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ABSTRACT

Introduction Antimicrobial resistance (AMR) impacts the
health and well-being of animals, affects animal owners
both socially and economically, and contributes to AMR
at the human and environmental interface. The overuse
and/or inappropriate use of antibiotics in animals has
been identified as one of the most important drivers of
the development of AMR in animals. Effective antibiotic
stewardship interventions such as feedback can be
adopted in veterinary practices to improve antibiotic
prescribing. However, the provision of dedicated financial
and technical resources to implement such systems are
challenging. The newly developed web-based Online
Platform for Expanding Antibiotic Stewardship (OPEN
Stewardship) platform aims to automate the generation of
feedback reports and facilitate wider adoption of antibiotic
stewardship. This paper describes a protocol to evaluate
the usability and usefulness of a feedback intervention
among veterinarians and assess its impact on individual
antibiotic prescribing.

Methods and analysis Approximately 80 veterinarians
from Ontario, Canada and 60 veterinarians from Israel
will be voluntarily enrolled in a controlled interrupted
time-series study and their monthly antibiotic prescribing
data accessed. The study intervention consists of
targeted feedback reports generated using the OPEN
Stewardship platform. After a 3-month preintervention
period, a cohort of veterinarians (treatment cohort,
n=120) will receive three feedback reports over

the course of 6 months while the remainder of the
veterinarians (n=20) will be the control cohort. A survey
will be administered among the treatment cohort

after each feedback cycle to assess the usability and
usefulness of various elements of the feedback report.
A multilevel negative-binomial regression analysis

of the preintervention and postintervention antibiotic

Strengths and limitations of this study

Multinational pragmatic study.

The first study of its kind in a veterinary setting.

Scalable and open concept with potential for broad

generalisability to various care settings.

» The sample size could not be determined in the ab-
sence of the required parameters and as a result,
the study may be underpowered.

» Differences in recruitment strategy for intervention

groups across the two study sites may result in het-

erogeneity of intervention effect.

vyvyy

prescribing of the treatment cohort will be performed to
evaluate the impact of the intervention.

Ethics and dissemination Research ethics board
approval was obtained at each participating site prior to
the recruitment of the veterinarians. The study findings
will be disseminated through open-access scientific
publications, stakeholder networks and national/
international meetings.

INTRODUCTION

Burden of antibiotic resistance

The anthropogenic development (selec-
tion) and dissemination (exchange across
sectors) of antimicrobial resistant (AMR)
organisms has become one of the biggest
threats to human and animal health. AMR
can adversely impact the health and welfare
of animals and result in social and financial
consequences for their owners.' Antibiotic
resistance has been identified as one of the
greatest threats to poverty reduction, quality

BM)

Acharya KR, et al. BMJ Open 2021;11:039760. doi:10.1136/bmjopen-2020-039760 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-6707-3536
http://orcid.org/0000-0002-8422-2326
http://orcid.org/0000-0002-3838-1211
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-039760&domain=pdf&date_stamp=2021-09-27
http://​dx.​doi.​org/​10.​1136/bmjopen-2020-039810
http://​dx.​doi.​org/​10.​1136/bmjopen-2020-039810

of life, health and survival in humans.'™ National and
international surveillance data show that the proportion
of isolates resistant to commonly used antibiotics exceeds
50% in some settings® ° contributing to poorer health
outcomes and higher healthcare costs.” It is estimated
that by the year 2050, 10 million human deaths annually
will be attributable to AMR with an associated global cost
of US$100 trillion.® Antibiotic resistance that develops in
animals and humans can be transmitted between species
through various direct and indirect routes,”” necessi-
tating a One Health approach for AMR control.

Contributors to AMR: a focus on animal level contributors
Among the anthropogenic contributors of AMR,'"* the
use and misuse of antibiotics in animals and humans has
been clearly identified as the most important.® ' Global
antibiotic use has continued to increase by 65% between
2000 and 2015, partially driven by higher use in low and
middle income countries.'® The rate of antibiotic use in
animals is expected to escalate in some of these coun-
tries and is fuelled by a growth in agricultural industries
in response to the growing demand for foods of animal
origin.17 While the use of antibiotics in animals is a neces-
sity in many cases, there are several scenarios which lead
to the misuse of antibiotics. First, antibiotics (including
those that are critically important for human medicine)
are used non-therapeutically for growth promotion, or
for an extended period of time for preventive purposes in
many countries.'® Second, there is a high rate of misuse of
antibiotics in countries that have poor veterinary control
of antibiotic use.'® Third, the quality of the available anti-
biotics in some countries can be substandard or counter-
feit'"®" due to weak quality control and quality assurance
mechanisms in those countries."® These practices are
of global concern as AMR developed in one part of the
world has the potential to rapidly transmit on a global
scale. Given the limited number of new antibiotics avail-
able without pre-existing cross-resistance to the prevailing
repertoire of antibiotics, it is imperative to preserve the
effectiveness of the available antibiotics by reducing their
unnecessary use.” ** Indeed, reducing antibiotic use has
been associated with a 15%-32% reduction in the prev-
alence of antibiotic resistant bacteria.** Recognising the
multisectoral nature of the problem, a global reduction
in antibiotic use can only be achieved by developing and
adopting strategies on a global scale with application in
both animal and human health sectors.

Antibiotic stewardship

Antibiotic stewardship refers to the concerted use of
interventions to ensure the appropriate use of antibi-
otics so that their effectiveness is preserved, and public
health is protected.” Stewardship measures have been
initiated globally particularly in the human health sector
to reduce the use of antibiotics in an effort to reduce the
development and hence prevalence of antibiotic resistant
bacteria.** ** This approach has been recognised as an
effective way to reduce the overuse of antibiotics® ** by

improving antibiotic prescribing, decreasing the duration
of antibiotic use and reducing the use of antibiotics among
physicians.***! Of the prescribing and enabling measures
that have been used to achieve positive behavioural
changes, audit and feedback approaches have been iden-
tified as important strategies and have been widely used
by various stakeholders™ ** to improve the prescribing
practices of medical professionals,” usually in combi-
nation with other interventions.”* Such strategies could
potentially be adopted in a veterinary setting to reduce
the use of antibiotics in animals thereby promoting not
only the health and well-being of the animals but also
significantly contributing to the health and well-being of
humans and the environment.

Antibiotic stewardship and challenges for adoption in a
veterinary setting

The concept of antibiotic stewardship remains a relatively
new concept in veterinary medicine, although historically
there have been instances when the availability and use of
medically important antibiotics in animals were limited
with an associated reduction in the prevalence of AMR
infections in humans.”*” Recently, a global consensus to
phase out the use of all classes of antibiotics in animals
for growth promotion purposes has garnered notable
progress.”® Theoretically, a veterinarian can commit to
antibiotic stewardship by making a conscious effort to use
antibiotics appropriately and when necessary,” however,
for the institutionalisation and successful operation of
antibiotic stewardship in a veterinary setting, core activi-
ties should include accessing evidence-based prescribing
guidelines as well as tracking, evaluating and reporting
on antibiotic prescribing.” Fulfilling these commit-
ments can be challenging in a veterinary setting as essen-
tial resources might be lacking. For example, antibiotic
prescription guidelines may be either unavailable or not
current, the availability of stewardship tools that have
been tested in a veterinary setting may be limited, and
resources for the prompt laboratory-based diagnosis of
an animal may be limited.”® Furthermore, the diversity of
veterinary practices due to the level of care and special-
isation they provide, and the species focus (companion
animal, food animal and mixed practices) may make
the design of universal stewardship interventions chal-
lenging. Finally, veterinary practices tend to have a small
profit margin and, while various cost control strategies
are implemented to ensure the profitability of a prac-
tice, the addition of antibiotic stewardship activities will
incur additional costs.” * Thus, dedicating the funds
and technical resources that would be required to oper-
ationalise antibiotic stewardship activities would be more
challenging for small independent clinics compared with
the practices that operate as larger groups. Innovative
strategies and tools are thus required to facilitate the
operationalisation of antibiotic stewardship in a veter-
inary setting. The automation of stewardship activities
that have been successful in human medicine™ * such as
audit and feedback reports coupled with up-to-date best
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practice guidelines, would address the challenge posed by
the diversity, size and scarcity of financial and technical
resources in veterinary clinics and promote more wide-
spread adoption of antibiotic stewardship initiatives in
this sector.

Online Platform for Expanding Antibiotic Stewardship as a tool
to address the challenge: a one health approach

In an effort to minimise these barriers, our team is
conducting a multinational antibiotic stewardship
initiative to promote responsible antibiotic prescribing
in human and veterinary medicine,* a One Health
approach. The Online Platform for Expanding Antibiotic
Stewardship (OPEN Stewardship) project uses a feedback
intervention that combines local antibiotic prescription
guidelines with feedback reports. The platform auto-
mates the process of analysing the prescriptions of indi-
vidual practitioners and generating a feedback report
based on their prescription records while also comparing
individual data to the prescribing patterns of other prac-
titioners. In addition, relevant antibiotic prescription
guidelines will be incorporated into each feedback report.
The open nature of the platform aims to reduce the finan-
cial barriers of antibiotic stewardship. The automation of
the feedback mechanism addresses technical barriers to
the implementation of antibiotic stewardship initiatives.
Including prescribing guidelines will ensure that practi-
tioners have access to the most current, evidence-based
prescribing information that is relevant to their practice.
Finally, evaluating this antibiotic stewardship initiative
within a veterinary context will provide veterinarians with
validated tools that are applicable to the veterinary medi-
cine setting. The evaluation of the antibiotic stewardship
will also be conducted among medical practitioners, the
protocol for which will be published concurrently.

The study approach and objectives

In this pilot study, we will enrol primary care veterinarians
in both Canada and Israel on a voluntary basis. The inter-
vention group will obtain three feedback reports over a
period of 6 months. After each feedback report, a survey
will be administered to the intervention cohort of veteri-
narians to evaluate the various elements of the feedback
report (intervention) for their usability and usefulness
with the aim of improving the reportstructure and content
before rolling the system out for broader use by the veter-
inary community. An interrupted time-series approach
will be taken to compare the preintervention and postin-
tervention change in the prescribing of the veterinarians
in the intervention group to that of a comparable group
of veterinarians in the non-intervention group. Although
no microbiological evidence will be obtained to verify
the appropriateness of an antibiotic prescription, we
expect that the change in overall prescribing would be an
appropriate proxy for the effect of the intervention. Like-
wise, we expect that most of the antibiotics used in non-
complicated upper respiratory infections in companion
animals and mastitis in dairy cattle when the causative

organism has not been identified and their antimicrobial
sensitivity result not known are deemed inappropriate
and unnecessary as a large proportion of the mastitis milk
can be negative on culture* and antibiotic treatment
failure can be high depending on the causative organism,
antibiotic resistance of the pathogen, age of animal and
the chronicity of mastitis.* *°

Thus, it is expected that there would be a positive study
outcome with regard to reduction in the amount of anti-
biotic use in animals following the intervention, similar to
what has been observed among human physicians.*’

Objectives

For a cohort of veterinarians in Ontario, Canada and

Israel, to determine:

1. The usability and usefulness of each component of the
feedback report, as well as the overall usefulness of the
report.

2. The impact of the stewardship intervention (feedback
report) on the overall antibiotic prescribing rate.

3. The impact of the stewardship intervention (feedback
report) on the critically important antibiotic prescrib-
ing rate.

4. The impact of the stewardship intervention (feedback
report) on the mean duration of antibiotic prescrib-
ing.

5. The impact of the stewardship intervention (feedback
report) on the broad-spectrum antibiotic prescribing
rate.

METHODS AND ANALYSIS

In this non-randomised study (figure 1), veterinarians
from two countries (Canada and Israel) will be voluntarily
enrolled in order to evaluate the usability and useful-
ness of individualised feedback reports and to assess the
impact of feedback reports on the antibiotic prescribing
of the veterinarians. In brief, after 3months of enrol-
ment in the study, a cohort of veterinarians will receive
the intervention in the form of three feedback reports
delivered electronically over a period of 6 months. Within
1week of the receipt of the feedback report, a survey will
be administered to evaluate its usability and usefulness
among the veterinarians. The participants are required
to receive all three feedback reports and respond to all
three questionnaire surveys to be a part of the study.

Study participants

The participants of this study will be 140 veterinarians
from two study regions: Ontario, Canada and Israel. The
study will focus on veterinarians working in a general
practice clinic in an outpatient setting. In Canada, 20
veterinarians with predominant dairy cattle practice and
60 veterinarians with predominant companion animal
practice will be voluntarily enrolled from a pool of veter-
inarians holding a membership with the Ontario Asso-
ciation of Bovine Practitioners (OABP), or the Ontario
Veterinary Medical Association (OVMA) respectively. In
Canada, an email request containing the information
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Figure 1 Timeline of the study. Block 1-4 depicts preintervention and postintervention periods corresponding to various
analysis scenarios to realise objectives 2-5, respectively, dot: duration of therapy, and T, to T,, represent months since the

beginning of the study.

regarding the study will be sent to the listserv of the
OABP and the OVMA. A follow-up email will be sent if
the sample size is not fulfilled. In Israel, 60 veterinar-
ians with companion animal practice will be voluntarily
enrolled from randomly selected small animal clinics. An
email request containing the information regarding the
study will be sent to randomly selected clinics in Israel.
The information sent to the participants have details on
the project background and rational so that the partici-
pants can understand the concept of antimicrobial stew-
ardship. Likewise, we expect that some of the participants
in Canada will already be familiar to the concept of anti-
microbial stewardship due to the ongoing national discus-
sions in the area of antimicrobial stewardship.

Veterinarians will be assigned to either the intervention
cohort (n=120) or the control cohort (n=20). Control
cohorts will be matched to the intervention cohorts by
type of practice and postal code of the practice. Practi-
tioners from within a single practice will not be assigned
to both control and intervention cohorts. The interven-
tion cohort of veterinarians will receive the intervention,
whereas the rest will not receive the intervention (control
cohort).

Intervention
The intervention is the quarterly delivery of three emails
containing a personalised feedback report automatically

generated using the OPEN Stewardship platform. For this,
the antibiotic prescribing data of the participants will be
extracted from the electronic practice management system
of the participant following a protocol customised for each
of the system. Once uploaded to the platform the data will
be automatically analysed and feedback reports generated.
The platform is also capable of automatically emailing
the feedback report to the participants, however, during
the study this feature in the platform will be disabled for
privacy reasons. Each of the reports consist of a chart that
compares the antibiotic prescribing of the veterinarian
to the mean and the 25th percentile of the prescribing
among other study participants in the same research loca-
tion (eg, Canada or Israel) and a corresponding practice
guideline. These reports will be sent over the period of 6
months at 3months intervals. The timeline of the inter-
vention has been provided in figure 1 and details on the
composition of the interventions at each time point has
been summarised in table 1. The level of prescribing
details that will be obtained in this study is expected to be
heterogeneous. Therefore, we decided to focus on overall
prescribing without specifying the disease conditions.
However, for the third report, the veterinarians will be
requested to tag their antibiotic prescribing to a specific
disease condition and hence the report will focus on the
use of broad-spectrum antibiotics for these tagged diseases.
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Table 1 Composition of the feedback report at each time point

Feedback reports Reports

Benchmarking Guidelines

First feedback at t,

of antibiotics prescribed per 100 cases)

(antimicrobials categorised by World Health

1.Overall rate of antibiotic use broken down by
class of antibiotics (number of prescriptions

Average across all Restricting the use of
participating veterinarians  antibiotic classes that are
and the 25th percentile from critical for human use.
each study site.

Organization (WHO) based on their importance to

human use).”

Second feedback att, 1. Average antibiotic prescription rate

2. Overall rate of antibiotic use broken down by
class of antibiotics (antimicrobials categorised
by WHO based on their importance to human

use).*
Third feedback at t, 1.
2. Average antibiotic prescription rate

3. Overall rate of antibiotic use broken down by

Rate of broad-spectrum antibiotic prescribing

Average across all Recommendation that
participating veterinarians  antibiotic prescriptions
and the 25th percentile from should be for no more than
each study site. 7 days (maximum).

Reduce the use of broad-
spectrum antibiotics

Average across all
veterinarians and the 25th
percentile.

class of antibiotics (antimicrobials categorised
by WHO based on their importance to human

use).”

*WHO list of Critically Important Antimicrobials for Human Medicine (WHO CIA list). 2019. Available from: https://www.who.int/

foodsafety/publications/antimicrobials-sixth/en/.
CIA, critically important antimicrobial.

The first report (critical antibiotic report)

This report will focus on the prescribing rate (number
of prescriptions of antibiotics prescribed per 100 cases)
for antibiotics that are considered critical for human
medicine, also called critically important antimicrobials
. While the feedback report will use simple metrics that
are more intuitive, the time-series analysis will use more
robust but less intuitive measures based on defined
daily doses of antibiotics prescribed per 100 cases.*® *
Each personalised report will contain a comparison of
the prescribing rate of the target veterinarian to the
mean and the 25th percentile of the prescribing rate
among other study participants in the same geographic
location (figure 2). In addition, a clinical guideline
regarding the restriction of critically important antibi-
otics for human medicine will also be provided which
is based on the recommendation of the WHO and the
World Organization for Animal Health (OIE).”" " It is
known that in companion animals, antibiotics that are
considered critical for human medicine are prescribed
to animals presenting with acute conditions like respi-
ratory illness and the majority of antibiotic treatment
in this setting is unnecessary.*® °' Likewise, in dairy
cattle, mastitis is the most frequent reason for antibi-
otic prescribing, whereby antibiotics are given without
the identification of the causative pathogen,” and
given to the herd as a part of blanket dry cow therapy,
while a majority of the formulations used are critically
important for human medicine.” **** Thus, it would be
a valid expectation of the stewardship intervention to
achieve a reduction in the use of antibiotics critical for
human medicine in both companion animals and dairy
cattle.

The second report (duration of therapy report)

This report will focus on the average duration of anti-
biotic prescribing. For many disease conditions in both
companion animals and dairy cattle, the recommended
duration of therapy is less than 7days. The desirable
outcome of the feedback interventions would be to
reduce the number of prescriptions written for a dura-
tion of 7 days or greater. The information on the dura-
tion of therapy is not expected to be always present in
the medical records of the participants. In this situation,
this will be indirectly calculated. Likewise, we will consult
with the prescriber to identify if an on-farm treatment
protocol is present and if available the protocol will be
used to determine the duration of therapy in dairy cattle.
The guideline that will be included in this report will be
derived from the available guidelines™ *® and from the
recommended average duration of therapy of the regis-
tered products.

The third report (broad-spectrum antibiotic report)

This report will focus on the rate of broad-spectrum
antibiotic prescribing. The rationale of this report is to
reduce the unnecessary use of broad-spectrum antibiotics
for disease conditions when the etiological agent has not
been identified, as happens in the case of diseases like
upper respiratory tract infections in companion animals
and mastitis in dairy cattle. While some of the broad-
spectrum antibiotics can also be critically important antibi-
otics, the merit of this feedback lies in providing feedback
to the veterinarians on their antibiotic prescribing for a
specific disease condition.

Objective 1: usability and usefulness of the feedback report
A longitudinal study will be conducted among the inter-
vention cohortvia administration of online questionnaires
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Your prescribing of critically important antibiotics compared to other participants of this study

Your prescribing of antibiotics considered “Critically Important” was 42% more than
average prescribing of the participants of this study and you are in the highest 25% of

the prescribers. Although in total you prescribed less than the average prescribing of
the participants of this study, you total prescribing was higher than lower 25% of the

prescribers.

Number of antibiotic prescriptions per 100 client-contact

7.1
5
Critically Important Antibiotics

HYou

m Average of study participants

13.7
11

Total Antibiotics

m 25th Percentile

This figure shows how frequently you prescribed critically important antibiotics for
your patients. Your prescribing rate (prescriptions per 100 client-contact) is compared
to the average prescribing rate (mean) of the study participants, as well as the 25t
percentile of their prescribing rate. Generally, it is better to be prescribing below the
average prescribing rate and within the 25th percentile of prescribing rate.

Figure 2 An example chart which will be a component of the feedback report on critically important antibiotic prescribing.

to evaluate the feedback reports generated by the OPEN
Stewardship platform. The study will evaluate both the
usability and the usefulness of the feedback report, with
an emphasis on improving reports for the future use of
this tool.”” The rationale behind choosing a longitudinal
study design is to reduce common method variance bias
which is more pronounced when using a single response
from participants at a single time point.”® The use of feed-
back reports as an antibiotic stewardship tool for veter-
inarians has not been previously evaluated so following
enrolled veterinarians over time allows participants to
become accustomed to the reports thereby allowing
for the identification of their true perceptions on the
usability and usefulness of the tool. In total, three ques-
tionnaires will be administered within a week of receiving
each of the three feedback reports spaced 3 months apart.
Although longitudinal studies can have respondent attri-
tion as a potential drawback, in this study that is less of a
concern as the veterinarians will be associated with the
study for a year and the survey will be conducted during
the middle of the study (figure 1). The participants are

required to receive three feedback reports and respond
to three questionnaire surveys to be a part of the study.

Questionnaires

The survey questionnaires have been developed by the
Public Health Agency of Sweden in consultation with all
the study collaborators. Hebrew versions of the survey will
be made available to the study participants in Israel. All
three questionnaires will focus on the usability and useful-
ness of the various elements of the report (table 2). Addi-
tionally, the final questionnaire will seek to understand
the future usability of the various elements of the report
among the participants and to identify if the participants
see the value of the report for their peers (an additional
usability measure). Likewise, we will also attempt to iden-
tify the optimal frequency of the feedback reports (a
usability measure). The questionnaires have been piloted
among a test group of veterinarians at both study loca-
tions with an aim to validate the content, to identify and
address issues associated with the questions and inter-
pretation, and to estimate an average response time to
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complete the survey. The detailed protocol for piloting
the questionnaire survey will be published separately
(reference to human protocol).

Sample size
The sample size for the survey includes the intervention
cohort of the study (n=120).

Survey administration

Three online surveys will be administered among the
participants via the Qualtrics platform (Qualtrics, Provo,
Utah, USA). A link to the survey will be emailed to the
intervention cohort of study participants within a week of
receipt of each feedback report.

Outcomes

The outcomes of the study will be the usability of the
feedback report, usefulness of each component of the
feedback report and overall usefulness of the feedback
report as a categorical (nominal or ordinal) variable.
The outcomes on the Likert scale will be treated as
ordinal variables for data analysis. These outcomes will be
measured by means of several questions as summarised
in table 2. The questions evaluating the practical aspect
of receiving, opening and navigating through the feed-
back report will aid us in understanding the usability of
the feedback report. Whereas, the questions assessing the
value of each component of the feedback report and the
overall report to the veterinarians will help us to under-
stand the usefulness of the feedback report. The ques-
tions have been designed to understand both perceived
and actual usefulness of the feedback report.

Covariates

The predictors of interest include covariates such as study
location (Canada vs Israel), gender (male vs female) of
the veterinarian, employment status (full time or part
time), type of practice (single clinic vs multiclinic) and
composition of patients (by species).

Data analysis

Descriptive statistics will be used to understand the
usability and usefulness of the feedback report generated
by the OPEN Stewardship platform. Exploratory data
analysis will be conducted to identify potential deter-
minants of the perceived usability and usefulness of the
feedback report. Mean scores and variance at each time
point will be calculated and analysis of variance will be
used to assess if the usability and usefulness of the feed-
back report changed over time. Ordinal and or multino-
mial regression analysis will be performed to evaluate a
relationship between the outcome variable and covari-
ates such as type of veterinary clinic, study location and
gender of the veterinarians.

Objectives 2-5: impact of the intervention on antibiotic
prescribing patterns

We will use a quasi-experimental interrupted time-series
design to evaluate the impact of the intervention on

antibiotic prescribing patterns. Interrupted time series is
widely used to evaluate public health interventions and
has been identified as an alternative to randomised trials
when there are ethical or practical obstacles to conducting
randomised controlled trials.” Interrupted time-series
studies have been rarely used in veterinary care settings to
evaluate interventions.”” This study is the first attempt to
evaluate an antibiotic stewardship intervention in a veter-
inary setting. An additional strength of the study includes
the inclusion of participants from two locations and the
provision of external controls.

A multilevel negative binomial regression approach
will be taken to assess the impact of the interven-
tion, that is, change in level and trend of antibiotic
prescribing of the veterinarians.’" This will be performed
by comparing the preintervention and postintervention
antibiotic prescribing of the intervention cohorts, and by
comparing the prescribing of intervention cohorts with
that of control cohorts.

Sample size and power estimation

The sample size for evaluating the impact of intervention
on antibiotic prescribing includes both the intervention
(n=120) and control (n=20) cohort of this study.

The antibiotic prescribing rates will be modelled as
negative binomial rates. So, the sample size estimation
approach would be the one applicable for comparing two
negative binomial rates.”” While the approach requires
a value for the common dispersion parameter, in the
absence of historical antibiotic stewardship intervention
studies in veterinary setting, a reasonable estimate of
the common dispersion parameter is not possible. Like-
wise, it is not currently possible to estimate the antibiotic
prescribing rate of a veterinarian as we have no reference
to the baseline antibiotic prescribing rate among veter-
inarians that is comparable to our research setting. It is
also difficult to estimate the average duration of expo-
sure, the dispersion or over-dispersion contributed by
differences in case flows contributed by seasonality and at
the individual level, practice level, and country level, and/
or the relative effect size the intervention would produce
that are required for estimating sample size.” Thus, in
this pilot study, sample size was determined heuristically.
We have however attempted to include two study loca-
tions, a relatively large sample size, and numerous data
points over time. The presence of external controls are
an additional strength of the study, the absence of which
has been identified as a limitation in similar studies
conducted among human physicians.”® Although it is not
logical to estimate the power of the study based on the
sample size of the study, it is expected that the study will
likely be underpowered. However, this study is unique to
a veterinary setting and may provide a basis to calculate
sample sizes for future studies.

Outcomes
The primary outcome of the interrupted time-series
portion of the study is the monthly antibiotic prescribing
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rate (number of defined daily doses of antibiotics
prescribed per 100 cases). The defined daily doses of
antimicrobials used for dairy cattle will be calculated
according to Lardé et al® while a modification of this
approach will be used to calculate the defined daily dose
for antibiotics used in companion animals. The secondary
outcomes of the study are (1) the rate of antibiotic
prescribing for drug classes deemed critically important
for human medicine (number of defined daily doses of
critically important antibiotics prescribed per 100 cases),
(2) the mean duration of antibiotic prescribing, and
(3) the rate of prescribing broad-spectrum antibiotics
(number of defined daily doses of broad-spectrum anti-
biotics prescribed per 100 cases) for a specific condition
(eg, mastitis in cattle, and acute respiratory tract infection
in companion animals).

Since participation in the study is voluntary, it is
possible that the veterinarians who agree to participate
in the study may have had previous experience with
stewardship interventions resulting in less significant
reductions in prescribing over time. Likewise, antibi-
otic stewardship is a new concept in veterinary clinics in
Canada and Israel, a difference in level of exposure of
the participants to antibiotic stewardship at the two study
sites will be insignificant. However, a heterogeneity in the
effect of the intervention in the two study locations is
expected.

Covariates

Other potential predictors of interest include prescriber
age, gender, employment status (full-time, or part-time),
and composition of patients (by species, age, sex, and
production status in dairy). The covariates will be tested
for confounding and the confounding covariates that are
biologically plausible will be included in the regression
model. Likewise, the interaction of the covariates with
study site will be included and assessed.

Additionally, random intercepts for prescribers, prac-
tices, and region will be fit to account for the prescriber
level, practice level and regional heterogeneity in
prescribing patterns. Seasonality will be accounted for
by categorising the month variable. In addition, residual
autocorrelation will also be considered during analysis.
The covariates are summarised in table 3.

Statistical analysis
We will use multilevel negative binomial regression
models to analyse the controlled interrupted time-series
data as these models can better explain the change in
antibiotic prescribing rate due to stewardship interven-
tions with the postintervention period compared with
that of the preintervention period.”* ®® A series of multi-
variable regression analyses will be conducted as outlined
in table 4 to address the specific research objectives.

The intervention effect will be modelled as a change
in level and slope after administration of the feedback

Table 3 Covariates included in the interrupted time-series analysis

Variable Description Form Role

Region ID of region (Israel orOntario, Canada) ID Random intercept

Veterinary clinic ID of the veterinary clinic ID (nested within region) Random intercept

Type of veterinary clinic Multiclinic practice vs single clinic practice Categorical Fixed effect

Veterinarian ID of veterinarians ID (nested within practice Random intercept
group)

Age of the veterinarian Age of the veterinarian when they enrol in the study Integer Covariate

Sex of the veterinarian Male vs female Binary Covariate

Employment status of  Part time vs full time employment of the veterinarian Binary Covariate

veterinarian

Experience of the Years of practice of veterinarian Integer Covariate

veterinarian

Place of study of the Continent where the veterinarians did their study Categorical Covariate

veterinarian

Seasonality Month Categorical Random slope

Veterinarian Age, sex, and employment status (part time or full time) Categorical Fixed effect

characteristics

Patient composition Age group (percentage of animals that are up to 1year Categorical Fixed effect

and percentage of animals that are adult), species
(percentage of patients that are canine vs feline vs
bovine), sex (percentage of patients that are female),
and production stage of dairy cattle (lactating cow vs

dry cow)

ID= Identity

10
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Table 4 Various analysis scenarios to fulfil objectives two to five of the study

No of observations/ intervention cohort  Total no of
Unit of observations/

Objectives Outcome analysis Preintervention Postintervention control cohort
2 Overall prescribing rates of Providers & & 12

antibiotics*
3 Prescribing rates of antibiotics Providers 3 9 12

critically important to humans
4 Mean duration of antibiotic Providers 6 6 12

prescribing
5 Prescribing rates of broad- Providers 9 3 12

spectrum antibiotics

The change in preintervention period, intervention period and postintervention period reflect the order in which the three feedback reports

(intervention) are provided to the participants

*The overall prescribing rate will be influenced by all three feedback reports (intervention). Hence the postintervention data points for overall
prescribing rate will be the last 3months following the receipt of the last feedback report.

intervention except for the analysis using overall antibi-
otic prescribing rates which will be modelled as a change
in level and slope after the intervention period. A random
slope will be used to account for the heterogeneity of effect
among each veterinarian and across the two countries in
our study. The postintervention period will be different
for each of the regression models as shown in figure 1 and
table 4. The antibiotic prescribing of the veterinarians in
the intervention cohort will also be compared with the
prescribing of the control cohorts to examine the poten-
tial effects of other concurrent interventions on the anti-
biotic prescribing of the veterinarians.

Autocorrelation and seasonality

Autocorrelation in the outcome is expected in time-
series data. Autocorrelation will be handled by including
random intercepts in the regression model and by
controlling seasonality. Seasonality will be controlled by
stratification of the outcome by month.”!

Sensitivity analyses

Alternative parameterisation of the study outcomes
will be considered. An alternative outcome that may be
considered is the prescribing rate of the most common
antibiotics that are known to be specifically prescribed for
mastitis in dairy cows or upper respiratory tract infections
in companion animals. Additionally, the outcome will be
stratified by age, species, sex and subsequent analysis will
be conducted. Likewise, we will assess the real impact of
the intervention by evaluating some proxy outcomes like
the rate of contact with the clients.

Ethics and dissemination

Research ethics board (REB) approval has been obtained
from the institutional REB at each study site in Canada
(University of Guelph REB #19-03-006), and in Israel
(Internal Research Review Committee of the Koret School
of Veterinary Medicine — Veterinary Teaching Hospital
#KSVM-VTH/05_2019) prior to the enrolment of the
participants and acquisition of the prescription data. A

guideline will be provided to the participant so that they
can anonymise and aggregate the prescription data by
month before making them available to the researchers.
The data will be stored in an encrypted manner on a
secure server and data accessibility will be restricted to the
researcher team. The study participants from Ontario,
Canada will be compensated with a gift card, whereas the
participants in Israel will not be compensated.

The results of this study will be disseminated through
the stakeholder networks of the institutions involved in
this study. Likewise, we will publish the research findings
in open access, peer-reviewed journals.

Stakeholder involvement
Veterinarians at both study locations were consulted
during the design of this study and piloting of the survey.
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