Review protocol
Administrative information
PRISMA-P Topic 1: Title

Topic la: Identification

Leptospira in introduced free-roaming ungulates in the tropics: a scoping review

Topic 1b: Update
This protocol is not an update of a previously conducted review. It pertains to an original scoping review.

PRISMA-P Topic 2: Registration

This protocol will be submitted to the Systematic Reviews for Animals and Food (SYREAF). This
protocol is informed by the PRISMA-P guidelines, with adaptations appropriate for a scoping review (Moher,
Shamseer et al. 2015). The completed review will be reported following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) (Tricco, Lillie et al.
2018).

PRISMA-P Topic 3: Authors

Topic 3a: Contact

Valerie Hungerbuehler, Disease Ecology Lab, Sydney School of Veterinary Science, Faculty of Science,
The University of Sydney, New South Wales

Michael Ward, Disease Ecology Lab, Sydney School of Veterinary Science, Faculty of Science, The
University of Sydney, New South Wales

Jess Agius, Disease Ecology Lab, Sydney School of Veterinary Science, Faculty of Science, The
University of Sydney, New South Wales

Tatiana Proboste, Disease Ecology Lab, Sydney School of Veterinary Science, Faculty of Science, The
University of Sydney, New South Wales

Ludovica Preite, Disease Ecology Lab, Sydney School of Veterinary Science, Faculty of Science, The
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Mark Westman, Sydney School of Veterinary Science, Faculty of Science, The University of Sydney, New
South Wales

Albert Tsang, Sydney School of Veterinary Science, Faculty of Science, The University of Sydney, New
South Wales

Topic 3b.: Contributions

Contribution Initials

Concept idea VH, MPW, JA, TP, MW, AT
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Drafting protocol VH

Reviewing protocol VH, MPW, JA, TP, MW, AT
Defining eligibility criteria VH, MPW, JA, TP

Search strategy VH, MPW, JA, TP

Title and abstract screening VH

Full-text screening VH, MPW, JA, TP, MW, AT, LP
Data extraction VH

Data analysis and synthesis of the results VH

Drafting paper VH

Reviewing paper VH, MPW, JA, TP, MW, AT, LP

PRISMA-P Topic 4: Amendments

Any important protocol amendments will be documented and reported with the completed review.
PRISMA-P Topic 5: Support
Topic S5a: Sources

Australian Research Council (ARC)

Topic 5b: Sponsor

None to be reported.

Topic 5¢: Role of sponsor or funder

The funder has no role in study design, study selection, data extraction, synthesis, interpretation, or
publication decisions.

PRISMA-P Topic 6: Rationale

Leptospira is a genus of spirochete bacteria that causes leptospirosis, a globally distributed zoonotic
disease with a particularly high incidence in tropical and subtropical countries (Rajapakse, Fernando et al.
2025). The genus is genetically diverse and continues to expand as new species and strains are described, with
recent classifications organising Leptospira into four phylogenetic subclades: P1, P2, S1, and S2 (Pyskun and
Richter 2025). The P1 clade corresponds to the former pathogenic group and includes the main clinically
important pathogenic species, whereas P2 corresponds broadly to the former intermediate group, including
species or strains with lower, variable, or incompletely characterised pathogenic potential (Giraud-Gatineau,
Nieves et al. 2024). Leptospira can infect a wide range of hosts, including ungulates such as horses, pigs, cattle,
water buffalo, deer, goats, and donkeys, as well as humans and many other animal species (Adler and de la Pefa
Moctezuma 2010). Clinical manifestation is influenced by the infecting serovar, host species, and host immune
response. More than 300 serovars have been described, and serovars can be either host-adapted or incidental
(Bilung, Tahar et al. 2026). In large-animal maintenance hosts infected with adapted serovars, leptospirosis is



often subclinical (Ellis 2015). Chronically infected animals may harbour Leptospira in the renal tubules and, in
some host species, in the genital tract, with shedding via urine and potentially genital secretions (Ellis 2015,
Borges, Aymée et al. 2026). After shedding, Leptospira can survive and persist in the environment
(“environmental contamination”), particularly under tropical conditions characterised by warm temperatures,
high rainfall, humidity, and seasonal flooding (Bierque, Thibeaux et al. 2020). During heavy rainfall, Leptospira
may be washed from contaminated soil into surface water, streams, and freshwater bodies, where humans and
other animals can become exposed. Infection can then occur through contact of mucosal membranes or abraded
skin with contaminated water or soil, mud, or other wet environments (Bierque, Thibeaux et al. 2020).

Rodents are well-established maintenance hosts of Leptospira and contribute substantially to
environmental contamination in many tropical regions, particularly in urban areas where rodent density is high
(Desvars, Cardinale et al. 2011, Cosson, Picardeau et al. 2014). However, in many rural tropical settings,
introduced free-roaming ungulates are also abundant and might contribute to environmental contamination and
animal-human-environment exposure pathways. In such settings, people, domestic animals, wildlife, and
introduced free-roaming ungulates use shared water environments, creating ecological interfaces where
pathogen shedding, environmental contamination, exposure, and infection can occur. The extent to which free-
roaming ungulates act as maintenance hosts, incidental hosts, shedders, or contributors to environmental
contamination in tropical regions remains unclear and is likely to vary across eco-epidemiological contexts.
Interpreting Leptospira in these populations therefore requires consideration of the wider animal-human-
environment system in which exposure may occur. Relevant factors include the diversity of other host species
present, the distribution of serovars, strains, or molecular types, differences between urban and rural settings,
differences between island and mainland systems, and climatic, environmental, and spatio-temporal patterns in
Leptospira occurrence.

Several reviews have synthesised global seroprevalence in pigs (Gomes De Aratjo, Limeira et al. 2023),
goats (De Araujo Portela, Limeira et al. 2024), and donkeys (Morais, Limeira et al. 2024), as well as different
aspects of leptospirosis in horses (Hamond, Pinna et al. 2014, Toriz-Suarez, Pérez-Rivero et al. 2021, Di
Azevedo and Lilenbaum 2022, Borges, Aymée et al. 2026). Additional reviews have focused on leptospirosis in
animals within specific tropical regions (Desvars, Cardinale et al. 2011, Martins and Lilenbaum 2013, Pinto,
Libonati et al. 2017, Vieira, Pinto et al. 2018, Browne, Callefe et al. 2022, Diaz, Arroyo et al. 2023). To our
knowledge, no scoping review has synthesised evidence on Leptospira infection or exposure in free-roaming
ungulates across tropical regions together with their potential role in transmission and the broader eco-
epidemiological context. A scoping review is therefore warranted to map the available evidence, identify
knowledge gaps, and clarify the evidence base on Leptospira in free-roaming ungulates in tropical regions
globally.

This review will support a broader PhD project in Cape York, far north Queensland, Australia,
investigating free-roaming horses and pigs as potential contributors to Leptospira contamination in and around
shared water environments. Because horses and pigs are the most abundant free-roaming ungulates in the Cape
York study region, they remain the primary populations of interest for the PhD project. At the same time, a
broader review of introduced free-roaming ungulate populations across tropical regions will provide relevant
comparative evidence from similar tropical systems and help inform future field sampling, environmental
detection, and epidemiological research.

PRISMA-P Topic 7: Objectives
The main review question is:

What is the extent and nature of evidence on Leptospira infection or exposure and potential
transmission in introduced free-roaming ungulate populations in tropical regions, and what eco-
epidemiological patterns have been reported?

Subquestions are:



1. What evidence exists on Leptospira infection or exposure and potential transmission in introduced free-
roaming ungulate populations in tropical regions?

2.  What eco-epidemiological patterns have been reported in relation to host species, serovars and
molecular diversity, urban versus rural settings, island versus mainland settings, and climatic,
environmental, spatial, or temporal variation?

3.  What methodological and knowledge gaps remain for future field-based research on Leptospira in
introduced free-roaming ungulate populations in tropical regions?

The objectives of this review are:

1. To map the available evidence on Leptospira infection or exposure and potential transmission in
introduced free-roaming ungulate populations in tropical regions.

2. To summarise reported eco-epidemiological patterns in relation to host species, serovars and molecular
diversity, urban versus rural settings, island versus mainland settings, and climatic, environmental,
spatial, or temporal variation.

3. To identify methodological and knowledge gaps relevant to future field-based and epidemiological
research on Leptospira in introduced free-roaming ungulates in tropical regions.

Methods
PRISMA-P Topic 8: Eligibility Criteria

The review question will be structured using a PCC framework.

PCC framework
Population

Free-roaming populations of prespecified ungulate species, including horses, pigs, cattle, water buffalo,
deer, goats, sheep, and donkeys.

Native wild ungulate populations will not be included; domestic populations of prespecified species will
be eligible irrespective of whether the species is native to the study region.

“Free-roaming” refers to animals that are not continuously physically confined and are able to move freely
in the surrounding environment for at least part of the day. This includes feral, unmanaged, semi-managed, and
owned domestic livestock managed on pasture or otherwise able to roam in the environment.

Where studies include different management systems, data for an eligible free-roaming subgroup must be
identifiable separately.

Concept

Evidence of Leptospira exposure, infection, or shedding in eligible ungulate populations, including
serological, molecular, microbiological, or pathological evidence.

Eco-epidemiological characteristics of interest include host species, serovar/serogroup and molecular
diversity, urban versus rural and island versus mainland settings, and climatic, environmental, spatial, seasonal,
and temporal patterns.

Context
Tropical regions globally.

For this review, tropical study settings will be defined as locations within a tropical (A) climate according
to the Koppen—Geiger classification (LINK). Where studies include both tropical and non-tropical locations,



https://koppen.earth/

data from the tropical population must be identifiable separately. Where the reported location is insufficient to
determine tropical climate status, eligibility will be classified as unclear during screening.

Inclusion criteria
Studies will be eligible if they:
e involve eligible free-roaming ungulate populations in tropical regions; and

e report original evidence of Leptospira exposure, infection, or shedding in these animals, including
through serological, molecular, microbiological, pathological, or other relevant diagnostic methods.

e Studies including mixed populations, management systems, or climatic regions will be eligible where
data for the eligible population can be identified separately.

Exclusion criteria
The review will exclude:
e studies not involving free-roaming ungulates
o studies focused exclusively on native wild ungulate populations
e studies conducted outside tropical Koppen—Geiger A climates
o studies focused exclusively on pathogens other than Leptospira
e experimental, laboratory, and theoretical (modelling) studies not reflective of natural conditions
e non-English, non-Spanish, non-Portuguese, and non-French publications
o studies without full-text availability
e review articles and other synthesis studies

e grey literature

PRISMA-P Topic 9: Information Sources
The following bibliographic databases will be searched:
e PubMed
e Scopus

e  Web of Science Core Collection

PRISMA-P Topic 10: Search Strategy

The search strategy will be developed iteratively and adapted for each database using keywords and
controlled vocabulary where available. Several complementary searches will be conducted. These will include
host-specific searches for ungulate species combined with pathogen-specific terms for Leptospira. Within each
search, alternative terms for hosts and pathogen terms will be combined using Boolean OR, while host and
pathogen concepts will be combined using Boolean AND.

Because relevant studies may not always mention management status or tropicality in the title or abstract,
these criteria will be assessed during screening. Management status will be evaluated using management-related
terminology and population descriptions, and tropical relevance will be assessed based on the reported study
location and its classification according to the Kdppen—Geiger climate system. Where title and abstract



information is insufficient to determine eligibility, records will be retained for full-text assessment, with
management status and tropical relevance assessed first at the full-text stage.

Drafts for full search strings are available as an attachment to this protocol.
Example search strings:

Pathogen

(
Leptospira"[Mesh] OR "Leptospirosis"[Mesh] OR leptospir*[tiab]

)

Host (species-specific example)

"Horses"[Mesh]

OR horse*[tiab]

OR equine*[tiab]

OR mare*[tiab]

OR stallion*[tiab]

OR foal*[tiab]

OR "Equus caballus"[tiab]
OR brumby(tiab]

OR brumbies|[tiab]

These concept blocks will be translated into database-specific syntax and indexing terms according to each
source.

No date limits will be applied. Searches will be limited to studies published in English, Spanish,
Portuguese, or French.

PRISMA-P Topic 11: Study Records

Topic 1la: Data management

Records will be imported into systematic review management software, such as Rayyan, and deduplicated
prior to screening. A pilot screening exercise will be undertaken to ensure consistent application of the eligibility
criteria.

Topic 11b: Selection process

Title and abstract screening: Titles and abstracts will be screened by one human reviewer, supported by
ChatGPT as a screening assistance tool, using the eligibility criteria defined in PRISMA-P Topic 8. A high-
sensitivity approach will be adopted at this stage. Where eligibility is unclear, records will be retained for further
assessment. Records flagged as uncertain or discordant between the human reviewer and ChatGPT-supported
assessment will be reviewed by two independent human reviewers, who will discuss the case and reach a final
decision.

Prompt used for ChatGPT during title and abstract screening:

Please determine whether the study meets the following criteria based on its title and abstract. Use a high-sensitivity approach: if eligibility
is plausible but unclear, classify as “Include for full-text screening”.




Assess whether the record:

® involves relevant ungulates, including species such as cattle, buffaloes, pigs, wild/feral pigs or wild boar, horses, donkeys, mules,
sheep, goats, or deer;

®  concerns animals that are free-roaming or potentially free-roaming, defined as not continuously confined and able to move freely for at
least part of the day; if unclear, include for full-text screening;

®  was conducted in a tropical or potentially tropical region;

®  reports original evidence relevant to Leptospira infection, exposure, seroprevalence, molecular detection, culture, shedding, disease
occurrence, host role, environmental contamination, or eco-epidemiological context in free-roaming ungulates;

®  ispublished in an eligible language: English, Spanish, Portuguese, or French
Exclude records that are clearly outside scope, including reviews, commentaries, human-only studies, environmental-only studies, purely

laboratory or experimental studies, diagnostic-method papers without eligible animal-level or animal-associated field data, non-eligible
languages, and studies clearly outside tropical regions.

Please respond with:

Decision: Include for full-text screening / Exclude / Uncertain
Main reason: One concise sentence.

Full-text screening: Full texts will be screened independently by two human reviewers against the
predefined eligibility criteria. Reviewers will assess the eligible ungulate population, tropical study setting, free-
roaming status, and evidence of Leptospira exposure, infection, or shedding.

Where studies include mixed populations, management systems, or climatic regions, they will be
eligible only where data for the eligible subgroup can be identified separately. Where tropical location or free-
roaming status is not explicitly stated but can be reasonably inferred from the information provided, the study
may be included. Where eligibility remains genuinely unclear after full-text assessment, the study will be
excluded.

Reasons for exclusion will be documented. Disagreements will be resolved through discussion and,
where necessary, consultation with an additional reviewer. The study selection process will be presented in a
PRISMA flow diagram.

Topic 1lc: Data collection process

A standardised data-charting form will be developed and piloted. Data extraction will be undertaken by the
lead reviewer using the piloted form, with refinements made where necessary during the review process.

PRISMA-P Topic 12: Data Items
Data to be extracted will include:
e author(s), year of publication, country, state or region, publication type, study design, and study aim
e  host species

e population status / management classification (e.g., free-ranging, feral, wild, unmanaged, semi-
managed, domestic/extensive, intensive, unclear)

e  whether the ungulate population was clearly free-roaming, plausibly free-roaming, or unclear

e sample type(s) tested

e diagnostic methods/tools used

e evidence of infection, seroprevalence, prevalence, incidence, or outbreak occurrence

e shedding-related finding including molecular detection / culture in biologically relevant samples

e  serovar, serogroup, strain, genotype, clade, or molecular typing information



e distinction between pathogenic, intermediate, and saprophytic Leptospira where reported

e reported host role, (e.g., maintenance host, incidental host, source of environmental contamination,
contributor to animal-human-environment exposure pathways)

e  other host species reported in the study

e urban versus rural and island versus mainland setting

e reported temporal or sampling-period information (e.g., seasonality, wet/dry season, year range)
e reported geographic context

e reported ecological or environmental context

e reported climatic, environmental, or spatio-temporal patterns

e reported risk factors

e key findings

e author-reported methodological limitations

PRISMA-P Topic 13: Outcomes and prioritisation

Outcomes related to Leptospira in free-roaming ungulates in tropical regions will be recorded for each
study, as described above. Outcomes will not be ranked or prioritised; all reported outcomes relevant to the
review objectives will be summarised descriptively.

PRISMA-P Topic 14: Risk of bias in individual studies

Formal critical appraisal will not be undertaken, as the purpose of the review is to map the extent, nature,
and characteristics of the evidence rather than to assess intervention effectiveness or produce pooled estimates.
Methodological limitations reported by study authors may be recorded during data charting where relevant.

PRISMA-P Topic 15: Data synthesis (15a to 15d)

The review will provide a descriptive mapping of the available evidence rather than a pooled quantitative
synthesis. Findings will be presented narratively and, where appropriate, in tabular and visual formats. Results
will be synthesised across all included studies and, where possible, organised by host species and/or eco-
epidemiological context. Free-roaming horses and feral pigs will be treated as predefined focal subgroups in the
synthesis because of their relevance to the broader PhD project.

PRISMA-P Topic 16: Meta-bias(es)

Not applicable.

PRISMA-P Topic 17: Confidence in cumulative evidence

Not applicable.
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Appendix — PRISMA-P Topic 10: Search Strategy

PubMed search strings

Horse 515
(
"Leptospira"[Mesh] OR "Leptospirosis"[Mesh] OR leptospir*[tiab]
)
AND
(
"Horses"[Mesh]
OR horse*[tiab]
OR equine*[tiab]
OR mare*[tiab]
OR stallion*[tiab]
OR foal*[tiab]
OR "Equus caballus"[tiab]
OR brumby(tiab]
OR brumbies|[tiab]

Pig 1204

(
"Leptospira"[Mesh] OR "Leptospirosis"[Mesh] OR leptospir*[tiab]

AND
(
"Swine"[Mesh]
OR pig[tiab]
OR pigs[tiab]
OR swine*[tiab]
OR porcine*[tiab]
OR boar*[tiab]
OR "Sus scrofa"[tiab]

Cattle 1904

(
"Leptospira"[Mesh] OR "Leptospirosis"[Mesh] OR leptospir*[tiab]

AND
(
"Cattle"[Mesh]
OR cattle[tiab]
OR cow(tiab]
OR cows|[tiab]
OR bovine*[tiab]
OR calfftiab]
OR calves|[tiab]
OR "Bos taurus"[tiab]
OR "Bos indicus"[tiab]

Water buffalo 60
(
"Leptospira"[Mesh] OR "Leptospirosis"[Mesh] OR leptospir*[tiab]
)
AND
(
buffalo*[tiab]
OR bubalin*[tiab]
OR "Bubalus bubalis"[tiab]
)




Deer 145
(
"Leptospira"[Mesh] OR "Leptospirosis"[Mesh] OR leptospir*[tiab]
)
AND
(
"Deer"[Mesh]
OR deerftiab]
OR cervid*[tiab]
)

Goat 187

(
"Leptospira"[Mesh] OR "Leptospirosis"[Mesh] OR leptospir*[tiab]

AND
(

"Goats"[Mesh]

OR goat*[tiab]

OR caprine*[tiab]

OR "Capra hircus"[tiab]
)

Donkey 21

(
"Leptospira"[Mesh] OR "Leptospirosis"[Mesh] OR leptospir*[tiab]

AND
(

donkey*[tiab]

OR asinine*[tiab]

OR "Equus asinus"[tiab]
)

Sheep 463

(
"Leptospira"[Mesh] OR "Leptospirosis"[Mesh] OR leptospir*[tiab]

AND

(
"Sheep"[Mesh]
OR sheep([tiab]
OR ovine*[tiab]
OR ewe[tiab]
OR ram[tiab]
OR ewes|tiab]
OR rams[tiab]
OR lamb*[tiab]
OR "Ovis aries"[tiab]




Scopus search strings (one host—pathogen search per host)

Horse 776
TITLE-ABS-KEY/(
leptospir*
)
AND
TITLE-ABS-KEY/(
horse*
OR equine*
OR mare*
OR stallion*
OR foal*
OR "Equus caballus"
OR brumby
OR brumbies

Pig 1775
TITLE-ABS-KEY/(
leptospir*
)
AND
TITLE-ABS-KEY/(
pig*
OR swine*
OR porcine*
OR boar*
OR "Sus scrofa"

Cattle 2612
TITLE-ABS-KEY/(
leptospir™®
)
AND
TITLE-ABS-KEY/(
cattle
OR cow*
OR bovine*
OR calf
OR calves
OR "Bos taurus"
OR "Bos indicus"

Water buffalo 144
TITLE-ABS-KEY/(
leptospir*®
)
AND
TITLE-ABS-KEY/(
buffalo*
OR bubalin*
OR "Bubalus bubalis"

)

Deer 172

TITLE-ABS-KEY/(
leptospir*®

)

AND

TITLE-ABS-KEY/(
deer




OR cervid*
)

Goat 299
TITLE-ABS-KEY(
leptospir*
)
AND
TITLE-ABS-KEY(
goat*
OR caprine*
OR "Capra hircus"
)

Donkey 33
TITLE-ABS-KEY(
leptospir*
)
AND
TITLE-ABS-KEY/(
donkey*
OR asinine*
OR "Equus asinus'

)

"

Sheep 726
TITLE-ABS-KEY/(
leptospir*
)
AND
TITLE-ABS-KEY/(
sheep
OR ovine*
OR ewe*
OR ram*
OR lamb*
OR "Ovis aries"




Web of Science Core Collection search strings

Horse 560

TS=(
leptospir*

)

AND TS=(
horse*
OR equine*
OR mare*
OR stallion*
OR foal*
OR "Equus caballus"
OR brumby
OR brumbies

Pig 1127
TS=(
leptospir*
)
AND TS=(
pig*
OR swine*
OR porcine*
OR boar*
OR "Sus scrofa"
OR "wild boar"

Cattle 1990
TS=(
leptospir*
)
AND TS=(
cattle
OR cow*
OR bovine*
OR calf
OR calves
OR "Bos taurus"
OR "Bos indicus"

Water buffalo 117
TS=(
leptospir*®
)
AND TS=(
buffalo*
OR bubalin*
OR "Bubalus bubalis"

)

Deer 172

TS=(
leptospir*

)

AND TS=(
deer
OR cervid*

)

Goat 238




TS=(
leptospir*
)
AND TS=(
goat*
OR caprine*
OR "Capra hircus"
)

Donkey 25
TS=(
leptospir*
)
AND TS=(
donkey*
OR asinine*
OR "Equus asinus'

)

"

Sheep 544

TS=(
leptospir*

)

AND TS=(
sheep
OR ovine*
OR ewe*
OR ram*
OR lamb*
OR "Ovis aries"




