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Abstract

Abstract

Antimicrobial resistance (AMR) is considered one of the most relevant global health
threats. Understanding how farmers use antimicrobials and their awareness and beliefs
about AMR is essential to improve antimicrobial usage (AMU) at the farm level. A cross-
sectional online survey was carried out to explore Scottish dairy farmers’ knowledge about
the meaning of AMR and antimicrobial activity, behaviour and practices related to farm
AMU and attitudes towards AMR mitigation. The second aim of this research was to
identify the factors affecting the attitude, knowledge and behaviour of dairy producers
regarding AMR and prudent AMU. An online survey was disseminated via multiple ways
(e.g., social media; farming press). The target population was all Scottish dairy farmers (n
= 832). Participation was voluntary and answers were obtained from 61 respondents (7.3%
of the target population). Regression analyses were performed to identify predictors for
farmers’ level of knowledge about antimicrobials and AMR, AMU behaviour and attitudes
towards AMR mitigation. Knowledge of AMR and antimicrobials was variable among
participants. Greater knowledge was associated with holding a university degree
(OR=28.28, P<0.001), working with mixed livestock (OR=4.82, P<0.05), and trusting only
veterinarians’ information about responsible AMU (OR=4.42, P<(.05). Indeed,
veterinarians were overall described as the most important source of reliable information
and the most influencing advisors on AMU. Many farmers (90%) self-reported a decreased
AMU over recent years. In the survey disease scenarios, greater AMU was associated with
younger age (OR=0.18, P<0.05) and working in large herds (OR=0.12, P<0.01). Despite
the majority (89%) agreeing on the importance of reducing AMU on dairy farms, only 52%
acknowledged that AMU on UK dairy farms is currently too high. Respondents were more
likely to show positive attitudes towards AMR mitigation if they worked in larger
(OR=4.67, P<0.05) or organic dairy farms (OR=18.35, P<0.05). These results indicate that
dairy farmers are aware of AMR and have recently reduced their farm AMU. However,
more work is needed to improve their attitudes and responsibility to fight AMR. Many
social, demographic, and economic factors influencing farmers’ practices and intentions
were identified in this study. Advisors should consider these factors when implementing

behavioural change programs on farms.
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Chapter 1 — General Introduction

Chapter 1 — General Introduction

1.1. Scottish dairy farming

Dairy farming in Scotland has a long history and plays a significant role in the country's
agricultural sector. Farms vary in size and geographical distribution, with most of the herds
being concentrated in the southwest of the country. The number of dairy farms is
approximately 830 (Farm Advisory Service, 2022). Scotland produces a substantial amount
of milk, contributing to the overall dairy supply chain in the United Kingdom (UK). In
2021, the annual milk production exceeded 1.5 billion litres, with an average milk price of
28.6 pence per litre. Milk from Scottish dairy farms is processed by various dairy
companies and cooperatives throughout the country producing a wide range of products
such as milk, cheese, butter, yoghurt, and ice cream. Dairy farming in Scotland shares
many similarities with the rest of the UK regions due to the common regulatory framework
and market dynamics. However, the average herd size is slightly larger in Scotland (190
cows in Scotland; 150 cows in England and Wales; 125 cows in Northern Ireland). Scottish
dairy farms exhibit a remarkable variety, ranging from extensively grazed low yielding
cows, producing approximately 5,000 Litres of milk per lactation, to high input-high
output herds housed all year round and producing over 12,000 litres per lactation. While
the majority of herds calve all year round, a small percentage follows either a spring block,
autumn block, or a combination of both calving patterns (Uberoi, 2021). Over three
quarters of dairy herds are located across the south western sub-regions of Dumfries &

Galloway, Ayrshire, and the Clyde Valley (Figure 1) (Scottish Government, 2016).
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Figure 1- Cattle per hectare in Scotland (2015)

The economic situation of dairy farms in the UK is influenced by various factors, including
milk prices, production costs, government policies, and market demand. Due to the decline
in milk prices since 2014, dairy farming has faced several challenges in recent years and
some farmers have struggled to maintain profitability (Downing, 2016). Dairy producers
often face pressure to reduce costs and increase productivity to remain competitive.
Intensifying farming practices, such as increasing herd size, using more efficient milking
technologies, and optimizing feed management are some ways in which producers try to
improve efficiency and reduce costs. However, intensification can have negative
implications for animal welfare and environmental sustainability, such as increased use of

antimicrobials.

Clinical mastitis, respiratory illness, lameness, and post-partum diseases are conditions that
often necessitate the use of antimicrobials in dairy cows (Marshall & Levy, 2011). Dry cow

treatment, wherein a long-acting intramammary antimicrobial infusion is administered to
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cows during the dry period to address existing and prevent the occurrence of new
infections, represents another important reason for antimicrobial usage (AMU). In contrast
to blanket dry cow treatment, in recent years selective dry cow therapy (SDCT) has been
adopted as a practice to reduce AMU (McCubbin et al., 2022). With SDCT only cows
having intramammary infections are targeted for antimicrobial administration, greatly

enhancing the responsible AMU in the dairy industry.

Although infectious diseases are not completely avoidable in dairy farming, some practices
such as respecting biosecurity rules, hygiene, sanitisation, and ensuring good overall
animal health and environmental conditions can minimise the incidence and spread of
disease and, as a consequence, the need for antimicrobials. Therefore, the first step to
reduce antimicrobial resistance (AMR) risk in dairy is to improve the overall animal’s

health and husbandry conditions.

1.2.  Farm antimicrobial usage estimation

Antimicrobials are used in food animals to treat disease (therapeutic use), prevent disease
(prophylactic use), and, in some countries, enhance animal growth (subtherapeutic use)
(Landers et al., 2012). Understanding how antimicrobials are used in livestock is crucial to
advise antimicrobial stewardship policy; yet exact figures are hard to monitor and quantify.
Three main methods can be used to obtain AMU data on a dairy farm: veterinary sales
data, on-farm medicine records, and on-farm medicine waste bin audits. A recent study in
the UK compared these three approaches and found that veterinary sales data were the
most reliable, while farm medicine records showed the poorest accuracy (Rees et al.,
2021). Farmers are legally required to register AMU; however, these data may often be
incomplete. Despite presenting some limitations (e.g., drugs stocked and not used yet, sales
from different practices, courses not completed), billing data are commonly used to
monitor AMU in UK dairy farms. The main methods used to calculate AMU are mass-
based methodologies (total mg and mg/kg) and dose-based methodologies (daily and
course dose metrics) (Mills et al., 2018). The simplest method is the total mass of
antimicrobials used (Total mg). Still, it has some crucial limitations, such as not
considering the number of animals in the herd and the dose rate of each antimicrobial.
Since new-generation antimicrobials and some Highest Priority Critically Important

Antimicrobials (HP-CIAs) for human health have lower mg per dose than older drugs, it
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may lead to an underestimation of AMU in herds using CIAs (WHO, 2005). The second
mass-based method is mg/kg, which divides the mass of the medicines used by the total
weight of animals at risk of treatment; it overcomes the limitation of herd size but does not
consider the different dose rates. Then, HP-CIAs should be measured and benchmarked
separately from other classes of antimicrobials. Defined daily dose (DDD) metrics divide
the total mg of medicine used by both total animal weight and the daily dose for that
antimicrobial, accounting for different dose rates. Similarly, defined course dose (DCD)
considers the daily dose and the course length. Hyde and colleagues (2017) calculated
AMU in a sample of UK dairy farms using sales data. They found that injectable, oral, and
footbath antimicrobials are the strongest drivers for AMU in mg/kg. In contrast,
intramammary treatments drove mostly DDD and DCD due to their low dose in mg.
Therefore, combining both methods may be the most appropriate approach to quantifying
and monitoring AMU in dairy farms. Otherwise, some high AMU farms would not be
detected with only one metric. The same study found that the highest 25% of antimicrobial
users bought 52 % of the total mass of antimicrobials, suggesting the presence of some
farms with very high AMU. In a similar study, Humphry et al. (2021) reported that the total
antimicrobial consumption in Scottish dairy herds was 14.3 mg/kg. While the total
estimated AMU was within the target set by RUMA for 2020, HP-CIA intramammary use
was considerably over these targets (0.62 DCDvet/dairy cow vs. 0.166 DCDvet/dairy set
by RUMA) (RUMA, 2017). Total AMU and HP-CIA usage were higher in dairy than beef

herds, mainly due to macrolide usage.

1.3.  Antimicrobial resistance mechanisms

Bacteria can have intrinsic or acquired resistance to antimicrobials. Intrinsic resistance is
due to a structural or functional characteristic of a specific group of microorganisms,
allowing them to be insensitive to a particular antimicrobial class. Commonly, it is
provided by the lack of a target structure for specific antimicrobial agents (Reygaert,

2018).

Acquired resistance involves only some strains of a particular bacterial group and it is
caused by an alteration of the bacterial genome. Acquired resistance can be secondary to a
mutation of genes affecting the activity of the drug (endogenous resistance), to a horizontal

acquisition of genetic material (exogenous resistance), or to a combination of both. In
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particular, horizontal gene transfer (HGT) is the most important method to acquire and

spread resistance among the bacteria population and it can happen via the following routes

(Guardabassi & Courvalin, 2019; Christaki et al., 2020):

. Transformation, when DNA molecules from other cells are assimilated directly

from the extracellular space.

. Transposition, when a chromosomal fragment is spread between bacteria through a

bacteriophage virus.

. Conjugation, when a direct connection between two bacteria is created through
sexual pilus, and they exchange mobile genetic elements (MGEs) such as plasmids,
integrons, and transposons. Conjugation is the most efficient method of gene transfer

between bacteria.

There are four main mechanisms of resistance, and they are classified according to their
biochemical mechanism: limiting uptake of a drug by altering the permeability of the
bacterial membrane; modification or protection of a drug target by reducing the affinity for
the antimicrobial molecule; inactivating the antimicrobial molecule, by producing enzymes
rendering the drug unable to interact with its target; active extrusion of a drug, by using
efflux pumps. The development of AMR by bacteria, viruses and fungi is a natural
phenomenon. However, it is accelerated by excessive use and misuse of antimicrobials in

human and animal populations (Reygaert, 2018).

1.4. Antimicrobial resistance on dairy farms

Food-producing animals can be the reservoir of resistant pathogenic strains of some
zoonotic bacteria such as Staphylococcus aureus, Escherichia coli, Listeria
monocytogenes, and Salmonella spp. (Sharma et al., 2018). S. aureus is one of the primary
mastitis pathogens worldwide, and methicillin-resistant S. aureus (MRSA) infection poses
a significant threat to public health due to the limited treatment with non-B-lactam
antimicrobials and the potential zoonotic transmission through raw milk consumption
(Schnitt and Tenhagen, 2020). Although the prevalence of AMR is lower than on pig farms

and despite the role of cattle as a source of human infection remain unclear, MRSA
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prevalence in bulk tank milk has been reported to vary between 0% and 20% (Schnitt and
Tenhagen, 2020). Despite studies suggesting that bacteria causing bovine udder infections
are generally susceptible to the most common antimicrobials used (Jong et al., 2018), a
recent meta-analysis reported an increasing trend of S. aureus resistance to all the
antimicrobials evaluated (Mills et al., 2018). Saini et al. (2012) found a positive association
between penicillin administration (injectable and intramammary) and penicillin resistance
in S. aureus in Canadian dairy herds. In contrast, another study revealed a positive
association between systemic AMU and the level of resistance of non-aureus staphylococci
but no association with intramammary AMU (Nobrega et al., 2018). Antimicrobial
susceptibility of pathogens causing subclinical mastitis was lower in herds using
antimicrobial dry cow therapy than in herds not using AMU at dry off (organic herds)
(McDougall et al., 2021). When monitoring AMR in dairy farms, using bacteria isolated
from bulk tank milk samples may be a valuable method (Berge et al., 2007). In a study
carried out in the UK, several practices have been associated with the antimicrobial
susceptibility of bacteria isolated from the bulk tank, such as the presence of slurry storage,
type of pre-milking teat disinfection, type of bedding and milking system (McLaughlin et
al., 2022).

Reports show that the level of antimicrobial susceptibility in pathogens isolated from cattle
remains relatively stable in the UK (especially for tetracycline, penicillin, aminoglycosides
and sulphonamides) (UK-VARSS, 2021). The last UK-VARRS report described the E. coli
resistance to non-HP-CIA had only limited annual fluctuations for most antimicrobials, but
resistance to ampicillin has increased from 22% in 2017/2018 to 39-46% between 2019
and 2021; resistance to the beta-lactam ampicillin remains high (40.5%) and to tetracycline
remains moderate (14.3%). S. aureus resistance to beta-lactam amoxicillin/clavulanate has
increased from 7% to 12% over the monitoring period, while resistance to penicillin

declined from 27.8% to 12%.

1.5.  Antimicrobial resistance spread from livestock to humans

In countries where surveillance on AMU has been conducted for a long time (e.g.,
Denmark, Sweden, and the Netherlands), national surveillance reports showed that there is
a link between the amount of antimicrobials administered in livestock and the level of

AMR in pathogens causing animal infections (Bennani et al., 2020). In addition, several
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studies reported the association between antimicrobial use in the cattle production system

and the occurrence of resistance in both commensal and opportunistic bacteria (Berge et

al., 2006; Jarrige et al., 2020).

Despite there being no clear conclusion, AMU in animals is believed to be a risk for the
emergence of AMR in the human bacterial population (Tang et al., 2017). Some studies
have documented a genetic association between resistant bacteria isolated in humans and
farm animals (Lee, 2003; Zhang et al., 2009). Antimicrobial resistance may spread between
animals and humans by direct or indirect contact. Some occupational categories, such as
veterinarians, farmers, and slaughterhouse workers, are more exposed to resistant
organisms due to their close contact with infected animals. People can also indirectly be
exposed to resistant bacteria through food, water, and animal waste application to farm
fields (Marshall and Levy, 2011). Quantitatively, food is the most important transmission
source of AMR between livestock and humans (FAO and VMD, 2022). In addition, the
global trade of animal products has the potential risk to disseminate resistant bacteria
across different countries (Founou et al., 2016). Associations between resistant genes of
bacteria isolated in animal food products and humans have been reported, demonstrating
the possibility of AMR passage through the food chain (Johnson et al., 2007). However,
evidence proving this transmission route remains limited, perhaps due to the hygiene
procedures of meat processing which can be very effective at removing bacteria (FAO and

VMD, 2022).

Besides the direct infection from an animal source (infected animal or contaminated
food/water), AMR may spread from livestock to humans through the diffusion of
resistance genes from animal to human pathogens (HGT). In this regard, not only
pathogenic bacteria must be considered as a threat to AMR. Indeed, commensal bacteria
constantly exchange genetic material with other bacteria, and they may represent an

important reservoir of resistant genes (the “resistome”) (Marshall and Levy, 2011).

Antimicrobial residues are another important factor driving the emergence of AMR by
exerting selection pressure on bacteria. It is estimated that 75% to 90% of antimicrobials
used in food animals are excreted largely unmetabolized and then discharged in the
environment, such as in water, manure, and soils (Marshall and Levy, 2011). Furthermore,

as environmental antimicrobial residues are not controlled as are other hazardous
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substances, their concentrations are likely to be underestimated (FAO and VMD, 2022). In
addition to being a risk for AMR, antimicrobial residues in the environment can reduce soil
bacteria which are important for the carbonate and nitrogen cycle (Wepking et al., 2019),

and they also reduce methanogenic bacteria in biogas production from manure (Wolak et

al., 2022).

1.6. Impact of antimicrobial usage in livestock on public health

In recent decades, the demand for animal protein for human consumption has increased
dramatically. In low- and middle-income countries, the intensification of farming systems
has led to a massive, rapid increase in AMU. Van Boeckel et al. (2019) estimated that
between 2010 and 2030, the global use of antimicrobials in livestock will increase by 67%
and, in some countries (e.g., Brazil, Russia, India, and China), it will increase by 99%.
There is growing concern about the threat that AMR might pose to public health, resulting
in human antimicrobial-resistant infections. Despite scientific evidence showing that
transmission of antimicrobial-resistant bacteria between animals and humans is possible,
there is a lack of conclusive and robust data demonstrating the amplitude of its impact on
the overall burden of AMR (Founou et al., 2016). In a recent systematic review, Tang and
colleagues (2017) reported that restricting AMU in livestock decreased antimicrobial-
resistant bacteria in animals by about 15%. The evidence of the impact on public health
was less and limited to people working in close contact with food production animals.
However, some studies described a 24% absolute reduction in the prevalence of
antimicrobial-resistant bacteria in humans with the intervention of reduced AMU in
livestock (Tang et al., 2017). A mathematical model study found that lowering AMU in
food-producing animals had little impact on the level of AMR in humans, whereas limiting
the transmission of resistant bacteria from livestock to humans may be more beneficial
(van Bunnik and Woolhouse, 2017). Despite there being no clear conclusions regarding the
link between AMU and AMR in animals and humans, an integrated and multisectoral One
Health approach is essential for controlling the burden of resistant bacteria. This involves
the collaboration of various disciplines and representatives from different fields
(environmental, human, and animal health) for a better understanding and management of

AMR (FAO and VMD, 2022).
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1.7. Guidelines on antimicrobial usage on UK dairy farms

The World Organisation for Animal Health (OIE), the World Health Organisation (WHO),
and the Food and Agriculture Organization of the United Nations (FAO) have made a joint
effort to combat AMR globally, and several guidelines about prudent AMU in veterinary

medicine have been proposed over the last decades.

In 2005, the World Health Organisation established the first list of Critically Important
Antimicrobials (CIA) based on two main criteria: “sole, or one of the limited available
therapies, to treat serious human infections” and “used to treat infections caused by an
agent that can be transmitted by non-human sources or with resistant genes from non-
human sources” (WHO, 2005). Antimicrobial classes meeting both criteria are termed
CIAs. The list has been reassessed several times. In the last and 6th revision of 2018, CIAs
have been further divided into High Priority CIAs and Highest Priority CIAs (HP-CIAs)
based on three prioritization factors. HP-CIAs are quinolones, polymyxins, macrolides,
cephalosporins (3rd, 4th, and 5th generation), and glycopeptides (WHO, 2018) . The
European Medicine Agency has also categorised the antimicrobials used in animals to
protect the public and animal health (EMA, 2020). The classification comprises four
categories: A (“Avoid”), B (“Restrict”), C (““Caution”), and D (“Prudence”). Category A
includes antimicrobials not authorised in veterinary medicine by the EU. Recently, OIE
classified antimicrobials into three categories, Veterinary Critically Important
Antimicrobial Agents (VCIA), Veterinary Highly Important Antimicrobial Agents (VHIA),
and Veterinary Important Antimicrobial Agents (VIA) (OIE, 2021). Along with the major
international health organisations, the European Union (EU) and many European countries
have developed regulations and directives on the prudent use of antimicrobials in
veterinary medicine. The EU has banned antimicrobial use as growth promoters in
livestock since the 1st of January 2006 (Regulation 1831/2003/EC). EU directives set
requirements regarding raw milk microbiological, physical, and chemical hazards.
Maximum Residue Limit (MRL) is an official EU standard and represents the maximum
allowed concentration of residue in a food product from an animal treated with a veterinary

medicine.

In 2011, the European Commission launched a 5-year action plan, recommending 12

actions to tackle AMR, such as responsible usage of antimicrobials, good hygiene
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practices, farm management, and disease surveillance (European Commission, 2011). In
the UK, the Review on Antimicrobial Resistance published in 2016 proposed ten
recommendations to combat the spread of AMR, addressing some important aspects such
as infectious disease prevention and animal control (O’Neill J, 2016). Recently, the UK
government issued the last five-year national action plan, “Tackling antimicrobial
resistance 2019-2024”, which focuses primarily on reducing the need for antimicrobials
through good animal husbandry, disease prevention, and biosecurity (Department of
Health, 2019). Responsible AMU in food-producing animals in the UK is mainly industry-
led. The government monitors AMU through medicine sales data, produces action plans to
tackle AMR, and creates targets, whereas the industry is responsible for designing and
implementing livestock sector policies (Begemann et al., 2020). This is made possible
through compliance with retailer and supermarket standards and voluntary farm assurance
schemes. For instance, the Red Tractor Scheme requires an annual veterinary review of
AMU, the use of HP-CIAs as a last resort and under veterinary direction, and staff training
for antimicrobial administration (Red Tractor Assurances, 2021). Some dairy retailer
groups may have more stringent guidelines AMU in farmed livestock. For instance, some
milk buyers, such as Organic Milk Suppliers Co-operative Limited (OMSCO), guarantee
antimicrobial-free milk to consumers (Alliance to Save Our Antibiotics, 2021). Various
detailed treatment guidelines for veterinarians and farmers are available in the UK. The
Responsible Use of Medicines in Agriculture Alliance (RUMA) has formulated
recommendations for farmers and veterinarians regarding prudent AMU in various animal
species (RUMA, 2015). In addition, the British Veterinary Association (BVA) has
published a 7-point antimicrobial plan poster, illustrating the critical action for responsible

AMU (BVA, 2019).

As a result of the initiatives and the awareness-raising actions proposed by the government
and international organisations, antimicrobial sales in livestock seemed to decrease over
recent years. The last UK One Health Report described an average reduction of 35 % of the
total tonnes of antimicrobials sold for animals between 2013 and 2017 (VMD, 2019).
When considering only HP-CIAs, the AMU reduction was approximately 51 %. The
Veterinary Medicine Directorate (VDM) produces an annual report on AMU using sales
data: the UK Veterinary Antimicrobial Resistance and Sales Surveillance (UK-VARSS).
The most recent version reported a reduction of 68 % in cattle injectable HP-CIAs between

2016 and 2020. In addition, there was a decrease of 78 % in intramammary HP-CIAs and
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38 % and 34 % in lactating cow and dry cow therapy sales, respectively (UK-VARSS,
2021). In 2020, RUMA published the second set of targets which established a 15% fall of
mg/kg of AMU in cattle and sheep by 2024 (RUMA, 2020).

1.8. Dairy farmers’ knowledge of antimicrobials and AMR

Antimicrobial usage and the potential spread of AMR on dairy farms are largely affected
by farmers’ behaviour which, for its part, depends on cultural, social, and economic
factors. In the UK, antimicrobials are a prescription-only medicine and must be
recommended by a veterinary surgeon after a clinical assessment of the animal (The
Veterinary Medicine Regulations No. 2033, 2013). However, if the veterinarian is actively
controlling the farm and is aware of the animal’s health status, farmers can gather, store,
and administer antimicrobials without the practitioner being present (Loeb, 2021). Only
monitoring AMU alone gives little evidence about farmers’ beliefs and intentions.
Therefore, much research is focusing on what influences farmers’ behaviour and attitudes
toward AMR to identify high-risk practices and design antimicrobial stewardship
programs. Yet, there are still gaps in the current understanding of drivers and barriers to

responsible AMU.

Farmer knowledge about antimicrobials and AMR varies considerably between studies and
countries. Ozturk et al. (2019) reported a lack of knowledge and awareness of AMR among
dairy farmers in Turkey. Some authors found that most producers thought AMR was a
synonym for unsuccessful treatment (Schwendner et al., 2020) and were unfamiliar with
the meaning of critical antimicrobials (Poizat et al., 2017). In England and Wales, only
two-thirds were aware of the inappropriate usage of HP-CIAs as a first-choice
antimicrobial (Jones et al., 2015), and only 55% provided an accurate description of AMR
(Higham et al., 2018). Perceived knowledge was also poor in some studies, with some
farmers admitting a lack of ability to properly use antimicrobials (Jones et al., 2015;
Schwendner et al., 2020). On the other hand, farmers’ knowledge of antimicrobials and
AMR was higher in dairy compared to other livestock farming in the Netherlands (Kramer
et al., 2017), and 72% of Washington dairy farmers were aware of the meaning of AMR
(Raymond et al., 2006). Generally, researchers reported that knowledge and awareness
were higher in high-income countries (Farrell et al., 2021). In contrast, in some developing

countries, dairy farmers reported using antimicrobials as a preventive measure and
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treatment of non-bacterial diseases (Dankar et al., 2022). Despite most of the studies
reporting low to moderate awareness of dairy farmers about AMR and AMU, these
findings likely depend on the country’s support and resources for producers, agricultural
regulations that farmers need to be aware of, and dairy industries’ initiatives and standards.

The Scottish dairy farmers’ knowledge of AMR and antimicrobials remain a knowledge

gap.

1.9. Dairy farmers’ antimicrobial usage behaviour

Several authors have explored farmers’ behaviour around AMU. Recent surveys revealed
that mastitis was the leading driver for AMU (Jones et al., 2015; Higham et al., 2018), and
that penicillin was the most used antimicrobial (Higham et al., 2018; Falkenberg et al.,
2019). Implementation of SDCT varied among studies and countries. In the UK, Brunton
et al. (2012) found that 85% of farmers were treating all cows with antimicrobials at dry-
off (blanket treatment), and a more recent survey reported that 96% of farmers were using
antimicrobial dry cow treatment without specifying in which proportion of cows (Fujiwara
et al., 2018). Other authors found that 58% and 77% of the farmers were implementing
blanket dry-cow therapy in French and US dairy farms, respectively (Kayitsinga et al.,
2017; Poizat et al., 2017), while in the Netherlands, 75% were using SDCT (Scherpenzeel
et al., 2016). In the Netherlands, restrictions on AMU in livestock have been established
since 2008 and this likely contributed to a greater awareness of AMR among Dutch dairy
farmers (Tijs et al., 2022). Respiratory infections and lameness represent other important
reasons for AMU on dairy farms (Raymond et al., 2006; Higham et al., 2018). Although
international guidelines discourage the usage of HP-CIA usage, Brunton et al. (2012) found
that cefquinome was the active ingredient in the second most frequently used
intramammary tubes to treat mastitis, and Poizat et al. (2017) reported that 42% of French

farmers were regularly using CIAs.

Farmers’ decision-making around antimicrobials is influenced by several factors, with
animal welfare and veterinarian recommendations being indicated as the most important
(Jones et al., 2015; Swinkels et al., 2015; Golding et al., 2019; Schwendner et al., 2020;).
Other aspects influencing decision-making were the withdrawal period (Ekakoro et al.,
2019) and financial cost (Jones et al., 2015). Some recent studies investigated the uptake of

best practices to reduce the risk of AMR, such as using culture and sensitivity tests,
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implementing treatment protocols, and discarding waste milk. Microbiological cultures of
samples collected from affected animals (e.g., milk, faeces) are practical tools to identify
pathogens and target antimicrobial therapy. Studies have reported that this practice is
relatively widespread, being implemented by 60% to 70% of German and US farmers for
the diagnosis of mastitis pathogens (Kayitsinga et al., 2017; Falkenberg et al., 2019), and
more than 60% of Swiss producers always take milk sample before treating cows with
antimicrobials (Schwendner et al., 2020). However, several studies identified limitations
for the uptake of diagnostic tests usages, such as cost, sampling difficulties, time, and

variable results (Skjelstrup et al., 2021).

Improved diagnostic specificity and more judicious AMU can be achieved through
standard operating procedures on farms, such as AMU treatment protocols. The presence
of treatment protocols was met rarely in Washington, German, and Swiss dairy farms
(Falkenberg et al., 2019; Raymond et al., 2006; Schwendner et al., 2020), while other
studies in North America found that approximately 40% of dairy producers were
employing this tool for therapy decision-making (Habing et al., 2016; Uyama et al., 2022).
However, the uptake of treatment protocols has never been investigated in Sottish dairy

farms.

“Waste milk™ is milk unfit for human consumption and includes milk from cows treated
with antimicrobials or non-antimicrobial medicines that may leave residues, or milk from
cows with mastitis. Studies have highlighted the potential risk of feeding milk containing
antimicrobial residues in selecting resistant gut bacteria in calves (Jarrige et al., 2020; Firth
et al., 2021). Brunton et al. (2012) found that 83% of farmers feed their calves waste milk.
However, a more recent study reported that this practice occurred in less than half of the
respondents’ farms in the UK (Higham et al., 2018). It is likely the increased awareness of
AMR and the risk associated with feeding waste milk to calves (e.g., the spread of
pathogens such as Mycobacterium avium subspecies paratuberculosis, Mycoplasma bovis,
Salmonella spp.) has reduced this practice among dairy producers in recent years.
However, no recent data are available on the prevalence of producers feeding waste milk to

calves in Scotland.
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1.10. Dairy farmers’ attitudes towards AMR

Understanding farmers’ attitudes toward AMR is essential to implement specific strategies
and achieving responsible AMU. Studies have shown that positive attitudes towards dry
cow therapy and decreased AMU were related to whether farmers would implement SDCT
(Scherpenzeel et al., 2016) and reduce AMU (Jones et al., 2015). Overall, studies reported
a good level of awareness of the risk associated with irresponsible AMU, and many
producers were conscious that this could contribute to the emergence of AMR in animals
(Raymond et al., 2006; Jones et al., 2015; Golding et al., 2019; Schwendner et al., 2020).
UK dairy farmers showed a positive attitude and a sense of ownership for improving AMU
(Golding et al., 2019). Studies in Switzerland and Denmark reported that producers felt
responsible for ensuring a safe product for consumers (Gerber et al., 2020) and that they
recognised the importance of keeping records of AMU on the farm so that milk should be

free from antimicrobial residues (Skjelstrup et al., 2021).

Despite the farmers being aware of AMR and its consequences on the dairy industry, they
did not perceive AMR as a current threat or something they have encountered on their
farms (Golding et al., 2019). Indeed, limited response to treatment was mainly attributed to
other cow and pathogen factors, rather than resistance (Helliwell et al., 2019). AMR was
considered distant from their local reality, as something which other countries or other
farming systems should be concerned about. Producers feared more potential future

legislation limiting their medicine usage (Golding et al., 2019).

Considerable evidence shows that farmers are more sceptical about the link between AMU
in animals and AMR in humans (Jones et al., 2015; Ekakoro et al., 2019), especially among
conventional farmers (Habing et al., 2016). UK and Danish farmers showed a defensive
attitude, believing that they were unfairly blamed for contributing to a significant societal
problem for which other countries or human physicians are more responsible. Also, they
believed that other livestock industries impair their actions to reduce AMR with higher
levels of medicine usage (e.g., swine) (Golding et al., 2019; Skjelstrup et al., 2021). This
“other-blaming” behaviour and renunciation of responsibility can be a significant barrier to
reducing AMU (Skjelstrup et al., 2021). Producers highlighted the importance of a global
joint effort between all farm sectors, veterinarians, and human doctors to reduce AMR's

public health consequences (Golding et al., 2019). In a recent study, dairy farmers



25
Chapter 1 — General Introduction
perceived that consumers and politicians do not appreciate their effort to take care of
animals and, at the same time, guarantee a safe product (Fischer et al., 2019). Producers
were concerned about consumers’ lack of knowledge and misconception of welfare and
AMU, which could tighten regulations for medicine usage, and threaten their ability to
treat sick animals effectively (Swinkels et al., 2015). Indeed, a US public survey reported
that more than 90% of the respondents worried about the impact of AMU on dairy farms
on human health (Wemette et al., 2021). Dairy farmers felt constrained by the system that
requires cheap milk, which is linked to intensification, poor management, and increased
AMU (Golding et al., 2019). Yet, research on an English dairy farm suggests that high
levels of AMU are not necessary to maintain an intensive production system (Helliwell et
al., 2019). In addition, Kuhnen et al. (2021) investigated the level of resistance of mastitis
pathogens in different dairy husbandry systems, and they found that more intensive
production was not associated with higher AMR, suggesting that other environmental

factors may be more involved.

Negative attitudes towards regulations were seen more in dairy than other farming
stakeholders, possibly due to the recent rules and more societal criticism (Kramer et al.,
2017). Perceived ability to reduce AMU varied a lot between farmers. Some indicated that
reducing medicine usage was feasible on their farm (Jones et al., 2015). Others believed
that antimicrobials are only used when there are no alternatives and admitted that changing
behaviour would be problematic (Fischer et al., 2019; Golding et al., 2019); these findings
reveal a discrepancy between farmers’ behaviour and what the dairy industry requires them
to do. Dairy farmers have reported several barriers to responsible AMU. First, financial
constraints, such as a change in farm structures and facilities (Wemette et al., 2021) and the
cost of veterinary consultation and diagnostic tests (Fischer et al., 2019; Friedman et al.,
2007; Golding et al., 2019). Farmers’ general economic situation has been regarded as an
essential limitation to changing AMU (Skjelstrup et al., 2021). Time and labour constraints
were also mentioned, such as no time to wait for the veterinarian or the results of a
diagnostic test (Friedman et al., 2007; Golding et al., 2019). Farmers reported concerns
about productivity with milk production that would decrease if reducing antimicrobials
(Raymond et al., 2006), and they thought that animal welfare would be compromised.
Dairy producers felt a moral responsibility to maintain animals' health and supply a safe
product, which meant it would not be possible to reduce AMU (Jones et al., 2015;
Scherpenzeel et al., 2016; Wemette et al., 2021). Guaranteeing animal welfare and health
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was crucial for them to maintain the status of “good farmer” and conform to the social
norms (Fischer et al., 2019). It explained why farmers might extend antimicrobial

treatment over the recommendations (Swinkels et al., 2015).

On the other hand, farmers are motivated to reduce AMU by many factors. Training,
education, and support are some drivers frequently reported. Producers desired better
knowledge about AMU and diagnostic methods and asked for support in making changes,
such as training courses, workshops, reading resources, and industry-led initiatives
(Higham et al., 2018; Golding et al., 2019; Ozturk et al., 2019). In particular, veterinarian
guidance and mutual support were believed essential to prevent disease, improve general
cattle health, and reduce drug usage without compromising animal welfare and
productivity (Scherpenzeel et al., 2016; Golding et al., 2019). Economic rewards and better
financial support from industry were also important motivators for reduced AMU. Farmers
would need better financial returns or financial incentives from milk buyers, to reinvest in
farm buildings and staff training (Higham et al., 2018; Golding et al., 2019). Indeed, Jones
et al. (2015) found that those receiving a more significant income from sold milk were
more likely to demonstrate a positive intention to reduce their medicine usage. Motivation
to reduce AMU could also originate from peers' need to be considered “good farmers”.
Farmers reported the importance of external approval from consumers, advisors, and
veterinarians in several studies (Jones et al., 2015; Scherpenzeel et al., 2016; Fischer et al.,
2019; Gerber et al., 2020). Reduced treatment cost (cost of antimicrobial and loss of milk
during withholding period), and the consequently increased profit, were also seen as
drivers for decreasing AMU (Jones et al., 2015; Schwendner et al., 2020; Wemette et al.,
2021).

1.11. Changing farmers’ behaviour

Farmers’ behaviour towards best practices is crucial to limit the emergence of AMR;
however, poor on-farm adoption of recommendations is common and behavioural change
is often challenging to achieve in practice. Traditionally, enhancement in farming practices
has been achieved through the implementation of regulations, legislation, and penalties,
such as penalties for high somatic cells count (SCC) or antimicrobial residues in milk
(Bard et al., 2019). These approaches (top-down) can be effective and obtain a widespread

and quick behavioural change (Skjelstrup et al., 2021). However, since farmers tend to
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have an individualistic approach, compulsive instruments are not always well implemented
and accepted, and they may introduce unwanted behaviour, such as not recording the use
of antimicrobials, purchasing medicine online or using more veterinary practices as a
source of drugs (Skjelstrup et al., 2021). Other approaches used to motivate farmers might
be incentives and financial support. However, farmers may implement changes only as

long as the motivators are in place (Ritter et al., 2017).

The uptake of recommendations is generally influenced by farmers’ demographic factors,
experience, and economic background. Indeed, to obtain an effective behaviour change, it
is important to understand the farm context (e.g., regulations, milk price) and producers’
motivation, perceived ability, and farming worldview (Ritter et al., 2017). In a recent study,
veterinarians reported knowing in advance whether a farmer would react as an advice-taker
(positive) or advice-leaver (negative) based on their personality (Bard et al., 2019). For
these reasons, tailored and farmer-specific interventions are far more effective than

standardised solutions (Helliwell et al., 2019; Morgans et al., 2021).

Farmers need to be provided with a sense of ownership to reduce AMU, and they must be
actively involved in finding solutions (Speksnijder and Wagenaar, 2018). In a recent
review, Skjolstrup et al. (2021) described the importance of “self-efficacy” (trust in own
ability) for changing farmers’ behaviour. For instance, participatory farmer-led approaches
have been proposed as an effective strategy to reduce AMR. This method involves group
discussions during which suggestions are proposed directly by farmers (Morgans et al.,
2021). Peers’ recommendations are often deemed more practical and achievable than
veterinarians’ recommendations. In addition, farmers’ discussion creates a shared
understanding and promote active engagement, rather than a passive consumption of
information (Bard et al., 2019; Skjelstrup et al., 2021). Regular meetings with veterinary
and peer support and periodic review of medicine usage have been reported as practical
tools to reduce AMU (Speksnijder and Wagenaar, 2018; Gerber et al., 2020; Morgans et al.,
2021).

In the context of cattle diseases, veterinarians are often considered the most truthful source
of information (Biesheuvel et al., 2021). Their frequent contact with farmers has been
associated with positive outcomes, such as higher awareness of AMR (Higham et al.,

2018). Ritter et al. (2019) found that Canadian dairy farmers are overall satisfied with
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veterinarian services and communication. Nevertheless, in a recent systematic review,

Farrell et al. (2021) reported that dairy producers felt the relationship was not reciprocal
and emphasised the importance of mutual trusting collaboration. Farmers want to feel that
the practitioner understands their farm context (Bard et al., 2019). In addition, Speksnijder
et al. (2018) found that AMU was seen from a different point of view, with farmers
prioritising the prevention of animal suffering and veterinarians following their ethical
obligation. On the other hand, veterinarians felt that farmers are reluctant to change their
practices regarding AMU (Llanos-Soto et al., 2021). Thus, practitioners may avoid actions
in line with antimicrobial stewardship to address clients’ expectations rather than creating
conflicts. In this regard, improving veterinary-farmer communication is essential to
understand each other’s perspectives better, establish a common goal, and work efficiently
to reduce AMU. Indeed, Ritter et al. (2019) reported that farmers reporting higher
satisfaction with veterinary services were more prepared to adopt veterinarian
recommendations. Since veterinarians’ opinion strongly influences farmers’ behaviour,
practitioners’ education about antimicrobial stewardship is crucial. Some studies indicated
that veterinarians might prescribe antimicrobials as a risk-avoiding strategy to prevent
complications. Sometimes, they perceive their role as a service provider of fast and cheap
solutions rather than a reliable advisor (Speksnijder and Wagenaar, 2018). Similarly, a
recent international survey (Llanos-Soto et al., 2021) indicated that around half of dairy

practitioners might overprescribe antimicrobials.

1.12. Aims of the study

Although there is extensive literature describing the awareness, attitudes and behaviour of
farmers towards AMR, limited information is available about UK producers, and no
previous studies have examined these aspects specifically in the Scottish dairy sectors. The
different agricultural policies and milk retailers’ requirements, herds’ managements, and
farmers’ backgrounds in Scotland likely affect the perception and beliefs of farmers around
this topic. In addition, research gaps exist regarding the factors driving the uptake of best
practices and responsible AMU behaviour, and the awareness and attitudes of dairy farmers

to reduce AMU and combat AMR.

Therefore, the first aim of this study was to investigate the awareness, attitudes and

behaviour of Scottish dairy farmers related to AMR and AMU. In particular:
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. Assessing farmers’ understanding of antimicrobials and AMR

. Exploring the implementation of best practices (e.g., discarding waste milk; SDCT)
and farmers’ AMU behaviour through some clinical disease scenarios

. Identifying which factors and people most influence farmers’ antimicrobial choice
and usage

. Investigating how AMU has changed in recent years and the main limitations

associated with its reduction.

. Examining the perceptions and attitudes of farmers towards AMR mitigation and
towards the implementation of AMU responsible practices (e.g., respecting withdrawal
period, isolating sick animals, having AMU treatment protocols on the farm)

The second aim of the study was to identify farmers’ traits and herd-level factors
influencing the AMR and AMU knowledge, behaviour and attitudes of Scottish dairy
farmers.
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2.1. Abstract

Antimicrobial resistance (AMR) poses a major threat to global health. Understanding how
antimicrobials are used on dairy farms and stakeholder beliefs relating to their use is
essential to ensure responsible antimicrobial usage (AMU) to tackle the emergence of
AMR. This study explored Scottish dairy farmers’ knowledge about the meaning of AMR
and antimicrobial activity, behaviour and practices related to farm AMU and attitudes
towards AMR mitigation. An online survey was designed based on the findings of two
focus groups and was completed by 61 respondents (7.3% of the total population of
Scottish dairy farmers). Knowledge of antimicrobials and AMR was variable, and almost
half of the participants believed that antimicrobials could have anti-inflammatory or
analgesic activity. Veterinarians’ opinions and advice about AMU were ranked significantly
more important than other social referents or advisors. The majority of farmers (90%)
reported having implemented practices to reduce reliance on antimicrobials (e.g., selective
dry cow therapy, AMU treatment protocols) and having reduced farm AMU over recent
years. Feeding waste milk to calves is still widespread, being reported by up to 30% of
respondents. The main factors described to hinder responsible farm AMU were limited
facilities (e.g., lack of isolation pens for sick animals) and knowledge of appropriate AMU
recommendations, followed by time and financial constraints. Most farmers (89%) agreed
that it is important to reduce AMU on dairy farms, but fewer (52%) acknowledged that
AMU on UK dairy farms is currently too high, suggesting a mismatch between their

intention to reduce antimicrobials and AMU behaviour. These results indicate that dairy
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farmers are aware of AMR, and their self-reported farm AMU has been reduced. However,
some do not clearly comprehend the activity of antimicrobials and their correct usage.
More work is needed to improve dairy farmers’ knowledge of appropriate AMU and
intentions to combat AMR. Farmers would benefit from more regular AMU discussions
and advice from herd veterinarians, as they were described as highly trusted information
resources. Training on how to reduce AMU should involve all farm staff administering
antimicrobials and should be tailored to farm-specific barriers, such as limited facilities

and workforce shortages.

2.2. Introduction

Antimicrobial resistance (AMR) has been declared one of the top ten public health threats
facing humanity (WHO, 2021). Two major drivers for acquired AMR are excessive use and
misuse of antimicrobials in humans and animals (Marshall and Levy, 2011). The
emergence of resistant bacteria may lead to increased morbidity and mortality in cattle,
resulting in compromised animal welfare and economic losses (Call et al., 2008). In
addition, scientific evidence has indicated that antimicrobial usage (AMU) in animals may
contribute to AMR in humans (Tang et al., 2017), and food-producing animals can be a
reservoir of resistant pathogenic strains of some zoonotic bacteria such as Staphylococcus
aureus, Escherichia coli, Listeria monocytogenes, and Salmonella spp. (Sharma et al.,
2018). Based on the precautionary principle, it is necessary to address irresponsible AMU
in food-producing animals to prevent potential adverse animal and public health

consequences.

In dairy herds, antimicrobials are frequently used to treat infections in adult and young
animals, with the control of udder infection representing the main reason for AMU
(Kromker and Leimbach, 2017). In the UK, antimicrobials are a prescription-only
medicine prescribed by a veterinary surgeon after a clinical assessment of the animal (The
Veterinary Medicine Regulations No. 2033, 2013). However, farmers often store and
administer antimicrobials without the guidance of a veterinarian. Farm AMU is usually
estimated from veterinary practices’ sales data or on-farm records (Hyde et al., 2017);
however, monitoring AMU alone gives little evidence about farmers’ beliefs and intentions

to reduce AMU. Understanding how antimicrobials are used in livestock is crucial for the
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development of antimicrobial stewardship programmes. Therefore, significant literature
exists regarding what influences farmers’ behaviour and attitudes towards AMR, high-risk

practices, and barriers and drivers for responsible AMU.

Along with the major international health organisations, many countries have developed
regulations and directives on the prudent usage of antimicrobials in veterinary medicine.
Recently, the UK government issued the most recent UK five-year national action plan,
“Tackling antimicrobial resistance 2019-2024”, which focuses on reducing the need for
antimicrobials through good husbandry, disease prevention, and biosecurity (Courtenay et
al., 2019). The Responsible Use of Medicines in Agriculture Alliance (RUMA) has
formulated many guidelines for farmers and veterinarians regarding prudent AMU
(RUMA, 2015). In addition, many dairy product purchasing companies are now requiring
their supplier farms to demonstrate responsible AMU (Begemann et al., 2020). Yet, little is
known about the uptake of the guidelines and the implementation of best practice

recommendations on farms.

Previous studies in the UK report that farmers are generally aware of the emergence of
resistant bacteria and recognise their responsibility to reduce AMU; however, there are
other priorities than AMR in their everyday decision-making (Golding et al., 2019). Dairy
farmers often express concerns about the consequences of restricting AMU on productivity
and animal welfare (Golding et al., 2019). Also, they indicated several barriers to AMU
reduction at the farm level, such as economic challenges, lack of skills and inadequate

knowledge of the guidelines (Jones et al., 2015, Higham et al., 2018, Golding et al., 2019).

To the authors’ knowledge, no work to date has been carried out exploring stakeholder
knowledge, behaviour, and attitudes relating to AMU and AMR in the Scottish dairy sector.
Therefore, the objectives of this study were to investigate Scottish dairy farmers’
knowledge of antimicrobials and the meaning of AMR, the uptake of best practices to fight
AMR, whether farm AMU has changed, and how they foresee it changing in future years.
In addition, we aimed to assess dairy farmers’ attitudes towards AMR mitigation and the

drivers, barriers, and facilitators to responsible farm AMU.
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2.3. Materials and methods

Study population

A cross-sectional online survey was conducted in Scotland between the 26th of April and
the 31st of August 2021. The survey URL was promoted in multiple ways (via the farming
press, social media, veterinary practices, and milk buyers), and participation in the study
was on a voluntary basis. The target population included all Scottish dairy farmers.
Inclusion criteria were working on a Scottish dairy farm and being responsible for
antimicrobial administration. Due to some specific dairy questions (e.g., milk production,
somatic cell count), it would not have been possible for non-dairy farmers to complete the
survey. According to the Scottish Dairy Cattle Association, there were 832 dairy farms in
Scotland in 2021 (Farm Advisory Service, 2022). Participants were provided with a
Participant Information and Consent Form at the start of the survey. Although the survey
was anonymous and did not collect personal information, farmers could disclose their e-
mail addresses once the survey was submitted to participate in a prize draw to win one of
four £25 Lidl vouchers, which was included as an incentive to complete the survey. The
email address was solely used for the purpose of the prize draw. Findings from a focus
group and workshop were used in the development of the survey. This research gained
ethical approval from the local ethics committee (the College of Medical, Veterinary and

Life Sciences, University of Glasgow).

Focus group and workshop

As a result of the COVID-19 pandemic, the focus group and workshop were conducted
remotely. The four authors attended and facilitated the discussion at both events. The focus
group was held in August 2020 and included a convenience sample of dairy farmers
personally known by the authors (n=5). A PowerPoint presentation was used as a visual aid
displaying some images (e.g., milk samples) and specific questions which are listed in
Appendix I. The workshop was part of an online agricultural event (Agriscot 2020) held in
November 2020, during which the authors presented some questions (Appendix I) via

multiple polls to online participants (approximately n=40). Only Scottish dairy farmers
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were encouraged to answer. The responses were displayed and used to elicit discussion,

including via the chat function.

Some of the findings collected were used for the design of the survey. For instance,
examples given by participants were used as options in the multiple-choice questions (e.g.,

best practices implemented on farms, barriers/drivers for AMU reduction).

Survey design

The survey was devised using the Online Surveys tool for which the University of
Glasgow holds an institutional license (JISC survey) and was structured in four main
sections. It consisted of multiple-choice, matrix, ordinal, and open-ended questions to
explore farmers’ knowledge, reported behaviours, and attitudes toward AMR.

Antimicrobials discussed in the manuscript refer only to antibiotics.

Section One explored farmers’ awareness and understanding of AMR, the importance of
the opinion of some social referents (e.g., veterinarian, milk buyer, consumers, other

farmers) regarding their AMU, and their contact with veterinarians.

Section Two included questions investigating farmers’ AMU and implementation of
practices to reduce reliance on antimicrobials. In addition, they were asked how their AMU
has changed over the last few years and how they foresee it changing over the next five
years. In this section, seven common dairy cattle disease scenarios (clinical mastitis,
metritis, calf diarrhoea and pneumonia, lameness, drop in milk production) were described
to assess the likelihood of farmers administering antimicrobials and following best
practices (e.g., record keeping, waste milk disposal, duration of antimicrobial treatment,

and biocontainment measures) (Table 1).

Table 1- Description of seven clinical disease scenarios typically encountered on dairy

farms, included as part of a survey of Scottish dairy farmers.

Scenario Description

1 Milking cow: signs of mild mastitis (milk modified, udder inflamed, no fever, no systemic symptoms)
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2 1-week-old calf: diarrhoea, no fever, slightly dehydrated, normal appetite

3 Cow: 10 days post-partum, smelly uterine discharge, temperature 39.5 °C

4 Six calves aged 1-2 months: cough, nasal discharge, fever (temperature > 39.5 °C)

5 Diarrhoea in 20% of young calves (1-3 weeks old) over the last month and few of them died
6 Milking cow: sudden lameness in one hind limb

7 Milking cow: sudden milk drop and fever (temperature = 39.9 °C)

In Section Three, participants were asked to rate attitudinal statements on a five-point
Likert scale (from strongly disagree to strongly agree). Statements were created based on
the authors’ experience and focus group/workshop findings, and explored farmers’
concerns and opinions about AMR, the necessity to reduce AMU in livestock and its
impact on public health, and the importance of some best practices on farms (e.g., record

keeping, drug protocols, hospital pen).

Section Four gathered demographic and production information of the participants and the

farm.

A pilot study was performed using a group of dairy farmers personally known by the
authors (n=5) to test the survey duration and suitability of the questions to the target
population. The final survey included 54 main questions, with 33 of these being multiple
choice, 13 Likert scale, five matrix, two open-ended, and one ordinal. In some cases, a
comment field was provided to enter free text. Some questions were followed by sub-
questions depending on the answer selected (skip pattern). With the exclusion of the name
of the milk buyer and the personal e-mail address, it was required to answer all questions

to submit the survey. The survey is available in Appendix II.

Statistical analysis

Data were downloaded from the Online Surveys tool in an electronic Excel dataset format
and were cleaned to remove potential missing or error data. Data analyses were performed

using R Core Team (2020).
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Demographic and herd production data of respondents were assessed to investigate
whether the sample was representative of the target population with respect to herd size,
somatic cell count (SCC), and milk yield (Two-sample Kolmogorov-Smirnov test).
Reference herd size data were obtained from the Scottish Dairy Cattle Association, while
SCC and milk yield information was provided by the Cattle Information Service (CIS) in
Scotland.

Descriptive statistics

Descriptive statistics of responses (frequencies and proportions) were analysed for each

question. Continuous variables (herd average SCC, milk yield, and the number of milking
cows) were tested for normality with the Shapiro test and described with mean or median,
minimum, and maximum. Responses to the open-ended knowledge question (“What does
AMR mean to you in your own words?”’) were categorised into common themes based on

the respondent’s interpretation.

Visual representation and statistical test of Likert and matrix responses

Responses to matrix questions and attitudinal five-point Likert scale were represented with
stacked bar charts. Differences between the ranking of the factors were compared with the
Kruskal Wallis test, followed by pairwise comparisons with the Wilcoxon test and
Benjamini and Hochberg correction. Attitude responses were also tested for internal

reliability with the aid of Cronbach's alpha coefficient.

Univariable associations

Univariable associations between categorical variables of interest were tested with the
Pearson chi-squared test or Fisher exact test, and significant associations were reported in
the manuscript. With this aim, the four categories of RUMA guideline familiarity (Q.5 and
Q.5.a) were combined into three levels: low (answers “never heard” and “not familiar at
all”), medium (answer “somewhat familiar”), and high familiarity (answer “very
familiar”). The level of agreement with the statement “I am worried about AMR on UK
dairy farms” (Q.44) was categorised into three groups: disagree (answers “strongly

disagree” and “disagree”), neutral (answer “neither disagree nor agree”) and agree
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(answers “agree” and “strongly agree”). The frequency of veterinarian discussion about
AMR (Q.9 and Q.9.a) was categorised into three levels: never (answer “never discussed”),
once a year (answer “annually”) and twice a year or more (answers “every six months”,

“monthly” and “at every visit”). The level of significance was set at P < 0.05.

2.4. Results

In total, 61 respondents completed the survey, accounting for 7.3% of the 2021 population
of Scottish dairy farmers. All versions were answered completely, and none were excluded

from the analysis.

Demographic data

Demographic data are summarised in Table 2. Most respondents were male (90%). The
most frequent highest-level of education reported was agricultural college (52%), followed
by university (33%) and high school (15%). Almost half of the farmers were between 36
and 50 years old and had between 21 and 40 years of experience in farming. Farm owners
represented 72% of respondents, whilst the rest were employees (dairy managers). Most
farms (93%) were conventional (not organic). Over half (52%) were breeding only dairy
cows, while the rest included beef and/or sheep farming. Regarding infectious disease
status, 10% of the herds did not have any disease-free accreditation, almost half (48%)
reported only Bovine Viral Diarrhoea (BVD) free accreditation, while the remainder had
other disease-free accreditation in addition to BVD. Median herd size (milking and dry
cows) was 192 adult cows (range 46-1790); herd mean 305d milk production per cow was
8,999 Kg (range 5000-16000 Kg); herd mean SCC was 135,000 cells/ml (range 56,000-
215,000 cells/ml). Sample herd size, milk production and average SCC were representative
of the general population of Scottish dairy farms (P > 0.05, Two-sample Kolmogorov-

Smirnov test).

Table 2 — Results of a survey of Scottish dairy farmers - farmer demographics and farm
characteristics.

Q Indicators Categories N %
18-35 13 21 (13/61)
45 Age 36-50 28 46 (28/61)

>51 20 33 (20/61)
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Male 55 90 (55/61)
46 Sex Female 6 10 (6/61)
<5 0 0 (0/61)
. . 6-20 20 33 (20/61)
47 Years in farming 91-40 26 43 (26/61)
>41 15 25 (15/61)
High school 9 15 (9/61)
48 Education level Agricultural college 32 52 (32/61)
University 20 33 (20/61)
Conventional 57 93 (57/61)
49 Farm system Organic 4 7 (4/61)
None 6 10 (6/61)
51 Disease free Only BVD? 29 48 (29/61)
accreditation BVD? plus other 26 42 (26/61)
(IBRY/Leptospirosis)
No 37 61 (37/61)
52 Cattle bought last year Yes " 39 (24/61)
Only dairy 32 52 (32/61)
Dairy and beef 9 15 (9/61)
53 Farmtype Dairy and sheep 10 16 (10/61)
Dairy, sheep, and beef 10 16 (10/61)
Owner 44 72 (44/61)
>4 Role Dairy manager 17 28 (17/61)

@Bovine viral diarrhoea
b Infectious bovine rhinotracheitis

Section One (Knowledge: Farmer awareness and understanding of AMR)

Farmer understanding of AMR (open-ended question) varied: around a third gave a correct
interpretation referable to “bacteria develop resistance and do not respond to some
antimicrobials”, while the remaining indicated AMR as a “loss of efficacy of
antimicrobials™ (e.g., “antibiotics are not working anymore”) or “resistance to the drug
developed by animals” (e.g., “animals become immune to antibiotics”) (Table 3). All
farmers answered that antimicrobials are effective against bacteria, although 31% believed
they could also be effective against viruses and 25% against parasites. Almost half of the
respondents thought that antimicrobials have an anti-inflammatory and/or analgesic effect.
The majority (92%) had discussed AMR with their veterinarians. This happened generally
once a year for half of them, while the remaining reported a higher frequency (twice a year
or more). Respondents showed good awareness of RUMA, with 90% having heard about
the guidelines before. Of them, 71% and 22% reported being moderately familiar and very

familiar with the recommendations. It was found that perceived knowledge of RUMA



39

Chapter 2 - Antimicrobial usage and resistance in Scottish dairy herds: A survey of farmers’ knowledge,
behaviours and attitudes

recommendations was significantly higher in owners than employees (P < 0.05, Pearson’s

chi-squared test).

Table 3- Results of a survey of Scottish dairy farmers - farmer awareness and
understanding of antimicrobial resistance (AMR).

Q

2

5.a

9.4

16

17

Indicators

AMR definition (open
question)

Antibiotics are
effective against

Activity of antibiotic

Heard about RUMA?
before

Familiarity with
RUMA?

Frequency of routine
visit in the last month

Required an emergency
visit in the last month

Antibiotic resistance
previously discussed
with veterinarian

Frequency of antibiotic
resistance discussion
with veterinarian

Veterinarian
consultation before
antibiotic usage

Main reason for
veterinarian
consultation before
antibiotic usage
Main reason for not
consulting the
veterinarian before
antibiotic usage

Categories

‘Resistance to antibiotic developed by animals’
‘Loss of efficacy of antibiotics’
‘Resistance to antibiotic developed by pathogens’

Bacteria

Virus

Parasite

Only anti-bacterial

Anti-bacterial and anti-inflammatory and/or

analgesic

Yes

No

Not familiar at all
Somewhat familiar
Very familiar

Never

Once

More than once

Once every week/more
Never

Once

More than once

Once every week/more

Yes
No

Annually

Every six months
Monthly

At every visit
Never
Sometimes

Most of the time
Always

Economic value of animal
Previous treatment unsuccessful

Animal welfare
Several animals involved

I have enough experience

Cost
Delay in treating animal
Additional work

17
23

61
19
15

32
29

55

39
12

21
15
16
26
24

56

28
21

43
11

27
17
15

26
17
12

%
28 (17/61)
38 (23/61)
34 (21/61)
100 (61/61)
31 (19/61)
25 (15/61)

52 (32/61)
48 (29/61)

90 (55/61)
10 (6/61)
7 (4/55)
71 (39/55)
22 (12/55)
15 (9/61)
34 (21/61)
25 (15/61)
16 (16/61)
43 (26/61)
39 (24/61)
10 (6/61)
8 (5/61)

92 (56/61)
8 (5/61)

50 (28/56)
37 (21/56)
13 (7/56)
0 (0/56)

2 (1/61)
70 (43/61)
18 (11/61)
10 (6/61)
45 (27/60)
28 (17/60)
25 (15/60)
2 (1/60)
47 (26/55)
31 (17/55)
22 (12/55)
0 (0/55)

2Responsible Use of Medicines in Agriculture Alliance
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Farmers indicated which sources they consult for AMU guidance and to what extent they
trust the information (Figure 2). Veterinarian information was ranked significantly more
reliable than other sources (P < 0.001, Kruskal-Wallis), followed by web information. Milk
buyer, farming articles, and other farmers’ information were considered less trustworthy

sources of information.

Weterinarian 0% 100%

Web  44% T
Milk buyer | 59% 41%
Other farmers . 59% a1
Farming articles | 561% 35%

100 50 0 50 100

Percentage
Response Mot used Low confidence Medium confidence | High confidence

Figure 2- The confidence in different sources of information used by Scottish dairy farmers
regarding responsible antimicrobial usage. The proportions of farmers ranking each source
of information as not used/used with low confidence (scores 1 and 2) or used with medium

confidence/used with high confidence (scores 3 and 4) are indicated.

Around two-thirds of farmers reported occasionally consulting their veterinarian before
using antimicrobials, whilst the remainder asked for advice most of the time (18%) or
always (10%). Only one farmer admitted to never seeking a veterinarian’s opinion before
AMU. High economic value of the animal represented the main reason for a veterinary
consultation (27/60, 45%), followed by failure of previous treatment (17/60, 28%) and
concerns over animal welfare (15/60, 25%). One farmer consulted veterinarians primarily
when multiple animals are affected. Sufficient perceived personal experience was the main
reason for not calling the veterinarian (26/55, 47%), followed by cost (17/55, 31%) and
delay in treatment (12/55, 22%)).
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Farmers were questioned on the importance of the opinion of some social groups regarding
their AMU (Figure 3). Their veterinarian’s opinion was significantly more important than
others’ opinions (P < 0.001, Kruskal-Wallis). It was followed by milk buyers’ and
consumers’ opinions, which were ranked significantly higher than family, colleagues, and

other farmers’ opinions (P < 0.001, Kruskal-Wallis).

1
; 1

Milk buyer | 8% o - o
i 1
1

Family  20% 51% - 30
1

Colleagues | 20% 57% - 23%
1

Cther farmers | 26% 67% I T
. 1
100 50 0 50 100
Percentage

Response Mot important Somewhat important [ Very important

Figure 3 - The importance of the opinion of some social referents for Scottish dairy
farmers regarding their antimicrobial usage. The proportions of farmers ranking the
opinion of each social referent as not important (score 1), somewhat important (score 2)

and very important (score 3) are indicated.

Section Two (Reported Behaviours: antimicrobial usage on farm)

Farmers indicated to which extent some factors influence their antimicrobial choice
(Figure 4). Veterinary advice and previous usage experience were ranked as more
important than other factors in medicine choice (P < 0.001, Kruskal-Wallis). The
withdrawal period was more important than the cost (P < 0.001, Kruskal-Wallis).
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|

vemmaasEs = _ o
]
] -

Frevious expenence 0% 100%

Withdrawal pericd  25% - 5%
) |
Cost 5% I 43%
|
100 50 0 50 100

Parcentage

Response | Mot considered Low importance Medium importance | | High importance

Figure 4 - The importance of some factors considered for antibiotic choice by Scottish
dairy farmers. The proportions of farmers ranking each factor as not considered/considered
with low importance (scores 1 and 2) or considered with medium importance/considered

with high importance (scores 3 and 4) are indicated.

Table 4 summarises the results of farmers’ AMU behaviour. Farmers ranked a list of
common diseases from the most frequent (1st) to the least frequent (6th) reason for
antimicrobial administration. Overall, udder health was ranked first by 80% of the farmers,
with 59% indicating “mastitis” and 21% indicating “dry cow therapy” as the main drivers
for AMU. Calf pneumonia was another important reason for AMU, ranked first by 15% of
the farmers. Post-partum disease, calf diarrhoea, and lameness were less frequently
reported as the primary cause of AMU. Penicillin was the antimicrobial most commonly

used by 85% of farmers.

Most farmers (90%) reported having implemented practices to reduce farm AMU, and the
same proportion reported having decreased their AMU in recent years. Half of the farmers
thought limiting their AMU was difficult, with limited facilities and lack of knowledge

being the main barriers (Figure 5). Regarding future intention, 87% of farmers planned to

decrease farm AMU in the next five years.
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How has antibiotic use on your farm changed over the last few years?

&

' Less = 55 (30%) | same = 6 (10%) |

Was it difficult to reduce AMU? Would it be difficult to reduce AMU?

No = 28 (51%) ves=27(49%) | [Ves=3(50%) | [No=3(s0%)]

What are the main barriers to reduce AMU?
Limited facilities = 11 (37%)
Lack of knowledge = 9 (30%)
Increased labour = 7 {23%)
Limited finances = 7 {23%)
Concern about welfare/productivity = & {20%)

Lack of staff compliance = 3 [10%)

Figure 5 - Antimicrobial usage (AMU) change in the last few years and main barriers

associated with reduced AMU for Scottish dairy farmers

When asked to give examples of the practices implemented via an open question, selective
dry cow therapy (SDCT) was the most cited (38/55, 69%), followed by improved hygiene
and comfort and vaccination. Around 67% reported having written antimicrobial treatment
protocols, and 26% planned to introduce them in the future. Having treatment protocols
was associated with a higher frequency of veterinarian discussion about AMR (P < 0.05,
Pearson’s chi-squared test). Some farmers reported regularly sampling diseased animals
(e.g., faeces or milk) for microbiological culture (23%), with the majority doing it only
occasionally (61%). When questioned on reasons for not using culture, 34/47 (72%)
indicated results being too slow, 14/47 (30%) doubted the benefits, and 6/47 (13%)
claimed frequent inconclusive results. In contrast, only a few answers were related to a cost
issue (3/47, 6%). Most farmers (86%) had implemented SDCT, among which eight did not
use antimicrobials in any cows at dry-off. Around 7% were planning to introduce SDCT in

the future, while the remainder reported no intention to implement it.
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Table 4- Results of a survey of Scottish dairy farmers - reported antimicrobial usage
(AMU) and practices on farm.

Q Indicators Categories N %
Penicillin 52 85 (52/61)
12 Most frequently used  Oxytetracycline 6 10 (6/61)
antibiotic Ceftiofur 2 3 (2/61)
Tylosin 1 2 (1/61)
Mastitis 36 59 (36/61)
Dry cow therapy 13 21 (13/61)
13 Main condition Calf pneumonia 9 15 (9/61)
treated with antibiotic  Post-partum disease 4 6 (4/61)
Calf diarrhoea 2 3 (2/61)
Lameness 1 2 (1/61)
Practices on farm to
14 reduce antibiotic ves 95 90 (55/61)
No 6 10 (6/61)
usage
SDCT? 38 69 (38/55)
Practices to reduce Hygiene/comfort 12 22 (12/55)
14 antibiotic usage Vaccination 7 13 (7/55)
mentioned in the Probiotics 4 7 (4/55)
open question Footbath 2 4 (2/55)
Milk culture 2 4 (2/55)
I Yes 41 67 (41/61)
15 Sg?:clgrscot;eg rr:qent No, planning to have in future 16 26 (16/61)
No and no intention to have 4 7 (4/61)
Regularly 14 23 (15/61)
19 ge‘:;:i:\e“";‘;i ¢ samples  OCCasionelly 37 61 (37/61)
Never 10 16 (10/61)
Reason for not using Delay of the results . 34 72 (34/47)
192 culture and sensitivity Uncertalnjty about the benefit 14 30 (14/47)
reqularly Inconclusive results 6 13 (6/47)
Cost 3 6 (3/47)
- Yes 53 86 (53/61)
20 ir?;'rrmlmplemented No, considering in the future 4 7 (4/61)
No and no intention to have 4 7 (4/61)
0% 8 13 (8/61)
Proportion of cows 1-10% 11 18 (11/61)
20 receiving antibioticat 11-10% 11 18 (11/61)
dry off (open 21-30% 12 20 (12/61)
question) 40-50% 11 18 (11/61)
100% 8 13 (8/61)
I Less 55 90 (55/61)
21 anatr:k;f::stu;:g?s Same 6 10 (6/61)
More 0 0 (0/61)
214 Reducing antibiotic Yes 27 49 (27/55)
' usage was difficult No 28 51 (28/55)
Reducing antibiotic
21.b usage Wguld be ves 8 50 (3/6)
No 3 50 (3/6)

difficult
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Limited facilities

Lack of knowledge

Increased labour

Limited finances
Welfare/productivity concern
Lack of staff compliance

Main barriers to
21.a.b reduce antibiotic
usage (open question)

o L
Antibiotic usage €9
22 change next 5 years Same
g y More

o

37 (11/30)
30 (9/30)
23 (7/30)
23 (7/30)
20 (6/30)
10 (3/30)
87 (53/61)
13 (8/61)
0 (0/61)

2Selective dry cow therapy

Two questions explored the main motivators and concerns associated with decreasing

AMU. Minimising antimicrobial residues and meeting milk buyer standards had a major

influence on reducing AMU in most of the respondents (75%). Only 36% indicated

minimising cost as an important motivator to reduce AMU. Adverse effects on animal

health and welfare were the main concerns associated with decreasing AMU. In contrast,

potential economic consequences (e.g. decreased profitability, milk production, rising of

other costs) were less worrying for respondents.

45

In the disease scenarios, antimicrobials were most frequently chosen as the first treatment

option in cases of calf pneumonia (89%), followed by clinical mastitis (59%) and metritis

(56%). Fewer farmers used antimicrobials for cow lameness (20%) and milk drop (e.g., a

drop in milk production) (34%), and none for calf diarrhoea. Only approximately 10% of

the farmers collected a milk sample before administering antimicrobials for mastitis. Some

farmers opted for NSAIDS/fluids as the first treatment in all scenarios, with this proportion

particularly high for calf diarrhoea (93%) and cow lameness (48%). The veterinarian

consultation was selected by more than half of the participants for the scenario of milk

drop and fever (Figure 6).
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100%

Call the vet Call the vet
Call the vet Call the vet
Monitor the cow
90% Call the vet NDAIDS
80% REAIBEf ik Tetracyclines
(sl)
Call the vet
70% Monitor the cow
NSAIDS
Milk sample

£ 80% NSAIDS/fluids
[} -
'g Penicillin- Cephalospirins (SI) amshentcols
Q  50% f ; Cephalospirins (IU)
8 Ammngul\\gcnswdes NSAIDS/fluids (s
b (M) Macrolides (S1)
R 40% NSAIDS/fluids

0% Cephalosporins Examine the foot Macrolides (SI)

(Im)
Penicillin
20% (s1)
Mac(ro;ldes Tetracyclines (Sl) Penicillin
L S| (s1)
10% Pe;’"';']”'“ Macrolides (S1}
Penicillin (SI)
0%
Clinical mastitis Calf diarrhea Metritis Calf pneumonia Lame cow Milk drop

Clinical disease scenario

Figure 6 - Proportion of Scottish dairy farmers who opted for antibiotic treatment (yellow)
and proportion of Scottish dairy farmers who opted for an alternative to antibiotic

treatment (blue) in the clinical disease scenarios

Some best practices were tested in the clinical disease scenarios (Table 1). In the case of
clinical mastitis and calf pneumonia, all respondents registered the treatment in the
medicine book. While a computer was always used for recording clinical mastitis, it was
used by only 13% of the farmers for calf pneumonia. In the case of clinical mastitis and
metritis, around two-thirds of farmers did not use the milk of the treated cow to feed
calves. Whilst in calf pneumonia approximately 30% of the farmers followed the treatment
duration suggested in the farm protocols, this option was not selected for the lame cow
scenario, indicating a potential absence of protocols for this clinical condition. In the case
of the calf diarrhoea scenarios (scenarios 2 and 5), more than half (69%) isolated the sick
animals; however, only 3% and 10% respectively fed them last. Approximately 84% chose
to collect a faecal sample for culture. No farmers decided to use a prophylactic treatment in

other calves.

Section Three (Farmer Attitudes: towards AMU and concern about AMR)
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Figure 7 and Table 5 show the level of agreement with some attitude statements about

AMR. Most farmers (89%) believed that reducing AMU on UK dairy farms is important.
In comparison, there was significantly less agreement with there being too much reliance
on antimicrobials, or with the statement “I am concerned about AMR in the UK dairy
farms” (P < 0.001, Kruskal-Wallis). Most participants (82%) agreed that AMU on farms
might contribute to the emergence of AMR in livestock. In comparison, there was
significantly less agreement on the association with human AMR (P < 0.001, Kruskal-
Wallis). These five attitude statements are related to the perception of AMR as a threat
(Cronbach's a factor = 0.80). Regarding farmers’ perceived ability, about 66% expressed

the need for more training to reduce their AMU.

t s imporant 1o reduce antibiobic use on UK
dairy farms il 1%

1
Decraasing anbibiobs usage on dairy farms coukd )
help reducing antibiotic resistance in Ivesiock " 13% —
i

Farmars require mora iraining on antibictic use "M% % 66%

Decreasing antibiotic usage on dary farms could
help reducing antibictic resistance in humans

Some antibicoics work less effectively than in 4% 39
the past

am worried aboul anlibsabe ressiance on UK 0%

15%: S6%:

dairy farms

|
Newadays, thare (S 100 much rekancs on 2504 fa 52%
anbbeabc use on UK dairy farms

l
100 50 ] 50 100
Farcentage

Response Strongly disagree Disagree Neither disagree or agree Agree [l Strongly agree

Figure 7 - The level of agreement of Scottish dairy farmers with some staments regarding
antimicrobial resistance in dairy farms. The proportions of farmers ranking the level of
agreement with each statement as strongly disagree and disagree (scores 1 and 2), neither
disagree or agree (score 3) and agree and strongly agree (scores 3 and 4) are indicated

(UK, United Kingdom)

Farmers who described a correct definition of AMR expressed more concerns about AMR

on UK dairy farms (p < 0.002, Pearson’s chi-squared test).
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Regarding attitudes towards best practices, the majority of farmers (>90%) agreed on the
importance of all best practices presented: keeping records of AMU, respecting the
withdrawal period and the prescribed duration of AM treatment, having treatment
protocols, implementing farm biosecurity and vaccination to reduce AMU, and having an
isolation pen for sick animals. These statements are related to the perception of the

importance of best practices for responsible AMU (Cronbach's a factor= 0.75).

Table 5- Results of a survey of Scottish dairy farmers - attitudes towards antimicrobial

resistance (AMR) and best practices implementation.

Q Indicators Categories N %
Strongly agree 37 61 (37/61)
It is important to reduce antibiotic usage ~ Agree 17 28 (17/61)
32 on UK?dairy farms Neither agree nor disagree 7 11 (7/61)
Disagree 0 0(0/61)
Strongly disagree 0 0(0/61)
Nowadays, there is too much reliance on 'SAtroneg agree ;g 16 (10/61)
S irv farms in the gree _ 36 (22/61)
33 ?Jnlilflotlc usage on dairy Neither agree nor disagree 14 23 (14/61)
Disagree 15 25(15/61)
Strongly disagree 0 0(0/61)
Decreasing antibiotic usage in dairy Strongly agree 19 81(19/61)
farms could help reducing antibiotic Agree 31 51(3L/el)
34 . S Neither agree nor disagree 8 13 (8/61)
resistance in livestock Disagree 1 2(161)
Strongly disagree 2 3(2/61)
Decreasing antibiotic usage in dairy Strongly agree 11 18(11/61)
farms could help reducing antibioti Agree 25 41(25/61)
35 . . P reducing antibiotic Neither agree nor disagree 15 25 (15/61)
resistance in humans Disagree 10 16 (10/61)
Strongly disagree 0 0(0/61)
Strongly agree 9 15(9/61)
Some antibiotics work less effectively Agree 27 44 (27/61)
36 than in the past Neither agree nor disagree 20 33 (20/61)
Disagree 5 8(5/61)
Strongly disagree 0 0(0/61)
Strongly agree 12 20 (12/61)
Farmers require more training on Agree 28 46 (28/61)
37 antibiotic usage Neither agree nor disagree 14 23 (14/61)
Disagree 7 11(7/61)
Strongly disagree 0 0(0/61)
Strongly agree 29 48 (29/61)
Farm biosecurity and vaccination can Agree 27 44 (27/61)
38 reduce antibiotic usage Neither agree nor disagree 5 8 (5/61)
Disagree 0 0(0/61)
Strongly disagree 0 0(0/61)
Strongly agree 28 46 (28/61)
It is important to have protocols for Agree 29 60 (29/61)
39 antibiotic usage on farm Neither agree nor disagree 4 6 (4/61)
Disagree 0 0(0/61)
Strongly disagree 0 0(0/61)
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It is important to keep treatment records /SAtroneg agree 4L 67 (41/61)
. L gree 20 33 (20/61)
40 ON farm and review antibiotic usage Neither agree nor disagree 0 0 (0/61)
regularly Disagree 0 0(0/61)
Strongly disagree 0 0(0/61)
Strongly agree 39 64 (39/61)
It is important to always respect the Agree 18 30 (18/61)
41 prescribed duration course of antibiotic Neither agree nor disagree 4 6 (4/61)
Disagree 0 0(0/61)
Strongly disagree 0 0(0/61)
It is important to have hospital pens to /SAtroneg agree 24 39 (24/61)
. . . . gree 31 51(31/61)
42 isolate s_|ck animals and avoid the spread Neither agree nor disagree 5 8 (5/61)
of the diseases Disagree 1 2(1/6l)
Strongly disagree 0 0(0/61)
It is important to always respect the Strongly agree 54 88 (54/61)
withdrawal period of treated animals Agree 6 10 (6/61)
43  Dbefore slaughter or including the milk in ~ Neither agree nor disagree 1 2 (1/61)
the bulk milk tank Disagree 0 0(0/61)
Strongly disagree 0 0(0/61)
Strongly agree 7 11 (7/61)
I am worried about antibiotic resistance Agree 27 44 (27/61)
44 on UK® dairy farms Neither agree nor disagree 18 30 (18/61)
Disagree 8 13 (8/61)
Strongly disagree 1 2(1/61)

@ United Kingdom

2.5. Discussion

Understanding how dairy farmers use antimicrobials, whether they are aware and
concerned about AMR, and whether they are willing to change their practices is important
for policymakers and farm advisors to develop effective strategies aimed at reducing

AMU.

This study indicated that participants’ knowledge about antimicrobials and AMR was
variable. Proper AMU and the significance of AMR might still be unknown for some dairy
producers. Similar to the UK general population (Hawkins et al., 2022), approximately
one-third of the farmers believed that antibiotics could be used to treat virus infections.
Only 34% reported an accurate definition of AMR, a smaller proportion than previously
indicated by an English dairy farmers’ survey where 55% provided a correct description of
AMR (Higham et al., 2018). The difference may be due to a stricter interpretation in our
study, as only the definition of AMR as “bacteria developing resistance to antimicrobials”
was considered correct. Despite the description given by some respondents as a “loss of
efficacy of antibiotics” cannot be regarded as false, this represents a consequence of AMR

and 1s not a correct definition.
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Our study found that reported awareness of RUMA guidelines was higher than previously
found by Jones et al in a 2013 survey of English and Welsh producers (Jones et al., 2015).
A potential explanation may be a trend for farmers to be more exposed to AMU restrictions
and regulations in recent years, although this may not translate into knowledge. Farm
owners' familiarity with the guidelines was greater than dairy herd managers. Farm
employees are often the main ones responsible for administering antimicrobials,
particularly in large-size herds. Our results suggest that in addition to the need for
campaigns regarding responsible AMU in the Scottish dairy sector, knowledge and
awareness should be disseminated consistently among all stakeholders handling
antimicrobials. For instance, dairy managers should be involved in the farm AMU
monitoring and the decision-making process of antimicrobial treatment protocols with the
herd’s veterinarian. Also, farm employees involved with AMU should be encouraged to
participate in responsible AMU training, such as the one certified by the Red Tractor (Red
Tractor, 2021).

Farmers’ implementation of advice depends on who delivers the recommendation (Bard et
al., 2019). Similar to previous studies (Friedman et al., 2007; Jones et al., 2015; Swinkels
et al., 2015; Golding et al., 2019; Doidge et al., 2020), this survey shows that herd
veterinarians are regarded as the most reliable source of information and the most
influencing social referent. However, we found that discussions about AMR with the
veterinarian were infrequent. For half of the respondents, it happens once a year, likely at
the AMU review required by the Red Tractor Assurance, a UK food and farm standard
voluntary scheme guaranteeing food safety, traceability, and animal welfare across
livestock species (Red Tractor, 2021). The lack of communication around AMR may be
due to the infrequent contact with veterinarians, as suggested by our results and other
studies (Jones et al., 2015; Fischer et al., 2019). Also, it could be linked to veterinarians’
perceptions that dairy producers are reluctant to change their practices (Higgins et al.,
2017; Golding et al., 2019), and to veterinarians’ time limitations (Llanos-Soto et al.,
2021). Since veterinarian recommendations have the most decisive influence on farmers’
behaviour, practitioners must be aware of their role in tackling AMR and should dedicate
part of their work to this purpose. According to research conducted in the UK, despite
antimicrobial stewardship principles being included in most undergraduate veterinary

schools, there is still room for improvement in students’ education in this area (Castro-
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Sanchez et al., 2016). Enhancing future veterinarians’ education is important to improve
their prescribing behaviour and provide them with the skills to engage farmers in the fight
against AMR. Also, continuing professional development (CPD) courses on this topic,

including aspects of social science, may help practitioners to facilitate changes on farms.

Our results suggest that farmers tend to rely on personal experience when choosing
antimicrobials and veterinarians are consulted only occasionally, although they are
considered trusted advisors. The widespread implementation of written AMU protocols
may partially explain this finding. Similarly, in previous studies, farmers reported relying
significantly on pre-existing experiences and some even more than on veterinarians’ advice
(McDougall et al., 2017; Ekakoro et al., 2019). Repeated positive outcomes of some
antimicrobials may lead farmers to have preferred treatments that they consider more
effective. Ritualising drug choice is likely to act as a barrier to farmers’ responsible AMU,
as behavioural interventions are more difficult when there is an over-reliance on previous
experiences (Skjoelstrup et al., 2021). Farmers are reluctant to implement new
recommendations if they do not believe they are practical and feasible (Ritter et al., 2017).
Therefore, it is essential to educate and promote the effectiveness of alternative and
responsible practices to change deeply embedded behaviours. Strategies, such as showing
results in other dairy farms, may help farmers to change their perceptions (Bard et al.,

2019).

Previous research on dairy farmers’ AMU behaviour highlighted the importance of external
approval and social norms conformity (Jones et al., 2015; Scherpenzeel et al., 2016;
Richens et al., 2018; Fischer et al., 2019). Unlike other surveys (Swinkels et al., 2015;
Fischer et al., 2019), farmers in our study did not express the need to be considered a
“good farmer” by other producers and did not feel pressured by peers’ opinions (e.g.,
colleagues, family, and other farmers). Gerber and colleagues reported similar results
(Gerber et al., 2020), with most participants not motivated by other farmers to reduce their
AMU. On the other hand, we found that farmers valued the opinion of some social
referents in the dairy industry (e.g., milk buyers and consumers), and minimising residues
and meeting milk buyer standards were the main drivers for lower AMU. Although some
farmers may feel constrained by public demand for antibiotic-free products and the

negative perception of the industry (Swinkels et al., 2015; Fischer et al., 2019), our results
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suggest a positive impact of consumer pressure in shaping and improving AMU in
livestock. Since consistent findings were reported in other UK studies (Jones et al., 2015;
Golding et al., 2019), farmers’ attitudes towards consumers likely depend on the

agricultural framework of the country.

Farmers indicated mastitis as the main reason for AMU and penicillin as the most used
antimicrobials, also reported by previous studies in the UK and Scotland (Higham et al.,
2018; Humphry et al., 2021). Instead, in the scenarios section, we found that antimicrobials
were most frequently chosen as a treatment option in calf pneumonia, followed by clinical
mastitis. None of the respondents used antimicrobials for the diarrhoea calf scenario as a
first-line treatment, suggesting a much lower AMU for this condition than in UK beef
calves (Doidge et al., 2020). The different finding may be due to more extensive
production in the beef sector, with less veterinarian contact and antimicrobial treatment

protocols.

This survey showed that most farmers had already taken steps to reduce AMU: around
90% had practices implemented on farms, with SDCT being the most cited. The presence
of antimicrobial treatment protocols was widespread among participants, and generally,
these were more popular than in other studies (Falkenberg et al., 2019; Schwendner et al.,
2020). This may be explained by the larger size of the Scottish herds compared to other EU
countries and by the compulsory requirement set by some UK milk buyers (Farm Advisory
Service, 2022). Culture and sensitivity of biological samples from diseased animals (e.g.,
faeces and milk) was reported to be used only occasionally and to a lesser extent than in
other countries (Schwendner et al., 2020). Interestingly, lab costs were a limiting factor for
only a few farmers, whereas the main reason for not using this practice was the delay in the
results. The clinical disease scenarios suggested that producers were more likely to collect
a biological sample for culture in case of a disease outbreak (e.g., calf diarrhoea) rather
than for diagnostic testing in an individual animal infection (e.g., mastitis). Clinical
mastitis is usually treated symptomatically without knowing the aetiology, making
administering antimicrobials often unnecessary (Ruegg, 2021). Research reports that E.
coli udder infection commonly cures spontaneously, 19-46% of clinical cases of mastitis
are microbiologically negative, and some pathogens (e.g., yeasts, Serratia spp. etc.) do not

respond to antimicrobial treatments (Kromker and Leimbach, 2017). Therefore, many
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cases of non-severe clinical mastitis would not benefit from antimicrobial therapy (De Jong
et al., 2023). Farmers need to be trained to identify more precisely which animals require
antimicrobial treatment and to ensure evidence-based AMU. Newer point-of-care
diagnostics may overcome some of the limitations of classic laboratory tests and offer

more rapid results (Buller et al., 2020).

Our study suggests that feeding waste milk to calves is still widespread in Scotland. For
instance, in two clinical disease scenarios (mastitis and metritis), approximately 30% of the
farmers reported feeding milk to calves following antimicrobial administration to those
cows. This practice seems to be reduced compared to past years in the UK (Brunton et al.,
2012; Higham et al., 2018) or compared to other countries (Gosselin et al., 2022), but it
still represents a potential risk for AMR emergence. Indeed, studies exploring the impact of
feeding milk containing antimicrobial residues to calves demonstrated the selection of

antimicrobial-resistant bacteria (Jarrige et al., 2020; Firth et al., 2021).

As a result of the initiatives and awareness-raising actions proposed by the government and
international organisations, antimicrobial sales in livestock have decreased over the last
decade (Veterinary Medicine Directorate, 2021). The most recent version of the UK
Veterinary Antibiotic Resistance and Sales Surveillance (UK-VARSS, 2021) reported a
reduction of 68% in cattle injectable HP-CIAs between 2016 and 2020 (Veterinary
Medicine Directorate, 2021). Almost all participants of this study (90%) reported having
reduced their AMU in previous years, indicating a more promising result than Jones et al,
where only 37% of respondents indicated a less frequent AMU compared to the previous
year (Jones et al., 2015). Nevertheless, many farmers believed that reducing AMU was
complicated, with limited facilities (e.g., lack of isolation pen for sick animals, inadequate
space allowance leading to high stocking density) and knowledge of appropriate AMU
being the main barriers. Also, they indicated time and budgetary constraints as important
limitations to decreasing AMU. For instance, being unable to guarantee proper hygiene
practices due to time and workforce shortage (e.g., cleaning, bedding, regular mastitis
detection) and poor financial means to reinvest in disease prevention (e.g., housing,
ventilation). Other studies reported that economic constraints, tight profit margins, and
inadequate facilities hinder farmers from improving herd health and reducing AMU

(Friedman et al., 2007; Fischer et al., 2019; Golding et al., 2019). Since producers may be
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discouraged by financial limitations, advisors must demonstrate the effectiveness of
simple, low-cost hygiene/management practices to prevent infections. Also, economic
rewards and incentives for low antimicrobial users may motivate farmers to implement

new strategies and optimise AMU (McKernan et al., 2021).

Regarding future intention, 87% reported planning to decrease AMU in the next five years.
Once more, this proportion is higher compared to previous UK studies (Higham et al.,
2018; Jones et al., 2015), suggesting that recent antimicrobial stewardship campaigns (e.g.,

RUMA Targets task force) had positive impacts on farmers’ intentions (RUMA, 2017).

Understanding farmers’ attitudes toward AMR is essential to implement specific strategies
and achieving responsible AMU. In our survey, we found a wide variety of attitudes, with
up to 25% of respondents disagreeing with some of the statements regarding AMR. These
results suggest that farmers’ awareness of AMR is varied and complex, and veterinarians
and advisors should consider this before recommending interventions. Tailored strategies
would be more beneficial than a generic approach, as each producer’s willingness to
reduce AMU is different (Speksnijder and Wagenaar, 2018). For instance, farmers arguing
the global health consequences of AMR and with no intention to decrease farm AMU
would benefit first further education on the subject and awareness-raising initiatives. In
contrast, other farmers may be receptive to more in-depth AMU practice changes. In this
study, most respondents (approximately 90%) endorsed the importance of decreasing AMU
on UK dairy farms. However, this finding conflicts with the fact that only half of them
agreed on the over-reliance on antimicrobials, or expressed concerns about AMR. Then, for
some farmers, there may be a mismatch between the intention to reduce AMU and the
actual recognition of over-using antimicrobials. As suggested by other studies in the UK
(Golding et al., 2019; Helliwell et al., 2019), this may indicate that dairy producers do not
perceive AMR as a current risk for their farm or something they have already experienced.
Instead, they may be more concerned about daily challenges, such as welfare, poor housing
conditions, and productivity (Skjelstrup et al., 2021). Respondents generally agreed on the
association between AMU and AMR in livestock. However, a smaller proportion
acknowledged the potential impact of dairy cattle AMU on global health. Scepticism about
the contribution of AMU in cattle to human AMR was reported in other studies (Raymond
et al., 2006; Ekakoro et al., 2019; Golding et al., 2019). Renunciation of responsibility can
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be an important barrier to improving AMU on dairy farms. It is difficult to convince
farmers to change their practices if they ignore the adverse effects of imprudent AMU.
Raising awareness about the potential risk of AMR for global health may be an effective
strategy to influence farmers’ AMU behaviour. Indeed, we found that farmers lacking

knowledge regarding AMR meaning expressed fewer concerns about AMR.

Many farmers in this study believed that more training is essential for reducing AMU. Self-
efficacy, or perceived behavioural control, depends on a person’s belief that they are able
to accomplish a task (Ritter et al., 2017; Skjelstrup et al., 2021). If farmers believe they
possess the knowledge and the skill to achieve reduced AMU, they would be more likely to
overcome habitual behaviour and implement new strategies. This study highlights the
importance of providing dairy producers with the tools they need to reach responsible
AMU, such as regular training on prudent AMU and antimicrobials administration,
guidance from veterinarians or external advisors, and assessment of the outcomes (e.g.,

regular farm AMU monitoring and review of the goals achieved).

Several limitations may have influenced the results of this study. Self-selection bias due to
voluntary participation in the online survey was possible, with overrepresentation of
farmers with a particular interest in the topic or a higher educational level. Farmers that
had experienced issues with lack of efficacy of antimicrobials may have been more
motivated to participate. We noted that 33% of respondents had a university degree;
however, we were unable to access data to verify whether the educational level of
respondents was representative of Scottish dairy farmers. Participants not involved in
antimicrobial administration may not have been fully aware of the practices and AMU on
the farm. All farmers in this study were working with milking cows, suggesting that these
results may not apply to different dairy sectors, such as heifer rearing farms. In the survey,
social desirability bias may happen when respondents give socially accepted answers that
do not guarantee the truth. In this study, anonymity was guaranteed, so social desirability
bias was likely limited. Despite a low response rate, as expected for non-random online
surveys, the sample represented a good proportion of the targeted group (Scottish dairy
farmers). Regarding the design of the survey, many of the questions (e.g., attitudinal
statements, clinical scenarios) were based on focus group/workshop findings and on

authors’ experience, which may have introduced bias.
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This survey represents the first time that practices and knowledge around AMU and AMR
have been investigated in the Scottish dairy sector. The results show that significant
progress has been achieved regarding AMU and best practices implementation (e.g.,
SDCT, discarding waste milk) when comparing the results to previous UK surveys
(Brunton et al., 2012; Higham et al., 2018). Yet, awareness and attitudes towards AMR
varied among farmers. To help veterinarians and advisors tackle AMR in Scottish dairy
herds, future research should focus on identifying the factors influencing farmers’

intentions to reduce AMU.
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3.1.  Abstract

Understanding how farmers use antimicrobials and their awareness and beliefs about
antimicrobial resistance (AMR) is essential to improve antimicrobial usage (AMU)
practices and combat AMR on dairy farms. A cross-sectional online survey was carried out
to identify the factors affecting attitudes, knowledge and behaviour of Scottish dairy
producers regarding prudent AMU and the emergence of AMR. The survey was designed
based on the findings of two focus groups and was disseminated online via multiple ways
(e.g., social media; farming press). Participation was voluntary and answers were obtained
from 61 respondents (7.3% of the total population of Scottish dairy farmers). Logistic and
ordinal regression analyses were performed to identify predictors for farmers’ level of
knowledge about antimicrobials and AMR, AMU behaviour and attitudes towards AMR
mitigation. Associations were described with odds ratios (OR) and the associated 95%
confidence intervals (95% CI). Farmers were more likely to have better knowledge of
antimicrobials and AMR if they had undertaken a university degree (OR=28.28, P<0.001),
worked with mixed livestock (dairy plus sheep/beef) (OR=4.82, P<0.05), and trusted only
veterinarians’ information about responsible AMU (OR=4.42, P<0.05). In the survey
disease scenarios, younger farmers were less likely to be classed as low antimicrobial users
(OR=0.18, P<0.05) compared to older farmers. Respondents working on larger herds were
also less likely to be low antimicrobial users compared to smaller herds (OR=0.12,
P<0.01). Conversely, farmers who did not consider economic factors (e.g., cost and

withdrawal period) in antimicrobial choice were more likely to be classed as low
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antimicrobial users (OR=6.17, P<0.01). Respondents were more likely to show positive
attitudes towards AMR mitigation if they worked in larger (OR=4.67, P<0.05) or organic
dairy farms (OR=18.35, P<0.05). These results suggest that several social, demographic,
and economic factors influence dairy farmers’ perception and awareness of AMR and
AMU. Efforts should be made to consider these variables when developing strategies to
improve AMU in dairy farming. Veterinarians and advisors should focus AMU training and
AMR awareness-raising activities towards younger, less experienced farmers as well as
those with fewer educational qualifications. This study can inform the development of

educational initiatives to encourage responsible AMU on dairy farms.

3.2. Introduction

On dairy farms, antimicrobials are used to treat numerous infectious diseases and are
essential to ensure animal health and welfare. Although antimicrobial resistance (AMR) is
a complex and multifactorial problem, it has been demonstrated that misuse and overuse of
antimicrobials in livestock may contribute to the emergence of resistant bacteria in humans
(Tang et al., 2017). For this reason, there is a growing concern about the potential risks and
consequences of agricultural antimicrobial usage (AMU) on public health, as the
occurrence of antimicrobial-resistant pathogens increases morbidity and mortality and

hinders treatment success (Marshall and Levy, 2011).

The World Organisation for Animal Health (OIE), the World Health Organisation (WHO),
and the Food and Agriculture Organization of the United Nations (FAO) have made a joint
effort to combat AMR globally (White and Hughes, 2019). In the United Kingdom (UK),
considerable pressure to restrict livestock AMU has been placed on farmers and
veterinarians over the last decade (O’Neill, 2016). Recently, the government issued the last
UK five-year national action plan, “Tackling antimicrobial resistance 2019-2024”, which
focuses primarily on reducing the need for antimicrobials through good animal husbandry,
disease prevention, and biosecurity (Courtenay et al., 2019). Guidelines for responsible
AMU have been produced by the Responsible Use of Medicine in Agriculture Alliance
(RUMA) and are addressed to farmers across all sectors (RUMA 2015).
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In the UK, dairy farmers can keep a supply of prescribed antimicrobials on-farm and they
often make individual animal treatment decisions without the supervision of a veterinarian
(Higham et al., 2018). Farm AMU can be estimated through veterinary practices’ sales data
and on-farm medicine records, with the first method being the most accurate (Rees et al.,
2021). Despite quantifying and monitoring AMU at the farm-level being essential to
implement AMR stewardship measures and track progress, it cannot capture farmers’ AMU
decision-making and intentions to reduce AMU. Elucidating what influences farmers’
AMU and attitudes towards AMR mitigation is a crucial step for developing strategies and

tackling AMR on dairy farms.

Some sociological models demonstrate that human behaviour is strongly influenced by
knowledge and attitudes towards the behaviour (Ajzen, 1991). In the UK, surveys showed
that knowledge of antimicrobials and AMR varies considerably among dairy farmers. For
instance, approximately 50% of farmers were unable to provide an accurate description of
AMR (Higham et al., 2018), and 34% were not aware of the inappropriate usage of the HP-
CIAs as first-choice antimicrobials (Jones et al., 2015). Several studies have demonstrated
that enhanced farmers’ knowledge of antimicrobials and AMR is associated with prudent
AMU (McKernan et al., 2021). Education provision, however, is often insufficient to
invoke behavioural changes and needs to be integrated with a clear understanding of other
factors, such as beliefs, perceptions and values. Ritter et al. (2017) described that the
uptake of guidelines and best practice recommendations is influenced by the demographic
factors and personal background of dairy producers. In addition, farmers’ behaviour is
greatly shaped by the political and economic context in which they live, such as milk price
and retailer policies (Bard et al., 2019; Skjelstrup et al., 2021). Overall, UK dairy farmers
showed positive attitudes to decrease AMU, but many questioned their ability to achieve
this goal (Golding et al., 2019; Jones et al., 2015). Furthermore, they usually do not
perceive AMR as a current threat to their farms (Helliwell et al., 2019). Studies have
demonstrated the existence of a positive association between dairy farmers’ attitudes and
behaviour related to AMU reduction (Speksnijder and Wagenaar, 2018; Farrell et al.,
2021). For instance, producers showing positive attitudes were more likely to implement
selective dry cow therapy (SDCT), as opposed to blanket antimicrobial treatment at dry-off
(Scherpenzeel et al., 2016).
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The evidence suggests that recognising the factors associated with farmers’ increased AMR
knowledge and positive attitudes to reducing AMU may help to encourage behavioural
change and preserve antimicrobial effectiveness. Therefore, this study aims to identify
farm characteristics, demographic and social factors influencing Scottish dairy farmers’
AMU behaviour, knowledge of antimicrobials and AMR and attitudes towards AMR
mitigation. The second objective of the study was to determine the association between

farmers’ knowledge, attitude, and behaviour towards AMU and AMR.

3.3. Materials and methods

Survey design and distribution

A cross-sectional study was conducted among Scottish dairy producers using an online
survey between the 26th of April and the 31st of August 2021, which was devised using an
Online Surveys tool (JISC survey) (Appendix III). The survey URL was disseminated in
multiple ways (via the farming press, social media, veterinary practices, and milk buyers).
The target population included all Scottish dairy farmers (n=832) and participation was
voluntary. Inclusion criteria were working on a Scottish dairy farm and being responsible
for antimicrobial administration. Participants were provided with a Participant Information
and Consent Form at the beginning of the survey. Participation was anonymous and no
personal information was collected, however, as an incentive, respondents could disclose
their e-mail address to participate in a prize draw to win one of four £25 Lidl vouchers.

The research gained ethical approval from the local ethics university committee.

The survey design was guided by results from a focus group and a workshop. The focus
group was held in August 2020 and included a convenience sample of dairy farmers known
by the author (n=5). The workshop was held in November 2020 as part of an online
agricultural event (Agriscot) and consisted of multiple poll questions presented to online
participants (approximately n=40). As a result of the COVID-19 pandemic, they were both
conducted remotely. The survey was piloted by five farmers known by the authors to test

the duration and clarity of the questions.
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The topics explored during the focus groups and the survey structure have already been
described in detail in a previous publication (Borelli et al., 2022). The survey included 54
main questions (33 multiple choices, 13 Likert scale, five matrix, four open-ended, and one
ordinal) and consisted of four sections (Appendix I). The first section explored farmers’
knowledge and understanding of antimicrobials and AMR, their awareness of guidelines
for responsible AMU and the importance and contact with some social referents (e.g.,
veterinarian, milk buyer, other farmers). The second section collected information about
farmers’ AMU and implementation of responsible practices (e.g., AMU treatment
protocols, SDCT), including some common clinical scenarios encountered in dairy farms
(e.g., clinical mastitis; metritis; calf diarrhoea and pneumonia; lameness; drop of milk
yield). The third section assessed farmers’ attitudes and concerns regarding AMR on UK
dairy farms using five-point Likert scale statements. The final section collected
demographic information (e.g., age, sex, level of education, role on the farm) and herd
details (herd size, average milk production, organic or conventional system). With the
exclusion of the name of the milk buyer, it was required to answer all questions to submit

the survey. The antimicrobials considered in this study refer to antibiotics.

Statistical analysis

Survey answers were downloaded and organised in a datasheet in Microsoft Excel. All
statistical analyses were performed in R studio. Sample herd size, milk production and
average somatic cell counts (SCC) were analysed to ensure they were representative of the
target population of Scottish dairy farms (Two-sample Kolmogorov-Smirnov test).
Reference herd size data were obtained from the Scottish Dairy Cattle Association, while
SCC and milk yield information was provided by the Cattle Information Service (CIS) in
Scotland. Associations between the three outcomes of interest (farmers’ antimicrobial and
AMR knowledge, AMU behaviour and attitude towards AMR) and predictors were

explored with separate regression models.

Definition of the outcome variables: knowledge, AMU behaviour, and attitude

The three main outcomes of interest of the study were farmers’ knowledge of

antimicrobials and AMR, AMU behaviour, and attitude towards AMR mitigation (Table 6).
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Respondents’ knowledge was defined by the number of correct responses to three
questions (Appendix I; Q 2-4). Free-text responses to “What does antibiotic resistance
mean to you in your own words?” were defined as correct (score=1) only when referable to
“bacteria develop resistance and do not respond to some antimicrobials”. Other definitions
reported (e.g., “animals developing AMR”, “antimicrobials losing efficacy”) were
considered incorrect (score=0). The two multiple-choice questions were assigned a score 1
(correct) or 0 (incorrect) as described in Table 6. The total knowledge score, ranging from
0 to 3, was converted into a binary variable using the median as a cut-off: “Unsatisfactory

knowledge” (score 0-1) and “Satisfactory knowledge” (score 2-3).

Farmers’ AMU behaviour was determined through six clinical disease scenarios (Appendix
I; Q 25-28;30-31). For each clinical case, respondents were asked whether they would
administer an antimicrobial (score=0) or whether they would first take an alternative action
(e.g., anti-inflammatory, consult the veterinarian, collect a sample, monitor the animal;
score=1). Total AMU score, ranging from 0 to 5, was further categorised into three levels
based on equal intervals: “low user” (scores 4-5), “medium user” (scores 2-3), and high

user (scores 0-1).

Farmers’ attitudes towards AMR mitigation was determined by averaging the degree of
farmers’ agreement/disagreement with five five-point Likert scale statements regarding
AMR (Appendix [; Q 32-35;44). The Cronbach alpha value of all statements was 0.80,
indicating acceptable internal reliability. The Likert scale responses were scored from 1 to
5, (from 1=strongly disagree to S=strongly agree) and then averaged. The average attitude
score, ranging from 2.5 to 4.8, was further categorised into three levels based on the
nearest Likert scale point: neutral attitude (average score between 2.5 and 3.4), positive

attitude (average score between 3.5 and 4.4), and “very positive attitude” (average score =

4.5). No negative attitudes were expressed by farmers.

Table 6 - Outcome variables for the three regression models exploring Scottish dairy
farmers' knowledge, behaviour and attitude towards antimicrobial usage and resistance

Outcome Question number used to assign score Score distribution Categorised score
variable g N (%) N (%)

Score: O=incorrect; 1=correct

Knowledge Q 2: What does “Antibiotic resistance”
. Tot. score 0: 14 (23%) .
? : 9
mean to you in your own words? Tot. score 1: 16 (26%) Unsatisfactory knowledge: 30 (49%)
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Q 3: In your opinion, are antibiotics
effective against the following
pathogenic organisms? Correct option = Tot. score 2: 24 (39%)
bacteria Tot. score 3: 7 (12%)
Q 4: What effects do antibiotics have?
Correct option = anti-bacterial

Satisfactory knowledge: 31 (51%)

Score: 0=AM used; 1=no AM used
What would you do first in the following
clinical case?

Q 25: Milking cow: sign of mild mastitis
(milk modified, udder inflamed, no
fever, no systemic signs)

Q 26: One-week old calf: diarrhoea, no
fever, slightly dehydrated, normal

Tot. score 0: 3 (5%)

. _ .
Tot. score 1: 12 (20%) High user: 15 (25%)

Tot. score 2: 17 (28%)

. ) 0
Tot. score 3:16 (26%) Medium user: 33 (54%)

Behaviour  appetite
Q 27: Cow: 10 days post-partum, smelly
uterine discharge, temperature 39.5 C
Q 28: Six calves aged 1-2 months:
cough, nasal discharge, fever Tot. score 4: 11 (18%)
Q 30: Milking cow: sudden lameness in  Tot. score 5: 2 (3%) Low user: 13 (21%)
one hind limb Tot. score 6: 0 (0%)
Q 31: Milking cow: sudden milk drop
and fever (T:39.9 °C)
Score: 1=strongly disagree; 2=disagree;
3=neither disagree nor agree; 4=agree;
5=strongly agree 20 0
To what extent do you agree with the ﬁz 228:2 gigg g gg(ﬁ:g Neutral attitude: 16 (26%)
following statements?
Q 32: Itis important to reduce AMU on
, UK dairy farms _ Av. Score 3.5-4.0: 25
Attitude Q 33: Nowadays, there is too much (41%) Positive attitude: 34 (56%)
reliance on AMU in UK dairy farms Av. Score 4.1-4.4: 9 (15%)

Q 34: Decreasing AMU in dairy farms
could help reducing AMR in livestock
Q 35: Decreasing AMU in dairy farms

could help reducing AMR in humans Av. Score 4.5-5.0: 11 . . ) 0
Q 44: I am worried about AMR on UK (18%) Very positive attitude: 11 (18%)
dairy farm

Notations: AM = Antimicrobial; AMU = Antimicrobial usage; AMR = Antimicrobial resistance; UK =
United Kingdom
8percentages were rounded to two decimal places. This caused some numbers to not add up to 100 %.

Definition of the predictor variables

Predictor variables considered relevant for the three outcomes and included in the models
were: farmers’ demographics and farms’ characteristics, self-reported guidelines awareness
and source information used about prudent AMU, the occurrence of vet discussion about
AMR, the presence of protocols on farms, antimicrobial decision-making, and self-

reported AMU change. Level of knowledge was included as a covariate in the AMU
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behaviour and attitude models, and so was the level of attitude in the AMU behaviour
model (Ajzen, 1991). Herd size (number of milking cows) was not normally distributed
(Shapiro test, P> 0.05) and was log-transformed to achieve normality. The four categories
of RUMA guideline familiarity (Appendix I, Q 5-5.a) were combined into three levels: low
(never heard or not familiar), medium (somewhat familiar), and high familiarity (very
familiar). Responses to two matrix questions (Appendix I, Q 10;18) were analysed to
identify types of respondents with similar characteristics and used as predictor variables.
The two questions explored the main sources of AMU information considered and the
main factors influencing antimicrobial choice. Each response option was assigned a score
from 1 (not used/considered) to 4 (used/considered with high confidence/importance), and
then farmers were divided into K clusters based on their ratings (K-means method). Each

cluster was represented by the mean of the data points belonging to it.

Statistic regression analysis

One logistic (farmer’s knowledge) and two separate ordinal regression (farmer’s AMU
behaviour and attitude) models were built. Independent variables associated with the
outcomes by bivariate analysis (P < 0.2) were included in the regression analysis. The final
models were obtained via the stepwise backward elimination process using the likelihood
ratio test and the Akaike information criterion (AIC). The presence of confounding
variables was evaluated based on a more than 20% difference in the OR between the
estimate in the model with the variable controlled for and the estimate in the model with
the variable removed. The Variance Inflation factor (VIF) was used to test collinearity
between variables. Finally, the Hosmer-Lemeshow test was applied to test model fit.
Results were expressed as odds ratio (OR) and the associated 95% confidence interval

(CI). Statistical significance was established at p-value < 0.05.

3.4. Results

In total, 61 respondents completed the survey. According to the Scottish Dairy Cattle
Association, there were 832 dairy farms in 2021 (Farm Advisory Service, 2022), therefore
responses accounted for 7.3% of the target population. All versions were answered

completely, and none were excluded from the analysis. General descriptive statistic results
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from this survey is available in the previous paper (Borelli et al., 2022). The sample
population was found to be representative of the target population (Scottish dairy herds) in

herd size, milk yield and SCC (P > 0.05, Two-sample Kolmogorov-Smirnov test).

K-mean clusters for AMU source of information and decision-making

Based on their response to two matrix questions (source of AMU information considered;
factors influencing antimicrobial choice), respondents were clustered into groups. Clusters

were labelled based on their dominant pattern of behaviour.

Farmers in the cluster “Vet info” trust with high confidence only information from

veterinarians about responsible AMU (other sources’ mean score was below 2, meaning
that they are used with low confidence or not used); respondents in the cluster “Vet and
other info” reported using with relative confidence information from sources other than

veterinarian (Table 7).

Farmers in the cluster “Vet and experience” consider mainly veterinarian advice and
personal previous experience for antimicrobial decision-making, whilst farmers in the
“Economic” cluster also consider economic factors such as cost and withdrawal period

(Table 8).

Table 7 - K-means clusters! of the sources of antimicrobial usage information considered
by Scottish dairy farmers.

Source of AMU information

. - Veterinarian Milk buyer Web Other farmers Farming articles
Hopkins value = 0.6
Vet info (n=28) 4 1.5 1.5 1.6 1.2
Vet and other info (n=33) 3.9 3.3 2.5 2.6 2.6

Notation: AMU = Antimicrobial usage

1The optimum number of clusters was defined a priori with the fviz_nbclust() function in R; a bend (knee) in
the plot indicates the appropriate number of clusters. Visual method and the Hopkins statistic were applied to
assess the clustering tendency of the dataset

Table 8 - K-means clusters! of the factors influencing the antimicrobial choice of Scottish
dairy farmers

Antimicrobial choice - . Withdrawal Previous usage L .
. - Antimicrobial cost - ) Veterinarian advice
Hopkins value = 0.7 period experience
Vet and experience (n=31) 1.54 2.61 3.96 3.84
Economic (n=30) 3.03 3.73 3.90 3.83

The optimum number of clusters was defined a priori with the fviz_nbclust() function in R; a bend (knee) in
the plot indicates the appropriate number of clusters. Visual method and the Hopkins statistic were applied to
assess the clustering tendency of the dataset
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Farmers’ knowledge of antimicrobials and AMR

Table 9 shows the predictor variables used for the model of farmers’ knowledge of
antimicrobials and AMR. The final logistic regression results are presented in Table 10.
Respondents holding a university degree had 28.28 times higher odds of showing
satisfactory knowledge than respondents with a lower educational level (95% CI=4.72-
169.35; P <0.001). The odds of expressing satisfactory knowledge were 4.42 times higher
when respondents considered only veterinarians as reliable sources of information for
responsible AMU (95% CI=1.04-18.13; P < 0.05). Farmers breeding other livestock had
better knowledge than farmers working with dairy cows only (OR=4.82; 95% CI=1.19-
19.47; P <0.05). The Hosmer-Lemeshow test was not significant (P=0.303) suggesting that
the model fit the data well.

Table 9 - Predictor variables considered for three regression models exploring Scottish
dairy farmers' knowledge, behaviour and attitude towards antimicrobial usage and
resistance

Models including the predictor

Predictor variables (Question number) N (%2 Knowledge Behaviour  Attitude
Familiarity with RUMA guidelines (Q 5.a)
Low 10 (16%) b
Medium 39 (64%) X X X
High 12 (20%)
Discussion with vet about AMR (Q 9)
Yes 56 (92%) X X X
No 5 (8%)
Source of AMU information used (Q 10)
Vet info 28 (46%) X X
Vet and other info 33 (54%)
AMU protocols on farm (Q 15)
Yes 41 (67%) X
No 20 (33%)
Antimicrobial choice (Q 18)
Vet and experience 31 (51%) X
Economic 30 (49%)
AMU change last years (Q 21)
Less 55 (90%) X
Same 6 (10%)
Age (Q 45)
<35 years old 13 (21%)
36-50 years old 28 (46%) X X X
>51 years old 20 (33%)
Sex (Q 46)
Male 55 (90%) X X X
Female 6 (10%)
Highest level of education (Q 48)
Secondary school 41 (67%) X X X
University 20 (33%)

Farm system (Q 49) X X X
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Conventional 57 (93%)
Organic 4 (7%)
Log Farm size (Q 50) - X X
Livestock farmed (Q 53)
Only dairy 32 (52%) X X
Other livestock (beef/sheep) 29 (48%)
Role on farm (Q 54)
Employee 17 (28%) X X
Owner 44 (72%)
Knowledge (Table 6)
Satisfactory 31 (51%) X X
Unsatisfactory 30 (49%)
Attitude (Table 6)
Neutral 16 (26%) X
Positive 34 (56%)
Very positive 11 (18%)

Notations: RUMA = Responsible Use of Medicine in Agriculture Alliance; AMU = Antimicrobial usage;
AMR = Antimicrobial resistance

apercentages were rounded to two decimal places. This caused some numbers to not add up to 100%
b«X> indicate the regression models the where predictor was included

Table 10 — Final logistic regression analysis of factors associated with satisfactory
knowledge (vs. unsatisfactory knowledge) about antimicrobials and antimicrobial
resistance among 61 Scottish dairy farmers

Predictor of farmers’ knowledge Coeff SE OR OR 95 % CI P value

Education degree
Secondary school Referent -
University 3.34 0.89 28.28
Source of AMU information used

4.72-169.35 <0.001

Vet and other info Referent - - -

Vet info 1.47 0.78 4.42 1.04-18.13 <0.05
Livestock farmed

Only dairy Referent - - -

Other livestock (beef/sheep)  1.57 0.69 4.82 1.19-19.47 <0.05

Notation: AMU = Antimicrobial usage

Farmers’ AMU behaviour

Table 9 shows the predictor variables used for the model of farmers’ AMU behaviour. The
final ordinal regression model results are presented in Table 11. In the clinical scenario
section, younger farmers (<35 years old) were significantly less likely to be low users of
antimicrobials when compared to farmers older than 51 years (OR=0.18; 95% CI=0.03-
0.85; P <0.05). Respondents working in larger farms were also less likely to be low users
of antimicrobials (OR=0.12; 95% CI1=0.02-0.62; P<0.01). The odds of showing low AMU
were 6.17 times higher for farmers basing their antimicrobial choice only on veterinarian
advice or previous experience, compared with farmers also considering economic factors
(95% CI=1.81-21.01; P<0.01). Producers who reduced their AMU in recent years were
8.87 times more likely to be classified as low user of antimicrobials (95% CI=1.18 66.31;
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P<0.05). Farmers’ AMU was not affected by their knowledge and attitudes towards AMR.
The Hosmer-Lemeshow test was not significant (P=0.892) suggesting that the model fit the

data well.

Table 11 - Final ordinal regression analysis of factors associated with low antimicrobial
usage (in the survey clinical disease scenarios) among 61 Scottish dairy farmers

Predictor of farmers’ AMU behaviour  Coeff SE OR OR 95 % CI P value
Age

>51 Referent - - -

36-50 -0.36 0.64 0.69 0.19-2.54 0.57

<35 -1.71 0.77 0.18 0.03-0.85 <0.05
Farm size (Log10-transformed) -2.10 0.81 0.12 0.02-0.62 <0.01
Antimicrobial choice

Economic Referent - - - -

Vet and experience 1.82 0.61 6.17 1.81-21.01 <0.01
AMU change last years

Same Referent - - - -

Less 2.18 1.00 8.87 1.18 -66.31 <0.05

Notation: AMU = Antimicrobial usage

Farmers’ attitudes towards AMR

Table 9 shows the predictor variables used for the model of farmers’ attitudes towards
AMR. The final ordinal regression model results are presented in Table 12. Compared to
conventional herds, organic farm producers had 18.35 times higher odds of showing a very
positive attitude towards AMR mitigation (95% CI=1.58-216.64; P<0.05). In addition, the
odds of having a more positive attitude were higher for farmers working in a larger herd
(OR=4.67; 95% CI=1.04-21.01; P<0.01). Farmers’ role was retained in the model as a
confounder, as its removal resulted in a change of more than 20% of the farm size
coefficient. Farmers’ attitudes were not associated with their level of knowledge of
antimicrobials and AMR. The Hosmer-Lemeshow test was not significant (P=0.579)

suggesting that the model fit the data well.

Table 12 - Final ordinal regression analysis of factors associated with positive attitudes
towards antimicrobial resistance mitigation among 61 Scottish dairy farmers

Predictor of farmers’ attitude Coeff SE OR OR 95 % ClI P value
Farm type

Conventional Referent - - -

Organic 291 1.22 18.35 1.58-216.64 <0.05
Farm size (Log-transformed) 1.54 0.75 4.67 1.04-21.01 <0.05
Role

Employee Referent

Owner 0.77 0.59 2.16 0.65-7.19 0.196
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3.5. Discussion

Antimicrobial resistance has been described as one of the most severe global threats of this
century (WHO, 2021). Since the transmission of antimicrobial-resistant microorganisms
between animals and humans has been documented (Tang et al., 2017), a multidisciplinary
approach involving a wide range of stakeholders is paramount to combat AMR. For this
reason, AMU in agriculture and farmers’ beliefs towards AMR have gained particular
attention in recent years. This study provides insight into the factors driving knowledge,

behaviour, and attitudes of dairy farmers towards AMU and AMR in Scotland.

Despite risk perception being complex and related to several factors, farmers’
misconceptions about AMR can lead to the underestimation of its threat and drive
antimicrobial misuse (Skjelstrup et al., 2021). For these reasons, identifying the factors
influencing producers’ awareness of responsible AMU and AMR is key to reducing the risk
of AMR emergence on dairy farms. In this survey, respondents holding a university degree
demonstrated better knowledge of antimicrobials and AMR. The same finding was
reported by surveys carried out in other countries (Alhaji et al., 2019; Ozturk et al., 2019;
Dankar et al., 2022). The association likely results from increased comprehension of the
mechanisms behind antimicrobial activity and bacteria resistance in respondents with
higher education attainment. This finding suggests that veterinarians and advisors should
prioritise regular training on AMU and AMR for farmers with a lower level of education,
as improving farmer awareness has been demonstrated to encourage responsible AMU
across all farm sectors (McKernan et al., 2021). Despite exact figures not being available,
it is believed that producers holding higher academic qualifications represent a small
proportion of the Scottish dairy sector. For instance, in a recent study, approximately 20%
of Scottish dairy farmers held a university degree (Shortall and Lorenzo-Arribas, 2022).
Encouraging people with a higher level of education to be involved in dairy farming may
improve the awareness of AMR and facilitate judicious AMU. This could be achieved
through proactive school programs demonstrating the opportunities in agriculture. The
dairy industry and farmers’ organisations should collaborate to shift misconceptions about

farming and bring qualified and knowledgeable workforces into the dairy industry.
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In contrast to our results, other studies found that younger farmers were more likely to
have better knowledge of antimicrobials and AMR (Kramer et al., 2017; Ozturk et al.,
2019). The difterence could be explained by the lack of association between education
degree and age in our survey, which in the other studies may have confounded the
association with the level of knowledge. On the other hand, we found that young producers
(<35 years old) reported higher AMU in the scenarios compared to their older colleagues
(>51 years old). The unpredictable nature of the infectious disease in dairy cattle and the
concern about the potential cost associated with animal losses may lead inexperienced
young farmers to administer antimicrobials as a risk-avoidance strategy. In contrast, older
farmers might be more circumspect and prone to try alternative approaches. This result
indicates that recently employed farmers would benefit from specific training on how to

identify more precisely animals requiring AMU.

In our survey, veterinarians were considered the most trustworthy source of information.
Farmers using with confidence “only veterinarian information” had greater knowledge than
farmers also relying on other sources such as milk buyers, the web and farming articles.
The importance of veterinarians’ role in raising AMR awareness among dairy framers has
already been highlighted in a number of other studies (Friedman et al., 2007; Jones et al.,
2015; Swinkels et al., 2015; Golding et al., 2019; Doyle et al., 2022). However, due to time
constraints, concerns of being intrusive and farmers’ reluctance to change AMU practices,
veterinarians may struggle to play a proactive role in the fight against AMR (Speksnijder
and Wagenaar, 2018; Llanos-Soto et al., 2021; Grondal et al., 2023). Also, in a recent
review it was described that dairy farmers desire a more reciprocal relationship of trust
with their veterinarian (Farrell et al., 2021), while others expressed the need for
homogenous messages from advisors, as they often receive conflicting information on
AMU (Speksnijder et al., 2015). Thus, in order to facilitate prudent AMU, it is important
for veterinarians to build relationships with farmers based on trust and shared
understanding. Practitioners in the UK believed workshops and discussion sessions might
be efficient tools to disseminate AMU knowledge and build successful veterinarian-farmer

collaboration (Higgins et al., 2017).

As supported by previous literature, our results showed that farmers’ AMU decision-

making is mostly influenced by their own previous AMU experience and veterinarian
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recommendations (Farrell et al., 2021; Doyle et al., 2022). Moreover, we found that
respondents with less consideration for economic factors in antimicrobial choice (e.g.,
antimicrobial withdrawal period and cost) indicated a lower AMU in the clinical scenarios.
Likely, different financial situations affect how antimicrobials are used on farms. Tight
profit margins and economic constraints have previously been described as significant
barriers to reducing AMU (Jones et al., 2015; Ekakoro et al., 2019), and farmers feared that
not administering antimicrobials would reduce profitability and revenues (Orpin, 2017). It
is possible that producers facing financial difficulties base their AMU choice on enhancing
productivity rather than fighting AMR. Then, it is important for veterinarians and advisors
to consider the economic situation of each farm and deliver tailored advice. Simple and
low-cost hygiene/management practices to reduce the need for AMU may be more easily
implemented by farmers with low economic means. It is also crucial to persuade them of
the possibility of maintaining farm profitability with limited AMU. At the same time,
decreasing the financial pressure on dairy herds would likely reduce imprudent AMU and
encourage behavioural change, as farmers reported feeling constrained by the system
which requires cheap milk and production intensification (Golding et al., 2019). Indeed,
Jones et al. (2015) found that those receiving a more significant income from sold milk
were more likely to demonstrate a positive intention to reduce their reliance on

antimicrobials.

In this study, we found that farm size was positively associated with AMU in the clinical
scenarios section. Labour burden and time constraints, which usually occur in large herds,
have been previously identified as significant barriers to reducing AMU (Friedman et al.,
2007; Speksnijder et al., 2015; Scherpenzeel et al., 2016; Golding et al., 2019). Having
sick animals is time-consuming and interrupts the daily routine, thus administering
antimicrobials may be regarded as an easier and faster solution than monitoring and
providing alternative care (e.g., comfortable housing and environment conditions and
isolation from other animals). It is also challenging to guarantee responsible AMU when a
large number of staff, with different levels of knowledge and skills, are responsible for
animals’ health and treatments. In this regard, antimicrobial treatment protocols are a
valuable tool to improve diagnostic specificity and refine AMU (Uyama et al., 2022). On
the other hand, we found that respondents working in large dairy herds expressed greater

intentions to reduce AMU and fight AMR. As previously suggested, it is possible that the
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higher financial resources of these farmers shape their perceived ability to tackle AMR
(Fischer et al., 2019). A more positive attitude may be also associated with the intention to

avoid potential future restrictions on AMU which would greatly challenge big herds.

In a recent UK study, conventional farmers reported higher HP-CIAs usage than organic
farmers, likely due to the restrictions existing for the organic industry (Regulation No
889/2008/EC) (Higham et al., 2018). Despite our results showing no difference in AMU
behaviour between the two production systems, we found that organic farmers expressed
more positive attitudes than conventional farmers in relation to AMU and AMR. This
finding might reflect an ethical responsibility to produce milk free of antimicrobial
residues and a desire to meet consumers’ perception of organic farming (Clark et al., 2016).
Ritter et al. (2017) identified perceived responsibility as a major player in dairy farmers’
implementation of recommended strategies and behaviour change. Significant concerns
about consumers’ health and industry expectations may provide organic farmers with a
sense of ownership to tackle AMR. On the other hand, it is possible that farmers with
particular interests or attitudes are more likely to be involved with organic production

systems.

Respondents breeding livestock other than dairy cows (e.g., beef and sheep) expressed
better AMR and AMU knowledge than dairy-only farmers. Recently, Doidge et al. (2020)
reported that 90% of UK beef farmers in their study were aware of the meaning of AMR.
The level of awareness was self-reported and not assessed by the authors, and since there is
usually a significant gap between self-reported and actual knowledge of farmers (Higham
et al., 2018), it is difficult to speculate different levels of awareness among farming sectors.
Nevertheless, respondents working with other livestock may be exposed to different AMR
education campaigns and to different advisors, contributing to their improved awareness.
Sheep farmers are also dealing with the current emergence of anthelmintic resistance, and

this might enhance their general comprehension of drug resistance.

In contrast with other authors (Jones et al., 2015; Ritter et al., 2015; Scherpenzeel et al.,
2016), we did not find any association between dairy farmers’ antimicrobials and AMR
knowledge and their attitudes or AMU behaviour. In other words, respondents with greater

awareness of AMR did not display lower AMU nor a more positive attitude to reduce their
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reliance on antimicrobials. It is possible that farmers face difficulties putting their
knowledge into practice and implementing recommended changes. Translating technical
knowledge into action may be challenged by limited resources, such as proper
stockmanship, finances and farm facilities. In addition, lack of support, uncertainty about
their abilities, and concerns about animal welfare may negatively influence producers’
motivation to reduce AMU (Speksnijder and Wagenaar, 2018; Farrell et al., 2021).
Although many external factors might hinder the relationship between knowledge, attitude
and behaviour, raising awareness among producers is likely the first step to fighting AMR.
Indeed, farmers are less willing to invest their time and resources in issues that are not

perceived as threatening their everyday reality (Ritter et al., 2017).

This study has several strengths and limitations. To the best of our knowledge, this is the
first study investigating these aspects in the Scottish dairy sector. We have identified some
potential drivers for farmers’ uptake of best practices and behavioural change related to
reduced AMU. However, many of the results were self-reported, so caution should be
taken when interpreting these findings due to social desirability bias. Social desirability
may have been limited by the voluntary and anonymous basis of participation in the
survey. Despite representing a good proportion of the total population of Scottish dairy
farmers (7.3%), the absolute low number survey response rate may be due to fatigue and
time pressures felt by producers. Also, increased pressure on AMR and reducing AMU
from government bodies, the dairy industry and the media may result in a reluctance to
share opinions. The low number of respondents in some groups may have biased the
significance of some associations (e.g., organic farmers and farmers with an university
degree). Self-selection bias due to voluntary participation was possible and a particular
interest in the subject of AMU and AMR for farmers who answered the survey may have
introduced potential bias. Among the respondents, 33% held a university degree. We were
unable to access data to assess whether the educational level of respondents was
representative of Scottish dairy farmers, however, it is possible that respondents with

higher school degrees were overrepresented in this survey.
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3.6. Conclusions

This survey provides insights into the factors influencing Scottish dairy farmers’
knowledge and perceptions of AMR and AMU. The results highlighted the importance of
veterinarians in raising AMR knowledge and guiding AMU choices. Some demographic
factors, such as level of education and age, were associated with farmers’ AMU and AMR
knowledge and should be considered by veterinarians and advisors when encouraging
behaviour change. Also, farm systems (organic vs. conventional) and size affected farmers’
AMU and attitudes and intentions to combat AMR on dairy farms. These results did not
show any association between antimicrobial and AMR knowledge and positive intentions

to reduce or reduced AMU behaviour.
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Chapter 4 — Discussion

4.1. General discussion

In light of antimicrobial resistance (AMR) being acknowledged as a critical global threat
(World Health Organisation, 2021), and the evidence on the potential transmission of
antimicrobial-resistant microorganisms between animals and humans (Tang et al., 2017), a

multidisciplinary approach involving various scientific expert is crucial to combat AMR.

Over the past decade, a lot of effort has been made to explore antimicrobial usage (AMU)
in agriculture and farmers' attitudes to reduce their reliance on antimicrobials. Indeed, in
order to design effective strategies aimed at reducing AMU, policymakers need to
comprehend how dairy farmers use antimicrobials, their awareness and concern regarding
AMR, and their willingness to change their behaviour. However, a knowledge gap of these
behavioural and attitudinal factors exists in the literature. The first part of this study
describes Scottish dairy farmers' awareness, beliefs, and intention to reduce the risk of
AMR emergence. In addition, it provides insight into how AMU best practices are
implemented and antimicrobials are used. The second part of the study aimed to identify
some factors driving the knowledge, behaviour, and attitudes of dairy farmers towards

AMU and AMR.
4.2. Dairy farmers’ knowledge and awareness of AMR

In this study, there was no significant association between dairy farmers’ knowledge of
AMR and antimicrobials and their behaviour related to AMU. However, according to a
recent systematic review of knowledge, attitudes, perceptions, and behaviours of dairy
farmers and veterinarians regarding AMR, increasing knowledge and awareness are
recommended strategies to promote appropriate AMU behaviour among dairy producers
(Farrell et al., 2021). Additionally, in another systematic review, the importance of
educating farmers was highlighted as it was proved to enhance responsible AMU
(McKernan et al., 2021). Therefore, scientific evidence supports the need to increase
farmers’ awareness of their role in tackling AMR. The lack of association between
knowledge and behaviour in our study may be explained by the fact that farmers face

difficulties putting their knowledge into practice and implementing recommended changes.
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Limited resources such as proper stockmanship, finances, and farm facilities can pose a

challenge in translating technical knowledge into action. In addition, other concerns related
to profitability and animal welfare can negatively affect producers' motivation to reduce
AMU (Speksnijder and Wagenaar, 2018). In fact, farmers are more likely to invest their
time and resources in issues that they perceive as directly affecting their business and may
be less interested in questions which are considered far from their reality (Ritter et al.,

2017).

The results of this study indicated that a significant proportion of participants lacked
knowledge about antimicrobials and AMR. For instance, 31% believed that antibiotics are
effective against virus infection and 25% thought that they can be used to treat parasite
infestation. A study conducted among the UK general population reported similar findings
(Hawkins et al., 2022). This suggests that dairy farmers, despite having access to and
regularly administering antimicrobials to animals, may not be more informed about proper
AMU than the average population. Approximately one-third of the respondents were not
aware of the meaning of AMR. Due to a strict interpretation of the answers, it is possible
that some of the responses were erroneously classified as incorrect, as we considered as
accurate only interpretations of AMR referable to “bacteria developing resistance to
antimicrobials”. However, a significant proportion of farmers (28%) thought that AMR
was developed by animals, suggesting a poor comprehension of this global issue.
Inadequate farmers’ knowledge of antimicrobials and AMR represents an important risk
for AMR emergence in agriculture and should be regarded as an important future area of
improvement. In a recent Irish survey, dairy farmers showing greater awareness of AMR
were more likely to implement selective dry cow therapy (SDCT) (Farrell et al., 2023),
suggesting that interventions aimed at promoting behavioural change should incorporate
efforts to increase producers’ knowledge awareness of AMR. Consistent dissemination of
knowledge and awareness regarding responsible AMU seems essential for improving AMU
practices in the Scottish dairy sector. To support this idea, our results indicate that a
significant number of farmers believed that additional training is crucial to decrease their
AMU. Likely, dairy producers perceive a lack of competence in implementing AMU
reduction measures at the farm level. Some authors suggested the concept of self-efficacy,
or perceived behavioural control, as an important factor to consider in behavioural change
programmes (Ritter et al., 2017; Skjelstrup et al., 2021). This theory used in psychology

and social science explains how people's beliefs about their own capabilities influence their
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motivation and behaviour. In other words, if someone perceives that they have the
necessary skills and resources to accomplish a task, they are more likely to attempt it and
succeed. The lack of awareness of dairy farmers, but their coexisting willingness to
improve their skills, highlight the importance of providing dairy producers with the tools
they need to reach responsible AMU, such as regular training on prudent AMU and
antimicrobials administration, guidance from veterinarians or external advisors, and
assessment of the outcomes (e.g., regular farm AMU monitoring and review of the goals

achieved).

In this survey, individuals who possessed a university degree exhibited greater knowledge
of AMR and proper AMU. This finding has been previously reported (Alhaji et al., 2019;
Ozturk et al., 2019; Dankar et al., 2022) and might lead to different interpretations. On the
one hand, it suggests that it would be beneficial to target regular training on responsible
AMU and AMR to farmers with lower levels of education. On the other hand, it is possible
that engaging people with higher academic qualifications would enhance AMR awareness
and prudent AMU. In addition, we found a significant association between respondents’
level of AMR and AMU awareness and their farm system. Farmers breeding livestock
other than dairy cows (e.g., beef and sheep) expressed better knowledge than dairy-only
farmers. A potential explanation might be that farmers’ working with different food-
producing animals are exposed to various AMR education campaigns, training and
advisors. In addition, the current emergence of anthelmintic resistance could potentially

improve sheep farmers’ understanding of drug resistance.

Regarding the knowledge of best practices recommendations, most of the farmers were
aware of RUMA guidelines on responsible AMU and farm owners reported greater
familiarity compared to dairy herd managers. In the UK, particularly in large herds, farm
employees are often responsible for administering antimicrobials and therefore their lack
of awareness about AMU best practices may represent a great risk for AMR. For this
reason, it is important to ensure that all stakeholders are involved in AMU training, farm
AMU monitoring and decision-making process with the herd's veterinarian. In addition,
farm employees should be encouraged to participate in responsible AMU training, such as

the training certified by the Red Tractor (Red Tractor, 2021).
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4.3. Social influence on farmers’ behaviour and veterinarians’ role

Earlier studies investigating the AMU behaviour of dairy farmers have emphasized the
significance of conforming to social norms and obtaining external validation (Jones et al.,
2015; Scherpenzeel et al., 2016; Richens et al., 2018; Fischer et al., 2019;). According to
our survey, herd veterinarians are considered the most trustworthy source of information
and have the greatest social influence on farmers’ behaviour. In addition, we found that
farmers who solely relied on information from veterinarians had higher levels of
knowledge compared to those who also consulted other sources such as milk buyers, the
web, and farming articles. The importance of veterinarians’ role in raising AMR awareness
has been highlighted in several similar studies in the UK and abroad (Friedman et al.,
2007; Jones et al., 2015; Swinkels et al., 2015; Golding et al., 2019; Doyle et al., 2022).

Despite this, we found that discussions about AMR with the veterinarian were occasional.
This may be due to the infrequency of veterinarians’ visits as farmers often treat animals
autonomously, to veterinarians’ time limitations, or to the perception that dairy producers
are reluctant to change their practices (Higgins et al., 2017; Golding et al., 2019). Recently,
Grondal et al. indicated that AMU reduction can be a source of disagreement and conflict
between farmers and veterinarians, even within a well-established relationship (Grondal et
al., 2023). It is possible that in certain cases veterinarians choose to avoid discussing AMR

in order to preserve their relationship with the client.

Therefore, although veterinarians are expected to play a proactive role in the fight against
AMR, they may face challenges in doing so. Participating in continuing professional
development (CPD) courses that cover topics related to social science and AMR may assist
practitioners in facilitating changes on farms. Also, improving the education of upcoming
veterinarians is crucial for promoting responsible prescribing practices and equipping them
with the necessary abilities to involve farmers in combating AMR. A study conducted in
the UK has shown that although most undergraduate veterinary schools cover
antimicrobial stewardship principles, there is still a need for further improvement in
educating students on this topic (Castro-Sanchez et al., 2016). Practitioners must be aware

of their role in tackling AMR and should dedicate part of their work to this purpose.
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Unlike other surveys (Swinkels et al., 2015; Fischer et al., 2019), farmers did not indicate a

desire to be recognized as a "good farmer" by their peers, nor did they feel influenced by
the opinions of other external people (e.g., colleagues, family, and other farmers). In
contrast, we observed that certain social referents in the dairy industry, such as milk buyers
and consumers, held significant influence. In fact, important factors motivating farmers to
reduce AMU were minimizing residues and meeting milk buyer standards. It has been
previously suggested that dairy farmers might feel limited by the public's expectation for
antibiotic-free products and the unfavourable perception of the industry (Swinkels et al.,
2015; Fischer et al., 2019). However, our results and previous findings suggest that
consumer pressure may have a beneficial effect on shaping and enhancing AMU practices
among UK dairy farmers, likely due to the agricultural policies and framework of the

country (Jones et al., 2015; Golding et al., 2019).

4.4. Antimicrobial usage

The implementation of SDCT greatly enhanced responsible AMU in the dairy industry. A
large proportion of the respondents of this survey (86%) reported using SDCT, with 13%
not administering antimicrobials in any of the dry cows. This represents important progress
in the UK when compared to the findings of Brunton et al. (2012), who found that 85% of
the farmers were applying a BDCT to all cows.

In the clinical disease scenarios, we found that antimicrobials were most frequently chosen
as a treatment option in calf pneumonia, while none of the respondents used antimicrobials
for the diarrhoea calf scenario as a first-line treatment. In recent years, producers have been
instructed to not use antimicrobials in non-severe cases of calf diarrhoea as often the
aetiology involves viral and protozoal agents, not responding to AMU (Constable, 2009),
and bacteraemia is uncommon in calves without systemic signs (Garcia et al., 2022). The
widespread implementation of AMU protocols among our respondents may explain this
finding, as usually the treatment of non-severe calf diarrhoea involves other treatments
(e.g., anti-inflammatory and rehydration fluids). Indeed, we found that antimicrobial
treatment protocols were more popular than in other studies (Falkenberg et al., 2019;
Schwendner et al., 2020). This may be explained by the larger size of the Scottish herds
compared to other European countries and by the compulsory requirement set by some UK

milk buyers (Farm Advisory Service, 2022)
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Almost all participants of this study (90%) reported having reduced their AMU in previous
years, and 87% reported planning to decrease AMU in the next five years. This finding
suggests that recent antimicrobial stewardship campaigns (e.g., RUMA Targets task force)
and the requirement compelled by milk buyers and farm assurance scheme (e.g., Red
Tractor) had positive impacts on farmers’ AMU behaviour and intentions to reduce AMU
(RUMA, 2017). The last report of the UK Veterinary Antibiotic Resistance and Sales
Surveillance (UK-VARSS, 2021) indicated a reduction of 68% in injectable HP-CIAs in
cattle between 2016 and 2020 (Veterinary Medicine Directorate, 2021).

Despite most of the farmers achieving a farm AMU reduction in the last years, around 50%
thought that it was a difficult process. The main barriers reported were limited facilities to
isolate sick animals or to ensure adequate animal space allowance, and a lack of
knowledge about antimicrobials. Financial constraints were also reported to be limiting
responsible AMU. Indeed, we found that respondents with less consideration for economic
factors in antimicrobial choice (e.g., antimicrobial withdrawal period and cost) were more
likely to indicate a lower AMU in the clinical scenarios. Many other studies reported that
tight profit margins can hinder farmers from maintaining good animal health and
preventing infectious diseases (Friedman et al., 2007; Fischer et al., 2019; Golding et al.,
2019). In certain instances, farmers may face limitations due to restricted financial
resources, which can impede their ability to make essential investments in adequate
housing, ventilation systems, and the employment of staff to uphold hygiene standards,
ensure adequate nutrition, and detect diseases. In addition, it is possible that producers
experiencing financial challenges may prioritise enhancing productivity over combating
AMR when making decisions regarding animal treatment. Orpin (2017) reported that many
dairy farmers feared that not administering antimicrobials would reduce profitability. As a
result, veterinarians and advisors should prioritize the assessment of each farm's financial
situation and offer tailored recommendations accordingly. In fact, when producers have
financial constraints, advisors should focus on cost-effective hygiene and management
practices to prevent infections and limit the administration of antimicrobials. It is equally
important to convince them that maintaining farm profitability is possible even with
limited AMU, balancing the economic impact with the need for effective treatment. In
addition, relieving the financial burden on dairy herds would likely result in a reduction of
inappropriate AMU and facilitate the adoption of responsible behaviours (Golding et al.,
2019).
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In this survey, AMU in the clinical disease scenarios was also influenced by farmers’ age,
with young producers (<35 years old) reporting higher AMU compared to their older
colleagues (>51 years old). The lack of experience with infectious diseases in dairy cattle
and the concerns about potential expenses related to animal losses might encourage
younger farmers to employ antimicrobials as a strategy to risk-avoidance strategy. In
addition, inexperienced farmers may feel pressured to provide immediate solutions and
alleviate animal suffering, as antimicrobials are often seen as a rapid and effective way to
address infections. For this reason, it is important to provide education and support to
inexperienced and recently employed farmers to ensure optimal and judicious usage of
antimicrobials on farms. This finding suggests that newly employed farmers could benefit
from additional training to improve their ability to accurately identify animals that truly

require AMU.

Farm size was also positively associated with AMU in the clinical scenarios section.
Several reasons could explain this finding. First of all, the increased density of the
livestock population has been often associated with increased spread of infections and
infectious disease prevalence, leading to a higher demand for antimicrobials (Velasova et
al., 2017). Larger farms may face greater economic risks in the event of disease outbreaks,
and to protect their business, farmers may be more inclined to rely on higher AMU. In
addition, breaks in biosecurity may happen more frequently in large herds where there is
greater traffic of animals and people (Dhaka et al., 2023). Ultimately, labour burden and
time constraints, which often occur in large settings, have been previously identified as
significant barriers to reducing AMU (Friedman et al., 2007; Speksnijder et al., 2015;
Scherpenzeel et al., 2016; Golding et al., 2019). The occurrence of methicillin-resistant S.
aureus was more common in larger dairy herds (Schnitt and Tenhagen, 2020), suggesting
an association between herd size and less responsible AMU usage, or between herd size
and practices impairing animal health and increasing the need for antimicrobials (e.g.,

reduced milking hygiene)

4.5. Waste milk feeding

Previous research has shown that feeding milk which has been medicated with antibiotics
is associated with the development of AMR bacteria, with the level of resistance of faecal

pathogens increasing with higher concentrations of antibiotics in the milk (Kaneene et al.,



82
Chapter 4 — Discussion
2008). Waste milk is milk that is not suitable for human consumption, such as milk from
cows with mastitis, high somatic cell counts, or cows treated with antimicrobials or other
drugs (Firth et al., 2021). It has been reported that feeding waste milk to calves can lead to
the emergence of antimicrobial-resistant bacteria (Maynou et al., 2017; Firth et al., 2021)
and minor microbiota diversity (Penati et al., 2021). Despite less common than in previous
UK surveys (Brunton et al., 2012; Higham et al., 2018), our study findings indicate that
this practice is still widespread in Scotland. Indeed, in the case of two clinical disease
scenarios (mastitis and metritis), around 30% of the farmers reported that they would not
discard the milk after AMU administration and that the waste milk would be fed to calves.
Interestingly, studies did not find any association between the intake of colostrum from
cows treated with antimicrobials at dry-off and the level of AMR in calves’ faecal bacteria,
likely due to the low level of residues in colostrum (Jarrige et al., 2020). We did not
investigate in our study whether colostrum from cows treated with antimicrobials at dry off

was used to feed calves.

4.6. Dairy farmers’ attitudes towards AMR and reduced farm AMU

Regarding farmers’ attitudes towards AMR, in our survey we found up to 25% disagreeing
with some of the statements regarding AMU reduction and AMR mitigation for animals
and human health. This finding suggests that some dairy producers may still be lagging
behind in acknowledging their responsibility in the fight aganist AMR. Hence,
veterinarians and advisors should take into account this variation towards AMU reduction
at which farmers find themselves and customize their recommendations accordingly, as a
generic approach would be inadequate to accommodate the wide array of attitudes and
intentions (Speksnijder and Wagenaar, 2018). We also found that, although 90% farmers
agreed on the importance of decreasing AMU on UK dairy farms, only half of them
thought that there is an overreliance on AMU or expressed concerns about AMR. These
findings indicate that while farmers recognize the importance of reducing AMU, it is not
perceived as a priority, and the consequences of AMR are not seen as an immediate risk in
their daily work. In addition, we found some scepticism regarding the link between AMU
in animals and AMR in humans, as previously reported in other studies (Raymond et al.,
2006; Ekakoro et al., 2019; Golding et al., 2019). Reluctance to accept their responsibility
to fight AMR may be a significant obstacle to enhancing AMU practices on dairy farms.

Convincing farmers to modify their practices becomes challenging when they disregard the



83
Chapter 4 — Discussion
negative consequences of inappropriate AMU. Therefore, to influence farmers' AMU

behaviour, an effective strategy could be to increase awareness about the potential risks of

AMR for global health.

Regarding the factors influencing farmers’ attitudes, we found that respondents working in
large dairy herds expressed greater intentions to reduce AMU and fight AMR. This could
be related to desire to proactively evade potential future limitations on AMU which could
pose significant challenges for large-scale herds. Also, long-term plans of sustainability
and cost-saving aspect can be particularly important for farmers working with large herds.
We also found that organic farmers expressed more positive attitudes than conventional
farmers in relation to AMU and AMR. This observation could be attributed to a sense of
ethical responsibility among organic farmers to produce milk without any traces of
antimicrobial residues, as well as a willingness to fulfil consumers' expectations regarding

organic farming practices.

4.7. Study limitations

This study presents several limitations. First of all, self-selection bias can occur with
voluntary participation in a survey, with overrepresentation of farmers with a particular
interest in the topic or a higher educational level. In addition, social desirability bias can
occur in surveys due the self-reported nature of the answers. Despite the response rate
being consistent with non-random online survey, the absolute low number may limit the
possibility of making inference to the general population. The absolute number of
responses is is reflected in the large 95% Cls. All farmers in this study were working with
milking cows, suggesting that these results may not apply to different dairy sectors, such as
heifer rearing farms. In addition, some of the respondents may not have been primarily

involved in AMU decision or administration of farm.

The COVID-19 pandemic greatly impacted this research in a number of ways. It affected
the possibility to hold face-to-face focus groups, limiting the interaction with farmers and
possibly influencing some results. In addition, we were unable promote the survey at
farmers’ events and to organise the number of farmers’ meeting that were initially planned,

as many producers were unwilling to meet online.
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Although many factors influencing farmers’ behavior have been identified in this and other

studies, some area remain relatively unexplored. For instance, the effect of farm system
(extensive grazing vs. intensive) and the level of technology implemented on farm (activity
cow monitoring, automatic milking system) on farmers’ AMU practices remains relatively
unknown; further research in this area may provide a better indication of how to promote
behavior change with specific farming systems. Also, more research is needed to better
understand the relationship between farmers and veterinarians and how it can be improved
with the aim to fight AMR. Future studies should therefore explore the ways to enhance
leadership and communication skills in veterinarians in the field of AMU restriction,

enabling them to drive behavioral changes among dairy producers.

4.8. Conclusion

This survey provides insights into the factors influencing Scottish dairy farmers’
knowledge and perceptions of AMR and AMU. The results highlighted the importance of
veterinarians in raising AMR knowledge and guiding AMU choices. Some demographic
factors, such as level of education and age, were associated with farmers’ AMU and AMR
knowledge and should be considered by veterinarians and advisors when encouraging
behaviour change. Also, farm systems (organic vs. conventional) and size affected farmers’
AMU and attitudes and intentions to combat AMR on dairy farms. These results did not
show any association between antimicrobial and AMR knowledge and positive intentions
to reduce or reduced AMU behaviour. It also highlights the need for tailored discussions

with farmers regarding their own farm circumstances to give bespoke advice.
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Appendix | — Focus group and workshop questions

Focus group questions — open discussion:

1. How do you feel about antimicrobial resistance?

2. Do you think there is too much reliance on antimicrobial usage on dairy farms?
3. Do you think some antimicrobials work less effectively than in the past?

4. Which advantages and disadvantages are associated with reducing antimicrobial
usage?

5. Do you think your farm antimicrobial usage has changed in recent years?

6. Do you expect your antimicrobial usage to change over the next 5 years?

Workshop questions pools and answer choices:

l. How concerned are you about antimicrobial resistance on dairy farms?

e Very concerned
e Concerned to some extent
e [ don’t think about it much either way

e Not concerned at all

2. Which is your main source of information regarding correct antimicrobial usage?

e Veterinarians

e Websites

e Farming articles

e Guidance from milk buyer
e Other farmers

e Not sure/other
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3.

years?

Do you think antimicrobial usage has changed on dairy farms over the last few

It has increased
It is about the same
It has decreased

Not sure

Which of the following diseases is the main reason for antimicrobial usage on your

Mastitis

Calf pneumonia/diarrhea
Lameness
Metritis/post-calving disease
Dry cow therapy

Other

Which is your most frequently used antimicrobial?

Beta-lactams/Streptomycin (Pen-Strep®)
Oxytetracycline (Alamycin®)

Tylosin (Tylan®)

Ceftiofur (Naxcel®)

Other

Do you think it is possible to reduce antimicrobial use on dairy farms?

Yes, easily
Yes, possible but with some barriers
No, too difficult

Not sure
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7.

Which one of the following would be the main barrier in reducing antimicrobial use

on your dairy farm?

8.

Limited knowledge/training
Limited time/labour
Limited finances

Lack of staff compliance

Not sure/other

Which of the following would be the main advantage in reducing antimicrobial use

on dairy farms?

9.

Reduced antimicrobial cost
Reduced antimicrobial resistance Increased consumer confidence
Increased milk safety

Not sure

Which of the following would be the main disadvantage in reducing antimicrobial

use on dairy farms?

Reduced animal welfare

Reduced milk production
Increased disease/mortality

Time consuming/ increased labour

Not sure
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Appendix Il — Survey

1.

I confirm that I have read and understood the Participant Information Sheet and I
consent to the data to be collected and used as described

What does “Antibiotic resistance” mean to you in your own words? (Open question)

In your opinion, are antibiotics effective against the following pathogenic organisms:
viruses, bacteria, and parasites? Tick one option for each pathogen

Not effective at all

Somewhat effective

Very effective

Don’t know

o O O O

What effects do antibiotics have? (Tick all that apply)
o Analgesic (reduce pain)

Anti-inflammatory (reduce inflammation)

Antipyretic (reduce animal’s temperature)

Anti-bacterial (kill or inhibit bacteria causing the infection)
Other

o O O O

Have you ever heard of the RUMA (Responsible Use of Medicine in Agriculture)
guidelines for the responsible usage of antibiotics in cattle production?

o Yes

o No

5.a. If yes, how familiar are you with the guidelines?

o Not familiar at all
o Somewhat familiar
o Very familiar

Over the last month, how many times did you see your vet for a routine visit (e.g.
fertility, foot trimming/mobility scoring, disbudding, calves check etc...)

o Never

o Once

o More than once

o Once every week or more

Over the last month, how many times did you see your vet for an emergency or non-
routine visit (e.g. calving, milk drop, pneumonia, lameness, mastitis, sick calf etc...)?
o Never
o Once
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©)
©)

More than once
Once every week or more

8. How often do you consult your vet before using an antibiotic?

©)

©)
©)
©)

Never
Sometimes
Most of the time
Always

9. Have you ever spoken with your vet about antibiotic resistance?

©)
@)

Yes
No

9.a. If yes, how often do you speak about it approximately?

o O O O

Annually

Every six months
Monthly

At every visit

10. Have you ever sought advice on antibiotic usage from any of the following sources and
how confident are you in the information you received: farming articles, other farmers,
web, milk buyer, veterinarian? Tick if the following sources are used and the level of
confidence in them

O

@)
@)
@)

Not used

Used with low confidence
Used with medium confidence
Used with high confidence

11. How important to you is the opinion of the following people around antibiotic
reduction: veterinarian, other farmers, milk buyer, consumers, colleagues, family? Tick
the degree of importance for each person/people

@)
@)
@)

Not important
Somewhat important
Very important

12. Which is your most frequently used antibiotic?

o

o O O O

Penicillin/Amoxycillin
Oxytetracycline
Tylosin

Ceftiofur

Other
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13. Which of the following diseases is the main reason for antibiotic usage on your farm?

Rank them from 1 to 6, with 1 being the most common reason for usage and 6 being
the least
o Mastitis
Calf pneumonia
Calf scour
Lameness
Post-partum diseases
Dry cow therapy

0O O O O O

14. Do you have any practices in place on your farm to reduce the usage of antibiotics?
o Yes. Which practices do you use? (Open question)
o No

15. Do you have written protocols regarding the choice of antibiotics on farm?
o Yes
o No, but I am considering developing it in the future
o No, and I do not intend to do it

16. What is the most important reason for calling the vet when you have a sick animal?
o Economic value of the animal

Previous treatment unsuccessful

Several animals involved

Animal welfare

Others

o O O O

17. What is the main reason for not calling the vet when you have a sick animal?
o Cost

Delay in treating animals

Vet visit means additional work

I have enough experience

Others

o O O O

18. Which factors do you consider important when choosing an antibiotic: cost, vet advice,
previous experience, withdrawal period? Tick which factors you consider and the
related level of importance for you

o Not considered

o Considered with low importance

o Considered with medium importance
o Considered with high importance
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19. How frequently do you send samples for culture and sensitivity (milk, faeces, nasal

swabs) before using antibiotics?
o Never
o Occasionally
o Regularly

19.a. If answered never or occasionally, why?

Too expensive

It takes time before having the results
I am not sure about the benefit
Inconclusive results occur too often
Other

O O O O O

20. Do you use selective dry cow therapy on your farm?
o Yes. In which approximate percentage of milking cows do you use antibiotics?
o No, but I am considering doing it in the future
o No, and I do not intend to do it

21. How has antibiotic usage on your farm changed over the last few years?

o Less
o Same
o More

21.a. If your antibiotic usage has decreased, was it difficult?

o Yes. Which were the main barriers? (Open question)
o No
o Idonot know

12.b. If your antibiotic usage did not change, do you think it would be difficult to reduce
it?
o Yes. What are the main barriers? (Open question)

o No
o Ido not know

22. How do you expect your antibiotic usage to change over the next five years?
o Less
o Same
o More
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23.

24.

25.

How much would the following factors influence your decision to reduce antibiotic
usage on farm: reduced antibiotics cost, reduced animal antibiotic resistance, reduced
human antibiotic resistance, minimise the risk of antibiotic residues in milk, meet milk
buyer standards, more consumer confidence? Tick the degree of influence for each
factor

o No influence

o Some influence

o Alot of influence

How much do the following factors concern you about reducing antibiotic usage on
farm: increased animal disease/death, decreased profitability, decreased milk
production, reduced animal welfare, increased costs (e.g., new facilities required)? Tick
the degree of concern for each factor

o Not concerning

o Somewhat concerning

o Very concerning

Scenario 1: Milking cow: sign of mild mastitis (milk modified, udder inflamed, no
fever, no systemic signs)

25.a. What would you do first?

Call the vet

Administer an intramammary antibiotic tube. Which one? (Open question)
Administer a systemic antibiotic. Which one? (Open question)

Take a milk sample for culture

Monitor the cow

NSAIDS/fluids

Other

0O O O O O O O

25.b. If you treat the cows with antibiotics, where would you record the treatment? (Tick

all that apply)

I do not record
Treatment book
Mark the cow
Computer
Other

0O O O O O

25.c. If you treat the cows with antibiotic, what do you do with the milk?

o Throw it away
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o Feed to all calves

o Feed to some calves but not replacement heifers
o Other

26. Scenario 2: 1-week-old calf: diarrhoea, no fever, slightly dehydrated, normal appetite

26.a. What would you do first?

Administer an antibiotic. Which one? (Open question)
NSAIDS/fluids

Call the vet

Other

0O O O O

26.b. If you would not administer an antibiotic, what is the reason? (Tick all that apply)

o It’s not worth treating calves

The disease is not severe enough

Just one calf'is affected

I want to use antibiotics responsibly

I don’t usually use antibiotics for calf scour
It is not advised in my written protocols

O O O O O

26.c. What would you do to limit the spread to other calves? (Tick all that apply)

Nothing

Isolate the sick calf

I use specific tools/equipment for the sick animal
Feed the calf last

Do a prophylactic treatment to other calves
Other

O O O O O O

27. Scenario 3: Cow: 10 days post-partum, smelly uterine discharge, temperature 39.5°C

27.a. What would you do first?

Administer an antibiotic. Which one? (Open question)
NSAIDS/fluids

Call the vet

Monitor the cow

Other

0O O O O O
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27.b. If you treat the cows with an antibiotic, why would you choose it? (Tick all that

apply)

0O O O O O

I Follow my written treatment protocol

I do what the vet previously advised to me
Because it is cheap

Because I am familiar with this drug
Other

27.c. If you treat the cows with antibiotic, would you use the milk to feed the calves?

©)
@)
@)

Yes
No
Only to some calves

109

28. Scenario 4: Six calves aged 1-2 months: cough, nasal discharge, fever (temperature >
39.5°C)

28.a. What would you do first?

o

@)
@)
@)
@)

Administer an antibiotic. Which one? (Open question)
NSAIDS

Call the vet

Monitor

Other

28.b.If you treat the calves with an antibiotic, how do you know which calves have been

treated? (Tick all that apply)

o O O O O

I do not record
Treatment book
Mark the calves
Computer
Other

28.c. If you treat the calves with an antibiotic, how long do you treat the calves for?

o

0 O O O

I follow my written protocols

I follow previous vet advice

I follow the instructions on the drug leaflet
Until the calves look well

Other

29. Diarrhoea in 20% of young calves (1-3 weeks old) over the last month, and a few of
them died
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29.a. What do you think is the most efficient action to take in order to prevent the other

animals from getting infected?

Vaccinate cows

Take a faecal sample to identify the infectious agent
Do a prophylactic treatment

Other

o O O O

29.b. Which other action would you take to reduce the spread of the infection on farm?
(Tick all that apply)

Nothing

Cleaning and disinfecting the pens
Ensure colostrum intake/quality
Feeding sick animals at the end
Isolate sick animals

Other

O O O O O O

30. Milking cow: sudden lameness in one hind limb

30.a. What would you do first?

Administer an antibiotic. Which one? (Open question)
Call the vet

NSAIDS

Wait for the foot trimmer

Examine the foot

0O O O O O

30.b. If you choose to treat the cow with an antibiotic, how long would you treat the animal
for?

Until improvement of the lameness
What worked in my experience

What is recommended in my protocols
Other

o O O O

31. Milking cow: sudden milk drop and fever (temperature = 39.9 °C)

31.a. What do you do first?

I administer an antibiotic. Which one? (Open question)
I take a milk sample

I call the vet

NSAIDS/fluids

Monitor

0O O O O O
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O

Other

32. It is important to reduce antibiotic usage on UK dairy farms

©)

o O O O

Strongly agree

Agree

Neither agree nor disagree
Disagree

Strongly disagree

33. Nowadays, there is too much reliance on antibiotic usage on dairy farms in the UK

©)

o O O O

Strongly agree

Agree

Neither agree nor disagree
Disagree

Strongly disagree

34. Decreasing antibiotic usage in dairy farms could help reducing antibiotic resistance in

livestock
o Strongly agree
o Agree
o Neither agree nor disagree
o Disagree
o Strongly disagree

35. Decreasing antibiotic usage in dairy farms could help reducing antibiotic resistance in

humans

o

o O O O

Strongly agree

Agree

Neither agree nor disagree
Disagree

Strongly disagree

36. Some antibiotics work less effectively than in the past

o

0O O O O

Strongly agree

Agree

Neither agree nor disagree
Disagree

Strongly disagree

37. Farmers require more training on antibiotic usage

@)
@)

Strongly agree
Agree
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o Neither agree nor disagree

o Disagree
o Strongly disagree

38. Farm biosecurity and vaccination can reduce antibiotic usage
o Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree

o O O O

39. It is important to have protocols for antibiotic usage on farm
o Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree

o O O O

40. It is important to keep treatment records on farm and review antibiotic usage regularly
o Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree

o O O O

41. It is important to always respect the prescribed duration course of antibiotic
o Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree

o O O O

42. It is important to have hospital pens to isolate sick animals and avoid the spread of the

diseases
o Strongly agree
o Agree
o Neither agree nor disagree
o Disagree
o Strongly disagree

43. It is important to always respect the withdrawal period of treated animals before
slaughter or including the milk in the bulk milk tank
o Strongly agree
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O

©)
©)
@)

Agree

Neither agree nor disagree
Disagree

Strongly disagree

44. 1 am worried about antibiotic resistance on UK dairy farm

0O O O O O

Strongly agree

Agree

Neither agree nor disagree
Disagree

Strongly disagree

45. What is your age?

o

@)
@)
@)

18-35

36-50

More than 51
Prefer not to say

46. What is your sex?

@)
@)
@)

47. How many years of experience (post-school age) in dairy farming do you have?

o

@)
@)
@)

Male
Female
Prefer not to say

Less than 5
6-20

21-40

More than 41

48. What is your highest level of education?

o

@)
@)
@)

High school
Agricultural college

University
Other

49. Is your dairy farm:

©)
©)

50. Please provide an approximate number of dairy animals on your farm:

o

Conventional
Organic

Milking/dry cows

113
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o Replacement heifers (weaned)

o Calves unweaned (male and female)
o Dairy bulls
o Other

51. Do you have any disease-free control accreditation? (Thick all that apply)
o No
BVD
Johnes
Lepto
IBR
o Other
52. Have you bought new animals on to the farm over the last year?
o Yes
o No

0O O O O

53. Do you have other species/livestock types on farm?
o No
o Sheep
o Beef
o Other

54. What is your role in the enterprise?
o Owner
o Dairy manager
o Other

55. Please give an approximate value for each of the following questions.
o What is the average milk production par cow (litres)?
o What is the total milk production on the farm par year (litres)?
o What is the geometric average somatic cell count (cells/ml)?

56. Who is your milk buyer? (Optional question)

114
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Knowledge, behaviours and attitudes of Scottish dairy
farmers towards antimicrobial use (copy) 19.04 (copy)

(copy)

Showing 0 of O responses

Showing all responses
Showing all questions

I confirm that | have read and understood the Participant Information Sheet and | consent to the
data to be collected and used as described

Yes | 0
No|0

What does “Antibiotic resistance” mean to you in your own words?

No responses

In your opinion, are antibiotics effective against the following pathogenic organisms?
3.1 Viruses

EMIEN Viruses

Not Effective at all | 0
Somewhat Effective | 0
Very effective | 0

Don’t know | 0

3.2 Bacteria

Bacteria

1/37
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Not Effective atall | 0
Somewhat Effective | 0
Very effective | 0

Don't know | 0

3.3 Parasites

Parasites

What effects do antibiotics have? (tick all that apply)

4.a

Have you ever heard of the RUMA (Responsible Use of Medicine in Agriculture) guidelines for the

Not Effective atall | 0
Somewhat Effective | 0
Very effective | 0

Don'’t know | 0

Analgesic (reduce pain) | o]

Anti-inflammatory (reduce | 0
inflammation)

Antipyretic (reduce the | (4]
animal’s temperature)

Anti-bacterial (llor |0
inhibit bacteria causing
infection)

Other |0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

If you selected Other, please specify:

No responses
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responsible use of antibiotics in cattle production?

Yes |0

No |0

5.2 How familiar are you with the guidelines?

Not familiar atall | 0
Somewhat familiar | 0
Very familiar | 0

Completely familiar | 0

E Over the last month, how many times did you see your vet for a routine visit (e.g. fertility, foot
trimming/mobility scoring, disbudding, calves check etc...)

Never | 0
Once | 0
More than once | 0

Once every week or more | 0

Over the last month, how many times did you see your vet for an emergency or non-routine visit
(e.g. calving, milk drop, pneumonia, lameness, mastitis, sick calf etc...)?

Never | 0
Once | 0
More than once | 0

Once every week or more | 0

B How often do you usually consult your vet before using an antibiotic?

3/37
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Never | 0
Sometimes | 0
Most of the time | 0

Always | 0

B Have you ever spoken with your vet about antibiotic resistance?

Yele
No |0

9.a How often do you speak about it approximately?

Annually | 0
Every 6 months | 0
Monthly | 0

At every visit | 0

Have you ever sought advice on antibiotic use from any of the following sources and how
confident are you in the information you received? Tick if the followiong sources are used and the
level of confidence on them

10.1 Farming articles

Farming articles

Notused | 0

Used with low confidence | 0
Used with medium confidence | 0
Used with high confidence | 0

4/ 37
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10.2 Other farmers

10.2.a

Other farmers

120

Notused |0
Used with low confidence | 0
Used with medium confidence | 0

Used with high confidence | 0

10.3 Websites

Websites

Notused | 0
Used with low confidence | 0
Used with medium confidence | 0

Used with high confidence | 0

10.4 Guidance from milk purchasers

Guidance from milk purchasers

MNotused | 0
Used with low confidence | 0
Used with medium confidence | 0

Used with high confidence | 0

10.5 Veterinarian

10.5.a

Veterinarian

5/37
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10.6

121

Not used | 0

Used with low confidence | 0
Used with medium confidence | 0
Used with high confidence | 0

Herd health plan

Herd health plan

10.a

How important to you is the opinion of the following people around antibiotic reduction? Tick the

Not used | 0

Used with low confidence | 0
Used with medium confidence | 0
Used with high confidence | 0

Please, specify any other source of information that you may use

No responses

degree of importance for each person/people

11.1 Your vet

11.1.a

Your vet

Not important | 0
Somewhat impartant | 0

Very important | 0

11.2 Other farmers

11.2.a

Other farmers

6/37
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Not important | (¢}
Somewhat important | 0

Very important | 0

11.3 Retailer

INBERCY Retailer

Not important | 0
Somewhat important | ¢}

Very important | 0

11.4 Consumers

NN Consumers

Not important | 0
Somewhat important | 0

Very important | 8]

11.5 Feed adviser

IBBCF-N Feed adviser

Not important | 0
Somewhat important | (o]

Very important | 0

11.6 Employees

77137



Appendix III — Survey PDF (Jisc)

Employees

123

Not important | 0
Somewhat important | 0

Very important | 0

11.7 Your family

Your family

Not important | 0
Somewhat important | 0

Very important | 0

1l.a Please, specify any other person/people whose opinion may be important for you

No responses

Which is your most frequently used antibiotic?

Penicillin/Amoxycillin |0
Oxytetracycline | 0
Tylosin |0

Ceftiofur | 0

Other | 0

12.a If you selected Other, please specify:

No responses

Which of the following diseases is the main reason for use of antibiotic on your farm? Rank them
from 1 to 6, with 1 being the most common reason for use and 6 being the least
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13.1 Mastitis

Mastitis - Write 1 to 6

No responses

13.2 Calf pneumonia

Calf pneumonia - Write 1to 6

No responses

13.3 Calf scour

Calf scour - Write 1 to 6

No responses

13.4 Lameness

Lameness - Write 1to 6

No responses

13.5 Metritis/post calving diseases

Metritis/post calving diseases - Write 1 to 6

No responses

13.6 Dry cow therapy

Dry cow therapy - Write 1 to 6

No responses

Do you have any practices in place on your farm to reduce the use of antibiotics?

Yele
No |0
9/37
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14.a Which practices do you use?

No responses

Do you have written protocols regarding the choice of antibiotics on farm?

Yes |0

No, but | am considering | 0
developing itin the future

No, and I do notintend to do | 0
it

15.a Since when (year)?

No responses

15.b Who collaborated in the writing of the protocols? (tick all that apply)

Vet |0

Milk buyer | 0
Feed adviser | 0
Other |0

Multi answer: Percentage of respondents who selected each answer option (e.qg. 100% would
represent that all this question's respondents chose that option)

If you selected Other, please specify:

No responses

What is the most important reason for calling your vet when you have a sick animal?

10/ 37
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16.a

What is the main reason for not calling the vet when you have a sick animal?

17.a

Which factors do you consider important when choosing an antibiotic? Tick if the following factors
are considered and the related level of importance for you

126

Economic value of the animal | 0

Previous treatment | 0
unsuccessful

Several animals involved | 0

Other | 0

If you selected Other, please specify:

No responses

Cost | 0
Delay in treating animal | 0

Vet visit means additional | 0
work

Other | 0

If you selected Other, please specify:

No responses

18.1 Cost

18.1.a

Cost

Naot considered | 0
Considered with low importance | 0

Considered with medium | 0
importance

Considered with high | 0
importance

11/37
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18.2 Familiarity

Familiarity

Not considered | 0
Considered with low importance | o]

Considered with medium | 0
importance

Considered with high | 0
importance

18.3 Withdrawal period

Withdrawal period

Not considered | 0
Considered with low importance | 0

Considered with medium | 0
importance

Considered with high |0
importance

18.4 Vet advice

18.4.a

Vet advice

Not considered | 0
Considered with low importance | 0

Considered with medium | 0
importance

Considered with high | 0
importance

12/ 37
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18.5 Availability on farm

Availability on farm

18.6 How well usually it works on my farm

How well usually it works on my farm

18.a

How frequently do you send samples for culture and sensitivity before using antibiotic?

128

Naot considered | 0
Considered with low importance | 0

Considered with medium | 0
importance

Considered with high | 0
importance

Not considered | 0
Considered with low importance | 0

Considered with medium | 0
importance

Considered with high | 0
importance

Please, specify any other factor that you may consider

No responses

Never | 0

Only occasionally | 0
Regularly | 0
Always | 0

13/ 37
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19.a Why? (tick all that apply)

Too expensive | 0

It takes time before having | 0
theresults

lam notsure about the | 0
benefits

Other |0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

If you selected Other, please specify:

No responses

Do you use selective dry cow therapy in your farm?

Yes |0

No, but | am considering doing | 0
itin the future

No, and | do notintend to do | 0
it

20.a Since when (year)?

No responses

20.b In which approximate percentage of milking cows?.

No responses

How has antibiotic use on your farm changed over the last few years?

14/ 37
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Less | 0
Same | (o]
More | 0

21.a What are the main reasons?

No responses

21.b How difficult was it?

Very difficult | 0
Somewhat difficult | 0
Not difficultatall | 0

I do not know | 0

21.c How difficult do you think it would be to decrease the use of antibiotic on your farm?

Very difficult | 0
Somewhat difficult | 0
Not difficultatall | 0

| do not know | 0

21.d If you think it was/would be difficult, what are the main barriers (if any) to reducing antibiotic use
on your farm? (tick all that apply)

15/ 37
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131

| do not have enough knowledge | 0
Limited finances | 0

Limited facilities (e.g. |0
isolation pens)

Increased labour | 0

Lack of staff compliance | 0
None of them | 0

Other | 0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

If you selected Other, please specify:

No responses

How do you expect your usage of antibiotic to change over the next 5 years?

A lot more | 0

A little more | 0
About the same | 0
Alittleless | 0
Alotless | 0

I don’t know | 0

23.1 Reduced cost

Reduced cost

How much would the following factors influence your decision to reduce antibiotic use on farm?
Tick the degree of influence of each factor

No influence | 0
Some influence | 0

A lot of influence | 0

16/ 37
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23.2 Reduced animal antibiotic resistance

pewa-Y Reduced animal antibiotic resistance

No influence | 0
Some influence | 0

A lot of influence | 0

23.3 Reduced human antibiotic resistance

pEREI-Y Reduced human antibiotic resistance

No influence | 0
Some influence | 0

A lot of influence | 0

23.4 Minimize the risk of antibiotic residue in milk

pE®: %Y Minimize the risk of antibiotic residue in milk

No influence | 0
Some influence | 0

A lot of influence | 0

23.5 More consumer confidence

yERIY More consumer confidence

17/ 37
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No influence | 0
Some influence | (o]

Alot of influence | 0

23.6 Meet milk buyer standard

Meet milk buyer standard

No influence | 0
Some influence | 0

Alotof influence | 0

23.a Please, specifiy any other factor that may influence your decision

No responses

How much do the following factors concern you around reducing antibiotic use on farm? Tick the
degree of concern of each factor

24.1 Increased animal disease/death

Increased animal disease/death

Not concerning | 0
Somewhat concerning | 0

Very concerning | 0

24.2 Decreased profitability

Decreased profitability

18/ 37
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Not concerning | o]
Somewhat concerning | 0

Very concerning | 0

24.3 Decreased milk production

Decreased milk production

Not cancerning | 0
Somewhat concerning | 0

Very concerning | 0

24.4 Reduced animal welfare

pL¥:% 0 Reduced animal welfare

Not concerning | 0
Somewhat concerning | 0

Very concerning | 0

24.5 Increased other costs (i.e. facilities)

Increased other costs (i.e. facilities)

Not concerning | (4]
Somewhat concerning | o]

Very concerning | 0

246 Time consuming

19/ 37
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Time consuming

135

Not concerning | 0
Somewhat concerning | 0

Very concerning | 0

No responses

What would you do first?

24.a Please, specify any other factor may concern you

Call the vet | 0

Administer intramammary | 0
antibiotic tube

Administer a systemic | 0
antibiotic

Take a milk sample for culture | 0

Other | 0

No responses

25.b What do you do with the sample?

25.a Which systemic and/or intramammary antibiotic would you choose?

On-farm culture | 0
Sendtothelab | 0

Freeze and monitor if the cow | 0
respond to treatment

Other | 0

If you selected Other, please specify:

20/ 37
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25.¢

Where do you usually record the treatment? (tick all that apply)

26.a

No responses

If you selected Other, please specify:

No responses

136

lusually don't record, | | 0
remember

Treatment book (hard copy) | 0
Mark the cow | 0

Computer | 0

Smartphone | 0

Other | 0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

If you selected Other, please specify:

No responses

What do you usually do with the discarded milk?

27.a

| throw it away | 0
Feed all calves | 0

Feed some calves but not | 0
replacement heifers

Feed calves after treatment of | 0
the milk (example
pasteurisation)

Other | 0

If you selected Other, please specify:

No responses

21/37
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What would you do first?

137

Administer an antibiotic | 0

Oral rehydration and /or | 0
anti-inflammatory and wait
before further treatment

Call thevet | 0

Other | 0

28.a If you selected Other, please specify:

No responses

28.b Which one?

No responses

28.c Why do you wait before using antibiotic? (tick all that apply)

It's not worth treating calves | 0

The disease is not severe | 0
enough

Justonecalfis affected | 0

| want to use antibiotics | 0
responsibly

I don't usually use | 0
antibiotics for calf scour

It is not advised in my | 0
written protocols

Other |0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

If you selected Other, please specify:

No responses

22/ 37
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What would you do to limit the spread to other calves? (tick all that apply)

138

Nothing | 0

Isolate the sick calf | 0

| use specific tools / | 0
equipment for the sick animal

I disinfect thetools/ | 0
equipment used with the sick

animal

| use gloves and disinfect my | 0
wellies after the contact with
the sick animal

Other |0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

29.a If you selected Other, please specify:

No responses

What would you do first?

Administer a treatment | 0
Call thevet | 0

Wait and check the cow | 0
frequently

Other |0

30.a If you selected Other, please specify:

No responses

30.b Which ones?

No responses

23/37
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Why would you choose it?

30.b.i.a

139

| Follow my written treatment | 0
protocol

| do what the vet previously | (¢}
advised to me

Becauseitis cheap | 0

Because | am familiar with | 0
thisdrug

Other |0

If you selected Other, please specify:

No responses

30.c  Why would you first call the vet?

I want to do the best | 0
treatment for the cow

| don't know which treatment | 0

to administer

lam not sure if antibioticis | 0
necessary

| am not sure of my diagnosis | 0

Other |0

If you selected Other, please specify:

No responses

Would you use the milk to feed the calves?

24/ 37
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140

Yele
No |0

Only after a milk treatment | 0
(example pasteurisation)

Which antibiotic would you choose and why?

How do you know which calves are treated? (tick all that apply)

33.a

How long would you treat the calves for?

34.a

No responses

I write in the treatment book | 0
I mark the calves | 0

| record on my smartphone | 0

| remember | 0

Other | 0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

If you selected Other, please specify:

No responses

| follow my written protocols | 0
| follow previous vet advice | 0

| follow the instructions on | 0
the drug leaflet

Until the calves look well | 0

Other | 0

If you selected Other, please specify:
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What do you think is the most efficient action to take in order to prevent the other animals from

35.a

Which other action would you take to reduce the spread of the infection on farm? (tick all that

36.a

No responses

getting infected?

141

Vaccinate cows | 0

Take a faecal sample to | 0
identify the infectious agent

Do a prophylactic treatment | 0

Other | 0

If you selected Other, please specify:

No responses

apply)

Nothing | 0

Cleaning and disinfecting the | o]
pens

Ensurecolostrum | 0
intake/quality

Feeding sick animals at the | 0
end

Isolate sick animals | 0

Other | 0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

If you selected Other, please specify:

No responses

What would you do first?
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Administer a treatment | 0
Call thevet | O
Wait for the foot trimmer | 0

Other |0

37.a |If you selected Other, please specify:

No responses

37.b Which ones?

No responses

How long would you treat the animal for?

Until improvement of the | 0
lameness

What it is recommended on the | 0
drug leaflet

What worked in my experience | 0

Other | 0

37.b.i.a If you selected Other, please specify:

No responses

What would you do first?

| administer a treatment | 0
| take a milk sample | 0
| call the vet | 0

Other |0
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38.a

38.b Which antibiotic would be most appropriate in your opinion?

If you selected Other, please specify:

It is important to reduce antibiotic use on UK dairy farms

m Nowadays, there is too much reliance on antibiotic use on dairy farms in the UK

If you selected Other, please specify:

No responses

143

Not sure | 0
Penicillin/Amoxycillin |0
Oxytetracycline | 0

Tylosin |0
Trimethoprim/sulfadiazine | 0
Ceftiofur | 0

Other | 0

No responses

Strongly agree | 0

Agree | 0

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0
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Strongly agree | 0

Agree | (8]

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

Decreasing antibiotic usage in dairy farms can could help reducing antibiotic resistance in

livestock

Strongly agree | 0

Agree | 0

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

Decreasing antibiotic usage in dairy farms could help reducing antibiotic resistance in humans

Strongly agree | 0

Agree | 0

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

Some antibiotics work less effectively than in the past
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Strongly agree | 0

Agree | (8]

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

Farmers require more training on antibiotic use

Strongly agree | 0

Agree | 0

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

Farm biosecurity and vaccination can reduce antibiotic use

Strongly agree | 0

Agree | 0

Neither agree nor disagree | (e}
Disagree | 0

Strongly disagree | 0

| don’t know | 0

It is important to have protocols for antibiotic use on farm
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Strongly agree | 0

Agree | (8]

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

It is important to keep treatment records on farm and review antibiotic usage regularly

Strongly agree | 0

Agree | 0

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

m It is important to always respect the prescribed duration course of antibiotic

Strongly agree | 0

Agree | 0

Neither agree nor disagree | (e}
Disagree | 0

Strongly disagree | 0

| don’t know | 0

It is important to have hospital pens to isolate sick animals and avoid the spread of the diseases
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Strongly agree | 0

Agree | (8]

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

It is important to always respect the withdrawal period of treated animas before slaughter or
including the milk in the bulk milk tank

Strongly agree | 0

Agree | 0

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

I am worried about antibiotic resistance on UK dairy farm

Strongly agree | 0

Agree | 0

Neither agree nor disagree | 0
Disagree | 0

Strongly disagree | 0

I don’t know | 0

What is your age?
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18-35 | 0
36-50 | 0
5165 |0
Over 65 | 0

Prefer not to say | 0

What is your sex?

Male | 0
Female | 0

Prefer not to say | 0

How many years of experience (post-school age) in dairy farming do you have?

Lessthan 5 |0
620 |0
2140 |0

More than 40 | 0

What is your highest level of education?

Highschool | 0
Agricultural college | 0
University | 0

Other | 0

55.a If you selected Other, please specify:

No responses
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How many years has the dairy enterprise been operating?

149

Less than 5 years | 0
5to 20 years | 0

20to 40 years | 0
More than 40 years | 0

Is your dairy farm:

Conventional | 0

Organic | 0

In conversion to organic | 0

Please provide an approximate number of the dairy animals on your farm:

58.1 Milking and dry cows

Milking and dry cows - Number of animals

No responses

58.2 Replacement heifers (weaned)

Replacement heifers (weaned) - Number of animals

No responses

58.3 Calves unweaned (male and female)

Calves unweaned (male and female) - Number of animals

No responses

58.4 Dairy bulls
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Dairy bulls - Number of animals

No responses

Do you have any disease-free / control accreditation? (tick all that apply)

150

No |0
BVD |0
Johnes | 0
Lepto | O
IBR |0
Other | 0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

59.a If you selected Other, please specify:

No responses

m Have you bought new animals on to the farm over the last year?

Yele
No |0

60.a How many?

No responses

60.b Of which of the following categories? (tick all that apply)

Replacement heifers | 0
Milking cow | 0
Bull |0

Other |0
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Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

151

m If you selected Other, please specify:

No responses

Do you have other species/livestock types on farm? (tick all that apply)

No |0
Sheep | 0
Beef | 0
Poultry | O
Other |0

Muiti answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

6l.a If you selected Other, please specify:

No responses

What is your role in the enterprise? (tick all that apply)

Owner | 0

Farm manager | 0
Dairy manager | o]
Herdsman/woman |0
Other | 0

Multi answer: Percentage of respondents who selected each answer option (e.g. 100% would
represent that all this question's respondents chose that option)

62.a If you selected Other, please specify:

No responses
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Please give an approximate value for each of the following question.
63.1 What is the annual average milk production per cow (litres)?

What is the annual average milk production per cow (litres)? - Approximate value

No responses

63.2 What is the current geometric average somatic cell count (cells/ml)?

What is the current geometric average somatic cell count (cells/ml)? - Approximate value

No responses

Who is your milk buyer?

No responses

Please, enter your email address if you wish to participate to the prize draw. It will only be used
for this purpose and will not be associated with your responses.

No responses
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