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This protocol has been prepared and reported as per the PRISMA-P statement (Moher et al., 2015).
The Cochrane systematic review protocol which is developed for intervention studies is not
suitable for observational studies (Higgins et al., 2019). Therefore, this review and evidence
mapping will be conducted using the methodology developed by the Joanna Briggs Institute (JBI)
for systematic reviews of observational studies reporting disease frequency (Munn et al., 2015;
Munn et al., 2020) and guideline proposed by the Collaboration for Environmental Evidence (CEE,
2018).

1. Introduction

1.1. Rationale

Livestock diseases pose a significant threat to the productivity and profitability of sheep farming
in Australia. While Australia is free from major diseases like foot-and-mouth disease and bird flu
(H5N1), other diseases listed on the National List of Notifiable Animal Diseases still pose a risk
to livestock and trade (AHA, 2024). Endemic diseases like footrot, internal parasites, Johne’s
disease, and abortions are commonly reported with significant economic impacts (AHA, 2023,

2024; Clune et al., 2021; Sergeant & Baldock, 2002; Smith et al., 2022).

A study in 2008 estimated that the livestock producers are facing production losses of $936 million
due to disease and additional $819 million toward prevention and treatment of outbreaks annually
(Lloyd, 2008). In sheep industry alone, an endemic diseases like peri-parturient losses and internal

parasites account for over $100 million in loss each year (Shephard et al., 2022). In addition to



diseases, other external conditions like bruising, dog bites, and vaccine injuries are frequently

detected at abattoirs also reduced productivity and impact market access (NSHMP, 2023).

Being free from certain diseases has enhanced Australian’s global reputation and enabled
preferential access to international markets (MLA, 2024). Given that Australia’s sheep industry is
among the most export-dependent in the world, maintaining animal health is critical. A disease
incursion, such as foot-and-mouth disease, could result in economic losses exceeding $80 billion

and have long-term impacts across the entire livestock sector (DAFF, 2023).

Despite the economic and biosecurity importance of sheep health in Australia, data on the
frequency and distribution of diseases and conditions remain fragmented. While many individual
studies exist, they have not been synthesised or consolidated, making it difficult to assess disease
burden and inform effective decision-making. A systematic review is an evidence synthesis method
designed to answer a specific question by critically appraising and synthesizing all the available
evidence(Gough et al., 2017). Conducting a systematic review of existing studies to accurately
measure disease frequency within the population is essential for improving disease management
and guiding resource allocation (Munn et al., 2015; Munn et al., 2014). In contrast, systematic
mapping aims to identify and describe all relevant research to provide an unbiased overview of the
evidence base, reveal knowledge gaps, and inform future research priorities (James et al., 2016).
Together, systematic review and mapping offer a comprehensive approach to strengthen disease

surveillance, policy development, and the overall management of sheep health in Australia.

This study aligns with the goals of the Global Burden of Animal Diseases (GBADs) program,
which seeks to measure the economic and societal burden of animal diseases to promote more
effective interventions (Rushton et al., 2021). By systematically mapping evidence and reviewing
the frequency of conditions affecting Australia's sheep industry, this study will provide a
foundation for more accurate disease burden assessments, contributing to the broader goal of the

GBADs program.

1.2.Objectives
e To systematically map recent evidence on the frequency of diseases, conditions and
associated mortality (Condition) affecting the Sheep population (Population) within the

Australian context (Context).



e To systematically review and synthesize existing literature to assess the frequency
(Prevalence and incidence) of diseases, conditions and associated mortality affecting

Australian sheep industry.

2. Methods
2.1.Eligibility criteria

The CoCoPop mnemonic (Condition, Context and Population) will be used to determine the
eligibility criteria which was developed for systematic review studies assessing prevalence and

incidence data (Munn et al., 2015).

Condition (Co): All diseases, conditions and associated mortality affecting Australian sheep

industry.
Context (Co)= Across whole Australia in all production systems
Population (Pop)= Sheep of all ages, sex and breeds (individual level or/and flock level)

All diseases and conditions known to impact productivity in the Australian sheep industry will be
included in this review. To ensure a standardised and comprehensive approach to the literature
search, a reference list of relevant diseases and conditions has been developed based on the
textbook Sheep Veterinary Practice by Kym A. Abbott (Abbott & Abbott, 2024), as well as reports
from the National Sheep Health Monitoring Project (NSHMP), Meat and Livestock Australia
(MLA), Animal Health Australia (AHA), and disease notifications from various state and territory
government websites. In addition to this predefined list, any other condition that meets the

eligibility criteria will also be included.
Inclusion Criteria

o Studies that report on the prevalence and/or incidence (frequency) of conditions, and
associated mortality that affect sheep productivity in Australia. These conditions
encompass both infectious and non-infectious diseases (e.g., poisoning, predation,
traumatic injuries, nutritional deficiencies) as well as non-disease production-limiting
factors (e.g., Drought and other environmental stressors) that contribute to the overall

burden of disease and health loss.



e Primarily observational studies conducted in natural settings. Other study designs may be
included only if they report frequency data in a natural setting (e.g., control

groups/baseline).

o Studies will be included even if disease prevalence and/or incidence (frequency) is not the

primary objective, provided relevant data are extractable.
e Retrospective studies and surveys will be also included.
e Both individual-level and flock-level frequency data will be included.
o Sheep of all ages, sexes, and breeds will be considered.
e No language restrictions will be applied.
e Only studies published from 1 January 1990 onwards will be considered.

e In cases where multiple reports arise from a single study, the peer-reviewed journal article

will be prioritised for inclusion
e Survey studies reporting prevalence by farmers.

o Different target population like (toxicity among sheep grazing on Lupins, prevalence

among high-risk group)

e For experimental studies conducted in natural flock settings, only baseline or control group

data reflecting naturally occurring conditions

o Resistant prevalence

Exclusion Criteria

e Studies conducted outside Australia, including those involving sheep sourced from

Australia but studied elsewhere.

e Clinical trials and other experimental studies, which do not present cases of natural

occurrence or in natural condition

o Studies that report on aggregated livestock data (separate data not available for sheep)



e (ase series, case studies, and outbreak reports

e Microbiological loads of carcass at abattoirs and frozen meats in retail shops which of

public health importance
e Prevalence among the pathological samples submitted to labs

e Narrative reviews, systematic reviews and meta-analyses will not be included in the data

synthesis, but their reference lists will be screened to identify original studies

2.2.Information sources

A comprehensive search will be conducted across major databases including PubMed, Scopus,
CAB Abstracts, and Web of Science to identify relevant published studies. In addition, a targeted
search for unpublished or grey literature will be undertaken through the websites of key
Australian organisations such as Commonwealth Scientific and Industrial Research Organisation
(CSIRO), Meat & Livestock Australia (MLA), National Sheep Health Monitoring Project
(NSHMP), Animal Health Australia (AHA), and state and territory government departments. The

relevant organisations will be also contacted for the availability of relevant materials.

To ensure thorough coverage, forward and backward citation tracking (snowballing) will be
performed on all included studies to identify any additional relevant publications that may have

been missed in the initial search.

2.3. Search Strategy

The search strategy was developed in consultation with research librarians at Murdoch
University, using the CoCoPop mnemonic (Condition, Context, and Population) to guide the
formulation of search terms. Given the review's aim to include all diseases and conditions
affecting sheep in Australia, the search string focused on the Context (Australia) and Population
(Sheep), while intentionally excluding specific Conditions to avoid limiting the scope and to
capture conditions not included in the predefined list. This broad approach was chosen to

enhance the sensitivity of the search and reduce the risk of missing relevant studies.



Initial search terms were tested across selected databases, and iterative refinements were made
through reviewer meetings. A benchmark set of highly relevant articles was used to validate the
search strategy and confirm its ability to retrieve key studies during scoping. Searches will be

conducted using title and abstract fields with a date restriction from 1 January 1990 onwards.

Details of the finalised search string and the number of records retrieved from each database are

provided below:

Database Search string Date of search | No of hits

PubMed ("Sheep"[Mesh] OR ovine[tiab] OR "Ovis 11.06.2025 1518
aries"[tiab] OR sheep[tiab] OR lamb[tiab] OR
Lambs [tiab] OR ewe[tiab] OR ewes [tiab]OR
ram[tiab] OR rams[tiab]) AND
("Australia"[Mesh] OR Australia[tiab] OR
Queensland[tiab] OR "New South
Wales"[tiab] OR Victoria[tiab] OR
Tasmania[tiab] OR "Northern Territory"[tiab]
OR Canberra[tiab])

CAB TS=(ovine OR "Ovis aries" OR sheep OR 11.06.2025 4948
lamb OR Lambs OR ewe OR ewes OR ram
OR rams) AND TS=( Australia OR
Queensland OR "New South Wales" OR
Victoria OR Tasmania OR "Northern
Territory" OR Canberra)

Abstract

Scopus TITLE-ABS-KEY (ovine OR "Ovis aries" OR | 11.06.2025 3654
sheep OR lamb OR lambs OR ewe OR ewes
OR ram OR rams) AND TITLE-ABS-

KEY (australia OR queensland OR "New
South Wales" OR victoria OR tasmania OR
"Northern Territory" OR canberra)

Web of TS= (ovine OR "Ovis aries" OR sheep OR 11.06.2025 3104
lamb OR lambs OR ewe OR ewes OR ram

Science OR rams) AND TS=(Australia OR
Queensland OR "New South Wales" OR
Victoria OR Tasmania OR "Northern
Territory" OR Canberra)
2.4.8tudy Record

2.4.1. Data management



All the references (titles, abstracts, and full-texts) identified through the database searches will be
initially managed using EndNote 21 reference management software. A separate EndNote file will
initially be created and saved for each database searched. These files will then be combined into a

master EndNote library, where automatic de-duplication will be performed.

For each search, key details including the search terms used, number of records retrieved, database
name, and date of the search will be recorded to allow search replication and transparency. All
original EndNote files will be archived prior to screening to preserve a record of the initial search

outputs.

Following de-duplication in EndNote, the clean reference library will be exported to Rayyan

(http://rayyan.gcri.org), a free web and mobile tool designed to facilitate collaborative screening

of titles and abstracts (Ouzzani et al., 2016). Rayyan also identifies potential duplicates based on
metadata such as title, author, and year. A manual review of these flagged duplicates will be
conducted to ensure accurate de-duplication prior to the screening process. A flow diagram will be
included to illustrate the number of articles identified, the number of duplicates removed, the
number excluded during title and abstract screening, and the number excluded at full-text
screening with reasons. The final number of unique articles included will also be presented. In
addition, an EndNote and Rayyan database containing the complete set of screening decisions will

be archived.
Selection process

The study screening process will be conducted in two stages, according to the JBI protocol and by
applying the defined eligibility criteria. In the first stage, all titles and abstracts will be
prospectively evaluated by two independent reviewers in terms of their relevance to the research
questions on Rayyan. Studies without abstract will be included for full test screening if the title is

found to be relevant.

Studies, where the title and abstracts meet the eligibility criteria, will be evaluated in their full
length for inclusion by two independent reviewers. Any disagreement will be solved through

discussion and involvement of third reviewer.

2.4. Data extraction and coding process



Data extraction sheet developed by Joanna Briggs Institute for prevalence studies (Munn et al.,
2020) will be modified to use in our study. For each study considered for inclusion, a lead author
will extract selected quantitative and qualitative data (meta-data) into a pre-developed spreadsheet
forms (attached as an annexure) and verified by a secondary author. In cases of uncertainty, a third
author will be consulted to reach consensus. All reported co-infections/conditions will be recorded
separately. Each line of coding of spreadsheet will represent one prevalence value and not one
articles. An article with multiple conditions or with multiple experimental factors reported will

have multiple codes.
2.5.1. Data items
Bibliographic Information

e Reference (Journal title, Author and year of publication, publication type, SImago Journal

Rank, funding)
Study details

e year of study conducted (start and end date of data collection)
e study design

e main aim

e sample size and method

e stat method used
Study location

e geographic location (NRM region, state)

e site: commercial farm/abattoirs/research centres

Population details

e age
e sex
e breed

e production system

e multiple species included



Condition details

e conditions

e multiple conditions included

e type of sample

e diagnostic method used

e case definition

e herd prevalence/incidence (raw and summary data)

¢ individual prevalence/incidence (raw and summary data)

e mortality

2.5. Quality Assessment of included studies

Joanna Briggs Institute developed a critical appraisal checklist to assess the quality of prevalence
studies to determine their validity and risk of bias in 2014 (Munn et al., 2014). The institute later
revised the checklist in 2015 (Munn et al., 2015). The revised appraisal checklist (in Appendix 1)
will be modified and use to assess the quality of the studies included. Two reviewers will conduct
the critical appraisal independently. Any disagreement on the final appraisal will be solved through
a third reviewer. Critical appraisal of the studies will be only carried out for those studies included

in the systematic review.
2.6. Data synthesis

Data from the included studies will be synthesised narratively, as the primary aim of this study is
to map and describe the breadth of available evidence on the frequency of conditions affecting the
Australian sheep population. Extracted data will be summarised using descriptive statistics,
including the number of studies per condition, study design types, geographic distribution, study
periods, sheep production systems, and reported frequency measures (e.g., prevalence, incidence,
mortality). These will be presented in tabular and visual formats (e.g., bar charts, pie charts, and
maps) to highlight patterns in the evidence base. The synthesis will identify evidence gaps (e.g.,
under-represented diseases or regions) and clusters of research activity, to inform future research

priorities and policy development.

10



Where evidence is sufficient and of adequate quality, a focused systematic review will be
conducted on specific conditions identified through the mapping stage. Data for each selected
condition will be grouped and compared to explore variation across regions, time periods, or
production systems. Quantitative pooling through meta-analysis will not be performed, due to

expected heterogeneity in study designs, outcome measures, and reporting standards.

3. Appendices

Appendix 1. Joanna Briggs institute’s critical appraisal checklist for studies reporting data (Munn

etal., 2015).

Yes | No | Unclear | Not
applicable

1. Was the sampling frame appropriate to addres the
target population?

2. Were study subjects sampled in an appropriate
way"?

3. Was the sample size adequate?

4. Were the study subjects and the setting described in
detail?

5. Was the data analysis conducted with sufficient
coverage of the identified sample?

6. Were valid method used for diagnosis of condition?

7. Was the condition measured in a standard, reliable
way for all participants?

8. Was there appropriate statistical analysis?

9. Was the response rate adequate, and if not, was the
low response rate managed appropriately?
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