixed Equine 0.5 0.2, 1.2 0.057 
       Quarter Horse 0.6 0.3, 1.2 0.091 
       Standard Bred 1.5 0.6, 3.3 0.245 
       Thoroughbred 1.6 1.1, 2.4 <.001 
       Tennessee Walking   Horse 0.8 0.5, 1.5 0.397 
       Other Breeds . . . 
 Species of Organism   <0.001 

       Staphylococcus aureus  2.3 1.8, 2.9 <.001 
       Staphylococcus hyicus 0.5 0.3, 0.8 <.001 
       Staphylococcus intermedius 1.1 0.7, 1.8 0.692 
       Coagulase negative Staphylococcus . . . 
 Year 0.97 0.95, 1.00 0.023 
195% Confidence Interval 
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Breed (p=<0.001) and age (p =0.020) were significantly associated with the odds of 

MDR of Staphylococcus (Table 3.6). The odds of isolates from Standardbreds being 

MDR were over 15 times (OR=15.0; 95% CI=3.7, 60.4) higher than those of isolates 

from other breeds, while the odds of MDR in isolates from Thoroughbreds were almost 

7 times (OR=7.0; 95% CI=2.4, 19.8) higher than that of isolates from other breeds 

(Table 3.6). The odds of MDR among isolates taken from foals (< 1 year) were 63% 

(OR=1.6; 95% CI=1.0, 2.6) higher than that of horses >4 years old (Table 3.6).  

 

Table 3.6: Significant predictors of multidrug resistant Staphylococcus in equines 
from samples submitted to the Kentucky state diagnostic laboratory, 1993-2009 

Variable Odds 
Ratio 

95% CI1 P-value 

Breed 
  

<0.001 

     Arabian 3.9 0.6, 25.1 0.159 
     American Saddlebred  2.5 0.5, 12.5 0.257 
     Mixed Equine  2.3 0.5, 11.5 0.308 
     Quarter Horse   2.2 0.5, 8.7 0.277 
     Standardbred  15.0 3.7, 60.4 0.001 
     Thoroughbred  7.0 2.4, 19.8 0.000 
     Tennessee Walking Horse  0.8 0.2, 3.6 0.730 
     Other  . . . 

Age 
  

0.020 

     Aborted Fetus 0 years 0.7 0.4, 1.2 0.171 
     < 1 year 1.6 1.0, 2.6 0.042 
     1 – 2  years 1.8 0.6, 4.9 0.266 
     2 – 4 years  1.5 0.7, 3.1 0.275 

     > 4 years  . . . 
195% Confidence Interval 
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3.6 DISCUSSION 

This study was designed to investigate the burden and patterns of both AMR and MDR 

among equine Staphylococcus samples submitted to the University of Kentucky 

Veterinary Diagnostic Laboratory and to investigate the predictors of AMR and MDR. 

The findings should provide information to guide future studies and ongoing surveillance 

of antimicrobial resistance. The proportion of antimicrobial resistant isolates seen in this 

study for both coagulase negative Staphylococcus infections (60.1%) and coagulase 

positive strains including S. aureus (77.1%), S. intermedius (60.0%), and S. hyicus 

(41.3%) suggest that the levels of AMR are high for both pathogenic and non-

pathogenic Staphylococcus species.   

 

3.6.1 Temporal trends 

The temporal patterns observed in this study are interesting as a significant decreasing 

temporal trend was found for AMR, while an increasing temporal trend was observed for 

MDR.  The reasons for this are unclear. However, a University of California (U.C.), 

Davis study that examined temporal trends in antimicrobial susceptibility patterns in 

equine case records from the William R. Pritchard Veterinary Medical Teaching Hospital 

(VMTH) from 1979 to 2010, found statistically significant increases over time in the 

percentage of Staphylococcus isolates susceptible to certain antimicrobials 

(chloramphenicol, ceftiofur, and penicillin) [204]. It is worth noting that, the U.C. Davis 

study investigated multiple organisms (Pseudomonas species, Enterococcus species, 

E. coli, Salmonella species., Streptococcus species, Staphylococcus species and 

Actinobacillus species) while our study was limited to Staphylococcus species. Findings 

from this study suggest that despite the significant decreasing AMR temporal trends, 
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significant increasing MDR temporal trends in this population could have a negative 

impact on morbidity and mortality rates attributable to MDR infections [205, 206]. 

 

3.6.2 Antimicrobials  

There is a paucity of published literature on antimicrobial resistance in equine 

Staphylococcus infections. Most of the work that has been published has focused only 

on S. aureus and especially MRSA. Thus the lack of literature addressing resistant 

Staphylococcus species in horses makes comparisons between the findings of this 

study and others difficult. Suffice it to say that although the overall proportions of AMR 

isolates in this study were high, MRSA levels were  much lower (15.6%) than the 

percentage of MRSA (48%) found in a similar study done in Turkey [207]. A Belgian 

study, by Van den Eede et. al., that assessed occurrence of MRSA in equine nasal 

samples found similar MRSA levels (10.9%) to those found in our study [208]. However, 

studies done in Australia, Canada, and Ireland that investigated Staphylococcus aureus 

colonization in healthy horses as well as isolation rates in horses with clinical 

presentation of MRSA found the percentage of AMR isolates to be much lower and 

ranging from 4% to 8% [149, 209, 210]. These differences could be attributed to the fact 

that we examined a higher number of antimicrobials and species of Staphylococcus in 

this study in comparison with the above studies that only investigated methicillin 

resistance in S. aureus.  

 

The highest levels of resistance in this study was towards β-Lactams and 

Aminoglycosides. This may be due to the tendency of staphylococci to adapt to the 



55 
 

selection pressure of antimicrobial use and become resistant to antimicrobials in 

general and the multiple mechanisms of resistance to aminoglycosides and β-Lactams 

in particular [211, 212].  These findings are comparable to those of a Swiss study which 

reported high levels of AMR not only to β-lactams and aminoglycosides, but to 

tetracyclines, lincosamides and macrolides as well when compared to other drug 

classes [213].We also found the highest levels of AMR to be against penicillin (52.9%). 

Much higher levels of resistance were reported from equine hospital data in Zurich, 

where researchers identified AMR to penicillin in both coagulase negative staphylococci 

and Staphylococcus aureus to be around 82% and AMR to tetracycline to be 64% [196]. 

High levels of resistance to both penicillin (62.7%) and tetracycline (23.7%) were found 

in a retrospective study in France that investigated Staphylococci implicated in death or 

euthanasia in horses [214].The higher levels of AMR Staphylococcus infections 

reported in hospitals could explain the higher AMR levels from the Zurich study.  

 

A German study looking at resistance profiles of MRSA in horses from veterinary 

hospitals and large animal clinics found that gentamicin resistance was high (85%) and 

mainly associated with isolates coming from equine clinics, while the majority of the 

isolates from all horses in the study were resistant to tetracycline (97.5 %) and 

fluoroquinolones (79%) with only 15.6% being resistant to erythromycin [158]. Our study 

found much lower levels of AMR to gentamicin (22.8%), tetracycline (26.8%) and 

fluoroquinolones (4.0%), than the German study. Despite our MDR profiles containing 

gentamicin (16.7%) and tetracycline (19.4%) resistance, these levels were still not 

consistent with the findings of the German study. The differences in the levels of AMR 
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and MDR seen in our study can be explained by the fact that the isolates from our study 

included multiple Staphylococcus species.  

 

Of the resistant isolates in this study, 25% were MDR. This is double the percentage of 

MDR (13%) found in a Lithuanian study by Klimienė et al. (2015) [215] and a Zurich 

study [196] that both reported 13% MDR. However, it is more than double that reported 

by Toombs-Ruane et al. (10.1%) in New Zealand [216]. The Swiss study mentioned 

previously, also found that isolates were most likely to be MDR involving β-lactams, 

aminoglycosides, and tetracyclines [213]. That finding is similar to that of our study 

where the highest proportion of MDR infections involved aminoglycosides, β-lactams, 

sulfonamides, cephalosporins and tetracyclines. Interestingly, a recent companion 

animal study done in India found that not only were the incidences of Staphylococcus 

aureus wound infections higher in equines (57.14%), but that there was 100% MDR 

against kanamycin, colistin, clindamycin, penicillin-G, cotrimoxazole and cefotaxime 

[217]. However, it is worth noting that the current study only focused on Staphylococcus 

infections in horses and not multiple companion animals as was the case in the Indian 

study.  

 

3.6.3 Antimicrobial resistance profile  

Almost half of the MDR isolates in this study had antimicrobial resistance profiles that 

included penicillin, kanamycin, sulfonamides, and trimethoprim-sulfadiazine. These 

findings are consistent with those of a similar study that found that, in isolates identified 
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to be MDR, Staphylococcus isolates that were oxacillin resistant, were also resistant to 

kanamycin, gentamicin and penicillin [218]. In our study less than 1% of the isolates 

were resistant to 12 antimicrobials and antimicrobial resistance profiles showed MDR to 

occur most frequently among isolates resistant to aminoglycosides, β-lactams, 

tetracyclines, sulfonamides, and cephalosporins. These findings were different from 

those of a study done in Switzerland by Schnelleman et. al., (2006) [213], where 24% of 

the Staphylococcus isolates were resistant to all 12 of the antimicrobials tested, while 

the remainder of the isolates were resistant to a number of drug classes including β-

lactams, combination β-lactam-β-lactamase-inhibitors, aminoglycosides, tetracyclines, 

chloramphenicol, macrolides, lincosamides and/or streptogramins [213]. It is important 

to note that isolates from the Swiss study were obtained only from horses undergoing 

colic surgery. A Lithuanian study by Klimienė et. al. (2015) [215], found that the 

Staphylococcus isolates that were MDR showed high levels of resistance to penicillin G, 

erythromycin or tetracycline. Similar to the findings of our study, they reported that 66.7 

% of the isolates showed resistances to penicillin, erythromycin, tetracycline, 

ciprofloxacin, and gentamicin.  

 

3.6.4 Distribution of resistance by host factors, species of organism and time 

Thoroughbreds had the highest proportion of antimicrobial resistance (70.5%) in this 

study. This number is strikingly higher than the 5% AMR levels found in a similar study 

in Japan that examined MRSA colonization and infection in thoroughbreds [194]. 

However, because the Japanese study only looked at MRSA in thoroughbreds, while 

our study was able to examine both AMR and MDR in thoroughbreds, it is difficult to 
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make direct comparisons between the AMR levels of the two. Nonetheless, a Canadian 

study looked at a mixture of draft, race, pleasure, breeding, school, and show horses 

and found no evidence of MRSA in thoroughbreds [219]. In this study, we found that the 

odds of AMR in thoroughbreds was higher than that of other breeds. The higher odds of 

AMR in thoroughbreds could be due to the extensive movement of this particular horse 

breed, increasing the risk for exposure to resistant Staphylococcus strains and 

contributing to higher resistance levels. Another Canadian study hypothesized that 

frequent contact with other horses, recurring and frequent travel to different sites, and 

the frequent use of antimicrobials in this set of horses could be associated with 

increased prevalence of MRSA in show and race horses [220]. Race horses, especially 

thoroughbreds, are moved frequently between Canada and the United States due to the 

large racing industry in both countries, which makes the risk of MRSA colonization and 

infection more widespread than seen in other breeds [221]. Horses, and thoroughbreds, 

in particular, are often moved between the United States, Australia, Canada, Japan, the 

UK, and Ireland, increasing the risk of importing infected carrier horses [194]. This could 

explain the high levels of resistance seen in thoroughbreds in this study. 

 

A significant simple association was found between age and the odds of both AMR and 

MDR in this study. However, a significant association was only found between MDR and 

age in the multivariable model with age group less than 1 year showing significantly 

higher odds of MDR. Many past studies have focused on foals as an important 

population for studies of antimicrobial susceptibility [222-226]. This is likely due to the 

higher susceptibility of younger animals to infection resulting in higher likelihood of 
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antimicrobial treatment and hence selection for resistance. In this study Staphylococcus 

aureus was found to have significantly higher odds of AMR when compared with other 

Staphylococcus species , which is likely due to adaptability seen in S. aureus, [227], as 

well as the high prevalence of methicillin resistance in Staphylococcus aureus isolates, 

which indicates intrinsic resistance to all other β-Lactams, aminoglycosides and 

macrolides [228, 229]. 

 

Year was a significant predictor of AMR but not MDR in this study, where the odds of 

AMR isolates decreased over time. Decreases in AMR are likely due to changes in 

surveillance and reporting practices for resistant Staphylococcus infections, as well as 

adherence to sound antimicrobial prescription practices and policies. A study by Weese 

& Rousseau (2005) [230] found that after implementation of both active surveillance 

cultures and infection control procedures to address endemic MRSA, there was a rapid 

decrease in the proportion of horses colonized with MRSA. The study done by Weese & 

Rousseau focused on MRSA infections so direct comparisons cannot be made. 

However, it does indicate that appropriate control measures can affect the proportion of 

resistance infections observed and reported. 

 

3.7 STUDY LIMITATIONS 

This retrospective laboratory-based study is not without limitations. Since data were not 

obtained using a statistical sampling technique, the study population should not be 

considered to be representative of the equine population in Kentucky. Only data 

available in the laboratory records could be investigated limiting the scope of 
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investigation. For instance, information on past antimicrobial use was not available and 

therefore we could not assess its associations with levels of AMR or MDR. Furthermore, 

past medical history of the animals whose samples were used in this study was not 

reported.  

 

3.8 CONCLUSION 

The above limitations notwithstanding, the findings of this study provide useful 

information on the epidemiology of AMR and MDR in Staphylococcus infections in 

horses whose samples were submitted to the UKVDL. This information will be useful for 

guiding future primary base studies as well as efforts to address the problem. It is clear 

that equine Staphylococcus infections are exhibiting both AMR and MDR in horses. 

Factors such as breed and year are significant predictors of the odds of both AMR and 

MDR in this study, while species of staphylococci is also an important predictor of AMR 

and age of the horse was significantly associated with MDR. High levels of AMR and 

MDR could be indicative of problems in clinical prescription practices and procedures 

leading to selection for antimicrobial resistance. This highlights the need for a more 

comprehensive approach to investigating the epidemiology of AMR and MDR in horses. 

Future studies will need to focus on improving our understanding of antimicrobial use in 

horses as this will allow for more informed antimicrobial stewardship programs. 

Moreover, AMR surveillance in horses needs to include better record keeping and lab 

submission information (such as pre-treatment history). More information on risk factors 

may be gained through primary base observational studies that can more robustly 

identify risk factors that might otherwise not be investigated by retrospective lab-based 

studies. 
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4 Antibiotic prescription practices and opinions regarding 

antimicrobial resistance among veterinarians in Kentucky, 

USA 
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4.2 ABSTRACT 

Background: Appropriate usage of antimicrobials is a global concern and opinions 

regarding appropriate use vary greatly amongst veterinarians. Opinions of clinical 

veterinarians regarding antimicrobial use and its role in development of antimicrobial 

resistance (AMR) may influence their prescription practices and hence use of 

antimicrobials. It is important to understand the opinions of veterinarians regarding 

antimicrobial usage and its potential impact on development of AMR in order to guide 

efforts to curb the problem. Therefore, the objectives of this study were to investigate 

the opinions, knowledge and perceptions of veterinarians in Kentucky regarding AMR 

and antimicrobial prescription practices as well as to identify predictors of their 

knowledge and opinions. This cross-sectional study used a 30-question survey 

questionnaire administered to members of the Kentucky Veterinary Medical Association 

(KVMA). Survey responses from 101 participants were included in the study. The 

proportion of responses to survey questions and 95% confidence intervals were 

computed. Predictors of improper use of antimicrobials and antimicrobial prescription 

practices of the respondents as well as their colleagues were investigated using 

multinomial logistic regression models. 

Results: Almost all (93.1%; 81/87) of the veterinarians responded that improper use of 

antimicrobials contributed to selection for AMR. Slightly more than half (51.7%; 47/91) 

of them believed that antimicrobials were appropriately prescribed, while (48.4%; 44/91) 

believed they were improperly prescribed. Although more than half (59.8%) of 

respondents worked at practices with antimicrobial prescription policies, only 

approximately 23.9% believed that antimicrobial prescription policies actually 

contributed to changes in the incidence of AMR at their facility or practice. None of the 
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variables investigated had significant associations with the opinion that “Improper use of 

antimicrobials contributes to selection for AMR”, personal antimicrobial prescription 

practices of the respondent, or their opinions concerning their colleagues’ prescription 

practices. 

Conclusion: Although most veterinarians were of the opinion that improper use of 

antimicrobials contributed to selection for AMR, inconsistencies exist regarding the 

perceptions of culpability for AMR. There is critical need for increased awareness of 

AMR and the importance of sensible antimicrobial prescription practices to ensure 

judicious use of antimicrobials in veterinary practice so as to curb the development of 

AMR. 

 

4.3 BACKGROUND 

Antimicrobials are commonly used in both human and veterinary medicine to treat 

bacterial infections. Unfortunately, their injudicious use in both human and veterinary 

medicine as well as in agriculture has partly led to selection for antimicrobial resistance 

(AMR). Antimicrobial resistance has recently garnered more attention as it has become 

recognized as an increasingly important global health problem with the use of 

antimicrobial agents being increasingly implicated as a key risk factor in the 

development of AMR [231]. In veterinary medicine in particular, antimicrobial agents are 

used extensively for prophylaxis, metaphylaxis, therapy and growth promotion in various 

animal production systems [232]. The rising threat to human health from misuse of 

antimicrobials in food animals is critical as resistant pathogenic bacteria propagated in 

livestock can potentially enter the food chain and thus be widely disseminated in food 

products and pose health risks to humans [233].  
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The consumption of antibiotics is known to be higher in animals than in humans [234]. 

In fact, in 2017 the World Health Organization (WHO) reported that in some countries, 

approximately 80% of total consumption of medically important antibiotics is in the 

animal sector, used for growth promotion in healthy animals [235]. As a result, in 2017 

WHO strongly recommended that use of all classes of medically important antibiotics in 

food-producing animals be reduced [236]. The organization also recommended 

restricting the use of antibiotics for growth promotion and disease prevention without 

appropriate diagnosis [236]. As of 2017 the U.S. federal government acted to address 

these concerns through the Veterinary Feed Directive (VFD) by mandating the manner 

in which medically important antibiotics are administered to animals in both feed and 

drinking water, while in turn the U.S. Food and Drug Administration (FDA) also now 

requires veterinary oversight whenever these medically important antibiotics are 

administered to any food animal species through feed or water. The report by Boeckel 

et. al., that included 228 countries, estimated that the consumption of antimicrobials in 

livestock was 63,151 tons in 2010 [237]. This staggering use of antimicrobials can be 

attributed to a multitude of factors including routine use of antimicrobials in farming and 

growth in consumer demand for livestock products in middle-income countries [237]. 

Although the problem of AMR in veterinary medicine is well known, little is known 

concerning the prescription practices of veterinarians or their opinions regarding 

antimicrobial resistance.  

Despite international, national, and local efforts to encourage antimicrobial stewardship 

and to limit unnecessary exposure to antimicrobials, the absence of universal policies to 

preserve their effectiveness limits the ability of antimicrobials to combat serious and life-
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threatening infections [233]. In Australia, development of best-practice antimicrobial 

prescribing guidelines is a key component of the animal health industry’s response to 

the issue of AMR [238]. These guidelines are intended to be used as decision making 

tools to assist with the rapid selection of the most appropriate antibiotic for the treatment 

of common infections, and/or when antimicrobial susceptibility data may not be 

available [238]. High volume of antimicrobial use is not always the only actionable issue 

in the crisis of AMR. For instance, in the Netherlands, despite the low amounts of 

antimicrobials used in Dutch companion animal clinics, the majority of antimicrobials 

prescribed are categorized as critically important for human medicine by the World 

Health Organization (WHO) [239]. In such instances, restraint in the use of these drugs 

still need attention. Furthermore, the efficacy of policies that exist in veterinary practice 

to control antimicrobial resistance, particularly in the United States, is not yet fully 

understood. Therefore, more evidence is needed to inform effective policy interventions 

among individual states [240]. 

 

With at least 30% of antimicrobials prescribed in the United States being deemed 

unnecessary by a Centers for Disease Control and Prevention (CDC) report [241], 

individual adherence to some sort of antimicrobial prescription policy is critical. In fact, 

studies have reported that not only does Kentucky have the second highest prescription 

rate of antibiotics in the US [242], but that it also has the highest per capita antibiotic 

prescription rate of any state [243]. This high level of antimicrobial prescriptions is 

troubling. To address these issues, it is important to understand the opinions of medical 

and veterinary practitioners related to use of antimicrobials and their role in the 
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development of antimicrobial resistance. This information is useful for guiding policy and 

prescription guidelines to minimize or eliminate overuse and injudicious use of 

antimicrobials. This would help slow down the development of antimicrobial resistance. 

Therefore, the objectives of the study were to: (a) evaluate the opinions of veterinarians 

on antibiotic prescription practices and antimicrobial resistance; and (b) to identify the 

factors affecting their opinions.  

 

4.4 METHODS 

4.4.1 Survey setting 

This cross-sectional study used a 30-item survey questionnaire designed to investigate 

opinions, knowledge and antimicrobial prescription practices of veterinarians in 

Kentucky. The survey was then uploaded to Qualtrics [244]. Veterinarians at the 

Kentucky Veterinary Medical Association (KVMA) were contacted by email and were 

requested to participate in the study. Participants were provided with a link in order to 

anonymously answer survey questions. 

 

4.4.2 Design 

This is a cross-sectional study that used a questionnaire survey administered to 

veterinarians in Kentucky who were members of KVMA. The questionnaire covered 

issues relates to opinions of veterinarians regarding antimicrobial prescription practices 

and how it relates to the development of antimicrobial resistance. The survey instrument 

was adopted from 2 previous survey questionnaires [245, 246]. The original 

questionnaires were improved by adding questions addressing factors associated with 

prescription practices, opinions regarding prescription practices, and opinions regarding 
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antimicrobial resistance. Pretest of the questionnaire was done on a small sample of 

clinical veterinarians at the University of Tennessee. After the pretest, the respondents 

were asked a series of questions regarding the questionnaire to help identify problems 

with questions or the administration of the survey. This allowed identification of bias due 

to question design and correction of confusing, ambiguous, or misleading questions. For 

multiple choice questions, this allowed for the inclusion of additional of response 

categories identified by the pretest subjects. 

 

4.4.3 Survey administration 

Administrators of the KVMA were requested to grant permission to the investigators to 

contact their members via their email list-serve. Upon approval of the request, the 

KVMA administrators sent an email (on behalf of the investigators), containing a link to 

the questionnaire survey to all list-serve members requesting them to participate in the 

study. This initial email, with a link to the online questionnaire survey, was sent to the 

list-serve in April 2017. The questionnaire was designed to take 20-30 minutes to 

complete and consisted of 30 questions divided into 6 sections: Demographic 

Information, Veterinary Education, Antimicrobial Prescription Practices, Factors 

Associated with Prescribing Habits, Opinions About Prescription Practices, and 

Opinions About Antimicrobial Resistance. These six sections contained both open-

ended and close-ended questions consisting of a combination of yes/no questions, 

multiple choice questions as well as 5-point Likert scale questions (ranging from 1-

strongly agree; 2-agree; 3-neither agree nor disagree; 4-disagree; 5-strongly disagree). 

To increase response rate, a total of 6 reminder emails were sent to the list-serve 

between May and October 2017 requesting list-serve members to complete the survey, 
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if they had not done so already, and thanking those who had already completed the 

survey. 

 

4.4.4 Data analysis 

All statistical analyses were performed in SAS 9.4 [202]. The distribution of 

demographic variables and their 95% confidence intervals were computed. The 

variables considered were: sex of participant, city, veterinary practice, veterinary facility, 

length of time at facility, number of veterinarians at the facility, hours worked per week, 

and year of graduation. Frequency distributions of the responses to the survey 

questions were calculated. Due to small number of responses in some of the response 

categories, the 5-point Likert Scale variables, “Improper use of antimicrobials 

contributes to selection for AMR” and “My colleagues over prescribe antimicrobials” 

were recoded to 1-strongly agree or agree, 2-neither agree nor disagree, 3-disagree or 

strongly disagree.  Since there were very few missing responses, all calculations 

excluded thee records. Multinomial logistic regression was used to investigate 

predictors of improper use of antimicrobials, antimicrobial prescription practices of the 

respondents, and antimicrobial prescription practices of their colleagues. Additionally, 

an ordinary logistic regression model was used to investigate predictors of whether the 

respondent felt they sometimes over-prescribed antibiotics (Yes/No). 

 

For each of the models, the model building process was done in two steps. In the first 

step, univariable logistic regression models (multinomial or ordinary logistic regression 

models) were used to investigate the relationships between the potential predictors 

(sex, city, veterinary practice, veterinary facility, length of time at facility, number of 
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veterinarians at the facility, hours worked per week, and year of graduation) and each of 

the outcomes. Potential predictors with p-values ≤ 0.20 were considered for inclusion in 

multivariable regression models (either multinomial or ordinary logistic as appropriate). 

In the 2nd step, a multivariable model (multinomial or ordinary logistic) were fit using 

manual backwards selection with each of the three variables above as outcomes. At this 

step, statistical significance was assessed at α = 0.05. Confounding was assessed by 

comparing the change in model coefficients with and without the suspected 

confounders. If the removal of a suspected confounding variable resulted in a 20% or 

greater change in another variable coefficient, the removed variable was considered a 

confounder and retained in the model regardless of its statistical significance. Relative 

risk ratios and odds ratios as well as 95% confidence intervals were computed. 

Goodness-of-fit of the models were assessed using Hosmer-Lemeshow goodness-of-fit 

tests.  

 

4.5 RESULTS 

4.5.1 Summary statistics 

A total of 101 veterinarians agreed to take part in the study and completed the online 

questionnaire. The questionnaire was completely filled out by 84% (85/101) of the 

respondents. The rest (16%) only responded to some of the questions. Non-responses 

to some of the questions may have been due to lack of knowledge/opinion to specific 

questions. It could also be due to the respondents stopping before completing the 

survey. The informed consent included information indicating that the respondents could 

stop taking the survey at any time, if they wished. 
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4.5.2 Participant information  

Of the veterinarians that responded to the questionnaire, 57.4% were female and 42.6% 

were male (Table 4.1). The majority of the respondents (26.5%) were located in 

Lexington and Louisville (18.4%) (Table 4.1). The most common type of veterinary 

practices the respondents were involved in were small animal practice (58.0%), and 

mixed animal practice (23.0%) (Table 4.1). More than half of the veterinarians worked at 

primary care facilities (55.0%), while only 29.0% worked at veterinary hospitals and 

16.0% were referrals (Table 4.1). The median number of years of experience of the 

respondents was 12 years (interquartile range: 3, 27) while the median years since 

graduation was 24 years (interquartile range: 9, 35). The majority of the respondents 

(82.8%) worked in facilities that had ≤10 veterinarians on payroll. The median number of 

years the respondents had worked at their practices was 3 years (interquartile range: 1, 

7).  
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Table 4.1: Distribution of respondent demographic information from a survey of 

veterinarians in Kentucky, 2017 

Variable Number Percentage  95% CI1 

Sex n=101   

      Female 58 57.43 47.2, 67.2 
      Male 43 42.57 32.8, 52.8 

City n= 98   

     Lexington 26 26.53 18.1, 36.4 
     Louisville 18 18.37 11.3, 27.5 
     Other 54 55.10 44.7, 65.2 

Veterinary Practice n=100   

     Large Animal 19 19.00 11.8, 28.1 
     Mixed 23 23.00 15.2, 32.5 
    Small Animal 58 58.00 47.7, 67.8 

Veterinary Facility n=100   

     Primary Care 55 55.00 44.7, 65.0 
     Referral 16 16.00 9.4, 24.7 
     Veterinary Hospital  29 29.00 20.4, 38.9 
195% Confidence Interval 
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4.5.3  Veterinary education  

Almost half (49.5%) of the veterinarians indicated that antibiotics were emphasized in 

multiple courses in their veterinary school education during non-clinical years (Table 

4.2). However, the number of respondents indicating that antibiotics were emphasized 

in multiple classes rose to 67% during the clinical years (Table 4.2). 

Pharmacologist/clinical pharmacologists were mostly responsible (34.8%) for education 

on antibiotics, followed by clinicians (27.4%) and clinical microbiologists (18.3%) (Table 

4.2). Only 5% of the respondents had post graduate education (Table 4.2).   

 

Table 4.2: Distribution of survey questionnaire responses from veterinarians in 

Kentucky, 2017 

Question/Response Number Percentage 95% CI1 

What was the emphasis on antibiotics in veterinary 
school education (non-clinical years)? 

n=97   

     Topic was not covered 1 1.03 0.02, 5.97 
      Light emphasis 21 21.65 13.93, 31.17 
      Covered thoroughly in one course 27 27.84 19.21, 37.86 
      Emphasized in multiple courses 48 49.48 39.17, 59.83 

What was the emphasis on antibiotics in your 
veterinary school education (clinical years)? 

n=97    

       Topic was not covered 1 1.03 0.02, 5.97 
       Light emphasis 26 26.80 18.32, 36.76 
       Covered thoroughly in one course 5 5.15 1.70, 11.62 
       Emphasized in multiple courses 65 67.01 56.73, 76.22 

What was the background of the person primarily 
responsible for your education on antibiotics 
during your veterinary education? 

n=164   

        Clinical pharmacist 20 12.20 7.61, 18.21 
        Clinical microbiologist 30 18.29 12.70, 25.07 
        Clinician 45 27.44 20.77, 34.94 
        Pharmacologist/clinical pharmacologist 57 34.76 27.50, 42.57 
        Toxicologist 7 4.27 1.73, 8.60 
        Don’t know his/her background 5 3.05 1.00, 6.97 

Do you hold any additional post graduate 
qualifications? 

n=97   

        Yes 25 25.77 17.43, 35.65 
         No 72 74.23 64.35, 82.58 
195% Confidence Interval 
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4.5.4 Antimicrobial prescription practices  

The majority (26.4%) of the veterinarians received their information regarding 

antimicrobials and their use from textbooks/drug handbooks and continuing professional 

development courses (26.0%) (Table 4.3). Peer reviewed scientific literature (18.4%) 

and pharmaceutical companies (15.6%) were also popular sources of information on 

antimicrobials for the respondents (Table 4.3). Surprisingly only 5% of the veterinarians 

received information regarding antimicrobials and their usage from their practice’s 

policies (Table 4.3). However, more than half (57.6%) of them do not have a policy 

concerning antimicrobial prescription at their practice (Table 4.3). Almost all (92.5%) of 

the veterinarians were able to prescribe antimicrobials without supervision, or oversight. 

Interestingly, although more than half of the practices did not have antimicrobial 

prescription policies, 76.3% of the respondents reported prescribing antimicrobials 

multiple times per day (Table 4.3). Moreover, more than half (53.8%) of the respondents 

reported that they were not comfortable prescribing at least one type of antimicrobial 

(Table 4.3).  

 

4.5.5 Factors influencing antimicrobial prescription practices  

The most common factors that influenced the decisions of the veterinarians to prescribe 

antimicrobials to a patient were route of administration (26.7%), cost of antimicrobial 

(24.6%), and risk of potential adverse drug reaction (23.4%) (Table 4.3). The majority of 

veterinarians either strongly agreed (44.6%) or agreed (41.3%) with the fact that they 

always relied on clinical signs and symptoms to prescribe antimicrobials. However, only 
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Table 4.3: Distribution of survey responses related to antimicrobial use and 
prescription practices among veterinarians in Kentucky, 2017 

Question/Responses Number Percentage 95% CI 

What are the main sources that you use to receive 
current information on antimicrobials and their 
use? 

   

        Practice policy 14 4.86 2.68, 8.02 
        Pharmaceutical companies 45 15.63 11.63, 20.34 
        Veterinary medicine directorates 17 5.90 3.48, 9.28 
        Peer reviewed scientific literature  53 18.40 14.10, 23.37 
        Textbook/drug handbook 76 26.39 21.39, 31.88 
        Continuing professional development courses 75 26.04 21.07, 31.51 
        Other 8 2.78 1.21, 5.40 

Can you prescribe antibiotics without supervision, 
approval, or additional oversight? 

   

         Yes 86 92.47 85.11, 96.92 
          No 7 7.53 3.08, 14.90 

Does your veterinary facility or practice have a 
policy concerning antibiotic prescription? 

   

       Yes 39 42.39 32.15, 53.14 
        No 53 57.61 46.86, 67.85 

On Average, how often do you prescribe 
antibiotics? 

   

        Multiple times per day 71 76.34 66.40, 84.54 
        Once per day 4 4.30 1.18, 10.65 
        Once every two days 4 4.30 1.18, 10.65 
        Once per week 6 6.45 2.40, 13.52 
        Once every two weeks 1 1.08 0.03, 5.85 
        Once per month 1 1.08 0.03, 5.85 
        Once every two to four months 4 4.30 1.18, 10.65 
        Quarterly 0 0.00 0.00, 0.00 
        Biannually 2 2.15 0.26, 7.55 
        Annually 0 0.00 0.00, 0.00 

Is there any antibiotic that you do not feel 
comfortable prescribing? 

   

        Yes 50 53.76 43.12, 64.16 
         No 43 46.24 35.84, 56.88 

Do any of the factors below affect your decision 
when choosing to prescribe an antibiotic to a 
patient? 

 
  

          Cost of antibiotic 82 24.55 20.03, 29.53 
          Client insurance 3 0.90 0.19, 2.60 
          Client expectations 28 8.38 65.47, 93.24 
          Route of administration 89 26.65 21.98, 31.73 
          Frequency of patient visits 28 8.38 5.64, 11.89 
          Risk of potential adverse drug reaction 78 23.35 18.92, 28.27 
          Other 26 7.78 5.15, 11.20 

You always rely on clinical signs and symptoms 
when prescribing an antibiotic. 

 
   

          Strongly agree 41 44.57 34.19, 55.30 
          Agree 38 41.30 31.13, 52.05 
          Neither agree nor disagree 10 10.87 5.34, 19.08 
          Disagree 3 3.26 0.68, 9.23 
          Strongly disagree 0 0.00 0.00, 0.00 



76 
 

Table 4.3 Continued 

Question/Responses Number Percentage 95% CI 

You rely on laboratory results before prescribing 
an antibiotic. 

 
   

          Strongly agree 16 17.39 10.28, 26.70 
          Agree 35 38.04 28.12, 48.76 
          Neither agree nor disagree 29 31.52 22.23, 42.04 
          Disagree 8 8.70 3.83, 16.42 
          Strongly disagree 4 4.35 1.20, 10.76 

What are your feelings concerning antibiotic 
prescription at your facility or practice? 

   

             All antibiotics are under-prescribed    1 1.10 0.02, 5.97 
             Some antibiotics are under-prescribed 6 6.59 2.46, 13.80 
             All antibiotics are appropriately prescribed   47 51.65 40.93, 62.26 
             Some antibiotics are over-prescribed 34 37.36 27.44, 48.13 
             All antibiotics are over-prescribed    3 3.30 0.69, 9.33 

Do you feel like you sometimes over-prescribe 
antibiotics? 

   

            Yes 42 45.65 35.22, 56.37 
             No 50 54.35 43.63, 64.78 

Your colleagues over-prescribe antibiotics.    

             Strongly agree 6 6.52 2.43, 13.66 
             Agree 34 36.96 27.12, 47.66 
             Neither agree nor disagree 39 42.39 32.15, 53.14 
             Disagree 13 14.13 7.74, 22.95 
             Strongly disagree 0 0.00 0.00, 0.00 

Veterinarians at your practice or facility always 
comply with antibiotic prescription policies. 

   

             Strongly agree 20 21.74 13.81, 31.56 
             Agree 35 38.04 28.12, 48.76 
             Neither agree nor disagree 32 34.78 25.15, 45.43 
             Disagree 4 4.35 1.20, 10.80 
             Strongly disagree 1 1.09 0.03, 5.91 
195% Confidence Interval 
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 slightly more than half, (17.4% strongly agreed and 38% agreed) relied on laboratory 

results before prescribing antimicrobials (Table 4.3).  

 

4.5.6 Opinions on antimicrobial prescription practices 

Overall, approximately half (51.7%) of the veterinarians believed that antimicrobials 

were appropriately prescribed, while 37.4% believed that some antimicrobials were over 

prescribed (Table 4.3). Slightly more than half of the veterinarians in this study did not 

believe that they ever overprescribe antimicrobials, although 45.7% of them believed 

that they did indeed overprescribe antimicrobials (Table 4.3). Interestingly, 43.5% either 

strongly agreed (6.5%) or agreed (37.0%) that their colleagues over prescribed 

antimicrobials (Table 4.3). Of the respondents whose practices had antimicrobial 

prescription policies, 59.8% (21.7% strongly agreed and 38.0% agreed) believed that 

their colleagues always complied with antimicrobial prescription policies (Table 4.3).  

However, only 24.0% (3.3% strongly agree and 20.7% agreed) believed that 

antimicrobial prescription policies actually contributed to a change in the incidence of 

antimicrobial resistance at their facility or practice (Table 4.4). 

 

4.5.7 Opinions on antimicrobial resistance  

Almost all respondents (93.1%) agreed that improper use of antimicrobials contributes 

to selection for antimicrobial resistance. Nearly 20% either strongly agreed (1.2%) or 

agreed (18.6%) that improper antimicrobial prescription practices among their 

colleagues were affecting the selection for antimicrobial resistance at their facility (Table 

4.4). However, only 15.1% of the veterinarians thought that there had been an increase 

in the incidence of antimicrobial resistance at their practice (Table 4.4). 



78 
 

Table 4.4: Distribution of responses related to opinions about antimicrobial 
resistance among veterinarians in Kentucky, 2017 

Question/Response Number Percentage 95% CI1 

Antibiotic prescription policies are contributing to a 
change in the frequency of antimicrobial resistance at 
your facility or practice. 

   

              Strongly agree 3 3.26 0.68, 9.24 
              Agree 19 20.65 12.92, 30.36 
              Neither agree nor disagree 49 53.26 42.56, 63.74 
              Disagree 14 15.22 8.58, 24.21 
              Strongly disagree 7 7.61 3.11, 15.05 

Improper use of antibiotics contributes to selection for 
antimicrobial resistance. 

   

              Strongly agree 44 50.57 39.64, 61.47 
              Agree 37 42.53 31.99, 53.59 
              Neither agree nor disagree 6 6.90 2.57, 14.41 
              Disagree 0 0.00 0.00, 0.00 
              Strongly disagree 0 0.00 0.00, 0.00 

How does improper use of antibiotics affect selection for 
antimicrobial resistance? 

   

              It does not affect selection for AMR2    10 12.35 6.08, 21.54 
              Improper use of antibiotics affects selection for AMR 71 87.65 78.47, 93.92 

Improper prescribing habits among your colleagues is 
affecting the selection for antibiotic resistance in your 
facility. 

   

               Strongly agree 1 1.16 0.03, 6.31 
               Agree 16 18.60 11.02, 28.45 
               Neither agree nor disagree 42 48.84 37.90, 59.86 
               Disagree 21 24.42 15.80, 34.87 
               Strongly disagree 6 6.98 2.60, 14.57 

There has been an increase in the number of cases of 
antimicrobial resistance at your facility or practice. 

   

                Strongly agree 1 1.16 0.03, 6.31 
                Agree 12 13.95 7.42, 23.11 
                Neither agree nor disagree 30 34.88 24.92, 45.93 
                Disagree 33 38.37 28.08, 49.49 
                Strongly disagree 10 11.63 5.72, 20.35 
195% Confidence Interval 
2Antimicrobial resistance 
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4.5.8 Predictors of knowledge and antimicrobial prescription practices 

None of the variables investigated had significant univariable associations with 

“knowledge of antimicrobial resistance” (Table 4.5). Since none of the variables had 

significant association with the outcome, a multivariable model was not fit to the data. 

Additionally, none of the investigated variables had significant associations with the 

respondent’s personal perceptions concerning antimicrobial prescription practices 

(Table 4.6) or with their perceptions regarding their colleagues’ prescription practices. 

However, compared to veterinarians who work in primary care facilities, those who 

worked in referral clinics were significantly more likely (RRR = 6.25, 95% C.I. [1.10, 

35.68], p=0.039) to strongly disagree/disagree with the idea that their colleagues 

overprescribe antimicrobials (Table 4.7). 
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Table 4.5: Results of univariable multinomial logit model investigating predictors of veterinarian's opinion on 
whether "improper use of antimicrobials contributes to selection for antimicrobial resistance" 

  

   Strongly Agree/Agree Strongly Disagree/Disagree  

 
Variable 

Sample 
size 

RRR1 95% CI P-value RRR1 95% CI P-value 
Overall  
P-value  

      Gender    101       0.2736 
           Male 43 0.49 0.20, 1.22 0.1249 1.06 0.19, 5.93 0.9510  
           Female  58 ref. ref. ref ref. ref. ref  

      City  98       0.6673 
           Louisville  18 0.90 0.23, 3.48 0.8785 0.75 0.06, 9.72 0.8259  
           Other 54 1.91 0.68, 5.37 0.2222 1.06 0.15, 7.34 0.9538  
           Lexington  26 ref. ref. ref. ref. ref. ref.  

      Veterinary practice 100       0.6068 
           Large Animal 19 0.47 0.15, 1.49 0.1985 0.53 0.05, 5.33 0.5857  
           Mixed 23 1.43 0.45, 4.49 0.5442 0.88 0.08, 9.38 0.9121  
           Small Animal  58 ref. ref. ref. ref. ref. ref.  

      Veterinary facility 100       0.6437 
           Referral 16 2.46 0.66, 9.21 0.1799 1.44 0.13, 16.41 0.7702  
           Veterinary Hospital 29 1.53 0.56, 4.19 0.4041 0.58 0.06, 5.81 0.6392  
           Primary Care 55 ref. ref. ref. ref. ref. ref.  

      Years of experience 93       0.9405 
            0-12 Years (≤Median) 45 1.17 0.48, 2.88 0.7264 <0.001 <0.001, >999.999 0.9897  
            13-50 Years (>Median) 48 ref. ref. ref. ref. ref. ref.  

      Hours worked per week 92       0.9920 
            46-100 Hours (≤Median) 45 1.01 0.41, 2.49 0.9807 1.12 0.20, 6.30 0.8997  
            0-45 Hours (>Median) 47 ref. ref. ref. ref. ref. ref.  

      Years since graduation 101       0.5302 
            26-35 Years (3rd Quartile) 29 1.27 0.46, 3.50 0.6406 1.00. 0.08, 12. 40 1.00  
            36-55 Years (4th Quartile) 20 1.04 0.32, 3.39 0.9494 4.29 0.59, 31.21 0.1508  
            0-25 Years (1st Quartile & 2nd Quartile) 52 ref. ref. ref.  ref. ref. ref.   

      Antibiotic Policy 92       0.9032 
             Yes 39 1.12 0.50, 2.71 0.8104 1.47 0.26, 8.27 0.6643  
             No 53 ref. ref. ref. ref. ref. ref.  
1Relative Risk Ratios 
295% Confidence Interval 
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Table 4.6: Results of univariable ordinary logistic regression model investigating 
predictors of opinions of veterinarians regarding whether they sometimes over-
prescribe antimicrobials 

 Variable Sample 
Size 

OR1 95% CI2 P-Value 

      Gender    101    
           Male 43 0.73 0.33, 1.63 0.4430 
           Female  58 ref. ref. ref. 
      City  98   0.8452 
           Louisville  18 1.02 0.30, 3.50 0.9772 
           Other 54 1.28 0.49, 3.33 0.6125 
           Lexington  26 ref. ref. ref. 
      Veterinary practice 100   0.6263 
           Large Animal 19 1.47 0.52, 4.19 0.4679 
           Mixed 23 1.50 0.57, 3.98 0.4150 
           Small Animal  58 ref. ref. ref. 
      Veterinary facility 100   0.6376 
           Referral 16 0.59 0.18, 1.92 0.3781 
           Veterinary Hospital 23 1.05 0.42, 2.60 0.9167 
           Primary Care 55 ref. ref. ref. 
      Years of experience 93   0.0844 
            0-12 Years (≤Median) 45 2.09 0.91, 4.83 0.0844 
            13-50 Years (>Median) 48 ref. ref. ref. 
      Hours worked per week 92   0.6583 
            46-100 Hours (≤Median) 45 0.83 0.36, 1.89 0.6583 
            0-45 Hours (>Median) 47 ref. ref. ref. 
      Years since graduation 101   0.3439 
            26-35 Years (3rd Quartile) 29 0.66 0.26, 1.67 0.3794 
            36-55 Years (4th Quartile) 20 0.46 0.15, 1.39 0.1701 
            0-25 Years (1st Quartile & 2nd Quartile) 52 ref. ref. ref.  
      Antibiotic Policy 92 1.24 0.54, 2.84 0.6127 

 
1Odds Ratios 
295% Confidence Interval  

 

    

 



82 
 

Table 4.7: Results of univariable multinomial logistic regression model investigating predictors of opinions of 
veterinarians regarding if "they thought their colleagues over-prescribe antimicrobials" 

   Strongly Agree/Agree Strongly Disagree/Disagree  

 Variable  RRR1 95% CI P-value RRR1 95% CI P-value 
Overall 
P-value 

      Gender 101       0.6115 

           Male 43 1.07 0.43, 2.63 0.8887 1.87 0.53, 6.63 0.3343  

           Female  58 ref. ref. ref ref. ref. ref  

      City  98       0.7307 

           Louisville  18 0.77 0.20, 2.92 0.6997 2.86 0.41, 20.14 0.2921  

           Other 54 0.73 0.26, 2.05 0.5526 1.67 0.29, 9.52 0.5656  

           Lexington  26 ref. ref. ref. ref. ref. ref.  

      Veterinary practice 100       0.9956 

           Large Animal 19 0.96 0.31, 2.98 0.9414 0.72 0.13, 4.12 0.7110  

           Mixed 23 0.96 0.31, 2.98 0.9414 1.08 0.23, 5.09 0.9243  

           Small Animal  58 ref. ref. ref. ref. ref. ref.  

      Veterinary facility 100       0.2843 

           Referral 16 2.50 0.66, 9.51 0.1790 6.25 1.10, 35.68 0.0392  

           Veterinary Hospital 29 1.50 0.54, 4.18 0.4380 3.13 0.69, 14.08,  0.1380  

           Primary Care 55 ref. ref. ref. ref. ref. ref.  

      Years of experience 93       0.3441 

            0-12 Years (≤Median) 45 1.81 0.73, 4.53 0.2037 0.84 0.21, 3.37 0.8038  

            13-50 Years (>Median) 48 ref. ref. ref. ref. ref. ref.  

      Hours worked per week 92       0.3129 

            46-100 Hours (≤Median) 45 2.01 0.80, 5.05 0.1362 1.17 0.30, 4.54 0.8241  

            0-45 Hours (>Median) 47 ref. ref. ref. ref. ref. ref.  

      Years since graduation 101       0.7609 

            26-35 Years (3rd Quartile) 29 0.53 0.19, 1.49 0.2276 0.74 0.18, 3.02 0.6692  

            36-55 Years (4th Quartile) 20 1.05 0.33, 3.38 0.9323 0.74 0.12, 4.44 0.7369  

            0-25 Years (1st Quartile & 2nd Quartile) 52 ref. ref. ref.  ref. ref. ref.   

      Antibiotic Policy 92       0.3997 

             Yes 39 1.17 0.48, 2.84 0.7272 0.43 0.10, 1.84 0.2564  

             No 53 ref. ref. ref. ref. ref. ref.  

1Relative Risk Ratios 
295% Confidence Interval 
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4.6 DISCUSSION 

In this study we used a survey questionnaire to investigate antimicrobial prescription 

practices and opinions of Kentucky veterinarians regarding development of antimicrobial 

resistance. Nearly half of the veterinarians in this study indicated that antimicrobials were 

emphasized in multiple courses in their non-clinical years as veterinary students, this 

number jumped to 67% by the time they reached clinical years of study indicating an 

increase in antimicrobial training focus as veterinary students progressed through their 

curriculum. Although many studies worldwide have focused on the knowledge and 

perceptions of antimicrobials and AMR among medical and pharmacy students [247-254], 

only a small number of studies have focused on the number of courses that cover 

antimicrobials in veterinary students [255, 256] or examined the breadth of coverage 

concerning antimicrobials in both non-clinical and clinical years of study [249, 256]. 

Currently, there is a paucity of data investigating perceptions concerning the depth of 

education on antimicrobials in the non-clinical and clinical years of veterinary education.  

However, a nationwide study in the U.K. by Castro-Sanchez found that antimicrobial 

stewardship is included in the majority of undergraduate veterinary medicine courses in 

the U.K. [257]. Any gap in education regarding antimicrobials is dangerous because this 

lack of knowledge will later affect antimicrobial prescription practices once veterinarians 

are in clinical practice. 

 

4.6.1 Antimicrobial prescription practices  

This study found that the majority of veterinarians received information regarding 

antimicrobials and their use from textbooks/drug handbooks and continuing professional 

development courses and only 5% received this information from their practice’s policies. 



84 
 

This differed from the findings of a study in the U.K. by Coyne et. al., that reported that 

veterinarians relied on their own experience and colleagues as well as the history of the 

farm [258]. However, mixed species practitioners consulted a wider variety of information 

sources on antimicrobials and were more likely to seek information from colleagues 

compared with practitioners working within specialist pig practices [258]. This information 

differed from our study in that we did not ask about consulting colleagues as a source of 

antimicrobial information. The source of information concerning antimicrobial use that 

veterinarians receive is important because accuracy of information ensures good 

antimicrobial stewardship and prescription practices as well as an implicit knowledge of 

the antimicrobial [259]. If the information that they rely on is outdated or inaccurate their 

antimicrobial prescription practices may reflect this gap in knowledge. This again 

highlights the need for knowledge based antimicrobial prescription policies in veterinary 

practice.  

 

Almost all of the veterinarians in our study were able to prescribe antimicrobials without 

oversight. However, more than half of them indicated that their practice did not have a 

policy concerning antimicrobial prescription. This is similar to the findings of an Australian 

study by Hardefeldt et. al., that found that veterinary practices rarely had antimicrobial 

prescription policies [260]. This is concerning because lack of antimicrobial prescription 

policy implies that veterinarians have to rely on personal knowledge and opinions to make 

prescription decisions. This leaves room for variation in antimicrobial prescription 

practices which is a problem worldwide. This results in situations where certain antibiotic 

classes are preferred in certain countries or species [261]. Although no universal 
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guideline or policy exists for antimicrobial prescription in veterinary medicine, in January 

of 2018 a unanimous vote by the American Veterinary Medical Association (AVMA) 

House of Delegates took place in order to enact a policy on antimicrobial stewardship 

[262]. The objective of the vote was to target veterinary antimicrobial prescription 

practices by working with practitioners in human medicine and regulatory agencies. This 

initiative and others like it are critical for efforts seeking to preserve the effectiveness of 

antimicrobials. 

 

That more than 50% of the respondents were uncomfortable prescribing some 

antimicrobial is not uncommon and is consistent with the findings from a U.S. study by 

Jacob et. al., investigating opinions of clinical veterinarians at a US veterinary teaching 

hospital. They reported that 46% of survey respondents felt uncomfortable prescribing at 

least one class of antimicrobials [246]. This is a concern because the overuse of 

antibiotics drives the evolution of resistance [111]. It is critical to better manage concerns 

over improper use of antimicrobials so that injudicious use due to uncertainty does not 

become a widespread problem in veterinary medicine.  

 

4.6.2 Factors affecting antimicrobial prescription practices 

In this study, route of administration, cost of antimicrobial, and risk of potential adverse 

drug reaction were the three most common factors reported to guide veterinarians’ 

decision to prescribe antimicrobials to a patient. Understanding these factors is important 

in encouraging veterinarians to have responsible antimicrobial prescription practices and 

if possible to reduce antimicrobial use [263]. A qualitative study by Mateus et. al., in the 

U.K. that investigated factors associated with antimicrobial usage in small animal 



86 
 

veterinary practices found that participants reported that antimicrobial prescription was 

influenced not only by veterinarian's preference for certain substances and previous 

experience, but by perceived efficacy, ease of administration of formulations, perceived 

compliance, willingness and ability to treat by pet owners, and animal characteristics as 

well [264]. Unlike in our study, Mateus et. al. identified cost as a factor only in low 

socioeconomic areas or areas of varying socioeconomic status [264]. That study only 

interviewed veterinarians at small animal clinics, while our study involved responses from 

veterinarians from various areas of practice. These differences in findings can be 

attributed to the differing antimicrobial prescription practices among the different 

veterinary practices (i.e. small animal, large animal, equine, etc). For instance, in farm 

animals, especially pigs and poultry, antimicrobial usage is generally directed at groups or 

herds of animals [115]. This is often the case when antimicrobials are used for 

prophylaxis. In large animal practice, antimicrobials can be given in continual low doses in 

order to enhance growth, feed conversion, or yield in healthy animals [115].  

 

Our study indicated that over 80% of veterinarians either strongly agreed or agreed that 

they always relied on clinical signs and symptoms before prescribing an antimicrobial. 

However, only slightly more than half, either strongly agreed or agreed that they relied on 

laboratory results before prescribing an antimicrobial. It is important to note that 

veterinarians may request for culture and antimicrobial susceptibility tests prior to 

administering broad spectrum antibiotics with the option to change the antibiotic after 

receiving antimicrobial susceptibility test results. However, this still suggests that at least 

half of the respondents in this study take a responsible approach to antimicrobial 
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prescription and supports the importance of antimicrobial prescription policies for further 

guidance. A U.S. study by Fowler et. al., found that only 36% of veterinarians reported 

ordering culture and sensitivity testing ‘often’ or ‘always’ when treating presumptive 

bacterial infections [265]. An Italian study by Barbarossa et. al., also identified low usage 

of laboratory testing, where survey respondents reported that only 7.0% made a habit of 

always waiting for laboratory results before starting the treatment [266]. Selecting an 

interim antimicrobial prior to running or receiving results from culture and sensitivity tests 

is not uncommon when clients often desire veterinarians to prescribe something when an 

animal is sick.  Although more than half of the veterinarians in our study reported relying 

on laboratory testing, findings from the studies mentioned above did not. This could be 

due to accessibility to testing in Kentucky, where clinics can submit samples to the 

University of Kentucky Veterinary Diagnostic Laboratory (UKVDL) or a commercial 

veterinary laboratory relatively easily. 

 

4.6.3 Opinions on antimicrobial prescription practices 

Understanding the perceptions of veterinarians concerning the amount of antimicrobial 

use is crucial in gaining insight into the reasoning behind antimicrobial prescription 

practices. Although there was a pretty even split between those that believed that they did 

or did not overprescribe antimicrobials, approximately half of the veterinarians in this 

study believed that antimicrobials were appropriately prescribed. Less than 40% of 

respondents in the study believed that some antimicrobials were over prescribed. This is 

comparable to findings by Ekakoro and Okafor in Tennessee that reported that 51.6% of 

the respondents believed antimicrobials are being over-prescribed [267]. Antimicrobial 
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over-prescription was identified by 88% of respondents in another U.S. study by Jacob et. 

al [25]. 

 

4.6.4 Opinions on antimicrobial resistance  

Personal beliefs regarding over prescription of antimicrobials differ among veterinarians. 

Research has shown that a combination of “patients, food animal producers, physicians 

and veterinarians have all played a part in misusing antimicrobials, often because of 

mistaken beliefs” [268]. The majority (93%) of the veterinarians in our study felt that 

improper use of antimicrobials contributes to selection for antimicrobial resistance. By 

contrast, an Australian study by Hardefeldt et. al., found that over 50% of respondents 

indicated that veterinary antimicrobial use had a moderate contribution to overall AMR 

[260]. 

 

4.6.5 Predictors of knowledge and prescription antimicrobial practices 

Gender, type of veterinary practice, years of experience, and years since graduation had 

no associations with either knowledge about the selection for antimicrobial resistance or 

respondents’ antimicrobial prescription practices. Of the veterinarians that responded to 

the questionnaire, women (58.0%) were represented about 16% higher than men 

(42.0%). An Australian study that examined opportunities and challenges to improving 

antibiotic prescribing practices also found that among veterinarians, women were over-

represented (65.0%) [269]. Knowledge of how selection for antimicrobial resistance 

occurs was included in the education of most veterinarians.  
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4.7 STUDY LIMITATIONS 

A limitation of this study is the relatively low number of respondents (n = 101). Despite 

several reminders requesting participation in the survey, we were unable to increase the 

total number of respondents beyond this number. This low response could have 

compromised the generalizability of study findings. Unfortunately, low participation rate is 

not uncommon in surveys involving veterinarians. Despite these limitations, the results 

from this study offer valuable information regarding antimicrobial prescription practices 

and opinions of veterinarians.  

 

4.8 CONCLUSIONS 

This study provides useful information on the level of knowledge and perceptions 

regarding prescription practices among veterinarians in Kentucky. However, 

discrepancies began to arise when trying to ascertain exactly who was to blame for AMR 

in their facilities. Despite the fact that the majority of veterinarians believed that improper 

use of antimicrobials was responsible for the development of AMR, very few believed that 

their colleagues were contributing to the problem, or even had increases of AMR in their 

facilities.  
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91 
 

5.1 DISCLOSURE 

Contents of this chapter have been submitted for publication to BMC Veterinary 

Research. Full citation is:   

 

Adams R, Qekwana N, Oguttu J, Odoi A. Antibiotic prescription practices and attitudes 

towards antimicrobial resistance among veterinarians in the City of Tshwane Metropolitan 

Municipality, South Africa. 2019. Submitted to BMC veterinary research. 

 

My primary contribution to this paper included (a) data management (b) performing all 

statistical analyses and (c) interpretation as well as preparation of the manuscript draft. 

Nenene Qekwana was involved in data collection as well as review of the manuscript. 

James Oguttu was involved in review and editing of the manuscript. Agricola Odoi was 

involved in conceptualization of research idea, study design, data analysis and 

interpretation as well as extensive editing of the manuscript. All authors read and 

approved the final manuscript. 

 



92 
 

5.2 ABSTRACT 

Background: Antimicrobial prescription practices vary widely amongst veterinarians in 

South Africa. Therefore, understanding the prescription practices and attitudes of these 

veterinarians towards antimicrobial resistance (AMR) is critical for guiding efforts to curb 

AMR. Thus, this study investigated the knowledge, prescription practices and attitudes 

towards AMR among veterinarians in the City of Tshwane Metropolitan Municipality. A 30-

question survey was administered to 54 respondents, which constituted a response rate 

of 65% (54/83). The percentages of responses to survey questions and their 95% 

confidence intervals were computed. Ordinary logistic models were used to investigate 

predictors of knowledge of antimicrobial resistance and antimicrobial prescription 

practices of respondents. Predictors of antimicrobial prescription practices of 

respondents’ colleagues were investigated using multinomial logistic models. 

Results: The majority (88%; 95% Confidence Interval (CI): 77.0-95.7) of respondents 

indicated that improper use of antimicrobials contributed to selection for AMR. As many 

as 32% (95% CI: 19.9-46.3) indicated that they tended to over-prescribe antimicrobials, 

while 37.8% indicated that their colleagues over-prescribed antimicrobials. The majority 

(68.6%; 95% CI:54.1-80.9) of the respondents worked at practices with antimicrobial 

prescription policies and 40% believed that antimicrobial prescription policies contributed 

to changes in the incidence of AMR at their practice. Veterinarians in mixed animal 

practice had significantly lower odds (OR=0.20; p=0.0103) of associating “improper use of 

antimicrobials” to “selection for AMR” compared to those in purely small animal practice. 

Compared to females, males were significantly more likely (Relative Risk Ratio 

[RRR]=10.5; p=0.002) to indicate that their colleagues over-prescribed antimicrobials 

rather than to “neither agree nor disagree” or “disagree.” 
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Conclusion: Veterinarians in the study area have a reasonable understanding of the 

contribution of prescription practices to AMR. They were also aware of their own 

antimicrobial over-prescription practices as well as those of their colleagues. The fact that 

veterinarians in small animal practice tended to associate the problem of AMR with 

improper prescription practices more than their counterparts in mixed practice may 

indicate disparities in this knowledge. However, further studies are warranted to further 

investigate this. This study’s findings are useful for guiding future studies and efforts to 

curb the problem. 

 

5.3 BACKGROUND 

Due to a combination of factors, but most notably the rise in use of antibiotics to treat both 

human and domestic animals, antimicrobial resistance (AMR) has become a global 

scientific and public health concern [29, 184]. The quantities of antimicrobials used in both 

human and veterinary medicine have, “resulted in the selection of pathogenic bacteria 

resistant to multiple drugs” [185]. There is evidence that widespread and indiscriminate 

use of antimicrobials in animals fosters the emergence of antimicrobial resistant zoonotic 

pathogens that inhibit the efficacy of current antibiotic therapies [270]. Moreover, the 

development and spread of AMR impedes both preventative and therapeutic uses of 

antibiotics. Worse still, the problem is becoming increasingly important in low-income 

African countries [271].  

 

Levels of antimicrobial resistance vary greatly between countries, as do the antimicrobial 

prescription practices of medical and veterinary practitioners [21]. Unfortunately, one of 
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the defining factors of inappropriate use of antimicrobials is prescription practices among 

veterinarians and physicians [22]. Compounding these variations and issues of misuse, 

are the lack of studies investigating attitudes of veterinarians towards antimicrobial 

prescription practices and usage [26].  

 

Appropriate usage of antimicrobials is a controversial topic where opinions vary greatly 

amongst physicians and veterinarians worldwide including South Africa. Moreover, the 

rate of counterfeiting of pharmaceuticals has been recognized as being problematic in 

South Africa, where it is estimated that 1 in 5 medications on the market, including 

antibiotics are counterfeit [27]. This is exacerbated by the fact that, policies and 

procedures for antimicrobial prescriptions are rare and even when they are in place, they 

may not always be followed by clinicians [26]. Understanding the roles that opinions of 

veterinarians and clinic policies play in antimicrobial prescription practices is crucial for 

fully comprehending the problem of AMR. The fact that some veterinarians have reported 

feeling uncomfortable prescribing certain antibiotics [272] implies that veterinary 

clinics/hospitals need to take a closer look at the potential role of prescription practices of 

their veterinarians on the development of AMR. Furthermore, they may need to consider 

development and implementation of guidelines for antimicrobial use in their practices to 

help curb the development of AMR. 

 

Several studies from the U.S., China, Italy, and Belgium have focused on assessing the 

knowledge and attitudes of medical students regarding antimicrobial resistance [273-276]. 

However, very few studies have addressed opinions and prescription practices of 
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veterinarians. Furthermore, the majority of studies of veterinarians have largely focused 

on the antimicrobial prescription habits of veterinarians in Europe and Canada. The few 

studies that have been done in South Africa, have mainly investigated antimicrobial usage 

patterns [26]. Therefore, there is scarcity of information regarding antimicrobial 

prescription practices and opinions of veterinarians towards development of AMR in 

South Africa and yet this information is critical for guiding programs to slow down and/or 

curb the development of AMR. Therefore, the objectives of this study were to: (a) assess 

the knowledge, antimicrobial prescription practices, and attitudes towards AMR among 

veterinarians in the City of Tshwane Metropolitan Municipality (South Africa); and (b) 

identify predictors of their attitudes towards AMR. 

 

5.4 METHODS  

5.4.1 Survey setting and design 

This is a cross-sectional questionnaire survey of practicing veterinarians in the City of 

Tshwane Metropolitan Municipality, South Africa. A 30-item questionnaire, adopted from 

two previous survey questionnaires [245, 246] was used to collect data on the opinions, 

knowledge, and antimicrobial prescription practices of veterinarians in the City of 

Tshwane Metropolitan Municipality. The original questionnaires, which had questions on 

opinions of clinical veterinarians regarding antimicrobial use and antimicrobial-resistant 

infections as well as  antimicrobial prescribing patterns, were modified by adding 

questions on prescription practices, opinions about prescription practices, and 

antimicrobial resistance.  
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The final questionnaire was designed to take 20-30 minutes to complete and covered 

areas related to opinions of veterinarians regarding their antimicrobial prescription 

practices and how their prescription practices relate to the development of antimicrobial 

resistance. The questions were grouped into six sections: demographics, veterinary 

education, antimicrobial prescription practices, factors associated with prescribing habits, 

opinions about prescription practices, and opinions about antimicrobial resistance. The six 

sections contained both open-ended and close-ended questions consisting of a 

combination of yes/no questions, multiple choice questions as well as 5-point Likert scale 

questions (ranging from “strongly agree” to “strongly disagree”).   

 

The questionnaire was pretested on a small sample of clinical veterinarians at the Faculty 

of Veterinary Medicine, University of Pretoria. After the pretest, the respondents were 

further asked a series of questions regarding the questionnaire to help identify problems 

with questions or the administration of the survey. This allowed identification and 

correction of ambiguous or misleading questions. For multiple choice questions, it also 

allowed identification and addition of response categories previously omitted.  

 

5.4.2 Survey administration 

The study was approved by both the University of Tennessee Institutional Review Board 

(number: 619622) and the Ethics Review Board of the University of South Africa (number: 

2017/CAES/017). Heads of departments at the Faculty of Veterinary Medicine, University 

of Pretoria were requested for permission to distribute the survey to their clinical 

veterinary faculty. Faculty members were initially contacted, via email, by their respective 
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department heads and requested to participate in the study. The respondents were again 

contacted by the investigators via email, and again requested to participate in the study. 

 

An online version of the questionnaire was uploaded to Qualtrics [277] and participants 

were provided with a web link to access the survey and provide responses anonymously. 

Additionally, the survey was printed out and distributed in person to veterinarians working 

at 28 clinics in the City of Tshwane Metropolitan Municipality. To improve the response 

rate, paper copies of the survey questionnaire were also distributed to veterinary faculty 

members at the University of Pretoria. A reminder e-mail was sent to potential survey 

respondents to encourage them to complete the survey questionnaire. Phone calls were 

also made to remind veterinarians about the surveys. Of the 83 survey questionnaires 

that were distributed, a total of 54 were completed and returned between April and July 

2017 resulting in a response rate of 65%. 

 

5.4.3 Data analysis 

All statistical analyses were performed in SAS 9.4 [278]. The distributions of demographic 

variables and their 95% confidence intervals were computed. The variables considered 

were the sex of the respondents, type of animal species treated at veterinary practice, the 

level of veterinary service, length of time at the facility, number of veterinarians at the 

facility, hours worked per week, and the year of graduation. Due to a small number of 

responses in some of the response categories of the question “Improper use of 

antimicrobials contributes to selection for AMR”, the answers “strongly agree” and “agree” 

were re-categorized into “agree” while “strongly disagree” and “disagree” into “disagree”. 
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Additionally, the 5-point Likert scale variable “My colleagues over-prescribe 

antimicrobials” was recoded “agree”, “disagree”, and “neither agree nor disagree”.  

 

Shapiro-Wilk test of normality was used for evaluation of the distributions of the variables: 

number of years of work experience, years since graduation, and the number of 

veterinarians working or employed at any given practice. These variables were found to 

be non-normally distributed and hence median and interquartile ranges were reported.  

 

Ordinary logistic regression models were used to investigate predictors of the outcome 

variables “improper use of antimicrobials contributes to selection for AMR” (Yes/No) and 

“Do you sometimes over-prescribed antibiotics” (Yes/No). Potential predictors considered 

for these models were gender, veterinary practice, veterinary facility, years of experience, 

hours worked per week, years since graduation and antibiotic policy. A Multinomial 

logistic regression model was used to investigate predictors of the outcome “Your 

colleagues over-prescribe antimicrobials” that had three possible responses: “agree”, 

“disagree”, and “neither agree nor disagree”. Potential predictors considered were the 

same as those for the ordinary logistic models.  

 

For each of the models, the model building process was done in two steps. The first step 

entailed building a univariable logistic regression model (ordinary logistic and multinomial 

models). The univariable models were used to investigate the relationships between each 

potential predictor and each of the outcomes stated above. Potential predictors with p-

values ≤ 0.20 were considered for inclusion in multivariable regression models (ordinary 
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logistic or multinomial). In the 2nd step, a multivariable model (ordinary logistic or 

multinomial) was fit using manual backward selection for each of the three outcome 

variables outlined above.  Statistical significance for all multivariable models were 

assessed at α ≤ 0.05. 

 

Confounding was assessed by comparing the change in model coefficients with and 

without the suspected confounders. If the removal of a suspected confounding variable 

resulted in a 20% or greater change in the coefficient of another variable, the variable that 

was removed was considered a confounder and retained in the model regardless of its 

statistical significance. However, no confounders was identified. 

 

Odds ratios (ORs) and their 95% confidence intervals were computed for ordinary logistic 

models, while relative risk ratios (RRRs) as well as their 95% confidence intervals were 

computed for multinomial models. Hosmer-Lemeshow goodness-of-fit tests were used to 

assess the goodness-of-fit of the ordinary logistic regression models. For the multinomial 

logistic model, the goodness-of-fit was assessed by fitting ordinary logistic regression 

models to each pairwise combination of the three potential outcome categories as 

recommended by Dohoo, Martin and Stryhn [279]. Hosmer-Lemeshow goodness-of-fit 

was then checked for each of the binomial models separately. The reason for adopting 

this approach was that currently there are no available multinomial model fit assessment 

tests in SAS, the statistical software used in this study.  
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5.5 RESULTS 

5.5.1 Respondent information 

Of the 83 survey questionnaires that were distributed, a total of 54 were completed and 

returned between April and July 2017 resulting in a response rate of 65%. Eight of the 

respondents completed the online questionnaire while 46 completed the paper copies of 

the questionnaire. 

 

Out of the 54 veterinarians who participated in the study, 53.7% (29/54) were females and 

46.3% (25/54) were males (Table 5.1). Most (71.7%; 38/53) of the respondents were in 

small animal practice, while the rest (28.3%;15/53) were involved in mixed animal practice 

(Table 5.1). Slightly more than half (55.6%; 30/54) of the veterinarians worked at 

veterinary hospitals while the remaining 44.4% (24/54) worked at primary care facilities 

(Table 5.1). 

 

The median number of years of work experience of the respondents was 3 years 

(Interquartile Range (IR):2, 7) while the median years since graduation was 10 years (IR: 

0, 26). The median number of veterinarians working or employed at any given practice 

was 4 (IR: 1, 14). 
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Table 5.1: Demographics of veterinarians in the City of Tshwane Metropolitan 

Municipality, South Africa (2017) 

Variable Number Percent (%) 95% CI1 

Sex n=54   

      Female 29 53.7 39.6, 67.4 
      Male 25 46.3 32.6, 60.4 

Veterinary Practice n=53   

     Mixed 15 28.3 16.8, 42.4 
    Small Animal 38 71.7 57.7, 83.2 

Veterinary Facility n=54   

     Primary Care 24 44.4 30.9, 58.6 
     Veterinary Hospital  30 55.5 41.4, 69.1 
195% Confidence Interval 

 

 

5.5.2 Veterinary education 

Over half (55.6%; 30/54) of the veterinarians in practice indicated that antibiotics were 

emphasized in multiple courses during the pre-clinical years of their veterinary education, 

while 64.8% indicated that antibiotics were emphasized in courses taught during the 

clinical years of their veterinary training. Pharmacologist or clinical pharmacologists 

constituted the largest number of people (72.2%; 39/54) who were responsible for 

antibiotics training. This was followed by clinicians (29.6%; 16/54) (Table 5.2). With 

regard to the postgraduate training, just under half (42.6%; 23/54) of the respondents 

indicated that they had completed post graduate training (Table 5.2). 

 

5.5.3 Antimicrobial prescription practices  

The majority of the veterinarians (81.5%; 44/54) received their information regarding 

antimicrobials and their use from textbooks/drug handbooks. This was followed by 

continuing professional education courses (70.4%; 38/54), and peer reviewed scientific 

literature (55.6%; 30/54). Only 24% (13/54) of the veterinarians indicated that they had 
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received information regarding antimicrobials and their usage from the policies of the 

practices where they worked (Table 5.3). 

 

The majority (92.3%; 48/52) of the veterinarians were able to prescribe antimicrobials 

without supervision, or oversight. Only 31% (16/51) of the respondents indicated that their 

practices did not have antimicrobial prescription policies. However, 77.6% (38/49), 

reported prescribing antimicrobials multiple times per day. More than half (60.4%; 21/53) 

of the respondents reported that they were not comfortable prescribing some antibiotics 

(Table 5.3).  
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Table 5.2: Antibiotics training among veterinarians in the City of Tshwane 

Metropolitan Municipality, South Africa (2017) 

Question/Response Number Percent 95% CI1 

What was the emphasis on antibiotics in 
veterinary school education (non-clinical 
years)? 

n=54   

     Topic was not covered 0 0.0 0.0, 6.6 
      Light emphasis 4 7.4 2.1, 17.9 
      Covered thoroughly in one course 21 38.9 25.9, 53.1 
      Emphasized in multiple courses 30 55.6 41.4, 69.1 

What was the emphasis on antibiotics in your 
veterinary school education (clinical years)? 

n=54    

       Topic was not covered 0 0.0 0.0, 0.1 
       Light emphasis 12 22.2 12.0, 35.6 
       Covered thoroughly in one course 7 13.0 5.4, 24.9 
       Emphasized in multiple courses 35 64.8 50.6, 77.3 

What was the background of the person 
primarily responsible for your education on 
antibiotics during your veterinary education? 

n=54   

        Clinical pharmacist 7 13.0 5.4, 24.9 
        Clinical microbiologist 6 11.1 4.2, 22.6 
        Clinician 16 29.6 18.0, 43.6 
        Pharmacologist/clinical pharmacologist 39 72.2 58.4, 83.5 
        Toxicologist 4 7.4 2.1, 17.9 
        Don’t know his/her background 1 1.9 0.1, 9.9 

Do you hold any additional post graduate 
qualifications? 

n=54   

        Yes 23 42.6 29.2, 56.8 
         No 31 57.4 43.2, 70.8 
195% Confidence Interval 
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Table 5.3: Prescription practices among veterinarians in the City of Tshwane 

Metropolitan Municipality, South Africa (2017) 

Question/Responses Number Percentage 95% CI 

What are the main sources that you use to receive 
current information on antimicrobials and their 
use? 

n=54   

        Practice policy 13 24.0 13.5, 37.6 
        Pharmaceutical companies 24 44.4 30.9, 58.6 
        Veterinary medicine directorates 12 22.2 12.0, 35.6 
        Peer reviewed scientific literature  30 55.6 41.4, 69.1 
        Textbook/drug handbook 44 81.5 68.6, 90.8 
        Continuing professional development courses 38 70.4 56.4, 82.0 

Can you prescribe antibiotics without supervision, 
approval, or additional oversight? 

n=52    

         Yes 48 92.3 81.5, 97.9 
          No 4 7.7 2.1, 18.5 

Does your veterinary facility or practice have a 
policy concerning antibiotic prescription? 

n=51   

       Yes 35 68.6 54.1, 80.9 
        No 16 31.4 19.1, 45.9 

On average, how often do you prescribe 
antibiotics? 

n=49    

        Multiple times per day 38 77.6 63.4, 88.2 
        Once per day 4 8.2 2.3, 19.6 
        Once every two days 2 4.1 0.5, 13.9 
        Once per week 2 4.1 0.5, 13.9 
        Once per month 2 4.1 0.5, 13.9 

Is there any antibiotic that you do not feel 
comfortable prescribing? 

n=53   

        Yes 21 39.62 26.5, 54.0 
         No 32 60.38 46.0, 73.6 

Do any of the factors below affect your decision 
when choosing to prescribe an antibiotic to a 
patient? 

 n=54   

          Cost of antibiotic 39 72.2 58.4, 83.5 
          Client insurance 2 3.7 0.5, 12.8 
          Client expectations 9 16.7 7.9, 29.3 
          Route of administration 44 81.5 68.6, 90.8 
          Frequency of patient visits 16 29.6 17.9, 43.6 
          Risk of potential adverse drug reaction 43 79.6 66.5, 89.37 

You always rely on clinical signs and symptoms 
when prescribing an antibiotic. 

n=54     

          Strongly agree 28 51.8 37.8, 65.7 
          Agree 20 37.0 24.3, 51.3 
          Neither agree nor disagree 2 3.7 0.5, 12.8 
          Disagree 3 5.6 1.2, 15.4 
          Strongly disagree 6 11.1 4.2, 22.6 
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Table 5.3 Continued 

Question/Responses Number Percentage 95% CI 

You rely on laboratory results before prescribing 
an antibiotic. 

n=53     

          Strongly agree 4 7.6 2.1, 18.2 
          Agree 19 35.9 23.1, 50.2 
          Neither agree nor disagree 15 28.3 16.8, 42.3 
          Disagree 11 20.8 10.8, 34.1 
          Strongly disagree 4 7.6 2.1, 18.2 

What are your feelings concerning antibiotic 
prescription at your facility or practice? 

n=52   

             All antibiotics are under-prescribed    0 0.0 0.0, 0.0 
             Some antibiotics are under-prescribed 6 11.5 4.4, 23.4 
             All antibiotics are appropriately prescribed   32 61.5 47.0, 74.7 
             Some antibiotics are over-prescribed 14 26.9 15.6, 41.0 
             All antibiotics are over-prescribed    0 0.0 0.0, 6.8 

Do you feel like you sometimes over-prescribe 
antibiotics? 

n=53    

            Yes 17 32.1 19.9, 46.3 
             No 36 67.9 53.7, 80.1 

Your colleagues over-prescribe antibiotics. n=53   

             Strongly agree 4 7.6 2.1, 18.2 
             Agree 16 30.2 18.3, 44.3 
             Neither agree nor disagree 18 34.0 21.5, 48.3 
             Disagree 13 24.5 13.8, 38.3 
             Strongly disagree 2 3.8 0.5, 12.9 

Veterinarians at your practice or facility always 
comply with antibiotic prescription policies. 

n=53   

             Strongly agree 5 9.4 3.1, 20.7 
             Agree 23 43.4 29.8, 57.7 
             Neither agree nor disagree 16 30.2 18.3, 44.3 
             Disagree 9 17.0 8.0, 29.8 
             Strongly disagree 0 0.0 0.0, 6.7 
195% Confidence Interval 
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5.5.4 Factors influencing antimicrobial prescription practices  

The most common factors that influenced decisions of the respondents on which 

antimicrobials to prescribe were cost of antibiotics (77.2%; 39/54), route of administration 

(81.5%; 44/54), and risk of potential adverse drug reaction (79.6%; 43/54) (Table 5.3). 

The majority of the respondents either strongly agreed (51.9%; 28/54) or agreed (37.04%; 

20/54) that they always relied on clinical signs and symptoms to prescribe antimicrobials. 

Fewer respondents (43.5%) indicated that they either strongly agreed (7.6%) or agreed 

(35.9%) that veterinarians tended to base their prescription on antibiogram (Table 5.3).  

 

5.5.5 Opinions on antimicrobial prescription practices 

As many as 61.5% (32/52) of the veterinarians were of the view that in general 

antimicrobials are often appropriately prescribed, while 26.9% (14/52) were of the view 

that some antimicrobials tended to be over-prescribed. However, 32.1% (17/53) believed 

that they sometimes over-prescribe antimicrobials. Additionally, 37.8% (20/53) agreed 

(strongly agreed; 7.6%; 4/53 or agreed 30.2%; 16/53) that their colleagues over-

prescribed antimicrobials. Slightly over half (52.8%) of the respondents (9.4%; 5/53) 

strongly agreed, while under half (43.4%; 23/53) agreed that the colleagues at their 

practice or facility always complied with antimicrobial prescription policies (Table 5.3).  

 

Slightly more than half of the respondents (52.8%; 28/53) either strongly agreed (9.4%; 

5/53) or agreed (43.4%; 23/53) that they always comply with antibiotic prescription 

policies. Overall, only 39.6% (21/53) of the respondents indicated that they were aware 

that antimicrobial prescription policies contributed to a change in the incidence of 

antimicrobial resistance at their facility or practice (Table 5.4). Among the respondents 
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whose practice did not have an antibiotic prescription policy (31.4%; 16/51), only 13.7% 

agreed that antimicrobial prescription policies contributed to a change in the incidence of 

antimicrobial resistance at their facility or practice.  
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Table 5.4: Opinions on AMR among veterinarians in the City of Tshwane, 

Metropolitan Municipality, South Africa (2017) 

Question/Response Number Percentage 95% CI1 

Antibiotic prescription policies are contributing to a 
change in the frequency of antimicrobial resistance at 
your facility or practice. 

n=53   

              Strongly agree 4 7.6 2.1, 18.2 
              Agree 17 32.1 19.9, 46.3 
              Neither agree nor disagree 23 43.4 29.8, 57.7 
              Disagree 7 13.2 5.5, 25.3 
              Strongly disagree 2 3.8 0.5, 13.0 

Improper use of antibiotics contributes to selection for 
antimicrobial resistance. 

n=53   

              Strongly agree 34 64.2 49.8, 76.9 
              Agree 13 24.5 13.8, 38.3 
              Neither agree nor disagree 2 3.8 0.5, 13.0 
              Disagree 4 7.6 2.1, 18.2 
              Strongly disagree 0 0.0 0.0, 6.7 

How does improper use of antibiotics affect selection for 
antimicrobial resistance? 

n=38   

              It does not affect selection for AMR2    3 7.9 1.7, 21.4 
              Improper use of antibiotics affects selection for AMR 35 92.1 78.6, 98.3 

Improper prescribing habits among your colleagues is 
affecting the selection for antibiotic resistance in your 
facility. 

n=53   

               Strongly agree 3 5.7 1.2, 15.7 
               Agree 14 26.4 15.3, 40.3 
               Neither agree nor disagree 27 50.9 36.8, 64.9 
               Disagree 7 13.2 5.5, 25. 3 
               Strongly disagree 2 3.8 0.5, 13.0 

There has been an increase in the number of cases of 
antimicrobial resistance at your facility or practice. 

n=52   

                Strongly agree 3 5.8 1.2, 16.0 
                Agree 10 19.2 9.6, 32.5 
                Neither agree nor disagree 18 34.6 22.0, 49.1 
                Disagree 18 34.6 22.0, 49.1 
                Strongly disagree 3 5.8 1.2, 16.0 
195% Confidence Interval 
2Antimicrobial resistance 
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5.5.6 Opinions on antimicrobial resistance  

The majority of respondents (92.1%; 47/53) agreed that improper use of antimicrobials 

contributes to selection for antimicrobial resistance. A third of these 92.1% indicated that 

they either strongly agreed (5.7%; 3/53) or agreed (26.4%; 14/53) that improper 

antimicrobial prescription practices among their colleagues were affecting the selection 

for antimicrobial resistance at their facility. However, 25% (13/52) of the veterinarians 

thought that there had been an increase in the incidence of antimicrobial resistance cases 

at their practice (Table 5.4). Of those that believed the antimicrobial prescription practices 

of their colleagues were affecting the selection for antimicrobial resistance at their facility, 

only 14.3% believed that there had been an actual increase in the incidence of AMR at 

their practice. 

 

5.5.7 Predictors of knowledge and antimicrobial prescription practices 

Using a relaxed critical p-value of ≤0.2 in the univariable models, gender (p= 0.0778), 

type of veterinary practice (p=0.0103), and years of experience (p=0.0643) were 

significantly associated with the opinion that “improper use of antimicrobial contributes to 

selection for antimicrobial resistance”, and were thus included in the multivariable logistic 

regression model (Table 5.5). Ultimately, only veterinary facility (p=0.0103) was 

significantly associated with the opinion that improper use of antimicrobials contributes to 

selection for antimicrobial resistance (Table 5.6). Similarly, using a relaxed p-value of 

≤0.2, only gender (p=0.0974) was considered for inclusion in the multivariable logistic 

regression model, with “Do you sometimes over-prescribe antimicrobials” as the outcome 
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Table 5.5: Univariable logistic model investigating predictors of "improper use of 
antimicrobials contributes to AMR1" 

Variable Number OR2 95% CI3 P-Value 

     Gender   n=54    
          Male 25 14.7 0.7, 292.8 0.0778 
          Female 29 ref. . . 
     Veterinary practice 53    
          Mixed 15 0.2 <0.0, 0.4 0.0103 
          Small Animal  38 ref. . . 
     Veterinary facility 54    
          Veterinary Hospital 30 0.6 0.1, 3.4 0.5891 
          Primary Care 24 ref. . . 
     Years of experience 53    
           ≥4  26 16.8 0.9, 334.0 0.0643 
           0-3 27 ref. . . 
     Hours worked per week 51    
           ≤44  25 0.5 0.1, 2.5 0.3732 
           ≥45  26 ref. . . 
     Years since graduation 54   0.1674 
           6-10 Years  11 1.4 0.2, 8.5 0.7373 
           11-42 Years  26 19.1 0.90, 406.8 0.0589 
           0-5 Years  17 ref. . . 
     Antibiotic Policy 51    
         No 16 4.7 0.2, 101.4 0.3219 
         Yes 35 ref. . . 
1Antimicrobial Resistance 
2Odds Ratios 
395% Confidence Interval  

    

 

 

 

Table 5.6: Final logistic model investigating predictors of "improper use of 
antimicrobials contributes to AMR1" 

Variable Number OR2 95% CI3 P-Value 

     Veterinary practice n=53    
          Mixed 15 0.2 <0.0, 0.4 0.0103 
          Small Animal  38 ref. ref. ref. 
1Antimicrobial Resistance 
2Odds Ratios 
395% Confidence Interval  
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 (Table 5.7). However, gender was not significantly associated with the outcome at p-

value ≤0.05.  

 

A significant association was observed between “Your colleagues over-prescribe 

antimicrobials” and each of the variables gender (p=0.007), veterinary practice (p=0.178), 

and veterinary facility (p=0.166) in the univariable model at a relaxed p-value of ≤0.2. As 

a result, all were assessed in the multinomial model (Table 5.8). In the final model, when 

compared to female respondents, male respondents were significantly more likely 

(RRR=10.5; p=0.002) to agree that their colleagues over-prescribed antimicrobials rather 

than to neither agree nor disagree. (Table 5.9).  
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Table 5.7: Univariable logistic model investigating predictors of "Do you 
sometimes over-prescribe antimicrobials" 

Variable Number OR1 95% CI2 P-Value 

     Gender   n=54    
          Male 25 0.4 0.1, 1.2 0.0974 
          Female 29 ref. ref. ref. 
     Veterinary practice 53    
          Mixed 15 0.4 0.1, 0.7 0.2444 
          Small Animal  38 ref. ref. ref. 
     Veterinary facility 54    
          Veterinary Hospital 30 1.2 0.4, 3.9 0.7434 
          Primary Care 24 ref. ref. ref. 
     Years of experience 53    
           ≥4  26 1.3 0.4, 4.0 0.6977 
           0-3  27 ref. ref. ref. 
     Hours worked per week 51    
           ≤44  25 0.9 0.3, 2.9 0.8283 
           ≥45  26 ref. ref. ref. 
     Years since graduation 54    
           6-10 Years  11 1.2 0.3, 5.5 0.8233 
           11-42 Years  26 0.3 0.1, 1.3 0.1236 
           0-5 Years  17 ref. ref. ref. 
     Antibiotic Policy 51    
         No 16 1.3 0.4, 4.5 0.6699 
         Yes 35 ref. ref. ref. 
1Odds Ratios 
295% Confidence Interval  
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Table 5.8: Univariable multinomial logistic model investigating predictors of "Do your colleagues over-prescribe 
antimicrobials" 

  Agree Disagree 

Variable Number RRR1 95% CI P-value RRR1 95% CI P-value 

     Gender 51       
          Male 24 10.5 2.3, 47.2 0.0022 2.2 0.5, 10.6 0.3303 
          Female  27 ref. ref. ref ref. ref. ref 

     Veterinary practice 53       
          Mixed 15 0.3 0.1, 1.2 0.0868 0.3 0.1, 1.7 0.1843 
          Small Animal  38 ref. ref. ref. ref. ref. ref. 

     Veterinary facility 54       
          Primary Care 30 0.3 0.1, 1.3 0.1118 0.3 0.1, 1.3,  0.1015 
          Veterinary Hospital 24 ref. ref. ref. ref. ref. ref. 

     Years of experience 53       
           ≥4  26 1.5 0.4, 5.5 0.5166 1.8 0.4, 7.7 0.4577 
           0-3  27 ref. ref. ref. ref. ref. ref. 

     Hours worked per week 51       
           ≤44  25 0.6 0.2, 2.2 0.4209 1.8 0.4, 8.1 0.4755 
           ≥45  26 ref. ref. ref. ref. ref. ref. 

     Years since graduation 54       
           6-10 Years 11 2.3 0.3, 16.2 0.3911 2.3 0.3, 16.2 0.3911 
           11-42 Years  26 2.6 0.6, 12.0 0.2132 1.1 0.2, 5.8 0.9158 
           0-5 Years  17 ref. ref. ref.  ref. ref. ref.  

     Antibiotic Policy 51       
            Yes 16 1.2 0.3, 4.8 0.8126 1.0 0.2, 4.8 0.9778 
            No 35 ref. ref. ref. ref. ref. ref. 
1Relative Risk Ratios 
295% Confidence Interval 
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Table 5.9: Final multinomial logistic regression model investigating predictors of "Do your colleagues over-
prescribe antimicrobials" 

  Agree Disagree 

Variable Number RRR1 95% CI P-value RRR1 95% CI P-value 

     Gender 51       

          Male 24 10.5 2.3, 47.2 0.0022 2.2 0.5,10.6 0.3303 

          Female  27 ref. ref. ref ref. ref. ref 
1Relative Risk Ratios 
295% Confidence Interval 
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5.6 DISCUSSION 

This study sought to explore gaps of knowledge concerning antimicrobial use among 

veterinarians using a questionnaire survey to investigate antimicrobial prescription 

practices among veterinarians in the City of Tshwane Metropolitan Municipality and their 

opinions regarding development of antimicrobial resistance. Although multiple studies 

have investigated the issues of knowledge and perceptions of antimicrobials and AMR 

among medical and pharmacy students [247-254], very few have focused on the 

antimicrobial training received in the veterinary curriculum [255, 256]. Moreover, few 

studies have examined breadth of coverage concerning antimicrobials in both pre-

clinical and clinical years of veterinary training [249, 256]. While more than half (55.6%) 

of the respondents in our study indicated that antibiotics were emphasized in multiple 

courses during the pre-clinical years of their curriculum, 64.8% indicated that antibiotics 

were also emphasized in multiple courses during the clinical years of their veterinary 

curriculum.  

 

Results show that more than half of the veterinarians indicated that antimicrobials had 

been emphasized in multiple courses during the pre-clinical years of their veterinary 

training. These findings are similar to those of a Kentucky study [280] which found that 

just under half of the veterinarians recalled antimicrobials being emphasized in multiple 

courses during their pre-clinical years. 

 

5.6.1 Antimicrobial prescription practices  

Veterinarians in this study received information regarding antimicrobials mainly from 

textbooks or drug handbooks and continuing professional development courses.  Only 
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24% of the veterinarians indicated that they had received similar information from 

antimicrobial prescription policies at their practices. This is concerning, because this 

implies that 76% of respondents received information concerning antimicrobials from 

sources other than an antimicrobial prescription policy at their practice. Similarly, the 

Kentucky study [280] found that veterinarians received information regarding 

antimicrobials and their use from textbooks/drug handbooks and continuing professional 

development courses, with only 5% of veterinarians indicating that they received 

information regarding antimicrobials from antimicrobial prescription policies. With just 

under one fourth of respondents receiving information regarding antimicrobials from 

antimicrobial prescription policies, the question of judicious use becomes important. As 

judicious use of antimicrobials and antimicrobial stewardship in clinical practice is often 

reliant on understanding of antimicrobials and the source of information concerning 

antimicrobials [259], it becomes important for antimicrobial prescription policies to not 

only be in place but to provide veterinarians with up to date information.  

 

Almost 70% (35/51) of the veterinarians indicated that they had antimicrobial 

prescription policies at their practices. The findings from our study are dissimilar to 

findings from an Australian study which reported that veterinary practices rarely had 

antimicrobial prescription policies [260]. In contrast, slightly less than half (42%;39/92) 

of the veterinarians in Kentucky did have a policy on antimicrobial prescription at their 

practices [280]. It is concerning to note that in this study, more than 30% of veterinary 

practices did not have a policy on antimicrobial prescription as the presence of 

antimicrobial prescription policy improves prudent use of antimicrobials. It has been 
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shown that use of prescription policies decreases preferential selection of certain 

antibiotic classes, which is common in some countries or species [261]. In view of this, 

as more practices establish antimicrobial prescription policies we expected to see more 

consistency in clinical decision making related to antimicrobial prescription among 

veterinarians in the country. A higher proportion of veterinarians in this study (39.7%) 

than the 23.9% reported in the Kentucky study [280] believed that antimicrobial 

prescription policies actually contributed to a change in the incidence of antimicrobial 

resistance at their facility or practice. This suggests that there is insufficient recognition 

of the role that antimicrobial prescription policies play in the development of 

antimicrobial resistance in their facilities. This emphasizes the necessity for 

antimicrobial prescription policies in order to ensure comprehensive antimicrobial 

prescription policies in veterinary practice.  

 

It has been reported in the U.S. among veterinarians that there is a tendency for 

veterinarians to be uncomfortable prescribing some antimicrobials. [246]. For example 

in the Kentucky study it was also found that more than 50% of the respondents were 

uncomfortable prescribing some antimicrobials [280]. A similar observation was made 

among the veterinarians in this study, where more than 50% of them indicated that they 

were uncomfortable prescribing some antimicrobials. Although we did ask veterinarians 

to elaborate on why they felt uncomfortable prescribing certain antimicrobials (some 

indicated that they were concerned about resistance if the antimicrobial was over used 

while others were concerned about the number of side effects), it would be important to 

further investigate the reasons for this and address them appropriately.  
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5.6.2 Factors affecting antimicrobial prescription practices 

In this study, cost of antimicrobial, route of administration, and risk of potential adverse 

drug reaction were three of the most common factors reported to influence the 

veterinarian’s choice of antimicrobial. These are similar to findings of the Kentucky 

study that also reported that these three were the most common factors reported to 

guide veterinarians’ decision to prescribe antimicrobials in the Kentucky study [280]. 

Mateus et. al., [264] have also reported cost as a factor in low socioeconomic areas. 

Therefore, it is not surprising that cost of antimicrobial is a major factor in antimicrobial 

prescription decisions in South Africa, a developing country as well as in Kentucky, 

which ranks sixth poorest state in the U.S. as of 2016 [281]. Overall, this suggests a 

similarity in factors that influence antimicrobial prescription practices in the veterinarians 

in both studies.  

 

Less than half (44%) of the veterinarians in this study relied on laboratory results before 

prescribing antimicrobials. This could be attributed to the fact that few practices had 

antimicrobial prescription policies. It is important to note that waiting for the results of 

the antiprogram is not uncommon in veterinary medicine [282]. In the Kentucky study it 

was also observed that more than half relied on laboratory results before prescribing an 

antimicrobial [280]. In contrast Fowler et. al., [265] in the US reported lower proportions 

(36%) of veterinarians who chose to order culture and sensitivity tests before treating 

bacterial infections and Barbarossa et. al., [266] in Italy reported 7.0% of veterinarians 

who did the same.  
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5.6.3 Opinions on antimicrobial prescription practices 

This study found that 27% of the veterinarians believed that some antimicrobials were 

over-prescribed, which is much less than the 51.6% reported among the veterinarians in 

the US [267]. Much higher levels (88%) have been reported by another US study done 

in North Carolina [25]. Although slightly higher than the findings of this study, the 

Kentucky study found that less than 40% of respondents believed that some 

antimicrobials were over-prescribed [280]. Similar to the findings of the Kentucky study, 

this study found that less than half of the participants believed that they did over-

prescribe antimicrobials [280].  

 

5.6.4 Opinions on antimicrobial resistance  

This study found that almost 90% of the veterinarians were of the view that improper 

use of antimicrobials contributes to selection for antimicrobial resistance. Similar to the 

findings of a Kentucky study which reported that the majority (93%) of veterinarians 

agreed that improper use of antimicrobials contributes to selection for antimicrobial 

resistance [280]. This reflects the degree of knowledge and understanding of the 

problem of injudicious use of antimicrobials and antimicrobial resistance in the current 

study population. 

 

5.6.5 Predictors of knowledge and antimicrobial prescription practices 

Compared to veterinarians in small animal practice, those in mixed animal practice were 

less likely to be aware that improper use of antimicrobials contributes to selection for 

AMR. This suggests that vets in different practice types have differences in 

understanding of AMR probably due to the differences in the sources of information that 
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they use at their practices concerning on antimicrobials. In contrast, a Kentucky study  

found no association between the type of practice and knowledge that improper use of 

antimicrobials contributes to selection for AMR [280]. Male respondents had higher 

odds (OR=9.1) of reporting that their colleagues over-prescribe antimicrobials than their 

female counterparts. This may imply that women were less likely to report over-

prescribing practices, which could be attributed to their more empathic nature [283, 

284]. It is important for practices to encourage all veterinarians to recognize and point 

out over prescription of antimicrobials at their practice.  

 

5.7 STUDY LIMITATIONS 

The low number of respondents (n = 54) in this study was a major limitation. Despite 

printing out and distributing the survey questionnaire in person to veterinarians in the 

study area, as well as offering an online version of the study questionnaire we were 

unable to increase the total number of respondents beyond this number. This low 

response could have compromised the generalizability of study findings. Unfortunately, 

low participation rate is not uncommon in surveys involving veterinarians. Despite these 

limitations, the results from this study offer valuable information regarding antimicrobial 

prescription practices and opinions of veterinarians. 

 

5.8 CONCLUSIONS 

Veterinarians in the study area have a reasonable understanding of the contribution of 

prescription practices to AMR. They were also aware of their own antimicrobial over-

prescription practices as well as those of their colleagues. The fact that veterinarians in 

small animal practice tended to associate the problem of AMR with improper 
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prescription practices more than their counterparts in mixed practice may indicate 

disparities in this knowledge. However, further studies are warranted to further 

investigate this. Antimicrobial prescription policies are not widely adopted among 

veterinary practices in the study area. Therefore, we recommend a drive for practices to 

adopt antimicrobial prescription policies to ensure judicious use of antimicrobials. 

This study’s findings are useful for guiding future studies and efforts to curb the 

problem. 
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6 Summary, conclusions and recommendations 

 

6.1 SUMMARY 

In this study, the proportion of resistant isolates of Staphylococcus in horses was found 

to be high for both pathogenic and non-pathogenic Staphylococcus species. A 

significant decreasing temporal trend was found for AMR, while an increasing temporal 

trend was observed for MDR. Thus, although there is a decreasing trend in AMR , the 

increasing trend in MDR among horses in this study population could have a negative 

impact on morbidity and mortality rates attributable to Staphylococcus infections. 

Interestingly, despite decreasing trends in AMR, the overall proportions of AMR isolates 

were high, while proportions of MRSA infections were much lower despite significant 

increasing temporal trends in overall MDR. Although relatively high prevalence of MDR 

has been identified and such bacteria have been the cause of infections in horses [32] 

decreasing trends in AMR have been linked to prudent use of antimicrobials, based on 

antibiotic stewardship programs, appropriate usage of diagnostic testing and 

antimicrobial susceptibility testing [172]. The reasons for the decreasing trend in this 

study are likely due to these factors. Among the antimicrobials studied, the highest 

levels of AMR were seen in β-Lactams and Aminoglycosides, which is likely attributable 

to selection pressure and the multiple mechanisms of these classes of antimicrobials. 

The high proportion of AMR (70.5%) seen in thoroughbreds could be due to the 

extensive movement of this particular horse breed due to the necessity of travel to 

horse race shows. This increases the risk of exposure to resistant Staphylococcus 

strains and potentially contributing to the high AMR. The higher odds of MDR observed 
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among horses less than 1 year is likely due to the higher susceptibility of younger 

animals to infection resulting in higher likelihood of antimicrobial treatment and hence 

higher selection pressure for resistance. Among Staphylococcus aureus the significantly 

higher odds of AMR observed compared with other Staphylococcus species is likely due 

to the virulence factors that enable S. aureus to readily adapt to different environmental 

niches in diverse hosts [285], as well as the high prevalence of methicillin resistance 

among Staphylococcus aureus isolates.  

 

Almost half of the veterinarians in Kentucky indicated that antimicrobials were 

emphasized in multiple courses in their pre-clinical years as veterinary students, which 

increased by more than 20% by the time they reached clinical years of study. In South 

Africa, more than half of the respondents indicated that antimicrobials had been 

emphasized in multiple courses during the preclinical years of their veterinary training. 

This increased by 10% by the clinical years of study. This suggests an increase in 

antimicrobial training focus in both Kentucky and South Africa, as veterinary students 

progressed through their curriculum. In Kentucky, 26% of veterinarians’ sources of 

information regarding antimicrobials were textbooks/drug handbooks and continuing 

professional development courses, with only 5% coming from their practice’s policies. 

Similarly in South Africa, textbooks/drug handbooks (81.5%) and continuing 

professional development courses (70.4%) were the most common information sources 

for antimicrobials. However, only 24% of respondents from South Africa received similar 

information from antimicrobial prescription policies at their practices. The lack of 

information being received from practice policies is important, because access to 
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information is critical in the pursuit of judicious use as well as overall knowledge of 

antimicrobials. This emphasizes the need for antimicrobial prescription policies in 

veterinary practice. More than half of the veterinarians in Kentucky indicated that their 

practice did not have a policy concerning antimicrobial prescription, while in South 

Africa only 31% of veterinarians had a policy on antimicrobial prescription. This implies 

that many veterinarians have to rely solely on information not provided by their practice 

and personal experience to make prescription decisions. If more clinics/hospitals had 

antimicrobial prescription policies, there might be improvement in consistency in 

antimicrobial clinical decision making among veterinarians. More than 50% of the 

respondents were uncomfortable prescribing some antimicrobials in both Kentucky and 

South Africa, which indicates a knowledge of potential risks involved in prescribing 

certain antimicrobials. Route of administration, cost of antimicrobial, and risk of potential 

adverse drug reaction were the three most common factors reported to guide 

veterinarians’ decision to prescribe antimicrobials to patients in both Kentucky and 

South Africa. This implies that both clinical factors and factors pertaining to cost play a 

role in antimicrobial prescription practices. Over 80% of veterinarians in Kentucky and 

over 90% of those in South Africa either strongly agreed or agreed that they always 

relied on clinical signs and symptoms before prescribing antimicrobials. However more 

than half of the veterinarians in Kentucky, either strongly agreed or agreed that they 

relied on laboratory results before prescribing an antimicrobial, while less than half in 

South Africa admitted to doing the same. This suggests that at least half of the 

respondents take a more measured approach to antimicrobial prescription while others 

may not have antimicrobial prescription policies for further guidance.  
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Less than 40% of the respondents in both South Africa and Kentucky believed that 

some antimicrobials were over prescribed. However, almost 40% of the respondents in 

South Africa believed that antimicrobial prescription policies actually contributed to a 

change in the incidence of antimicrobial resistance at their facility or practice, which was 

much higher than the 24% of respondents who felt the same in Kentucky. This indicates 

that respondents do credit changes in AMR to antimicrobial prescription policies in their 

facilities. Overall, most of the veterinarians felt that improper use of antimicrobials 

contributes to selection for antimicrobial resistance. This is important because it reflects 

the degree of knowledge and understanding of the problem of injudicious use of 

antimicrobials and antimicrobial resistance in our study population.  

 

6.2 LIMITATIONS  

The retrospective laboratory-based study data used in this study were not obtained 

using a statistical sampling technique, and therefore the study population should not be 

considered to be representative of the equine population in Kentucky. Thus, only data 

available in the laboratory records could be investigated limiting the scope of 

investigation. For instance, information on past antimicrobial use was not available and 

therefore associations with levels of AMR or MDR could not be assessed. Furthermore, 

past medical history of the animals whose samples were used in this study was not 

reported. Although cost effective, both survey studies have limitations. Discrepancy in 

recall among survey participants may have occurred. Additionally, the response rate of 

the Kentucky survey could not be determined because the exact number of 

veterinarians who received the survey was unknown.  
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6.3 RECOMMENDATIONS 

Knowledge of AMR and judicious use of antimicrobials are integral components of good 

veterinary practice. In order to ensure that these remain priorities, promoting certain 

antimicrobial prescription guidelines and research initiatives geared towards practicing 

veterinarians is critical. Listed below are some recommendations for future efforts to 

address the problem of AMR infections among veterinarians.  

• Focus on providing/continuing to provide annual continuing education classes or 

workshops concerning judicious use of antimicrobials and AMR for veterinarians 

at individual practices in order to keep up to date on judicious use guidelines.  

 

• Encourage veterinarians to discuss AMR levels at their practice or facility. This 

could be done following the annual continuing education class or seminar. This 

would give veterinarians the opportunity to voice concerns regarding the problem 

of AMR as well as antimicrobial prescribing habits at their own practices.  

 

• Appoint a team that will answer veterinarian questions or concerns about 

antimicrobial prescription at their practice or facility. This team could be made up 

of those who write the antimicrobial prescription policies for their facilities. A hard 

copy of the policy could be made available to all veterinarians in the practice. For 

practices without antimicrobial prescription policies, this team could consist of 

elected veterinarians from within the practice.  

The high proportion of AMR (70.5%) seen in thoroughbreds in this study, indicates a 

need to better understand the burden of AMR among horses and the potential economic 

impact that AMR has on the equine industry. Additional research is needed concerning 
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changing trends in AMR in equine species [286] and the economics of breeding and 

racing farms affected by AMR infections. This research should focus specifically on 

clinically relevant resistant bacteria such as (Enterococcus faecium, Staphylococcus 

aureus, Clostridium difficile (Klebsiella pneumoniae), Acinetobacter baumannii, 

Pseudomonas aeruginosa, and Enterobacteriaceae) [287]. Successive research must 

then focus on understanding temporal trends in AMR in horses over time [288] and how 

this affects antimicrobial prescription habits of the veterinarians that are treating them.  

 

With more than 50% of the respondents in both Kentucky and South Africa 

uncomfortable prescribing some antimicrobials, future studies should focus on how 

negative effects of antimicrobials affect antimicrobial prescription practices among 

veterinarians. Moreover, because route of administration, cost of antimicrobial, and risk 

of potential adverse drug reaction were the three most common factors reported to 

guide veterinarians’ decision to prescribe antimicrobials to patients in both Kentucky 

and South Africa, these studies should focus on how the overall socioeconomic status 

of the geographic area affects antimicrobial prescription practices in veterinarians. It will 

be especially important to compare findings in developed nations such as the U.S. and 

in developing countries such as South Africa where economies differ greatly.  

 

In South Africa, veterinarians in small animal practice tended to associate the problem 

of AMR with improper prescription practices more than their counterparts in mixed 

practice may indicate disparities in this knowledge. Future studies should focus on 

investigating the differences in prevalence of AMR among small animal and mixed 
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animal practices in South Africa, as well as investigating the opinions of veterinarians at 

these practices concerning contributing factors to AMR. Additionally, because 

antimicrobial prescription policies were not widely adopted among veterinary practices 

in South Africa, future research should focus on the effect of implementing antimicrobial 

prescription practices on AMR levels in veterinary practices in the study area.  
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APPENDIX A 

Survey distributed to veterinarians in the Kentucky Veterinary Medical 

Association (KVMA) 

 

Survey Investigation of Opinions and Antibiotic Prescription Practices Among 
Veterinarians in Kentucky 

 

INTRODUCTION LETTER 

 

Investigation of Opinions and Antibiotic Prescription Practices Among 

Veterinarians   

You are invited to participate in a survey of veterinarians that is part of research into the 

use of antimicrobials and prescription practices in veterinary medicine. We are 

requesting both small and large animal veterinarians to complete a questionnaire to 

collect information on antibiotic prescription practices and opinion on antimicrobial 

resistance. Your participation in this study is important and will help us better 

understand antimicrobial use in small and large animal veterinary practices.      

 

 All responses are anonymous and completely confidential.      

The information that you provide in this questionnaire will not be made available to third 

parties. Participation in this study is entirely voluntary.         

 

Thank you for your assistance      

For any questions or concerns please contact:    

Ronita Adams    

Department of Biomedical and Diagnostic Sciences,    

University of Tennessee, 2407 River Drive Knoxville TN 37996    

Email: pkc657@vols.utk.edu 

 

CONSENT FORM 

 

Ronita Adams  University of Tennessee Department of Biomedical and Diagnostic 

Sciences  Email: pck657@vols.utk.edu        

 

Consent Form   

Again, you have been invited to take part in a research survey investigating the 

antimicrobial prescription practices among veterinarians and opinions regarding 

antimicrobial resistance. The survey will take approximately 15-20 minutes to complete. 

Your participation in this survey is important and will allow us to better understand the 
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link between prescription practices and opinions regarding development of antimicrobial 

resistance. Taking part in this study is completely voluntary. If you choose to participate 

in this study, you can withdraw at any time. Your responses will be kept strictly 

confidential and anonymous. Any reports or publications that result from this research 

will be done at an aggregated level.       

 

If you have questions or want a copy or summary of this study’s results, you can contact 

us at the email address above. If you have questions about your rights as a participant, 

you may contact the University of Tennessee IRB Compliance Officer at utkirb@utk.edu 

or (865) 974-7697. Please feel free to print a copy of this consent page to keep for your 

records. 

o I have read the above information and I agree to participate in this study    

 

DEMOGRAPHICS  

 

1). What is your gender? 

o Male  

o Female  

 

2). What city do you work in? 

____________________________________________________ 

 

3). Is your veterinary practice: 

o Small Animal  

o Large Animal  

o Equine  

o Mixed  
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4). What type of veterinary facility do you practice at? 

o Primary Care  

o Referral  

o Veterinary Hospital 

o Charity Clinic  

o Academic  

 

5). How long have you worked at your practice?(in years) ________________________ 

 

6). What is the total number of veterinarians employed at your facility or practice? 

______________________________________________________________________ 

 

7). How many hours per week do you work? 

______________________________________________________________________ 

 

8). What year did you graduate with your veterinary degree? 

______________________________________________________________________ 

 

 VETERINARY EDUCATION 

 

9). What was the emphasis on antibiotics in your veterinary school education (non-

clinical years)? 

o a. Topic was not covered  

o b. Light emphasis  

o c. Covered thoroughly in one course  

o d. Emphasized in multiple courses  
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10). What was the emphasis on antibiotics in your veterinary school education (clinical 

years)? 

o a. Topic was not covered  

o b. Light emphasis  

o c. Covered thoroughly in one course  

o d. Emphasized in multiple courses  

 

11). What was the background of the person primarily responsible for your education on 

antibiotics during your veterinary education? (Please select all that apply) 

o a. Clinical pharmacist  

o b. Clinical microbiologist 

o c. Clinician 

o d. Pharmacologist/clinical pharmacologist  

o e. Toxicologist  

o f. Don’t know what his/her background was  

 

12). Do you hold any additional post graduate qualifications? 

o a. No  

o b. Yes  

o If yes, please list your post graduate qualifications below  

___________________________________________________________________ 

 

 

ANTIMICROBIAL PRESCRIPTION PRACTICES 
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13). What are the main sources that you use to receive current information on 

antimicrobials and their use? (Please select all that apply) 

o a. Practice policy  

o b. Pharmaceutical companies  

o c. Veterinary Medicine Directorates  

o d. Peer reviewed scientific literature  

o e. Textbook/Drug handbook 

o f. Continuing Professional Development courses  

o g. Other (Please specify)  

___________________________________________________________________ 

 

14). Can you prescribe antibiotics without supervision, approval, or additional oversight? 

o a. Yes  

o b. No (Please explain)  

___________________________________________________________________ 

o Never  

 

15). Does your veterinary facility or practice have a policy concerning antibiotic 

prescription? 

o a. Yes 

o b. No  
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16). On Average, how often do you prescribe antibiotics? 

o a. Multiple times per day  

o b. Once per day  

o c. Once every two days  

o d. Once per week  

o e. Once every two weeks  

o f. Once per month 

o g. Once every two to four months 

o h. Quarterly  

o i. Biannually  

o j. Annually  

 

17). Is there any antibiotic that you do not feel comfortable prescribing? 

o a. No  

o b. Yes,  please explain below  

___________________________________________________________________ 
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FACTORS POTENTIALLY ASSOCIATED WITH PRESCRIPTION PRACTICES 

 

18). Do any of the factors below affect your decision when choosing to prescribe an 

antibiotic to a patient? (Please select all that apply) 

o a. Cost of antibiotic  

o b. Client insurance  

o c. Client expectations  

o d. Route of administration  

o e. Frequency of patient visits  

o f. Risk of potential adverse drug reaction  

o g. Other (Please specify below)  

___________________________________________________________________ 

 

19). You always rely on clinical signs and symptoms when prescribing an antibiotic? 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  

 

20). You rely on laboratory results before prescribing an antibiotic? 

o a. Strongly agree  

o b. Agree 

o c. Neither agree nor disagree 

o d. Disagree  

o e. Strongly disagree  
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OPINIONS ABOUT PRESCRIPTION PRACTICES 

 

21). What are your feelings concerning antibiotic prescription at your facility or practice? 

o a. All antibiotics are under-prescribed  

o b. Some antibiotics are under-prescribed (Please list them below) 

 

______________________________________________________________________ 

 

o c. All antibiotics are appropriately prescribed  

o d. Some antibiotics are over-prescribed (Please list them below) 

 

______________________________________________________________________ 

 

o e. All antibiotics are over-prescribed  

 

22). Do you feel like you sometimes over-prescribe antibiotics? 

o a. No  

o b. Yes  

 

23). Your colleagues over-prescribe antibiotics? 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly Disagree  
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24). Veterinarians at your practice or facility always comply with antibiotic prescription 

policies. 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree 

o d. Disagree  

o e. Strongly disagree  

 

25). Antibiotic prescription policies are contributing to a change in the frequency of 

antimicrobial resistance at your facility or practice? 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  

 

 

  OPINIONS ABOUT ANTIMICROBIAL RESISTANCE 

26). Improper use of antibiotics contributes to selection for antimicrobial resistance. 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  
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27). How does improper use of antibiotics affect selection for antimicrobial resistance? 

o a. It does not affect selection for antimicrobial resistance  

o b. Improper use of antibiotics  affects selection for antimicrobial resistance in the 

following ways:  

___________________________________________________________________ 

 
28). Improper prescribing habits among your colleagues is affecting the selection for 

antibiotic resistance in your facility. 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  

 

29). There has been an increase in the number of cases of antimicrobial resistance at 

your facility or practice. 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  

 

30). In your opinion, what percentage of your clients are compliant with the instructions 

for prescribed antibiotics? __________ 

 

Thank you for completing this survey. Please submit your responses by clicking the 

"Submit" button below. 

o Submit    
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APPENDIX B 

Survey distributed to veterinarians in the city of Tshwane, Metropolitan 

Municipality 

 

INTRODUCTION LETTER 

 

Investigation of Opinions and Antibiotic Prescription Practices Among 

Veterinarians in city of Tshwane, Metropolitan Municipality 

 

You are invited to participate in a survey of veterinarians that is part of research into the 

use of antimicrobials and prescription practices in veterinary medicine. We are 

requesting both small and large animal veterinarians to complete a questionnaire to 

collect information on antibiotic prescription practices and opinions on antimicrobial 

resistance. Your participation in this study is important and will help us better 

understand antimicrobial use in small and large animal veterinary practices.  All 

responses are anonymous and completely confidential.  The information that you 

provide in this questionnaire will not be made available to third parties. Participation in 

this study is entirely voluntary.  

 

Thank you for your assistance 

 

For any questions or concerns please contact:   

Nenene Qekwana  

Lecturer   

University of Pretoria,  

cnr Lynnwood Road and Roper Street,  

Hartfield South Africa.    

Email: Nenene.Qekwana@up.ac.za 

 

Dr James W.Oguttu, Ph.D 
College of Agriculture and Environmental Sciences 
Department of Agric & Animal Health 
UNISA Florida Campus 
E-mail: joguttu@unisa.ac.za 
 
 

mailto:Nenene.Qekwana@up.ac.za
mailto:joguttu@unisa.ac.za
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CONSENT FORM 

 

Nenene Qekwana   

University of Pretoria   

Email: Nenene.Qekwana@up.ac.za 

 

You have been invited to take part in a research survey investigating the antimicrobial 

prescription practices among veterinarians and opinions regarding antimicrobial 

resistance. The survey will take approximately 15-20 minutes to complete. Your 

participation in this survey is important and will allow us to better understand the link 

between prescription practices and opinions regarding development of antimicrobial 

resistance. Taking part in this study is completely voluntary. If you choose to participate 

in this study, you can withdraw at any time. Your responses will be kept strictly 

confidential and anonymous. Any reports or publications that result from this research 

will be done at an aggregated level. 

 

If you have questions or want a copy or summary of this study’s results, you can contact 

us at the email address above. If you have questions about your rights as a participant, 

you may contact the research ethics office at the University of Pretoria at 012 356 3084 

or 012 356 3085. Please feel free to print a copy of this consent page to keep for your 

records. 

 

o I have read the above information and I agree to participate in this study  
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DEMOGRAPHICS 

 

1). What is your gender? 

o Male  

o Female  

 

2). What city do you work in? 

____________________________________________________ 

 

3). Is your veterinary practice: 

o Small Animal  

o Large Animal  

o Equine  

o Mixed  

 

4). What type of veterinary facility do you practice at? 

o Primary Care  

o Referral  

o Veterinary Hospital 

o Charity Clinic  

o Academic  

 

5). How long have you worked at your practice? ______________________years 

 

6). What is the total number of veterinarians employed at your facility or practice? 

______________________________________________________________________ 

 

7). How many hours per week do you work? 

______________________________________________________________________ 

 

8). What year did you graduate with your veterinary degree? 

______________________________________________________________________ 
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 VETERINARY EDUCATION 

 

9). What was the emphasis on antibiotics in your veterinary school education (non-

clinical years)? 

o a. Topic was not covered  

o b. Light emphasis  

o c. Covered thoroughly in one course  

o d. Emphasized in multiple courses  

 

10). What was the emphasis on antibiotics in your veterinary school education (clinical 

years)? 

o a. Topic was not covered  

o b. Light emphasis  

o c. Covered thoroughly in one course  

o d. Emphasized in multiple courses  

 

11). What was the background of the person primarily responsible for your education on 

antibiotics during your veterinary education? (Please select all that apply) 

o a. Clinical pharmacist  

o b. Clinical microbiologist 

o c. Clinician 

o d. Pharmacologist/clinical pharmacologist  

o e. Toxicologist  

o f. Don’t know what his/her background was  
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12). Do you hold any additional post graduate qualifications? 

o a. No  

o b. Yes  

o If yes, please list your post graduate qualifications below  

___________________________________________________________________ 

 

ANTIMICROBIAL PRESCRIPTION PRACTICES 

 

13). What are the main sources that you use to receive current information on 

antimicrobials and their use? (Please select all that apply) 

o a. Practice policy  

o b. Pharmaceutical companies  

o c. Veterinary Medicine Directorates  

o d. Peer reviewed scientific literature  

o e. Textbook/Drug handbook 

o f. Continuing Professional Development courses  

o g. Other (Please specify)  

___________________________________________________________________ 

 

14). Can you prescribe antibiotics without supervision, approval, or additional oversight? 

o a. Yes  

o b. No (Please explain)  

___________________________________________________________________ 

o Never  

 

15). Does your veterinary facility or practice have a policy concerning antibiotic 

prescription? 

o a. Yes 

o b. No  
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16). On Average, how often do you prescribe antibiotics? 

o a. Multiple times per day  

o b. Once per day  

o c. Once every two days  

o d. Once per week  

o e. Once every two weeks  

o f. Once per month 

o g. Once every two to four months 

o h. Quarterly  

o i. Biannually  

o j. Annually  

 

17). Is there any antibiotic that you do not feel comfortable prescribing? 

o a. No  

o b. Yes,  please explain below  

___________________________________________________________________ 
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FACTORS POTENTIALLY ASSOCIATED WITH PRESCRIPTION PRACTICES 

 

18). Do any of the factors below affect your decision when choosing to prescribe an 

antibiotic to a patient? (Please select all that apply) 

o a. Cost of antibiotic  

o b. Client insurance  

o c. Client expectations  

o d. Route of administration  

o e. Frequency of patient visits  

o f. Risk of potential adverse drug reaction  

o g. Other (Please specify below)  

___________________________________________________________________ 

 

19). You always rely on clinical signs and symptoms when prescribing an antibiotic? 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  

 

20). You rely on laboratory results before prescribing an antibiotic? 

o a. Strongly agree  

o b. Agree 

o c. Neither agree nor disagree 

o d. Disagree  

o e. Strongly disagree  
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OPINIONS ABOUT PRESCRIPTION PRACTICES 

 

21). What are your feelings concerning antibiotic prescription at your facility or practice? 

o a. All antibiotics are under-prescribed  

o b. Some antibiotics are under-prescribed (Please list them below) 

 

______________________________________________________________________ 

 

o c. All antibiotics are appropriately prescribed  

o d. Some antibiotics are over-prescribed (Please list them below) 

 

______________________________________________________________________ 

 

o e. All antibiotics are over-prescribed  

 

22). Do you feel like you sometimes over-prescribe antibiotics? 

o a. No  

o b. Yes  

 

23). Your colleagues over-prescribe antibiotics? 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly Disagree  
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24). Veterinarians at your practice or facility always comply with antibiotic prescription 

policies. 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree 

o d. Disagree  

o e. Strongly disagree  

 

25). Antibiotic prescription policies are contributing to a change in the frequency of 

antimicrobial resistance at your facility or practice? 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  

 

 

  OPINIONS ABOUT ANTIMICROBIAL RESISTANCE 

26). Improper use of antibiotics contributes to selection for antimicrobial resistance. 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  
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27). How does improper use of antibiotics affect selection for antimicrobial resistance? 

o a. It does not affect selection for antimicrobial resistance  

o b. Improper use of antibiotics  affects selection for antimicrobial resistance in the 

following ways:  

___________________________________________________________________ 

 
28). Improper prescribing habits among your colleagues is affecting the selection for 

antibiotic resistance in your facility. 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  

 

29). There has been an increase in the number of cases of antimicrobial resistance at 

your facility or practice. 

o a. Strongly agree  

o b. Agree  

o c. Neither agree nor disagree  

o d. Disagree  

o e. Strongly disagree  

 

30). In your opinion, what percentage of your clients are compliant with the instructions 

for prescribed antibiotics? __________ 

 

Thank you for completing this survey.  
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