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A B S T R A C T

Antimicrobial resistance (AMR) is a significant global challenge affecting human health and attention has been
drawn to practices of all stakeholders involved in antimicrobial prescription and administration, including in the
livestock sector. This survey of free-range egg farmers (n=117) was conducted to investigate knowledge, at-
titudes and practices surrounding antimicrobial use, and identify farmer-led solutions towards responsible an-
timicrobial use. Most participants proved knowledgeable of AMR and selected treatments based on principles of
responsible medicine use. ‘Worms’ and ‘infectious diseases’ were the most common reasons for medicine use.
Farms with a higher number of poultry houses, younger flock ages at depopulation and farms visited by a vet less
than once a year or 3–4 times a year (compared to annually or twice a year) were more likely to select ‘ANT-
IBIOTICS ONLY’, as opposed to ‘BOTH ANTIBIOTICS AND ANTIPARASITICS’ or ‘ANTIPARASITICS ONLY’ as
their most frequently used medicines. Participants from farms with a younger flock age at depopulation, from
company-owned farms, and participants purchasing medicines from agricultural merchants instead of veterinary
practices were less likely to be taking measures to reduce or replace antimicrobial use. Participants from larger
farms and those that had less contact with their vet were less likely to think that they could reduce or replace the
amount of antibiotics used. Survey results provided evidence for the important role of veterinarians in guiding
antimicrobial stewardship through engagement, collaboration and education. Discussion groups in which
farmers share best practices could assist the free-range egg industry in further promoting responsible anti-
microbial use.

1. Introduction

Antimicrobial resistance (AMR) is the ability of microbes, including
bacteria, viruses or parasites, to grow or survive in the presence of an
antimicrobial agent (ECDC, 2008). Antibiotic resistance (i.e. bacterial
ability to grow or survive in the present of an antibiotic agent) is one of
humanity's most pressing challenges (NOAH, 2016), resulting in mor-
tality and growing pressures on global health care systems
(O'Neill, 2014; Warren, 2017). The association between antibiotic use
in livestock and the development of antibiotic resistance is now widely
acknowledged (Landers, Cohen, Wittum, & Larson, 2012). Preventative
use of antibiotics in healthy animals is of particular concern, as is the
use of antibiotics essential for human medicine. The World Health
Organisation (WHO) has categorised antibiotics as: important; highly
important; critically important and highest priority critically important

antibiotics (HPCIAs) for human health (WHO, 2017a). HPCIAs re-
present the sole treatment options for some of the most serious infec-
tions in people globally. There are calls for HPCIA use in animals to be
restricted or banned (O'Neill, 2015; WHO, 2017b).

Antiparasitics and anthelmintics are used in laying hens for the
control of helminths (worms) and mites which are prevalent in UK
laying hens (Fiddes et al., 2005; Permin et al., 1999). Antiparasitic
resistance to commonly used red mite treatments has been reported,
including multi-drug resistance (Beugnet, Chauve, Gauthey, & Beert,
1997; Marangi et al., 2009; Nordenfors, Höglund, Tauson, & Chirico,
2001). With the reliance on a small number of drug classes for the
treatment of common helminths such as Ascaridia galli in laying hens,
the development of anthelminthic resistance is a concern for production
and hen welfare (Tarbiat, Jansson, Tydén, & Höglund, 2017). However,
unlike antibiotic resistance, antiparasitic resistance does not pose an
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immediate threat to human health (O'Neill, 2015).
The UK egg industry is a relatively low user of antibiotics. In 2016,

the total tonnage of antibiotics used in the egg industry was less than
that of the meat poultry industry by a magnitude of around ten
(VMD, 2017). However, antibiotics are used to treat disease outbreaks
(e.g. Escherichia coli, Brachyspira sp., Enterococcus sp., Pasteurella sp.) in
laying hens. In 2016, tetracyclines (classified as ‘highly important’ by
the WHO) and pleuromutilins (classified as ‘important’ by the WHO)
accounted for 83% of antibiotics used in UK laying hens (VMD, 2017).
HPCIAs account for a small percentage of antibiotic use in UK laying
hens as the use of fluoroquinolones at day-old and the use of all 3rd and
4th generation cephalosporins is prohibited by the Lion Code, which is
an industry code of practice covering around 90% of UK egg production
(Lion Code, 2013, 2017).

Laying hens are exposed to relatively low levels of antibiotics
compared to poultry grown for meat production (VMD, 2017). Higher
levels of resistance to antibiotics have been found in broilers compared
to laying hens (Asai et al., 2006; van den Bogaard, Willems, London,
Top, & Stobberingh, 2002). However, in Europe, resistant and multi-
drug resistant Salmonella sp. and enterococci bacteria have been iso-
lated from laying hens in commercial (Schwaiger, Schmied, & Bauer,
2008, 2010; Snow et al., 2007) and backyard flocks (Bertelloni et al.,
2015). There are a number of potential pathways linking antibiotic use
in farm animals and antibiotic resistance in disease-causing bacteria in
humans, including direct contact with animals, via environmental
contamination with farm effluents and consumption of meat
(Landers et al., 2012).

Antibiotic usage is a key driver of resistance (WHO, 2001). In ad-
dition to analysing suboptimal use of antibiotics in healthcare settings,
assessing behaviours of stakeholders in livestock antibiotic prescription
and administration is key to identifying high risk practices and pro-
moting best practice (Jones et al., 2015). Antibiotics for use in UK li-
vestock must be prescribed by veterinarians. However, farmers are
generally responsible for the collection, storage and administration of
antibiotics to animals under their care or ownership. A better under-
standing of farmers’ understanding and motivations for implementing
prudent antibiotic practices is required to help drive ‘responsible’ an-
tibiotic use. Responsible antibiotic use is defined by the Responsible
Use of Medicines in Agriculture Alliance (RUMA) as ‘using medicines as
little as possible and as much as necessary’, which includes reducing
and replacing the use of antibiotics by controlling disease challenges,
and only using antibiotics according to veterinary prescription and
advice (RUMA, 2015). There are a number of other organisations that
define responsible medicine use, and as previously discussed, some that
advocate the restriction of the HPCIAs for use in food-producing ani-
mals (WHO, 2017b).

Compared to other farmed species, there is a deficit of published
peer-reviewed research on antimicrobial use in the poultry sector,
especially within the European Union (Hockenhull et al., 2017). It is
therefore important that this area is investigated further to build a
picture of antimicrobial use. This farmer knowledge, attitudes and
practices (KAP) survey was developed following WHO guidelines
(WHO, 2008). The survey was designed to: investigate antimicrobial
usage on UK laying hen farms; characterise farms practising responsible
antimicrobial use; highlight the key drivers of responsible antimicrobial
use; and identify farmer preferences for reducing and replacing anti-
microbial use on their farms.

2. Materials and methods

2.1. Participants

Farmers from two companies producing eggs from laying hens
reared to RSPCA-assured free-range standards (RSPCA, 2017) or Or-
ganic Farmers and Growers (OF&G) (OF&G, 2015) were invited to
complete an online questionnaire between March and July 2017

(n=382 farmers). Questionnaires were sent via email from both
companies then followed up by area managers requesting completion.
Farmers participated on an informed, voluntary and confidential basis,
with the option to remain anonymous. No incentives were provided for
completion of the questionnaire. Participation was encouraged by
suppliers via email prompts and company newsletters.

2.2. Questionnaire

The KAP questionnaire was developed for dairy cow farmers by
Higham et al. (2018) and was adapted and compiled by the authors for
laying hens and piloted with five free-range laying hen farmers. Al-
terations were made to improve clarity of terminology and the final
questionnaire (Questionnaire; supplementary information) was dis-
tributed via SurveyMonkey (SurveyMonkey, San Mateo, California,
USA). The questionnaire was structured in six sections exploring: farm
characteristics; farming challenges; characteristics of last flock; veter-
inary services and support; use of veterinary medicines; and practical
solutions.

2.3. Data processing and analysis

All personally identifiable data was removed before data analysis.
Questionnaire responses were analysed in IBM SPSS version 22.

For the purpose of analysis, the questions from the six sections of the
questionnaire were allocated into three categories: characteristics of
farm and respondent; services and advice; and, indicators of responsible
medicine use (Table S1; supplementary information). Variables within
the categories of ‘characteristics of farm and respondent’ and ‘services
and advice’ were allocated as explanatory variables, and variables
within the category ‘indicators of responsible medicine use’ were ana-
lysed further as dependent variables. These variables are described in
Table 1. Questions indicative of ‘responsible medicine use’ were devised
to reflect the RUMA definition of responsible medicine use
(RUMA, 2015), and the WHO recommendation to restrict the use of
HPCIAs in food producing animals (WHO, 2017b). Data were analysed
using χ2 tests, generalized linear models (GLMs) or ordinal, nominal or
binomial logistic regression where appropriate for the dependent
variable. Examination of adjusted standardized residuals (>2) was
used to identify significant individual responses to questions. Sig-
nificance of variables was determined at a p < 0.05 level. General
questions exploring medicine use on farm were explored using de-
scriptive statistics.

3. Results

3.1. Data exploration

3.1.1. Questionnaire responses and response rate
382 farmers received access to the questionnaire. 117 responses

were received and used in the final analysis, resulting in a 30.6% re-
sponse rate overall.

3.1.2. Characteristics of farms and respondents
The majority of farms were in the North-West of England (31.6%),

followed by the West Midlands (17.9%) and the East of England
(10.3%). Scotland was least represented (1.7%). The majority of par-
ticipants were free-range egg farmers (96.6%; n=113) whilst 3.4%
farmed free-range and organically (n=4). Most (89.7%) participants’
roles were ‘farmer (owners) with an active role on the farm’ (n=105)
whilst 4.3% (n=5) of participants were farm managers. Eighty-nine
percent of farms were independent-contracted i.e. they are privately
owned by the farmer but contracted to supply eggs to the company
(n=104), whilst the other 11% (n=13) were company-owned i.e.
they are owned directly by the company and run by company-employed
farm managers. The mean number of birds in lay for all participants was
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18,806 (SD ± 14,147.48, range=3900–76,000, n=116, one re-
spondent answered zero for this question so was not included); the
mean number of poultry houses on each participant's farm was 1.97
(SD ± 1.43, range=1–10, n=117).

3.1.3. Characteristics of last flock
Characteristics of participants’ last depopulated flock are sum-

marised in Table 2. Mortality rates were highly variable
(range=0.2–50.0%). The participant whose last depopulated flock had
a mortality rate of 50% also stated that these 50% were lost due to
disease. One data point was removed from ‘age at last flock peak pro-
duction’, as the participant stated 72 weeks, which was the same as
their stated age at depopulation, so it was assumed to be an error.

Table 1
‘Indicators of responsible medicine use’ relating to best practice regarding antimicrobial use.

Indicator of responsible
medicine use

Question Multiple choice options/example answers Categorised responses

Antimicrobial use “What are the three veterinary medicines that
you have used most frequently in the past 12
months?”

Open ended response “BOTH”
Both antibiotics and antiparasitics
reported
“ANTIBIOTIC ONLY” reported
“ANTIPARASITIC ONLY” reported

Factors considered when
selecting a treatment

“Please select and rank the three most
important factors you consider, when selecting
a treatment for an animal on your farm”

1. Whether you have the medicine available on farm
2. Cost of the product
3. Whether you are familiar with the product and have
used it in the past
4. The length of the withdrawal period
5. Whether the product is suitable and licensed for the
animal's condition
6. Whether your vet has prescribed the product for the
condition
7. The relative importance of the antibiotic in human
medicine
8. Othera

“NOT RESPONSIBLE”
Options 1–4: Response inconsistent
with responsible medicine use
“RESPONSIBLE”
Options 5–7: Response consistent
with responsible medicine use

Knowledge of antimicrobial
resistance

“In your own words, what is antimicrobial
resistance and what are the threats it
presents?”

Responses were categorised as accurate, partly
accurate or inaccurate, according to the World Health
Organisation (WHO 2017) and the O'Neill
Commission's (O'Neill, 2014) definitions: 'When a
microorganism changes when exposed to antimicrobial
drugs, resulting in the medicines becoming ineffective
and infections persist in the body, increasing the risk of
spread to others' (WHO, 2017); 'The ability of a
microbe to resist the effects of medication previously
used to treat them' (O'Neill, 2014).

“ACCURATE”
E.g. reduced effectiveness of agents
due to diversity of genetics in target
organisms
“PARTLY ACCURATE”
e.g. resistance to antibiotics
“INACCURATE”
e.g. when birds get used to antibiotics

Undertaking measures to
reduce/replace
antimicrobials

“Are you currently taking any measures to
reduce the amount of antimicrobial medicines
(including antibiotics and coccidiostats) used
on your farm?”

Yes/No YES
NO

Could reduce or replace
antibiotics

“Do you think you could reduce the use of
antibiotics on your farm, or replace the use of
these medicines with alternatives?”

Yes/No YES
NO

Record keeping “How do you currently record the use of
veterinary products on your farm? (Tick all
that apply)”

1. Paper medicine or record
2. Spreadsheet on a computer
3. Farm management software
4. Our vet records out medicine use
5. We do not record medicine use
6. Other (please specify)

“RECORDING”
Options 1–4 and 6 (if specified)
“NOT RECORDING”
Option 5

a One participant answered ‘other’ to this question noting, ‘none-we are organic’. Because the question was regarding general medicine use, not antimicrobials, it
was believed he/she had misunderstood the question, so this response was omitted (marked NA).

Table 2
Characteristics of participants’ last depopulated flock.

Characteristic Mean Standard deviation Range Number of responses

Age of last flock at depopulation (weeks) 72.9 3.3 64.0–87.0 117
Age of last flock at peak production (weeks) 28.5 5.8 21.0–51.0 116
Percentage floor eggs in last depopulated flock (%) 2.5 2.5 0.0–15.0 115
Mortality rate of last depopulated flock (%) 9.1 8.0 0.2–50.0 117
Mortality rate of last depopulated flock due to disease (%) 3.8 7.3 0.0–50.0 104
Cull rate of last depopulated flock (%) 0.9 1.2 0.0–7.0 111
End-of-lay feather cover of last depopulated flock (score 1–5) 2.5 1.0 1.0–5.0 116

Table 3
Frequency and percentage of participants ranking each challenge as the most
important challenge to their business (n=117).

Challenge Number of responses % of responses

Input cost volatility 58 49.6
National disease outbreaks 20 17.1
Supply-demand market volatility 19 16.2
On-site disease problems 14 12.0
Labour/employment issues 4 3.4
Weather problems 2 1.7
Total 117 100

A.C. Rayner, et al. Veterinary and Animal Science 8 (2019) 100072

3



3.1.4. Challenges on farm
Participants were asked to rank six key challenges in terms of how

they affected their egg business (Table 3) and six health and welfare
challenges in terms of their effect on their birds in the past 12 months in
order from one to six (Table 4). Both questions included a box marked
‘other’ in which respondents could list additional important challenges
to their businesses and birds. ‘Other’ important business challenges
included: “reliability and provision of quality pullets” and “red tape and
paper work”. ‘Other’ important health and welfare challenges included:
“distance of transportation between rearer and farm”, “heat stress” and
“perch provision and beak tipping”.

3.1.5. Veterinary services and support
The most common reason for participants to call their vet in the last

12 months was advice on health and flock management (54.5% of re-
sponses, n=61). The second most common reason for participants to
call their vet was for ordering and purchasing of veterinary medicines
(36.6% of participants, n=41); whilst the third most common reason
for participants to call their vet was for control of infectious diseases
(8.9% of participants, n=10). 4.3% of participants (n=5) had not
called their vet in the last 12 months.

3.1.6. Use of veterinary medicines
All answer-providing participants reported using an antimicrobial

(including antibiotics and antiparasitics) amongst the top three most
frequently used veterinary medicines in the last 12 months (Table 5).
However, none of the antibiotics listed by participants were HPCIAs
(WHO, 2017a).

The most common reasons for treatment with the three most com-
monly used antimicrobial products were worms followed by infectious
diseases (Table 6).

Participants were asked to rank their top three most important
sources of information regarding the selection and use of veterinary
medicines out of ten options (Table 7). The majority (90.6%, n=106)
of respondents ranked their vet as their most important source of ad-
vice.

3.1.7. Practical solutions
Thirty-seven participants (31.6%) said they used farm management

software or databases whilst 80 (68.4%) did not. Twenty-nine partici-
pants (24.8%) expressed interest in using a mobile device to record

future medicine use. One respondent (0.9%) already used a mobile
device for this purpose whilst 87 participants (74.4%) said they would
not be interested in using a mobile device.

Participants were asked “Are you currently taking any measures to
reduce the amount of antimicrobial medicines (including antibiotics
and de-wormers) used on your farm? If yes, please describe what ac-
tions you are taking”. Fifty-seven of 117 participants (48.7%) said they
were taking measures to reduce antimicrobial use. Of those that were
taking measures to reduce antimicrobial use, 57 described the measures
being taken (Table 8).

Participants answered what would help them and their staff manage
animal health issues and promote effective use of medicines, selecting
from a list of options. The most common response was attending
training days or courses (38.5%) (Table 9). ‘Other’ responses included
experience, field officer visits, good bird management, and one-to-one
talks.

3.2. Indicators of responsible medicine use

3.2.1. Most frequently used veterinary medicines
Categories of products (Table 5) were explored against ‘character-

istics’ and ‘services and advice’ variables.
Number of poultry houses on farm was associated with category of

antimicrobial reported. As the number of poultry houses increased, the
three most commonly used products were more likely to be classified as
‘ANTIBIOTIC ONLY’ compared to ‘ANTIPARASITIC ONLY’ (χ2= 9.3,
df= 2, p=0.009).

Frequency of vet visits to the farm was a significant predictor of
category of antimicrobial reported (χ2= 15.2, df= 6, p=0.019). The
three most commonly used products were more likely to be classified as
‘ANTIBIOTIC ONLY’ on farms where the vet visited less than once a
year or 3–4 times a year, compared to farms where the vet visited twice
a year or annually (Fig. 1).

Flock age at depopulation was significantly associated with category
of antimicrobial reported (χ2= 6.1, df= 2, p=0.047). Where flock
age at depopulation was lower, the three most commonly used products
were more likely to be classified as ‘ANTIBIOTIC ONLY’ (Fig. 2).

3.2.2. Factors considered in the selection of veterinary medicines for
treating animals

When asked to determine the most important factors when choosing
treatments for birds on their farm, the majority (94.8%, n=110) of
participants provided a “RESPONSIBLE” response as the most im-
portant factor. The most common response was whether the partici-
pants’ vet had prescribed the product for the condition (65.0%

Table 4
Frequency and percentage of participants ranking each health and welfare
challenge as the most important challenge to their birds (n=111, 6 partici-
pants did not respond).

Challenge Number of responses % of responses

Red mite 28 25.2
Primary disease infection 23 20.7
Feather pecking 22 19.8
Smothering 18 16.2
Predation 12 10.8
Secondary disease infection 8 7.2
Total 111 100

Table 5
Frequency and percentage of participants reporting using antimicrobials as one
of the top three most frequently used medicines in the last 12 months (n=105,
12 participants did not respond).

Category Number of responses % of responses

ANTIPARASITIC ONLY 58 55.2
BOTH antiparasitics and antibiotics 34 32.4
ANTIBIOTIC ONLY 13 12.4
Total 105 100

Table 6
Reasons for treatment with the three most commonly used antimicrobial pro-
ducts (n=105 participants).

Reasons for treatment with most commonly
used antimicrobial products (1st, 2nd and
3rd most commonly used medicines
included)

Number of
responses

Percentage of
responses (%)

Worms 102 56.7
Infectious disease 33 18.3
Gastrointestinal issues 11 6.1
Production drop 10 5.6
Red mite 9 5.0
Peritonitis 7 3.9
Histomoniasis (Blackhead disease) 4 2.2
Bird health 2 1.1
Cleaning and disinfection 1 0.6
Fly control 1 0.6
Total 180a 100

a This represents the total number of responses for the three top medicines
used so the sum is greater than the number of participants (n=105 partici-
pants). Not all participants provided answers for all three medicines.
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participants, n=76). Of those providing a “NOT RESPONSIBLE” re-
sponse, four participants’ most important factor was the length of
withdrawal period whilst two participants cited the cost of the product.
Due to the small number of “NOT RESPONSIBLE” responses (5.2% of
responses, n=6), associations with this variable were not further ex-
plored. Participants’ second most important factors for choosing a
treatment were also generally “RESPONSIBLE” (70.0% of responses
n=76). The most common second most important factor considered
when selecting a treatment was whether the product is suitable and
licensed for the animal's condition (47.0% of responses, n=55).

3.2.3. Knowledge of antimicrobial resistance
When asked to “Describe antimicrobial resistance and the threats it

presents”, 27 participants (23.1%) gave an ‘INACCURATE’ response, 50
gave a ‘PARTIALLY ACCURATE’ response (42.7%) and 40 gave an
‘ACCURATE’ response (34.2%). None of the variables examined had a
significant association with the answer to this question.

3.2.4. Measures taken to reduce the amount of antimicrobials used on farm
Participants were asked “are you currently taking any measures to

reduce the amount of antimicrobial medicines (including antibiotics
and de-wormers) used on your farm? If yes, please describe what ac-
tions you are taking”. Fifty-seven of 117 participants (48.7%) said they
were taking measures to reduce antimicrobial use.

Whether farms were company-owned or independent-contracted
was associated (not significant) with whether participants were taking
measures to reduce/replace antimicrobials (χ2= 3.8, df= 1,
p=0.050). Company-owned farms were more likely to answer ‘no’.

Where participants purchased veterinary medicines from was sig-
nificantly associated with whether participants were taking measures to
reduce/replace antimicrobials (χ2= 4.2, df= 1, p=0.041).
Participants were more likely to state that they were not taking any
measures to reduce antimicrobial use if they purchased veterinary
products from an agricultural store/merchant with a prescription from
a vet compared to purchasing from a veterinary source and/or online
with a prescription from a vet.

Flock age at depopulation was significantly associated with whether
participants were taking measures to reduce/replace antimicrobials
(GLM with binomial probability distribution and logit link function
χ2= 4.5, df= 1, p=0.035). Participants with a younger flock age at
depopulation were less likely to be taking measures to reduce anti-
microbial use.

3.2.5. Ability to reduce or replace the use of antibiotics on farm
Participants were asked, “Do you think you could reduce the use of

antibiotics on your farm, or replace the use of these medicines with
alternatives?”, 99 of 117 participants (84.6%) answered ‘no’.
Participants were significantly more likely to answer no to this question
when they had a larger number of birds in lay (GLM with binomial
probability distribution and logit link function: χ2= 6.1, df= 1,
p=0.014), a higher number of poultry houses (GLM with binomial
probability distribution and logit link function: χ2= 4.2, df= 1,
p=0.041) and when they had less contact with their vet (GLM with
binomial probability distribution and logit link function: χ2= 6.6,
df= 1, p=0.010; Fig. 3).

Table 7
Frequency and percentage of participants ranking each source of information as their first, second and third most important source.

Source of information Most important source of advice Second most important source of advice Third most important source of advice

Number of
responses

% of responses Number of responses % of responses Number of responses % of responses

Your vet 106 90.6 6 5.4 0 0.0
Agricultural merchants 2 1.7 11 9.9 2 1.9
Industry bodies e.g. BEIC 2 1.7 22 19.8 20 19.0
Farming press e.g. poultry magazines, newspapers 1 0.9 6 5.4 18 17.1
Training courses and materials 1 0.9 25 22.5 21 20.0
Neighbours, friends and other farmers 0 0.0 13 11.7 19 18.1
Certification scheme bodies e.g. organic certifiers

etc.
0 0.0 8 7.2 3 2.9

Websites 0 0.0 5 4.5 6 5.7
Drug companies, reps or product advertisements 0 0.0 4 3.6 5 4.8
Books 0 0.0 1 0.9 2 1.9
Othera 5 4.3 10 9.0 9 8.6
Total 117 100 111 100 105 100

a Other responses mainly indicated advice from the egg packer/company.

Table 8
Categorised answers describing the measures currently taken to reduce or re-
place antimicrobial use on their farms (n=57 participants, 100% of those
taking measures).

Measures taken Number of
responses

% of Responses

Management practices (e.g. reducing
stress/ biosecurity)

17 29.8

Last resort/ only when necessary (e.g. if
hens present clear symptoms)

14 24.6

Probiotics 11 19.3
Do not use them at all 6 10.5
Minimise use in general 3 5.3
Vaccination 3 5.3
On advice from vet 3 5.3
Total Responses 57 100

Table 9
Responses to “what would help you and your staff manage animal health issues
and promote the effective use of medicines on your farm?” (n=117, all par-
ticipants responded).

Farmer led solutions to manage flock
health

Number of
responses

% of Responses

Attendance of training courses or training
days

45 38.5

Further veterinary visits and support 19 16.2
Training courses–online webinars 17 14.5
Information posters and reading resources 10 8.5
An online farmer network/forum to share

knowledge
9 7.7

Other 7 6.0
Training courses–podcasts 5 4.3
A farmer conference 5 4.3
Total Responses 117 100
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3.2.6. Records of use of veterinary medicines
Participants were asked, “How do you currently record the use of

veterinary products on your farm?” All participants were recording
medicine use. 115 out of 117 participants (98.29%) were using a paper

medicine book or record, with 17 of these (14.5%) also acknowledging
that their vet records medicine use. The other two participants were
recording medicine use via a computer spreadsheet/farm management
software. Because all participants were recording medicine use, the

Fig. 1. Percentage of participants whose three most commonly used products were classified as ‘ANTIPARASITIC ONLY’, ‘ANTIBIOTIC ONLY’ or ‘BOTH’ according to
the frequency of vet visits to farm (n=105 participants, 12 participants did not respond).

Fig. 2. Mean flock age at depopulation (± 95% confidence intervals) where the three most commonly used products were classified as ‘ANTIPARASITIC ONLY’,
‘ANTIBIOTIC ONLY’ or ‘BOTH’ (n=105 participants, 12 participants did not respond).
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results from this question were not further analysed.

4. Discussion

4.1. Challenges on farm

The majority (49.6%) of participants ranked input cost volatility as
the most important challenge to their business. This is supported by
data showing that, for free-range eggs, the egg price: feed input ratio
has been decreasing steadily from 0.54 to 0.34 in the UK since
December 2015 (Poultry World, 2018). National disease outbreaks
were ranked as the most important challenge to business by 17.1% of
participants. During the first half of 2017, when this questionnaire was
being completed, highly pathogenic avian influenza (AI) had been
identified in the UK, with free-range poultry farmers being ordered to
keep their birds inside to reduce the risk of transmission from wild
birds. AI is an acute, highly contagious, fatal disease that causes severe
disease in chickens and up to 100% mortality (Alexander, 2000).
Therefore, it is not surprising that national disease outbreaks were
ranked as being the most important challenge for these respondents.

Red mite was most commonly ranked as the most important health
and welfare challenge (25.2% participants). Red mite affects around
30% of laying hen flocks (Zloch, Kuchling, Hess, & Hess, 2018). These
ectoparasites cause skin irritation, anaemia, and behavioural changes
such as increased feather pecking and self-grooming and can result in
decreased egg production, leading to a negative economic impact on
producers (O’Kilpinen et al., 2005). Severe infestations can cause death
due to anaemia (Fossum, Jansson, Etterlin, & Vågsholm, 2009;
Zloch et al., 2018). Red mites are also increasingly suspected of being a
disease vector (Sparagano, George, Harrington, & Giangaspero, 2014).
Antiparasitics were reported as being one of the top three most com-
monly used medicines in the last 12 months by 87.6% of participants.

Multi-drug resistance has been reported to commonly used red mite
treatments (Beugnet et al., 1997; Marangi et al., 2009;
Nordenfors et al., 2001) demonstrating the importance of responsible
use of antiparasitics for bird welfare.

Primary disease infection was rated the second most important
health and welfare challenge. This links to infectious diseases being the
second most common for treatment in this group of producers, showing
that participants’ views on the most significant health and welfare
challenges are aligned with the reasons for treating their flock (see:
Disease burden and antimicrobial use).

The third most important challenge, as ranked by participants, was
feather pecking. Feather pecking is an abnormal behaviour consisting of
pulling, plucking and damaging the feathers of conspecifics which can
result in poor quality plumage, skin damage and feather loss
(Savory, 1995). The average feather score for this group of producers’
last depopulated flock was 2.5, with scores ranging from 1–5 (1 re-
presenting no to very little damage and 5 representing severe damage to
feathers) (Bright, Brass, Clachan, Drake, & Joret, 2011). Although
feather pecking itself is not necessarily linked to antimicrobial use, the
occurrence of feather pecking has been linked to increased disease in-
cidence, which may necessitate antimicrobial use (Green et al., 2000;
Pötzsch, Lewis, Nicol, & Green, 2001). However, it is unclear as to
whether factors stemming from feather pecking, such as feather loss
and skin damage, lead to an increased disease susceptibility or whether
diseased flocks are more likely to develop feather pecking.

4.2. Veterinary services and support

A high majority (90.6%) of participants ranked their vet as the most
important source of advice regarding the selection and use of veterinary
medicines on their farm. Therefore, vets have a vital role to play in
antimicrobial stewardship within this group of free-range egg

Fig. 3. Percentage of participants answering ‘yes’ and ‘no’ to the question “do you think you could reduce the use of antibiotics on your farm or replace the use of
these medicines with alternatives?” according to the frequency of veterinary contact (either in person or by phone) (n=117 participants).
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producers. More than half (54.5%) of participating farmers stated that
the most common reason for calling their vet was for advice on flock
health and management. This indicates that these farmers utilise their
vets to discuss and improve general flock health rather than just as a
means to access treatment. The proportion of farmers that see vets in
more of an advisory role could, however, be further improved.
Ruston et al. (2016) conducted interviews with 28 farm animal vets in
England, revealing that few vets believed themselves to be the main
source of information on disease prevention and biosecurity for their
clients, whilst some vets felt that their role as an advisor is at risk from
non-veterinarian consultants. The majority of vets interviewed by
Ruston et al. (2016) stated they were beginning to work in partnership,
sharing decision making with their clients rather than acting as ‘experts’
who assume authority over their clients. Such a move towards more
collaborative strategies may foster a more positive relationship between
farmers and vets based on mutual agreement. This collaborative ap-
proach could also be beneficial for motivating farmers to follow ve-
terinary advice (Bard et al., 2017) including the reduction, replacement
and refinement of antimicrobials.

4.3. Disease burden and antimicrobial use

As evidenced by the variable mortality rates of the participants’ last
depopulated flocks (Table 2), disease is a major health and welfare
challenge for laying hens, and a significant economic challenge for
laying hen farmers, with up to 50% of participants’ flocks being lost to
disease. All answer-providing participants reported using an anti-
microbial amongst their top three most frequently used veterinary
medicines in the last 12 months (including antiparasitics and anti-
biotics; Table 5). None of the participants reported using HPCIAs in line
with the restrictions imposed by the Lion Code in the UK
(Lion Code, 2013, 2017). The most common reason for medicine use
was worms (Table 6). Worms can lead to: direct loss of animals, re-
duction in growth rate, weight loss and reduced feed conversion ratios
(Ramadan et al., 1991). Infection with worms can be a predisposing
factor for bacterial infections such as zoonotic Salmonella (Dahl et al.,
2002; Eigaard et al., 2006). The second most common reasons for
treatment, infectious diseases, are common causes of mortality in laying
hens, with free-range/organic hens potentially more at risk
(Fossum et al., 2009) (although see Schwaiger et al., 2008, 2010).
Resistance to numerous commonly used antibiotics for infectious dis-
eases including Enterococcus sp. Escherichia. coli and Campylobacter sp.
isolated from laying hens has been reported (Schwaiger et al., 2008,
2010; Stępień-Pyśniak et al., 2016). The future development and use of
vaccines, effective health planning and biosecurity will aid the egg in-
dustry in reducing the burden of disease, thus reducing the need for
treatment with antibiotics.

4.4. Farm and flock characteristics and antimicrobial use

Respondents were more likely to report the use of ANTIBIOTICS
ONLY as their top three most frequently used medicines as the number
of poultry houses on farm increased. This suggests that larger farms
may be more likely to encounter health problems requiring antibiotic
use. In broiler chickens, farms with three or more houses have been
found to have an increased risk of contamination with Campylobacter
sp. (Refregier-Petton, Rose, Denis, & Salvat, 2001), suggesting that
larger farms may have an increased risk of disease transfer across
multiple houses. Alternatively, it may be that farms with more houses
have more staff and less compliance with set protocols, or fewer staff
per bird, so are less able to detect disease outbreaks quickly, resulting in
increased antibiotic use. There may also be links between vets’ pre-
scribing habits and the size of the farm; for example, vets may be more
risk-averse when dealing with a disease outbreak on a larger farm due
to the larger potential economic and welfare costs on larger farms.

Respondents from farms with a larger number of birds in lay and a

higher number of poultry houses were more likely to answer ‘no’ to the
question “Do you think you could reduce the use of antibiotics on your
farm or replace the use of these medicines with alternatives?”. It is
interesting that as the number of poultry houses increased, participants
were more likely to report the use of ANTIBIOTICS ONLY but less likely
to think that they could reduce or replace the use of antibiotics. It may
be that respondents that think they could do more to reduce or replace
antibiotics are already acting on this awareness, or that larger farms
face more disease risk and therefore feel less able to reduce or replace
antibiotics.

Lower flock age at depopulation predicted use of ANTIBIOTICS
ONLY as the top three most frequently used medicines. This may reflect
health problems within a flock resulting in early depopulation.
Alternatively, due to the higher prevalence of worms in older hens
(Zloch et al., 2018), farmers depopulating at a younger age may be less
likely to require antiparasitics due to a decreased worm burden, so
more likely to use ANTIBIOTICS ONLY. Alternatively, older flock age
may indicate better management in general, with farmers recognising
the benefits of a longer flock cycle while managing bird welfare and
production (egg quality and number) (Bain, Nys, & Dunn, 2016) with
less requirement for using antibiotics. Longer flock cycles reduce re-
source use through reduced overall number of cleaning (unproductive)
periods for the shed; reduce total litter usage; reduce overall number of
pullets (and associated hatching and rearing costs) (Bain et al., 2016). If
the welfare and production challenges in older flocks can be managed
through husbandry, genetic selection and nutrition, longer flock cycles
may help to improve the ethical, environmental and economic sus-
tainability of laying hen systems.

4.5. Veterinary contact and antimicrobial use

Farms where the vet visited less than once a year were more likely
to use ANTIBIOTICS ONLY, suggesting that farms with less frequent
veterinary contact may exhibit less responsible medicine use. Farmers
who have regular twice a year or annual visits from their vet may be
more informed regarding the judicious use of antimicrobials and may
have active, beneficial flock health plans in place including measures to
prevent disease and reduce the use of antibiotics. However, interest-
ingly, this pattern was reversed for farms where the vet visited more
regularly (3–4 times a year); these farms were more likely to use
ANTIBIOTICS ONLY (Fig. 1). On farms where the vet visited 3–4 times
per year, there may be ongoing health or management issues requiring
the use of antibiotics. Alternatively, this pattern could be linked to vets’
prescribing habits i.e. vets that have more regular contact with their
clients may be more risk averse, and liable to over-prescribe antibiotics.
However, these are tentative claims and further research is required to
investigate the relationship between veterinary contact and anti-
microbial use.

4.6. Responsible use of antimicrobials and awareness of AMR

Encouragingly, the majority (94.8%) of participants provided a re-
sponse indicative of responsible practices when selecting a treatment
for their flock. The most commonly selected factor was whether parti-
cipants’ veterinarians had prescribed the product for the condition,
which highlights the reliance on and trust in veterinarians by laying hen
farmers. This aligns with a recent survey of medicine use in UK dairy
cow farmers (Higham et al., 2018). Similarly, interviews with EU pig
and poultry farmers found that the decision to use antibiotics is gen-
erally undertaken by veterinarians (EFSA, 2017).

The majority of participants (76.9%) were able to give an accurate
or partially accurate description of AMR, which mirrors the high levels
of awareness of AMR found from interviews with EU pig and poultry
farmers and a survey of Italian rabbit and turkey producers (Di Martino
et al., 2018; EFSA, 2017). This finding is encouraging, as farmer
awareness and knowledge of AMR has been shown to lead to more
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judicious use of antibiotics in farm animals (Kramer et al., 2017).
However, the online nature of the questionnaire should be considered,
as it is possible that some farmers’ definitions of AMR were extracted
from an online source rather than their personal knowledge.

4.7. Measures taken to reduce or replace antimicrobial use

Most participants (51.3%) reported that they were not taking
measures to reduce antimicrobial use and participants from company-
owned farms were more likely to report that they were not taking such
measures. If medicine use policies are implemented at company level,
rather than by the individual running the farm, participants running
company-owned farms may be unaware that the practices they are
undertaking are intended to reduce, replace or refine antibiotic use.
Both companies have medicine use policies in place and are reviewing
antibiotic usage data in recognition of the challenges of AMR. The three
company-owned farms that were taking measures to reduce or replace
antimicrobials stated ‘probiotics’, ‘bird management’ and ‘not using
any’ as the actions they were taking. These results highlight a need for
further education regarding AMR and the role of farmers in safe-
guarding human health by making reductions in antimicrobial use.
Equipping farm staff and managers with further knowledge about
company policies, and empowering staff to contribute their own ideas
to company solutions should foster engagement, and drive improve-
ments in practices at farm level. This could take the form of a company-
wide collaborative ‘Farmer Action Group’ where farmers work together
towards a shared objective and can gain support and seek advice
through peer-to-peer engagement (Bolt et al., 2017).

Participants purchasing veterinary medicines from an agricultural
merchant/store (compared to those obtaining medicines from a veter-
inary source) were significantly less likely to report that they were
taking measures to reduce or replace antimicrobial use. This suggests
that participants purchasing medicines from a non-veterinary source
may not be provided with information required to make an informed
choice. In agreement with our findings in the current study, Jones et al.
’s (2015) study of dairy farmers found that veterinary surgeons were the
most influential source of information on antibiotic use, therefore
contact with veterinarians through medicine sales may provide an im-
portant communication channel and opportunity for driving re-
sponsible medicine use by farmers.

Participants with a younger flock age at depopulation were sig-
nificantly less likely to be taking measures to reduce/replace the use of
antimicrobials. This aligns with the finding that flock age at depopu-
lation was lower on farms where participants were more likely to report
use of ANTIBIOTICS ONLY as the three most frequently used products.
As previously discussed, those managing older flocks may be more
proactive in flock health management and more likely to implement
practices, such as improving genetics, nutrition or housing design
(Bain et al., 2016) and this could be linked to being less likely to use
ANTIBIOTICS ONLY. However, more research is required to investigate
the link between flock cycle length and attitudes towards antimicrobial
use.

Common actions being taken to reduce antimicrobial use primarily
focused on changes in management practices (e.g. increased biose-
curity, reducing stress; Table 8). The responses in Table 8 align with
scientific evidence (McEwen & Fedorka-Cray, 2002) and demonstrate
farmers’ knowledge regarding the kind of practices that could help re-
duce antimicrobial use. Factors such as poor biosecurity have been
linked to higher antimicrobial usage in pigs (Laanen et al., 2013), whilst
stress is linked to reduced immunocompetence and higher disease
prevalence in chickens (Alpigiani et al. 2017), which may increase
antibiotic use. A holistic approach to improving health and husbandry
practices to prevent disease, as described by the participants, is re-
quired to reduce the need for antimicrobial use. Vaarst et al. (2007)
showed that participatory farmer discussion groups are a valuable
medium for disseminating knowledge. Farmers with knowledge of such

measures and their practical implications could share this with peers in
discussion groups, widening knowledge of and ability to implement
measures to reduce or replace antimicrobial use.

4.8. Benchmarking and recording of medicine use

The Responsible Use of Medicines in Agriculture Alliance (RUMA)
identify benchmarking and recording of antibiotic use at farm level as
essential to achieve responsible medicine use (RUMA, 2017). In Eng-
land, under the Welfare of Farmed Animals (England) Regulations
(2007), producers are legally required to keep a record of all medicines
administered to food producing animals and egg packers are required to
report medicine use to Lion Code. As expected, all participants were
recording medicine use with 98.3% using a paper medicine book or
record. Electronically recording medicine use would ease transfer of
data across relevant parties such as researchers, other producers and
government bodies. However, the majority of participants (74.4%)
stated they would not be interested in using a mobile device to record
medicine use. Demonstrable benefits such as saving time, increased
flock health and/or enabling producers to compare their usage to
anonymised data from similar producers could encourage egg produ-
cers to adopt electronic record keeping.

4.9. Farmer training preferences

Participants were asked what would help them and their team
manage bird health issues and promote effective medicine use on farm.
These results mirror the responses of dairy farmers to the same question
(Higham et al., 2018), suggesting that, like dairy farmers, laying hens
farmers prefer in-person contact with a trainer or their peers for
knowledge exchange. These findings are supported by applied research
outcomes in the dairy context, where collaborative development of
antimicrobial stewardship policy between farmers and wider stake-
holders in a workshop environment led to credible and practical re-
commendations designed to deliver real and lasting change in anti-
microbial use (van Dijk et al., 2016).

4.10. Study limitations

This survey had 117 respondents with a total of 2,181,579 birds in
lay, therefore represented approximately 7.6% of the UK free-range/
free-range organic laying hen population (DEFRA, 2019; Food and
Agriculture Organisation of the United Nations Database (FAOSTAT),
2019). The response rate for this questionnaire (30.6%) was lower than
previous questionnaire-based research within this supply chain
(Barrett, Rayner, Gill, Willings, & Bright, 2014). The sample of re-
sponding farmers may therefore have been skewed in favour of those
with a particular interest in responsible medicine use. The laying hen
farms included in this survey were producing to free-range or organic
standards therefore the results are not generalisable to other egg pro-
duction systems. However, as free-range egg production accounts for
around 53% of egg production in the UK (and this percentage market-
share is increasing year-on-year) (DEFRA, 2019), the results of this
study are important in the UK context.

Questionnaires are retrospective, meaning that participants were
required to remember or consult records to answer certain questions. In
this questionnaire, participants could likely consult medicine books or
other records for most of the retrospective information required. In an
attempt to avoid misinterpretation, we generally used closed questions
with an option for ‘other (please specify)’ where possible to allow ex-
pansion where necessary. However, this meant that there were limited
options for answers, and some participants may have provided alter-
native answers if given the chance. The online nature of this ques-
tionnaire should also be highlighted, particularly around the definition
of AMR, as there is a possibility that participants could have looked this
up online. However, most questions pertained to practices undertaken
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by farmers which are not extractable from an online source. Self-re-
ported behaviours do not always correlate well with actual behaviour,
and it possible that some respondents may have answered some ques-
tions with what they believed the authors expected them to, rather than
their actual practices (Bowling, 2005). Finally, since antimicrobial use
in agriculture is an area with close media attention at present, some
participants may have been reluctant to disclose certain aspects of their
practices in this area. It was clearly stated in the questionnaire that data
would remain strictly confidential and analysed by a third party only, to
reassure participants that their answers would not be used to identify or
penalise them.

5. Conclusions

To our knowledge, the results from this survey represent the first
time that the practices and knowledge around antimicrobial use and
resistance in UK free-range laying hen farmers have been investigated.
The majority of respondents proved to be knowledgeable, providing
accurate or partially accurate descriptions of AMR. Most respondents
also reportedly chose principles of responsible medicine use as the most
important considerations when selecting a treatment.

Larger farms were more likely to use ANTIBIOTICS ONLY as their
three most frequently used medicines. Participants from larger farms
were also less likely to think they could take measures to reduce or
replace the use of antibiotics with alternatives, potentially suggesting a
higher disease risk on larger farms, or a link between antibiotic use,
farm size and the ability of staff to detect early signs of disease, or vets’
prescribing habits. Respondents from farms with a younger flock age at
depopulation were more likely to select ANTIBIOTICS ONLY as their
three most frequently used medicines; they were also less likely to be
taking measures to reduce or replace the use of antimicrobials. Young
flock age at depopulation may reflect health and management pro-
blems; however, this link may also be a product of those with older
flocks having more parasitic infections and therefore more likely to be
using antiparasitics. More research is required to elucidate the link
between flock age and antibiotic use; such research could enable tar-
geted monitoring and training for producers that are more likely to be
high users of antibiotics.

These results highlighted the important role of veterinarians in
antimicrobial stewardship through farmer contact, engagement and
education in responsible antimicrobial use. A high majority of partici-
pants ranked their vet as the most important source of advice regarding
the selection and use of veterinary medicines. Participants whose vet
visited once or twice per year were more likely to select both anti-
parasitics and antibiotics as their three most commonly used medicines,
whilst those whose vet visited less than once a year or 3–4 times per
year were more likely to select ANTIBIOTICS ONLY. This suggests that
there may be some link between regular vet contact and reduced an-
tibiotic usage. Those with more frequent (3–4 times per year) vet
contact may have experienced ongoing health issues for which anti-
biotic use was necessary. Participants purchasing medicines from their
vets were also more likely to report that they were taking measures to
reduce/replace antibiotic use and participants that had less contact
with their vet were less likely to believe they could reduce the use of
antibiotics on their farm or replace them with alternatives. However,
these links correlate, and further research is required to investigate the
relationship between veterinary contact and antibiotic use.

Attendance of training courses or days was ranked by the majority
of respondents as the best way to help them and their team manage bird
health issues and promote the effective use of medicines, suggesting
that laying hen farmers prefer in-person contact with a trainer or their
peers for knowledge exchange. Collaborative workshops may represent
a useful practical way to engage laying hen farmers on the issue of
antimicrobial use and resistance.
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