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Abstract
Background: Accurate farm-level data on antibiotic usage (ABU) are needed
for the surveillance of antibiotic resistance. Therefore, this study aimed to
determine the accuracy of ABU data capture by dairy farmers in South West
England and Wales.
Methods: Through a cross-sectional survey of 48 dairy farmers, the accuracy
of ABU recording was measured by farmers’ assessment of the completeness
and timeliness of ABU recording (‘perceived accuracy’) and the completeness
and correctness of on-farm ABU records (‘actual accuracy’). Completeness
and correctness were compared for paper and software recording methods.
Results: Perceived accuracy was higher than actual accuracy. Antibiotic
names, withdrawal periods and dates that products were fit for human con-
sumption were often incomplete or incorrect. More inaccuracies were seen
with paper than software. In some software platforms, the date that milk
would be fit for human consumption was frequently rounded down by half
a day, increasing the risk of residue failures.
Limitation: The small number of on-farm records assessed limits the
generalisability of the results.
Conclusions: Electronic recording of ABU should be encouraged. However,
functionality needs improvement, alongside consultation with dairy farmers
to increase awareness of inaccuracies.

INTRODUCTION

Collection of data on antibiotic usage (ABU) in the
dairy industry allows for the monitoring of patterns
and trends in consumption and antibiotic resistance
(ABR), facilitates risk assessment of ABR through
targeted surveillance, allows evaluation of control
measures and facilitates integrated analysis of the
occurrence of shared antibiotic-resistant bacteria in
dairy animals and the human population.1 In the
UK, the Veterinary Medicines Directorate (VMD) cur-
rently relies on pharmaceutical sales and a sub-section
of veterinary sales data to provide information on
ABU in the dairy industry. However, this is limited
to providing an aggregated amount of antibiotics
used. While this can be used to monitor patterns
and trends in consumption, it does not allow for
more in-depth monitoring of ABR or for more tar-
geted surveillance to understand the impact of ABU
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in the dairy industry on the development of ABR
within and between dairy and human populations.
The limitations of current data collection systems have
been recognised through recent Veterinary Antibiotic
Resistance and Sales Surveillance (VARSS) reports2–7

and the European Medicines Agency.1 To address this
issue across the European Union (EU), EU legislation
requires the collection of actual ABU data per animal
species through semi-automated harmonised systems
by 2023.1

On-farm antibiotic treatment records should pro-
vide the most detailed data on ABU. Under legislation8

and assurance scheme requirements,9 dairy farm-
ers are required to maintain purchase and treatment
administration records for 5 years, but in no stan-
dardised format. Records are expected to be complete
and made available to a farm assessor at a planned
annual or 18-month farm audit, which is required for
market access. However, the most common method
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of assessing the completeness of these records is
visual inspection, which does not always cover the
time period between audits. Therefore, inconsistent or
missing data entries for required variables may not be
noticed.

To overcome this and to meet EU legislation, there
is a need for the development of a centralised system
to collate and assess such data. However, to achieve
successful implementation, further understanding
of how farmers are recording their on-farm ABU, the
successes and limitations of current recording systems
and how effective those systems are at facilitating the
capture of ABU are required. This will help identify
potential biases in existing data collection methods
and provide guidance for the development of an opti-
mised system. The objectives of this study were to
measure and compare the perceived accuracy and
actual accuracy of ABU recordings by dairy farmers
in South West England and Wales and to determine
whether actual accuracy is associated with the type of
data capture system used.

MATERIALS AND METHODS

Study design and sampling

A cross-sectional study was conducted using in-
person interviews to complete a questionnaire and
retrospective collection of on-farm medicine records.
The study population was dairy farms in South West
England and Wales. These two regions account for
42% (n = 3932) of dairy herds in England and Wales,
as of October 2018 (based on county parish hold-
ing numbers).10 The South West England region was
defined as the counties of Cornwall, Devon, Somerset
and Dorset. All dairy farmers with a registered cattle
holding and a total herd size of greater than 50 were
eligible to participate.

The sample size required to detect a significant dif-
ference between two proportions, that is, a difference
in ABU recording accuracy between electronic (p1) or
paper-based (p2) data capture systems, was calculated
using an assumed accuracy of 80% in p1 and 50% in p2,
a confidence level of 95%, a desired power of 80% and
a ratio of sample sizes (p2/p1) of 2. This ratio was used
since it was expected that more respondents would be
using paper-based recording than electronic record-
ing. A sample size of 99 was required, with 33 in p1 and
66 in p2.

It was not possible to establish a sampling frame
for probability-based sampling due to not having
access to existing farmer contact lists. Therefore,
access to dairy farmers within these regions used
two non-probability sampling methods—convenience
and snowball, as outlined below. The aim was to cap-
ture a diversity of farmers to reflect the different types
of dairy farms present in England and Wales, and
therefore achieve findings that could best translate to
the industry. Diversity sampling involved targeting a
range of herd sizes and management types, such as

calving patterns and average annual milk yield. The
approaches to recruitment were as follows:

1. Delivery of a 5-minute study outline presentation at
five of the annual Arla Foods 2018 Vet CPD meetings
on ‘Treat, sleep, test, repeat. Testing for medicine
residues—what we do, what we find and the impor-
tance of antibiotic recording’. A reminder email was
sent by Arla Foods to veterinary attendees upon
meeting completion to prompt responses from
interested persons.

2. Direct and indirect contact with RCVS-accredited
farm animal practices in Cornwall (n = 10) and
Dorset (n = 3).

3. Presentation of the study outline to partners
from three RCVS-accredited farm animal practices
linked to the Royal Veterinary College (RVC) on 27
February 2019.

4. Presence on the National Milk Records stand at
the 2019 Royal Welsh Agricultural Show to outline
the study and obtain contact details of consenting
Wales-based dairy farmers.

5. Use of familial networks to contact dairy farmers.

Approaches 1–3 relied on veterinary practice
involvement, with veterinary surgeons either provid-
ing access to their contact list (further detail provided
in results: response rate) or speaking to farmers on
routine visits in return for the researcher collating
the annual amount of ABU on farms visited as per
assurance scheme requirements. Approaches 4 and 5
used direct and indirect contact with farmers through
mutual contacts.

Data collection

Review of data capture systems

Farm management software companies facilitating
ABU data capture or recording for the dairy indus-
try were identified through various sources. These
included gov.uk listing of cattle tracing system soft-
ware, a Google search using the search term ‘dairy
farm record keeping software UK’ and discussions
through agricultural networks. Companies were con-
tacted via telephone and asked to provide information
on the number, geographical distribution and demo-
graphics of end users along with medicine record-
keeping functionality. For those with whom contact
was not possible, publicly available information was
obtained from their websites.

Questionnaire development and distribution

Questions were divided into five sections encompass-
ing the dairy enterprise, data collection and recording
on ABU, ABU practices, herd health and partici-
pant demographics. To identify antibiotics used on
farms, the VMD-licensed product spreadsheet and
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the National Office of Animal Health (NOAH) com-
pendium were used to create a list of available prod-
ucts under three routes of administration: injectable,
intramammary and other (oral and topical). Prod-
ucts were cross-checked against online pharmacies to
identify those used regularly and those that may have
gone out of production. Prior to distribution, the ques-
tionnaire was reviewed by three veterinarians with
knowledge of the dairy sector and two dairy farmers
and was provided to them in paper format. Veterinary
feedback was collected from one farm animal clini-
cian, one industry veterinarian and one government
veterinarian, each with a working focus on antimi-
crobial resistance. Questionnaire length was identified
as a potential issue, but it was concluded that the
use of mostly closed-format questions would reduce
completion time. Farmer feedback involved ‘think-
aloud’ analysis, whereby participants could verbalise
their thoughts to the task facilitator. Two dairy farms
in England with different management characteristics
were represented. Three questions were removed and
four amended, either because they were not applica-
ble to all dairy enterprises or because the information
requested was seen as having a limited contribu-
tion to herd health and management protocols. In
order to maximise the response rate to questions
on herd health, where consultation of farm records
could be required, respondents could provide esti-
mates of disease incidence as an alternative to actual
values.

The questionnaire was piloted online with a final
revised and shortened version administered via in-
person interviews due to a poor online response rate.
The finalised questionnaire (available in Supporting
Information) comprised 48 questions, of which three
were open ended. Two open-ended questions were
used to verify answers to two closed questions relating
to knowledge of highest priority critically important
antibiotics (HP-CIAs) and use of selective dry cow
therapy, and one was used to expand on the response
to a closed question on data sharing of on-farm
ABU records. In-person interviews occurred between
April and October 2019, and a £10 Amazon voucher
or cash alternative was provided to incentivise
participation.

Data collection and handling

To assess the accuracy of ABU recording, the previ-
ous 12 months of the farm medicine book were copied
by the researcher at the time of the visit, with partic-
ipant permission. Copies of electronic records were
in PDF or Microsoft Excel spreadsheet format. For
paper records, a photo of each page was taken. Copies
were uploaded to RVC central drives for security and
removed from intermediary technology.

Each respondent was given a unique identifica-
tion (ID). Data from completed questionnaires were
entered into a Microsoft Access relational database
using restricted data entry forms to minimise errors.

Data from medicine records were entered into a pre-
formed structured tabular format in Microsoft Excel
designed to capture data completeness and correct-
ness. Paper medicine records were entered manu-
ally, while data in Excel spreadsheets were cleaned
and imported. For structured PDF medicine records,
Microsoft Power Query was used to import data.
For each PDF record, a random selection of entered
data was reviewed against the original to check for
errors. Missing values or erroneous entries across all
medicine records were identified through the follow-
ing data consistency queries:

∙ Milk and meat withdrawal periods were compared
to the antibiotic-specific datasheet withdrawal peri-
ods, and any withdrawal periods deviating from the
datasheet were reviewed for correct data entry.

∙ For date treatment finished and dates milk and
meat were fit for human consumption, the differ-
ence between these dates was expected to equal
the datasheet withdrawal period. Where the dif-
ference between these dates did not conform to
the expected value, the data entry was checked for
accuracy against the original records.

∙ Missing values for all fields were reviewed to ensure
that this was not a data entry error.

∙ All significant outliers were manually checked
against the original records.

Erroneous entries were amended by the researcher
to the value recorded in the medicine book. Addi-
tional commentary specific to each set of records and
recording method was entered into a separate Excel
spreadsheet as free text to provide potential explana-
tory reasons for a participant’s erroneous entry or
missing data.

Data analysis

Descriptive analysis of questionnaire
responses

Data analysis was performed in R software (version
3.6.2; R Core Team, 2019). Herd size, number of cows
in milk and number of employees were used as proxies
to estimate the size of the enterprise. Calving pattern,
primary breed type, organic status, type of contract,
mixed production and use of selective dry cow therapy
were used to provide an overview of the manage-
ment system. Categorical variables relating to dairy
enterprise, data collection and recording on ABU, ABU
practices, herd health and participant demographics
were summarised by number and percentage. Data
were checked for normality by both visual inspection
and the Shapiro–Wilk test. Continuous variables were
described using mean and 95% confidence intervals
(CIs) for the mean or median and range, as appropriate
depending on distribution. The modified Cox method
was used to calculate 95% CI if the distribution was
non-normal.
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Development of an accuracy score based on
questionnaire responses: perceived accuracy

Questionnaire responses provided two measures
of participants’ perceptions of recording accuracy:
timeliness and completeness. Timeliness refers to
the prompt entry of required data on antibiotic
treatments into a recording system (questionnaire
Section 2, questions 3 and 4), and completeness refers
to the presence of all required data under legislative
and assurance scheme requirements plus the date
meat becomes fit for human consumption (question-
naire Section 2, questions 9–11; Table 3). A simple
scoring system for timeliness and completeness was
applied (Figure S1). Each response was weighted
equally, with the overall score expressed out of 10 for
ease of interpretation and comparison.

The normality of the data distribution was assessed
by visual inspection and the Shapiro–Wilk test. The
median, interquartile range (IQR) and range were used
to describe perceived recording accuracy, timeliness
and completeness, and the Wilcoxon rank sum test
was used to test for an association between these
outcomes and the recording method.

Development of an accuracy score based on
on-farm records: actual accuracy

Medicine records were assessed for the complete-
ness and correctness of antibiotic entries. Correctness
refers to the percentage of recorded observations
that were correct. Further details on the develop-
ment of the actual accuracy score are provided in the
Supporting Information.

The correctness and completeness scores were
summed and expressed out of a maximum score of
10 (Figure S2). The normality of the data distribution
was assessed by visual inspection and the Shapiro–
Wilk test. The median and IQR were used to describe
actual recording accuracy, and the mean and standard
deviation were used for completeness and correctness.
The Wilcoxon rank sum test was used to test for an
association between the recording method and actual
recording accuracy.

Comparative analysis of perceived versus
actual accuracy

To explore the potential impact of information bias
on participants’ self-reporting of their perception of
recording accuracy, the Wilcoxon rank sum test was
used to test for an association between perceived and
actual accuracy.

Assessment of data entry completeness and
correctness for paper and software recording
methods

Generalised estimating equations (GEEs) with a logit
link function were used to test for an association

between recording method (software or paper) and
data entry completion and correctness at the treat-
ment level while adjusting for farm-level clustering
using an exchangeable correlation structure. For com-
pleteness, this comprised each recording variable
identified in Table 3, aside from the name and quan-
tity of antibiotic and animal ID. For correctness, this
comprised antibiotic name and dates milk and meat
are fit for human consumption. Odds ratios (ORs) and
the respective 95% CIs and p-values were calculated
for each of the recorded variables.

RESULTS

Review of data capture systems

Of the seven farm management software companies
contacted, four were able to provide relevant infor-
mation about the use and features of their tools
(Table 1). From this information, it was estimated
that around 40% of dairy farmers in Great Britain
have the option of using software to record antibi-
otic treatments. They had a widespread distribution of
users of varying ages throughout Great Britain. Six of
the seven software platforms reviewed had a mobile
phone app function to facilitate recording of ABU at
the time of treatment, although uptake of this is not
known. Of these six, three enabled the scanning of a
QR code on medicine packaging, resulting in auto-
mated entry of antibiotic name, batch number and
product expiry date. Four provided a standardised
medicine list to aid precision with antibiotic name
entry. For the length of the milk withdrawal period,
two software platforms facilitated entry of full days
only, and not hours, and encouraged users (via an
automated prompt message) to round up where the
withdrawal period was not an exact number of full
days.

Response rate

Farmer recruitment through veterinary involvement
had a poor response, despite veterinary interest in the
topic. However, one veterinary practice linked to the
RVC permitted access to their client contact list when
on site. This practice placed a notice in their quarterly
client newsletter giving a brief summary of the study
and stating that an RVC researcher may be in contact
in due course to ask about participation. This pro-
vided the opportunity for farmers to opt out if they did
not want their contact details to be shared. The con-
tact list was only accessible to the lead author while at
the practice offices, and farmers were only contacted
from the practice phones. If farmers agreed to partici-
pate, their contact details were temporarily held by the
lead author until the farm visit had been completed.
Of the 115 farmers contacted through simple random
sampling of the client list, 37 (33%) agreed to partic-
ipate. Through convenience and snowball sampling,
75 farmers were identified, with 66 (88%) agreeing to
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T A B L E 1 Overview of farm management software facilitating the recording of antibiotic usage

Software Users (n) Smartphone app QR code Standardised medicine list

Uniform 1600 ✓ ✓ ✓

Interherd 360 X X ✓

Herdwatch 1000 ✓ ✓ ✓

Sum-It total dairy 600 ✓ X X

CIS – ✓ – –

Orchid farm wizard – ✓ ✓ –

Stock move express – ✓ X ✓

Note: ‘–’ indicates no information available.

participate. In total, 103 farmers completed the ques-
tionnaire via structured interviews, and 48 medicine
records were available for analysis.

Study population

Participating farms were distributed across South
West England (Cornwall, Devon, Dorset and Somer-
set), Hertfordshire and Wales (Table S1). Farm-level
variables relating to the size of the enterprise and
management factors are presented in Table S2 (ques-
tionnaire Section 1). The median number of cows in
milk (animals over 2 years of age) was 180.

Most participants were male and occupying senior
positions in farm management, with farm owners,
managers and tenancy holders making up 92.2% of the
study population. Four responses were from herdsper-
sons and four from family members. Six participants
were under 30 years old and 13 were 60 years or older.
Many participants had more than 30 years of dairy
farming experience (Table S1; questionnaire Section
5).

The most popular method for the official recording
of medicine use (56%; n = 58) was electronic, with
access to information technology (IT) and the internet
being key facilitators (Table 2; questionnaire Section
2, questions 5 and 6). However, paper records, pre-
dominantly in the form of a daily diary, were used
by all participants as an initial record. Eleven differ-
ent software platforms were used, with Uniform being
the most popular (Table 2; questionnaire Section 2,
question 7).

Accuracy

Perceived accuracy

Perceived accuracy was measured using the question-
naire responses (n = 103). The overall median (IQR)
perceived accuracy score was 9.6 out of 10 (±0.6). The
median score was 9.5 (±0.5) for paper recordings and
9.7 (±0.5) for electronic recordings (p = 0.08).

Timeliness: Most participants (75%; n = 77) ini-
tially recorded antibiotic administration in a daily
diary at the time of treatment, with 24% (n = 25)
recording this later that day (questionnaire Section

T A B L E 2 Variables collected to understand the on-farm
recording process

Variable Response
Number of
farms (%)

Medicine book
format

Paper 45 (44)

Software 58 (56)

Type of software Uniform 28 (48)

CIS 3 (5)

Excel 5 (9)

Orchid systems 3 (5)

Farm metrics 3 (5)

Herdwatch 4 (7)

Interherd 6 (10)

Sum-It 3 (5)

Kingswood 1 (2)

Lely Time 4 Cows 1 (2)

Dairy Comp 305 1 (2)

Initial treatment
communicationa

Text message/WhatsApp 96 (93)

Verbally 86 (84)

Noticeboard/calendar 55 (53)

Daily diary 103 (100)

N/A—do the treatment and
recording

9 (9)

Other 12 (12)

Access to IT and
internet

Yes, both 76 (74)

Computer/tablet but slow
or no internet

23 (22)

No computer or tablet 4 (4)

Abbreviation: IT, information technology.
aMore than one option could be selected.

2, question 3). Official medicine book entries were
completed daily by 35% (n = 36) of the participants,
weekly by 42% (n = 43), and monthly or quarterly
by 20% (n = 21) (questionnaire Section 2, question
4). Two participants (1.9%), who both used paper
methods, updated their medicine book prior to an
annual inspection. The median (IQR) timeliness score
was 7.0 out of 8 (±2.0), and there was minimal differ-
ence (0.25) between paper and electronic recording
(p = 0.94).
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T A B L E 3 Completeness of recording of compulsory variables at the farm level for assessing actual recording accuracy

Recording variables Completeness (%) SDa

Included in
analysis of record
completeness

Required
by
legislation Required by FAS

Name of antibiotic 99.9 0.09 ✓ ✓

Quantity administered 99.9 0.01 ✓ ✓

Batch or bottle number linked back to purchase
records

94.7 0.19 ✓ ✓ ✓

Animal identification 99.9 0.06 ✓ ✓

Date of administration 97.1 0.20 ✓ ✓

Date treatment finished 98.6 0.14 ✓ ✓

Length of withdrawal period for milk 70.3 0.41 ✓ ✓ ✓

Length of withdrawal period for meat 68.9 0.41 ✓ ✓ ✓

Date when milk becomes fit for human
consumption

73.3 0.30 ✓ ✓

Date when meat becomes fit for human
consumption

69.4 0.35 ✓

Name of person administering antibiotic 67.4 0.41 ✓ ✓

Reason for treatment 88.3 0.30 ✓ ✓

Abbreviations:FAS, farm assurance scheme; SD, standard deviation.
aSD: lower bound of 0, upper bound of 1.

Completeness: A small majority (54%; n = 56) of
participants reported recording all on-farm antibiotic
treatments, while 39% (n = 40) admitted that some
treatments slipped through the net. Four participants
(4%) only recorded two-thirds of antibiotic treatments
and three participants (3%) admitted struggling to
keep records up to date(questionnaire Section 2, ques-
tion 10). Of the compulsory data entry fields, all
participants reported completing the name of the
antibiotic and animal ID every time. Antibiotic quan-
tity and treatment start and finish dates were reported
to be always completed by 97% (n = 100), and the
batch number, withdrawal period length and when
milk and meat are fit for human consumption were
reported to be always completed by 94% (n = 97) of
participants. Person(s) administering treatment and
treatment reason varied most, with only 79% (n = 81)
and 88% (n = 91), respectively, reporting they com-
pleted these fields every time. Antibiotic treatment
outcome, a non-compulsory variable, was recorded
by 19% (n = 20), of whom 50% (n = 10) did so
every time (questionnaire Section 2, question 9). The
median (IQR) completeness score was 51.0 out of 52
(±3.0), with no difference between paper and software
users.

Actual accuracy

Actual accuracy was measured using the medicine
records (n = 48). The overall median (IQR)
actual accuracy score was 7.8 out of 10 (±1.5).
The median scores for paper and software were
7.5 (±1.5) and 8.2 (±1.5) out of 10, respectively
(p = 0.05).

Of the compulsory recording variables, animal ID,
name of antibiotic and quantity recorded showed min-

imal variation at the farm level, so they were excluded
from the analysis of record completeness (Table 3).
The mean completeness scores for paper and elec-
tronic records were 32.7 (±8.0) and 37.2 (±5.4) out of
45, respectively (p = 0.07).

Of the 10,764 treatment-level data entries, 63% (n =

6819) were electronic and 37% (n = 3945) were paper
based. GEE modelling (Table 4) indicated that the
odds of completion of milk and meat withdrawal peri-
ods for each treatment entry were approximately four
times higher for electronic versus paper recording,
while the odds of completion of the date when milk
and meat would be fit for human consumption were
around three times higher. The date of administra-
tion of an antibiotic was also significantly more likely
to be recorded electronically than in paper records,
but this should be interpreted cautiously because of
quasi-separation in the data.

The overall mean correctness scores for paper and
electronic recordings were 8.5 (±2.5) and 9.8 (±2.1) out
of 15, respectively (p = 0.07). At least one antibiotic
name had been entered incorrectly on 69% (n = 33)
of farms (Figure 1), with those using software almost
twice as likely to enter the correct antibiotic name (OR
1.96; 95% CI 1.00–3.86; p= 0.05). Antibiotic name inac-
curacies were due to participant-specific shorthand
(Table S3).

Of the data entries for when milk was fit for human
consumption, 12.1% (n = 1229) were early, and on
average by 4.9 days (Figure 2). In comparison, 6.2% (n
= 663) of data entries for when meat would have been
fit for human consumption were early, on average by
25.6 days (Figure 3). For meat dates, the proportion of
errors did not differ significantly between electronic
and paper records (p = 0.56). The odds of the date for
milk being entered correctly were 2.19 times higher for
electronic than for paper records (95% CI 1.14–4.22;
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T A B L E 4 Number and percentage of farm records that captured each variable, and generalised estimating equations (GEE) parameter
estimates for the association between recording method and completeness of recording variable, adjusted for farm, with paper recording as
the reference value

Recording variable

Recording method

Parameter estimatesPaper Software

N % N % Odds ratio (95% CI) p-Valuea

Batch number

Recorded 3535 90 6674 98 3.9 (0.7–21.6) 0.130

Not recorded 410 10 145 2

Date meat fit for human consumption

Recorded 1872 48 5721 84 3.1 (1.1–9.0) 0.036

Not recorded 2073 52 1098 16

Date milk fit for human consumption

Recorded 2020 51 5919 87 3.4 (1.0–10.9) 0.044

Not recorded 1925 49 900 13

Date of administrationb

Recorded 3653 93 6818 100 66.6 (6.3–704.8) <0.001

Not recorded 292 7 1 0

Date treatment finishedb

Recorded 3766 96 6804 100 3.8 (0.4–34.8) 0.240

Not recorded 179 4 15 0

Meat withdrawal period

Recorded 1798 46 5721 84 4.1 (1.3–12.6) 0.015

Not recorded 2147 54 1098 16

Milk withdrawal period

Recorded 1808 46 5864 86 4.3 (1.3–14.2) 0.015

Not recorded 2137 54 955 14

Person administering treatment

Recorded 1745 44 5266 77 2.3 (0.7–7.3) 0.150

Not recorded 2200 56 1553 23

Treatment reason

Recorded 3554 90 5974 88 1.1 (0.3–3.5) 0.914

Not recorded 391 10 845 12

aSignificant p-values (<0.05) highlighted in bold.
bQuasi-separation therefore caution required with interpretation of estimates.

p = 0.02). For milk withdrawal periods that did not
equate to a full day, such as 4.5 days for one common
intramammary preparation, more data entry errors
were observed for both recording methods. The date
that milk would be fit for human consumption was
frequently rounded down by half a day, particularly in
electronic records.

Perceived versus actual accuracy

The perceived and actual accuracy scores were sub-
stantially discrepant (Figure 4). Perceived accuracy
was tightly clustered towards the maximum score,
indicating that participants viewed their ABU record-
ing as highly accurate. On-farm records showed
recording to be less accurate than participants per-
ceived (p < 0.001), irrespective of the recording
method.

DISCUSSION

This is the first study in Great Britain to assess
the accuracy of recording antibiotic treatments on
dairy farms and make a direct comparison between
electronic and paper records. Key findings are that
farmers’ perceptions of recording accuracy did not
match reality, electronic records captured ABU data
more accurately than paper records, and there is a
class of errors unique to electronic records resulting
from the interaction of farmers with their software
platform.

Variables with a high level of accuracy across
both recording methods were animal ID and name
and quantity of antibiotic. Similar results have been
reported on Swiss dairy farms, although animal ID
was found to be less well recorded in paper records.11

The start and finish dates of treatment, treatment rea-
son and the person administering treatment were also
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F I G U R E 1 Comparison showing the higher
proportion and range of antibiotic name
inaccuracies using paper records (87% overall; n
= 20) compared with electronic records (52%
overall; n = 13) (antibiotics with 100% accuracy
for both recording methods excluded)

F I G U R E 2 Comparison of data entry errors
between paper and electronic records for the
underestimation of milk withdrawal periods for
each drug category. IM DC: intramammary dry
cow; IM LC: intramammary lactating cow; other:
topical or uterine

well recorded. Such information is likely to be easy
to complete, and the presence of a daily diary, which
all farmers reported using as the first step for record-
ing ABU, would have aided recall.12 Inaccuracies in
the recording of antibiotic names emphasised the

importance of standardised medicine lists in software
programs to remove any uncertainty over the prod-
uct used. González et al.11 reported that farmers’ lack
of awareness that drugs exist in multiple formulations
could result in them not specifying which had been
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F I G U R E 3 Comparison of data entry errors
between paper and electronic records for the
underestimation of meat withdrawal periods for
each drug category. IM DC: intramammary dry
cow; IM LC: intramammary lactating cow; other:
topical or uterine

F I G U R E 4 Box plots outlining the median, first and third
percentile, range and mean (x) to show the difference between
actual accuracy versus perceived accuracy scores on recording
antibiotic usage on farms

used. Inaccuracies in the recording of antibiotic names
could lead to incorrect calculation of withdrawal peri-
ods and affect collation of data at the product level for
subsequent analysis.

There was a high degree of variation in the
completeness and correctness of the recording of
withdrawal periods for milk and meat and the resul-
tant dates that milk and meat are fit for human

consumption. There were more data entry errors for
the date milk is fit for human consumption with
paper records compared with electronic records. This
raises concerns about food safety and the risk of
antibiotic residues entering the food chain, emphasis-
ing the importance of the stringent control measures
already in place in the supply chain. Farmers are pri-
marily responsible for reducing residue failures by
adhering to the medicine withdrawal periods. This is
complemented by testing for residues in the supply
chain.13,14

Electronic recording has been shown to allow better
traceability of treated dairy cattle11 and improve the
accuracy of human medication documentation.15–17

Similarly, in this study, the use of electronic records
was associated with higher recording accuracy. Elec-
tronic records were more complete for all variables,
although this was only statistically significant for
antibiotic withdrawal periods and dates that produce
are fit for human consumption, possibly due to the
low study power. Electronic recording supports struc-
tured and systematic data entry and validation, and
depending on the software platform, a range of vari-
ables can be auto-populated via a QR code. With paper
recording, even when using a structured tabular for-
mat, there is room for error at each step of data entry,
with no restrictions on what can be written for each
variable and no internal cross-validation.

As the completeness of antibiotic names was very
high for both recording methods, it was expected that
milk and meat withdrawal periods and dates that
meat and milk would be safe for human consump-
tion would be similarly complete in electronic records
because of pre-loaded withdrawal periods linked to
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the antibiotic name. In fact, only one of the seven
evaluated software packages facilitated the automatic
entry of withdrawal periods, despite this informa-
tion being available from pharmaceutical suppliers,
the NOAH compendium and the VMD database. The
use of automatically updated withdrawal periods that
also encompass animals on combined treatments
could increase the efficiency and accuracy of on-farm
electronic data capture.

The number of inaccuracies in recording the date
that meat and milk would be safe for human con-
sumption, giving rise to the risk of antibiotic residue
failures, was concerning. Errors were particularly high
when the milk withdrawal period was given in hours,
not complete days. While software packages will auto-
matically calculate dates safe for human consumption
when the withdrawal period has been entered, they are
set up to work in full days, and the time that the antibi-
otic was entered is assumed to be the first minute of
the date entered. Therefore, the calculated date safe
for human consumption may be too early, despite the
correct information being entered. Software could be
improved by defaulting to the assumption that antibi-
otics are given at the end of the day. Alternatively, for
two existing platforms, withdrawal period entry could
be restricted to full days, with a prompt message to
round up to the next day. In practice, farmers may
have other control methods to prevent incorrect with-
drawal periods, such as visual markers on animals
or the daily diary. Nevertheless, as software compa-
nies develop more complete and coherent packages
governing farm operations, it is possible that this risk
increases.

The clustering of perceived accuracy towards the
maximum score provided valuable information. If a
farmer perceives ABU recording to be highly accurate,
they may not check records sufficiently frequently.
This could be a particular problem when they are
not the sole person recording treatments, as observed
on mixed-species farms.18 This might also suggest
a lack of concern about the value of accurate ABU
recording. Since recording is required under both
legislation and assurance schemes, social desirabil-
ity bias might have influenced responses, resulting in
overestimation of accuracy,12,19,20 particularly because
data were not gathered anonymously.12,21,22 This was
addressed where possible through obtaining retro-
spective records.

The total number of on-farm treatment records
assessed was low relative to the number of dairy farms
in Great Britain, and sample size requirements were
not met. The sample size calculation was also based
on an assumption of random sampling and so is
likely to have been an underestimation of the sam-
ple required, which will have reduced the sensitivity
of the study and increased the probability of a type 2
error. ABU was perceived as a sensitive topic by the
veterinarians and farmers contacted, and veterinary
practices reported that participation in research was a
low priority due to high workload, as found in med-
ical general practice.23 Commonly reported stressors

such as high workload and the perception of treat-
ment of farmers in society and popular media are
likely to have been risk factors for a poor response
rate, especially on a sensitive topic.24 This, alongside
the lack of anonymity, may have impacted willing-
ness to share treatment records, especially if not up
to date. Direct contact provided an opportunity for
discussion, questions about the research and assur-
ances of confidentiality, which have been reported
elsewhere as significantly associated with increased
response rates.25 The focus on South West England
and Wales as well as the use of non-probability-based
sampling mean that the findings cannot be considered
generalisable to the British dairy farming population.
The mean milking herd size in this study was not
reflective of the mean milking herd size across Eng-
land and Wales, which at the time of the study was
reported as 151 and 147, respectively,26 although it
was comparable to other published studies exploring
medicine use and recording methods in British dairy
herds.27,28 Aside from herd size, the diversity of partic-
ipating farms and farmers was broadly comparable to
the national picture.29,30 The use of convenience sam-
pling is also likely to have introduced motivation bias
to the analysis, whereby motivation to participate may
have depended on farmers’ interest in the research
topic or desire to express their specific opinions either
positively or negatively.31

A further limitation is that a farmer with incom-
plete or incorrect data entries might have obtained
a lower accuracy score than a farmer who failed
to record an antibiotic treatment. Considering the
importance of ABR, incomplete or incorrect data
could be perceived as preferable to missing data in
quantifying ABU. Comparison with veterinary sales
data could have helped identify missing entries,11,27

and review of daily diaries, which were used by all
respondents, or use of bins to collect products used
on-farm could be used to improve capture in future
studies.28 The scoring method gave equal weighting
to all variables required under legislation8 and the
Red Tractor assurance scheme.9 Statutory residue
surveillance reports require animal ID to be recorded
in non-compliance cases.32 However, for antibiotic
surveillance and food safety, accurate recording of the
antibiotic quantity and name, withdrawal periods and
dates fit for human consumption are of most impor-
tance. Therefore, further work could give increased
weighting to such variables in the scoring method to
differentiate farmers who accurately capture these
data from those who have not complied. In addition,
the scoring method had limitations in accounting
for over- or underdosing, prolonged use, combined
treatment, and dry cow treatments and calving dates.
Further discussion of how these factors may have
affected the scoring is provided in the Supporting
Information.

The recording method is unlikely to be the only
factor impacting recording accuracy. Further work to
investigate other farm-associated variables would pro-
vide further insight into what influences accuracy.
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Additionally, recording software was dominated by
one company in this study. Comparative analysis of
accuracy between different software platforms could
be conducted to see if the structure of one platform
has an increased association with accuracy compared
to others.

Improved software functionality, active discussion
and engagement with industry and improved infras-
tructure to support dairy farmers in using software
are crucial in developing a centralised ABU record-
ing system. Stakeholder engagement needs to iden-
tify what information farmers would like in return
for entering their ABU electronically. Previous work
suggests that ABU data entry is seen as a task to
demonstrate conformity to legislation and assurance
schemes rather than providing value to farmers on
herd health, giving little incentive to improve.33 Con-
tinual monitoring by veterinary surgeons and milk
buyers would act as a nudge and promote dialogue
to address successes and concerns. Training and sup-
port should be provided for those lacking sufficient
IT skills. As farmers already perceive their records to
be accurate regardless of the method used, industry
will need to encourage further uptake of electronic
recording and drive the improvement of recording
software.
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