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Simple Summary: There is increasing public demand on livestock producers to reduce antimicro-
bial use (AMU) in food animals. The demand stems from concerns about potential antimicrobial
resistance that could originate from food animals. We surveyed dairy and sheep farmers to assess
their attitudes towards reducing AMU. This study has shown that sheep farmers were more con-
cerned about antimicrobial resistance than dairy farmers.

The dairy and sheep farmers sourced most of their advice from veterinarians, the livestock industry
and their colleagues. This study has shown that livestock farmers showed varied concerns about
AMU. This study suggests that knowledge gaps in farmers may best be filled by veterinarian input.

Abstract: This work examines dairy and sheep farmer attitudes toward antimicrobial use (AMU) in
New Zealand. There is increasing public demand on livestock producers to reduce AMU in live-
stock. The demand stems from concerns about potential antimicrobial resistance (AMR) that could
originate from food animals. There is limited practical data on farmer knowledge of AMU. An
electronic survey was sent to dairy (n= 378) and sheep farmers (n=551). Seventy-six dairy farmers
(20%, n=76/378) returned the survey. Dairy farmers (69%) showed low levels of concern about an-
timicrobial resistance and awareness of the need to reduce AMU. Additionally, 76% of dairy
farmers didn’t think it was possible to reduce AMU. Thirty-nine sheep farmers (7%, 39/551) re-
turned the survey. 76% of sheep farmers were supportive of restricted use of AMU. The dairy and
sheep farmers sourced most of the advice from veterinarians (>90%), the livestock industry (>80%)
and their colleagues (>70%). This study shows that farmers showed varied concerns about AMR
and AMU. Moreover, sheep farmers were more amenable to increased restriction on AMU than
dairy farmers. This study suggests that knowledge gaps in farmers may best be filled by veteri-
narian input.
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1. Introduction

Antimicrobial resistance (AMR) is one of the most significant global threats to hu-
man health [1, 2]. The development and the resultant transmission of AMR are compli-
cated [3]. The association between antimicrobial use (AMU) and AMR in livestock has
been extensively studied [2, 4, 5, 6, 7, 8, 9]. In New Zealand [10], like the UK [5], AMU is
strictly managed by veterinarians in collaboration with their livestock farmer clients.
After a veterinarian gives a prescription, farmers may purchase and use antimicrobials
without the veterinarian present. New Zealand farmers [10] make on-farm decisions re-
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garding the type of antimicrobials to use. Therefore, it is essential to understand New
Zealand farmers’ decision-making process because they are directly involved in the
AMU on farms.

The inappropriate use of antimicrobials is the primary driver of antimicrobial re-
sistance in both animal and human health in the world [2, 4, 6, 7]. There has been a strong
belief that zoonotic transfer of bacterial AMR is occurring from animals to humans [12],
although there is a paucity of proven data that supports this hypothesis [4, 21]. The re-
verse zoonotic transmission (zooanthroponosis) of the AMR transmission has been pro-
posed [8, 14], although it is not widely considered. The main source of AMR in humans in
New Zealand has been hypothesized human origin of AMU [3, 43]. Other potential
routes of transmission of AMR have been suggested as originating from animal food
products, direct contact, and environmental transmission [4, 15, 16, 17, 18]. In some dairy
herds, the blanket use of dry cow therapy has been used [3]. In the New Zealand live-
stock industry, there is currently a shift towards less use of blanket dry cow therapy and
also using critical antimicrobials as has been described in the 2015 New Veterinary As-
sociation guidelines on the prudent use of antimicrobials [19].

Global AMU in animals is expected to increase by at least 70% by 2030 [18]. Anti-
microbials are now increasingly found in large quantities in human-made environments
such as sewage and wastewater treatment plants [12] and terrestrial, freshwater, and
marine environments [21, 4]. Moreover, antibiotic pollution is poorly regulated on both
local and global scales [21, 4]. Most of the pathogens associated with mastitis in cows,
such as Staphylococcus aureus and Escherichia coli (E. coli), are also detected in medical set-
tings, carrying resistance genes against multiple classes of antibiotics abroad [18]. The
most well-known of these is methicillin-resistant S. aureus (MRSA) and extend-
ed-spectrum beta-lactamases carrying E. coli. Although MRSA is not prevalent in New
Zealand cows, it has been reported [3].

Many researchers have described on-farm AMU monitoring in dairy herds world-
wide [8, 22, 23, 24, 25] and New Zealand [3, 26]. However, limited studies have investi-
gated farmer attitudes and knowledge towards AMU in the dairy and red meat industry
in New Zealand. To achieve a significant reduction in AMU in New Zealand, there is a
need to understand the underlying drivers of AMU in livestock producers. This work
aimed to gain insight into farmer perception of AMU and identifies factors that could be
a barrier to AMU reduction at the farm level.
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2. Materials and Methods

2.1. Farmer Attitude Surveys

The population was defined as dairy and sheep farmers who were clients for
VetSouth Ltd for at least two years before the 2017/18 season and resided in the south
Otago region. The criteria used to select email addresses from the VetSouth Ltd large
animal database was based on active clients two years before the 2017/18 season. Fol-
lowing consent, an electronic survey (survey monkey) was mailed out to dairy (n= 378)
and (n= 551) sheep farmers on their attitudes on the use of antimicrobials (Table 1). The
electronic survey was divided into two sections, first, information about the source of
advice to farmers, and second, their perceptions of antimicrobial use.

Each respondent went through a series of general questions. Some included infor-
mation regarding how they valued animal welfare, economic data, veterinary advice,
industry advice, lameness issues, production diseases such as mastitis and potential
treatment.

Additionally, data requested included calf rearing diseases, potential treatments,
and information about the prudent use of antimicrobials on the farm (selective dry cow
therapy vs. blanket dry cow therapy). Other data requested include contamination of
animal products by antimicrobials, data about critical antimicrobials used in human
health, when should antimicrobials be available (also who should be in charge), and
whether they were interested in antimicrobial use reduction or not. The respondents de-
scribed the management tools they used on a 10 point Likert scale (Table S1). Respond-
ents rated their views on a 1-10 Likert scale depending on the question. If the answer was
agreed, then (1 = strongly disagree and 10 = strongly support). All these were closed
questions except for a few open-ended questions toward the end of the survey, asking
farmers to provide demographic data such as age, gender, education level, farm location,
and herd size. Each variable was available for analysis if it had at least 20 percent re-
sponses except for apriori variables.

2.2. Statistical Analysis
The data were analysed using the descriptive techniques developed by Likert [27]
and implemented in the R package Likert version 1.3.5 and using the R statistical soft-
ware version 4.0.4. [28].

3. Results
3.1. Dairy Farmer Survey

Seventy-six dairy farmers (20%, 76/378) returned the survey. Of these, 52% (n=40)
were male, 22% (n=17) female, and 25% (n=20) of unknown gender (Table 1). The lowest
education level among the dairy farmers was a primary school certificate, and the
highest, a postgraduate degree (Table 1). More male respondents had a higher education
(Master’s degree, n=10) than females (Master’s degree, n=3). Females (n=17, 30-60 years)
were younger than male respondents (n=40, 30 to >=60). More male respondents (n=10,
>1000 cows) had bigger herd sizes compared with female respondents (n=2).


https://doi.org/10.20944/preprints202106.0588.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 June 2021

do0i:10.20944/preprints202106.0588.v1

Table 1. Demographic indices of the dairy and the sheep farmers by gender.

Demographic variable

Dairy farmers, n (%)

Sheep farmers, 1 (%)

2017/2018 2017/2018
Survey respondents 77 39
Gender
Female 17 (22) 4 (10)
Male 40 (52) 16 (41)
Unknown 20 (25) 19 (49)
Age
<30 6(8) 1(3)
31-40 25 (19) 7 (18)
41 - 50 14 (18) 3(8)
51 - 60 16 (21) 4 (10)
> 60 6(8) 6 (15)
Unknown 20 (26) 18 (46)
Education
Bachelor’s degree 13 (17) 7 (18)
Diploma 13 (17) 4 (10)
Certificate 9 (12) 2(5)
Secondary school (year 13) 7 (9) 7 (18)
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Master’s degree 13 (17) 1(3)
Unknown 20 (26) 18 (46)
Herd and or flock size

0 to 250 1(1) 2(5)
251 to 500 17(22) 2(5)
501 to 750 16 (21) 2(5)
751 to 1000 9(12)

>1000 12 (16) 15(38)
Unknown 22 (29) 18(46)
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3.1.1. Source of Advice Dairy Farmers on disease control

The majority of the dairy farmers sourced most of advice from their veterinarian
(Fig. 1). Veterinary advice was the most approved source (n=76, 99%) in the survey, dairy
industry advice (87%) and from their peers (75%) (Fig. 1). The majority of the dairy
farmers were aware that antimicrobials were essential in improving animal welfare
(100%), as shown in the Figure 1.

The biggest problems which farmers faced as identified in this study were scours in
calves (38%), followed by metritis/endometritis (13%) and mastitis (8%) (question 3 of the
survey) (Fig. 1).

The proportion of farmers that identified management practices as way to prevent
herd problems were as follows; lamness (81% )as the highest problem they could solve
using better management tool followed by metritis/endometrritis (73%) and scours (69%)

(Fig. 1).
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Figure 1. Percentage approval of sources of advice by the dairy farmers (season, 2017/2018). The percentage 10 points Likert scale (where 1= strongly

disagree, 10= strongly agree).
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3.1.2. Attitudes towards Antimicrobial Use by Dairy Farmers

Fig 2 shows why dairy farmers thought it would be good to reduce antimicrobial
use in their herds. In this survey, seventy-one per cent (n=58) of dairy farmers thought
that antimicrobials such as penicillin were effective at treating mastitis, followed by
lameness (59%), and metritis/endometritis (48%) (Fig. 2).

The following proportion of farmers who thought that other therapies were
effective at treating conditions by using pain killers, anti-inflamatories and vaccinations
were as follows; lameness (45%), followed by mastitis (33%) and sours (26%) (Fig. 2).

The propotion of farmers showing how frequently they used management practices
to prevent problems in the herds are tabulated below; lameness (69%), followed by
metritis endometritis (67%) and mastitis (57%) (Fig 2). The frequency by which farmers
would use antimicrobials such as penicillin to treat cows at their farms is as follows;
mastitis (82%), followed by lameness (55%) and metritis/endometritis (48%) (Fig 2). The
frequency by which farmers used other therpies apart from antimicrobials were as
follows; lameness (37%), mastitis (29%) and scours (24%).

There were 81% of dairy farmers who agreed that they were interested in reducing
AMU (partaining to question 10, Table S1). Respondents were also supportive that there
were better ways to preventing animals getting sick than use of antimcrobials (58%) (Fig.
2). Farmers were not supportive of banning or restricting use in animals of antimicrobials
that are important for maintaining human health (69%). The majority of farmers (64%)
were supportive of antimicrobials being available more freely from outlets other than
from the veterianarians. Additionally, 76% of farmers didn’t think it would be possible to
decrease the antimicrobials they used on their farms. A smaller proportion of farmers
supported that antimicrobials should remain restricted and be accessible only from the
veterinarians (59%). Only 31% of respondents approved the blanket use of drycow
therapy on mastitis control (Fig. 2).

Dead cows were disposed of in the following manners; incineration on farm
(n=16/77, 21%), petfood company or dead cow collectors (n=15/77, 19%), fed to own dogs
(n=10/77, 13%), other (n=19/77, 25%) and unknown (n=17/77, 22%).

Milk contaminated with antimicrobials were disposed in the following ways; down
the drain (n=18/77,23%), fed to replacement calves (n=16/77, 21%), fed to other stock
(n=13/77, 17%), other (n=14/77, 18%) and unknown (n=16/77, 21%). This is the potential
sources for environmental contamination by antimicrobials
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Figure 2. The attitudes and knowledge of the dairy farmers on how to use antimicrobials (season, 2017/2018). The percentagel0 points Likert scale (where 1= strongly
disagree, 10= strongly agree). Note: AMs is Antimicrobials; DCAT is dry cow antimicrobial therapy; DCT is dry cow therapy; AMR is antimicrobial resistance.
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3.2. Sheep Farmer Survey

Thirty-nine sheep farmers returned the survey (7%, 39/551). Of these, 41% (n=16)
were men, 10% (n=4) women, and 49% (n=19) were of unknown gender. The lowest
education level among the sheep farmers was a Secondary school (year 13) and, the
highest, a postgraduate degree (Table 1). More male respondents had a higher education
(Master’s degree, n=1) than females (Master’s degree, n=0). Females (n=3, 31-50 years)
were younger than male compared with males (n=15, 31-60, >=60). More male
respondents (n=14, >1000 sheep) had bigger flock sizes compared with female
respondents (n=1).

3.2.1. Source of Advice by the Sheep Farmers on disease control

The majority of the sheep farmers were sourced most of their advice from their
veterinarian (Fig. 3). Veterinary advice was the most approved source (n=39, 97%), fol-
lowed by industry advice (n=39, 82%) and from their peers (n=39, 82%) (Fig. 3). The ma-
jority of the sheep farmers were aware that antimicrobials were essential in improving
animal welfare (100%), as shown in the Figure 3.The major ewe diseases encountered by
farmers were metritis/endometritis (20%) and mastitis (9%) (Fig. 3).
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3.2.2. Attitudes towards Antimicrobial Use by Sheep Farmers

Farmers who thought that antimicrobials were effective for treating disease condi-
tions on farms were as follows; mastitis (83%), followed by metritis/endometritis (71%)
and lameness (53%) (Fig. 4).

Respondents who thought that other therapies (pain killers, anti-inflammatories,
and vaccinations) were effective in preventing disease conditions on farms were as fol-
lows; scours (53%), followed by lameness (50%), and mastitis (44%) (Fig. 4).

The frequency by which farmers were going to use management practices to pre-
vent disease on farms were as follows; scours (62%), followed by lameness (60%), and
metritis/endometritis (12%) (Fig. 4).

The proportion of farmers and frequency by which they would use management
practices in preventing diseases on their farms were as follows; lameness (53%), followed
by scours (41%) and mastitis (22%) (Fig. 4).

The proportion of respondents (question 8) that used antimicrobials to treat disease
conditions on farms were as follows; mastitis (82%) followed by lameness (50%) and
metritis /endometritis (50%) (Fig. 4).

There were 76% of sheep farmers that were supportive of antimicrobial being re-
stricted and that only veterinarian were supposed to prescribe antimicrobials. There were
71% of farmers that were interested in reducing antimicrobial use (Fig. 4). Farmers (75%)
were not supportive of minimising antimicrobial resistance focused on antimicrobials
used in the medical settings. The majority of farmers (86%) were supportive of antimi-
crobials being available more freely from outlets other than from the veterinarians. Ad-
ditionally, 56% of farmers didn’t think it would be possible to decrease how much anti-
microbials they used on their farms.

Dead sheep were disposed of in the following manners; incineration on farm
(n=4/39, 10%), fed to own dogs (n=4/39, 10%), other (n=13/39, 33%) and unknown
(n=18/39, 46%).



https://doi.org/10.20944/preprints202106.0588.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 June 2021 d0i:10.20944/preprints202106.0588.v1

Lameness_g5 |

Mastitis_g5 |

Metritis_endometritis_q5 |

Scours_qgs |

Sick_any.other.cause g5 |

Lameness_qf |

Mastitis_qf |

Metritis._endometritis_q6 |

Scours_gf |

Sick._any.other.cause_gb |

Lameness_q7 |

Mastitis_q7 |

Metritis_endometritis_q7 |

Scours_q7 |

Sick.any.other.cause_q7 |

Lameness_g8 |

Mastitis_q8 |

Metritis_endometritis_q8 |
Scours_qg8

Sick.any.other.cause_g8 |
Lameness_g9
Mastiti=_gd
Metritis_endometritis_q9
Scours_q9

Sickany.other.cause_ qd |

Sick_advice_g10 |

Farmers.need.access.to. AMs to freat sick.animals_g10 I
Possible to effectively treat. animals withoutusing AM=_g10
Farmers.need.access to.AMs to prevent animals.getting sick_g10
There.s.better.ways.to.prevent.animals.getting.sick.than.using.AMs_g10
Ok_with.blanket,_DCAT_all_cows

Blanketuse_DCT_.on_mastitis |
In.the future..itwill. be.possible to.keep.animals well.and healthy. without using AMs_q10

Itwould be.impossible to farm.animals.without access to AMs_q10 |
Minimise_AMR_focus_.AMs_people_q10

It = fairto.ban.or restrictuse.in.animals.of AMs that.are.important for. maintaining.human.health_g10 |
AMs.should.be available. more. freely.e.g.from.outlets.otherthanvets_q10
The.use of AMz should remain.restricted.i.e_needto.be prescribed.by.avet_g10
|.don tthink it would.be possible to.decrease how.much AMs Luse.on.myfarm_g10

Interested_decrease_AMs._farm_level_g10 |

Percentage

B :B: ‘B
Resmnse.z + s:H o

Figure 4. The attitudes and knowledge of the sheep farmers on how to use antimicrobials (2017/2018 season). The percentage 10 points Likert scale (where 1= strongly
disagree, 10= strongly agree). Note: AMs is Antimicrobials; DCAT is dry cow antimicrobial therapy; DCT is dry cow therapy; AMR is antimicrobial resistance
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The most important findings from this survey have been highlighted and presented

below.

° Farmers were more likely to seek advice from their veterinarians, the livestock
industry bodies and peers.

° Farmers were interested in decreasing antimicrobial use in livestock

° Farmers recognised antimicrobials as a vital tool for managing the disease on
farm

[ The belief that access to antimicrobials for the treatment of animals should
remain controlled

° Agreeing with the statement that antimicrobials critical for human health
should be restricted on the farms

° Understanding that there are other therapeutic options to prevent disease
than antimicrobials, and

° Acknowledging that there are other therapeutic options than antimicrobials

available for the treatment of disease.

4. Discussion

The present study highlights the attitudes and knowledge of a population of dairy
(n=76) and sheep (n=39) farmers in South Otago in New Zealand towards antimicrobial
use (AMU). Because farmers are involvement in decision making regarding antimicrobial
use on farms, understanding their attitudes and knowledge is important when imple-
menting strategies for reducing AMU.

In this study, the dairy and sheep farmers showed high knowledge about the im-
portance of animal welfare (Fig. 1, 2, 3 and 4). This is not surprising because farmers
sourced most of their advice from their veterinarians (Figl and 3). This finding is con-
sistent with previous studies in New Zealand [10], the UK [29], the USA [30, 31] and Italy
[32]. Additionally, farmers identified the livestock industry as the second most trusted
source for advice. This is important because the livestock industry bodies and veterinar-
ians work together to achieve improvements required in livestock industry. For example,
in 2015, the New Zealand Veterinary Association (NZVA) [19] developed guidelines on
the prudent use of antimicrobials in food animals. These guidelines have been adopted
by International Dairy Federation in order ensure that farmers, veterinarians, milk pro-
cessing companies, pharmaceutical companies and regulators were aware of the need for
food safety. Although the NZVA guidelines are specifically important to New Zealand
veterinarians, it is evident that information is targeted at the whole food supply chain.
Although New Zealand is among the few countries that use the lowest amount of anti-
microbials in food animals [3], there is still room to reduce AMU further down. The
NZVA has an ambitious plan to end the use of antimicrobials for maintenance of animal
health and wellness [19]. In this study, we found quite a lot of concerning attitudes to-
wards reduction of AMU and AMR. Both dairy and sheep farmers were not concerned
about AMR (Fig 2 and 4). Additionally, dairy farmers did not support a ban or restriction
of critical antimicrobials used in human medicine compared with sheep farmers. Both
dairy and sheep farmers were of the view that antimicrobial were supposed to be freely
accessible from outlets other than veterinary centres. Dairy (76%) and sheep (57%) farm-
ers thought that it was impossible to decrease AMU on farms. In this survey, only 31% of
dairy farmers suggested that they would use DCT on cows with mastitis (Fig 2). How-
ever, there were no farmers that wanted to use DCT in all herds of cows. Although both
dairy and sheep farmers said they were interested in reducing AMU, it appears that their
attitudes did not support that suggestion. The reasons for farmers why farmers did not
see the importance of reducing critical AMU and AMR are unclear. It is plausible that
farmers would want to have access to antimicrobials from other source than the veteri-
nary clinic probably based on the costs. This suggests that if farmers were to achieve
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significant reduction in AMU in food animals, policy makers should target veterinary
input on prudent use of antimicrobials.

Studies have shown that suboptimal herd management could increase livestock
susceptibility to bacterial infections and disease [30, 33, 34]. Veterinarians believe that
improving herd and environmental management could help farmers reduce the de-
pendence on AMU thereby reducing disease by preventative means [32]. In this study,
dairy farmers chose lameness (81%) and metritis/endometritis (73%) as diseases where
management practices were effective (Fig 1) compared to sheep farmers who chose
lameness (53%) and scours (41%). Dairy farmers chose mastitis (73%) and lameness (59%)
as disease conditions for which antimicrobial therapy were effective (Fig 2) whereas
sheep farmers chose mastitis (83%) and metritis/endometritis (71%) (Fig 4). It is not clear
when antimicrobial therapy is indicated for lameness in either dairy cows or sheep. It is
generally accepted that adequate hoof trimming and other manage practices that in-
cludes changing nutrition and improved genetic breeding have been suggested as ade-
quate preventative treatment. It seems quite odd if dairy (59%) dairy farmers belied that
it was alright to use antimicrobial therapy for treatment that requires at most preventa-
tive measures. These scenarios above suggest that both dairy and sheep farmers required
some additional training to understand the underlying problems at the farms that can be
addressed to reduce AMU. Although our practice provides each farmer with a key vet-
erinarian who forms a relationship with the farmers it appears that there is likely a dis-
crepancy between what a veterinary advice and what farmers do. The relationship be-
tween the way farmers and veterinarians interact could be an area that may need an im-
provement.

For some conditions such as cow lameness, mastitis, metritis, endometritis, and
scours in calves, the respondents were less likely to seek veterinary medical advice (Fig 1
and 3). A study in Canada found that farmers used previous experiences of similar cases
they encountered and the type of AMU as a determinant of the type of antimicrobial they
were going to use when a similar case came up [35]. This may suggest either those
farmers have a fair experience in dealing with clinical mastitis or that they have had
consistent advice from their veterinarians on how to manage the disease impact on their
cattle herds. This is likely due to many factors, such as interactions between veterinarians
and farmers. The other determinant for farmers not to seeking advice from veterinarians
on diseases such as mastitis was likely the cost associated with a veterinary consult
compared to culling a cow. The leading cause of culling cows is clinical mastitis [36].
Studies have shown that time limitations during a veterinary consult and lack of farmer
interest in the subject is some of the drivers for poor disease management on farms [32,
37]. In the study population, the time limiting factor was unlikely to be an issue because
farmers have free access to their key veterinarian. Further research is needed to identify
factors that affect New Zealand farmers towards failure to seek advice for some livestock
conditions.

The drivers of the willingness by the respondents to decrease the use of antimicro-
bials are complex. For example, dairy farmers (>74%) were more likely to reduce the use
of antimicrobials based on the public image. The proportion of sheep farmers that were
likely to reduce antimicrobial use based on the public image was slightly lower on av-
erage (67%). Different factors likely drive the social determinants for change in both in-
dustries. The discrepancies between wanting to achieve something and how much
achievement is attained by a client have been described elsewhere [38, 39]. The effects of
public perceptions of the industry are not the only factors that could drive change. Future
research should use more robust methods to identify determinants that could accurately
identify motivation for change among livestock farmers.

The majority of dairy (81%) and sheep farmers (~71%) were interested in decreasing
AMU (Fig 2 and 4). A study in New Zealand has found that some farmers exerted in-
fluence on the prescription of antimicrobials (45/206; 22%) [10]. Similarly, studies abroad
have shown that farmers expected veterinarians to include antibiotics in the treatment
plan even when they were not indicated [40, 41, 42, 43, 44]. In general, in New Zealand,
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antimicrobial prescription by veterinarians are based on clinical and laboratory diagnosis
of infection (n=168/206, 82%)[10]. Over 75% of all respondents believed that the source of
advice would approve them reducing the use of antimicrobials. This is important because
the New Zealand livestock industry is moving towards implementing the reductions in
AMU. Studies abroad have shown that veterinarians with fewer years in clinical practice
showed higher interest in understanding the potential burden of antimicrobial resistance
in livestock in the Netherlands [42] and the USA [30]. The findings in this study suggest
that at least 20% of farmers were not interested in reducing AMU.

There has been a policy shift in the New Zealand livestock industry towards re-
ducing blanket use of antimicrobials in food animals [45]. Given the high favourably re-
sponse rates on the attitudes toward prudent use of AMU in this study, it may suggest
that farmers favourably followed the veterinarian advice. This work indicates that per-
ception and knowledge of AMU among farmers can improve if they received consistent
advice from veterinarians (Fig. 1 to 4). The patterns of attitudes towards AMU between
the dairy and sheep farmers were not dissimilar, as shown in (Fig. 1 to 4). This is not
surprising given the small geographic area where these farmers were based. These find-
ings in this study are consistent with those reported by others [10, 29]. These findings in
this study were not unexpected because most farmers surveyed had a high level of edu-
cation (minimum primary school certificate and maximum with postgraduate qualifica-
tion) (Table 1). Additionally, the gender, age of respondents and herd/flock sizes were
evenly distributed among dairy and sheep respondents (Table 1). What was unusual
about these findings was the lack of support for restricted access to antimicrobials critical
to human health by the dairy (69%) farmers (Fig. 2). However, sheep (76%) farmers
supported the restricted access to antimicrobials critical to human health (Fig. 4). These
disparities in attitudes between two farming systems in attitudes towards AMU and
AMR are concerning. A postal survey about antimicrobial prescription in livestock in
France showed a high variation in AMU per animal species [8]. Similar to the French
study, there was a high variation in the response rate between the dairy and the sheep
farmers by question type. The fact that these ideas for change appear to have been in-
fluenced by veterinary input suggests that in the future, policymakers must engage the
trusted sources of advice at the very earliest possible time to achieve AMU reduction.

Although the risk of methicillin-resistant S. aureus (MRSA) has been described as
low in New Zealand [3], practices such as disposing of waste milk in drainages (23%) or
fed to other livestock (21%) may suggest that the risk is likely higher than has been esti-
mated. If milk contaminated with bacteria carrying antibiotic resistance genes was
drained in the environment where edible wild life like ducks swim or in vegetables, there
is a possibility of antimicrobial resistant pathogens gaining access to humans food chain.
These practices could also lead to dispersal of novel infectious pathogens within and
between farms. This is an important area that is likely where veterinarians can provide
guidance to the farmers to prevent environmental contamination with antibiotic resistant
pathogens. Similar disposal methods of carcasses of cows or sheep by feeding carcasses
to dogs as food is a likely routine by which antibiotic resistant could gain access to hu-
man population from the environment.

In this study, we did not evaluate the impact of the herd size on the influence of
AMU. However, a study in the UK found that high milk-producing dairy herds were
more likely to reduce antimicrobial use in their herds for many reasons [29]. The first
reason was that it was economically advantageous to reduce spending money on buying
antimicrobials. Second, these high producing farmers were focusing on the future when
AMU restrictions were likely to be implemented. In New Zealand, both scenarios are
possible to be true because the dairy industry is commercially oriented and may be ben-
eficial to farmers.

Studies have shown that results obtained from online surveys provide only a partial
understanding of how farmers manage their farms daily [46]. The response rates for both
the dairy and sheep farmers were not very high (Table 1). Therefore, the results of this
study may not be able to be extrapolated to the farmers who did not respond because we
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have no understanding of why they didn’t. Despite the small sample sizes for both sur-
veys, the present study highlights the attitudes and knowledge of livestock farmers in
New Zealand towards the AMU on the farm for both the dairy and sheep farmers. In our
experience in rural settings, farmers are keen to learn from their peers who have had a
similar experience. Although the personal attitudes and peers attitudes have a non-causal
relationship [29], studies have shown that interpersonal networks were a widely used
method by which farmers acquired knowledge [47, 48, 49]. Jones and colleagues (2015)
[29] showed that the most vital driver of farmers in implementing change was their belief
that their social network would approve their actions. In our veterinary practice, we have
a concept of allocating a farm with a veterinarian with a good relationship with a farmer
and understanding the farm dynamics. This way, there is likely that good consistent
veterinary advice is available to the farmers in a manner other countries may not provide.
The findings in this study support that veterinary advice was still the primary source of
advice

This study was limited to respondents who had access to an email and belonging to
VetSouth Ltd client list. It is possible that a bias was introduced by not considering a
random sample. The total number of dairy client at that time was roughly 400; therefore,
we gave a chance to almost all clients to participate in the survey. The respondents were
also nearly a third of the clients that received the survey. This shows that the response
rate was reasonable by the established standards of the expected response rate of 15%
from surveys. All clients had similar veterinary service access because they belonged to
VetSouth Ltd at the time of the survey. Therefore, these findings may actually be a true
reflection of what clients believed at the time. The result obtained after adjusting for sex,
age, and education were not dissimilar to the overall results, suggesting that these factors
had no effect on the outcome of the study.

5. Conclusions

This study aimed at gaining insight into farmer perception of use and also to de-
termine if there were any barriers to AMU at a farm level. This study showed that farm-
ers were interested in reducing antimicrobial use. Farmers also supported the fact that all
prescriptions were supposed to come from veterinarians. Most importantly, farmers re-
lied mostly on veterinary advice for most animal health issues. The area needing more
improvements was on milk disposal mechanism on dairy farms. The fact that milk was
poured in the drains or fed to livestock increased the risk perpetuating antimicrobial re-
sistance within and between farms. In addition to this, both dairy and sheep farmers ei-
ther disposed of carcasses on farms or fed to dogs. These practices are not ideal if farmers
were going to prevent perpetuating antimicrobial resistance. As other studies have
found, policymakers should focus more on credible sources of advice to the farmers to
achieve a sustained reduction in AMU. Our research has shown that veterinarians, the
livestock industry and peers were the most significant sources of advice. Data regarding
suboptimal use of antimicrobials in dairy herds, other livestock, and humans is well es-
tablished as the driver of antimicrobial resistance in New Zealand and elsewhere. The
fact that both dairy and sheep farmers showed varied attitudes towards AMU and AMR
suggest that veterinary input is needed to fill up the knowledge gaps.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1Table S1:
Summary of survey questions.
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Table S1. Summary of survey questions.

Q1

How important are the following factors in influencing how you manage the disease on

your farm?

Q2

How often would you get advice from your vet before deciding how to manage each of the

following problems on your farm?

Q3

What were the biggest problems on your farm over the last 12 months? A drag the options
to order them from most to least important. Mark an option N/A if you haven't seen it on

your farm in the last 12 months.

Q4

How effective do you think it would be to use management practices (e.g. nutrition, rest) to

help treat or prevent the following problems?

Q5

How effective do you think it would be to use antimicrobials (antimicrobials - e.g. penicillin)

to help treat or prevent the following problems?

Q6

How effective do you think it would be to use other therapies (e.g. pain killers, an-

ti-inflammatories, vaccinations) to help treat or prevent the following problems?

Q7

How often would you use management practices (e.g. nutrition, rest) to help treat or pre-

vent the following problems?

Q8

How often would you use antimicrobials (e.g. penicillin) to help treat or prevent the follow-

ing problems?

Q9

How often would you use other therapies (e.g. pain killers, anti-inflammatories, vaccina-

tions) to help treat or prevent the following problems?

Q10

For each of the following statements, please indicate your level of agreement.

Q11

What do you do with contaminated meat/carcasses from cows treated with antimicrobials
(i.e. cow that dies or is culled during the withholding period)? If more than one answer is

applicable, select the one you do most often.

Q12

What do you do with penicillin milk (i.e. milk from cows treated with antimicrobials during
the withholding period)? If more than one answer is applicable, select the one you do most

often.
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