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ABSTRACT

Background: Giardia duodenalis is a pathogenic protozoan responsible for gastrointestinal infections in various hosts, including
rabbits. Understanding its epidemiology, genetic diversity and zoonotic implications is vital for public health and veterinary
medicine. This systematic review and meta-analysis aimed to synthesize global data on the prevalence of G. duodenalis in rabbit
populations, assess the genetic diversity of the isolates and evaluate the associated zoonotic potential.

Methods: We conducted a thorough literature search across multiple databases (PubMed, Scopus, Web of Science and Google
Scholar) for studies published until 18 October 2024. Only peer-reviewed articles reporting original research on G. duodenalis in
rabbits were included. We extracted data on prevalence rates, testing times, publication years, countries, continents, WHO regions,
diagnostic methods, genes used, assemblages and sub-assemblages. A meta-analysis using random-effects models was performed
to calculate pooled prevalence rates, with the I? index used to assess heterogeneity.

Results: A total of 26 studies/datasets were analysed, covering data from 5543 rabbits across 15 countries. The estimated pooled
prevalence of G. duodenalis in rabbits was 12.1% (95% CI: 7%-20%), with substantial heterogeneity (I> = 96.5%). Geographic analysis
showed higher prevalence rates in Africa and the AFR WHO region (72.3%, 95% CI: 61.7%-80.8%). Genetic analysis revealed three
zoonotic assemblages (A, B and E) and two zoonotic sub-assemblages (Al and BIV) of G. duodenalis in rabbits, highlighting
concerns over zoonotic transmission.

Conclusions: The findings highlight the global presence and genetic diversity of G. duodenalis in rabbits, indicating potential
zoonotic risks. Ongoing monitoring and research are essential to clarify the transmission dynamics and public health implications
of G. duodenalis in these animals. Raising awareness among pet owners, veterinarians and public health officials is vital to mitigate
potential zoonosis.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly
cited.
© 2024 The Author(s). Veterinary Medicine and Science published by John Wiley & Sons Ltd.
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1 | Introduction

Giardia duodenalis (also known as Giardia intestinalis and
Giardia lamblia) is a common zoonotic protozoan parasite and
one of the most widespread gastrointestinal pathogens, causing
giardiasis in humans and various animal species (J. Li et al. 2017).
This protozoan parasite causes approximately 280 million cases
of giardiasis each year, leading to diarrhoea and other intestinal
symptoms, with asymptomatic infections also common (Einars-
son, Ma’ayeh, and Svird 2016). Acknowledging its significance,
the World Health Organization (WHO) categorized giardiasis as
aneglected disease in 2004 (Savioli, Smith, and Thompson 2006).

G. duodenalis cysts, the infectious stage, are excreted in faeces
and spread via the faecal-oral route (Adam 2021). They can
survive in water and other environments, even against chlorine
disinfectants, contributing to many waterborne disease outbreaks
(Castro-Hermida et al. 2008). In the last 40 years, at least 132 doc-
umented giardiasis outbreaks have been waterborne (Carmena
2010). Foodborne outbreaks have also occurred due to contam-
inated food handled by infected workers, ranking G. duodenalis
11th among the 24 foodborne parasite species identified by the
Food and Agriculture Organization (FAO) of the United Nations
(Dixon 2021; Barlaam et al. 2022). Although G. duodenalis is a
global concern due to its outbreak potential, treatment options
are limited, and there are no approved vaccines. Effectively
managing G. duodenalis infections necessitates a comprehensive
understanding of infection sources and transmission dynamics
(Ansell et al. 2015; Sangkanu et al. 2022).

Molecular diagnostics for G. duodenalis infections mark a sig-
nificant advancement in understanding the epidemiology of this
parasite. Molecular typing tools targeting specific genes such as
small subunit ribosomal RNA (SSU rRNA), glutamate dehydro-
genase (gdh), triosephosphate isomerase (¢pi) and S-giardin (bg)
are essential for identifying G. duodenalis genotypes/assemblages
(Caccio et al. 2008; Wang et al. 2014; Rafiei et al. 2020). G.
duodenalis comprises genetically diverse species grouped into
assemblages A-H. Assemblages A and B have zoonotic potential
and are linked to diarrhoea in humans and animals, while C-
H are specific to certain animal hosts (Heyworth 2016; Chourabi
et al. 2021; Seabolt, Roellig, and Konstantinidis 2022). Four sub-
assemblages (AI-AIV and BI-BIV) were identified by an allozyme
study within assemblages A and B; the majority of these sub-
assemblages (AI, AIl, BIII and BIV) have been mainly found in
humans (Caccio et al. 2008; Feng and Xiao 2011; Zahedi et al.
2020).

In recent years, the acknowledgement of wildlife and domestic
animals, particularly rabbits, as potential reservoirs of zoonotic
pathogens have gained considerable attention (Pacha et al. 1987;
Chilvers et al. 1998; Sulaiman et al. 2003; Lebbad et al. 2010;
Beck, Sprong, Bata, et al. 2011; Beck, Sprong, Lucinger, et al.
2011; W. Zhang et al. 2012; X. Zhang et al. 2018; Nolan et al. 2013;
Rewatkar et al. 2013; Liu et al. 2014; Pantchev et al. 2014; Qi et al.
2015; Mosallanejad, Avizeh, and Razi Jalali 2016; Koehler et al.
2016; Akinkuotu et al. 2018; Marhoon, Mattar, and Mohammad
2018; Sarzosa et al. 2018; Jiang et al. 2018; Kurnosova, Arisov,
and Odoyevskaya 2019; T.-S. Li et al. 2020; Zahedi et al. 2020;
Tang et al. 2021; ElBakri et al. 2021; Baptista et al. 2023; Rego

et al. 2023). As rabbits are commonly kept as pets, livestock
and laboratory animals, they may significantly impact the
epidemiology of G. duodenalis and its transmission to humans
(Gonzalez-Redondo and Contreras-Chacon 2012). Despite the
growing body of literature focusing on G. duodenalis in different
animal hosts, there remains a dearth of comprehensive studies
specifically examining its prevalence in rabbit populations.
Therefore, a systematic review and meta-analysis of available
studies are warranted to elucidate the epidemiology of G.
duodenalis in rabbits, characterize its genetic diversity and
explore the possible zoonotic concerns associated with this
parasite. This review aimed to synthesize existing data, quantify
the prevalence of G. duodenalis in rabbits globally and provide
insights into its genetic variability and implications for public
health.

2 | Methods

2.1 | Study Reporting

This systematic review and meta-analysis was conducted follow-
ing the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Moher et al. 2015).

2.2 | Research Questions

The primary research questions addressed in this review
included: What is the global prevalence of G. duodenalis in rabbit
populations? What are the assemblages and sub-assemblages
among G. duodenalis isolates from rabbits? Are there potential
zoonotic implications associated with G. duodenalis isolates
found in rabbits?

2.3 | Search Strategy

Comprehensive searches were conducted in the following elec-
tronic databases: PubMed, Web of Science, Scopus and Google
Scholar. The search strategy included terms related to ‘Giardia
duodenalis’, ‘Rabbits’, ‘Epidemiology’, ‘Genetic diversity’, ‘Assem-
blage’, ‘Sub-assemblage’ and “Zoonotic’. Boolean operators (AND,
OR) were used to combine keywords effectively. The search was
limited to articles published up to 18 October 2024, and only
studies published in English were included.

2.4 | Eligibility Criteria

Studies were included in the review if they reported the preva-
lence of G. duodenalis in domestic or wild rabbits through
molecular, serological or microscopic investigations, specifying
both total and infected sample sizes. Exclusion criteria included
studies lacking sufficient epidemiological data, as well as reviews,
commentaries or opinion pieces without primary data; animal
studies unrelated to rabbits; human studies and experimental
reports.
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FIGURE 1 | Flowchart depicting the process of included studies in the present review.

2.5 | Study Selection

Two independent reviewers (A.A. and A.P.) screened the titles
and abstracts of all identified articles for eligibility. The full texts
of potentially eligible studies were then assessed by other authors
(M.RM., LN, LS. and M.B.). Disagreements were resolved
through discussion, with a lead reviewer (A.A.) consulted as
needed.

2.6 | Data Extraction and Management

Data were extracted using a pre-designed form capturing study
characteristics (authors, publication year, geographical location),
sample size, common and scientific names of rabbits, G. duo-
denalis prevalence rates, isolated assemblages/sub-assemblages,
diagnostic methods and genotyping/identification genes. Two
reviewers independently completed the data extraction, resolving
discrepancies by consensus.

2.7 | Quality Assessment

The Joanna Briggs Institute (JBI) checklist for reporting preva-
lence data in systematic reviews and meta-analyses was used for
quality assessment, covering key criteria such as sample size,
participant descriptions, data analyses, reliable objectives, appro-

priate statistical methods, confounding factors and subgroups
(Munn et al. 2014). Articles scoring < 3 were excluded; those
scoring 4-6 and > 7 were classified as medium and high quality,
respectively.

2.8 | Software and Statistical Analysis

Statistical analyses were performed using comprehensive meta-
analysis (CMA) v3 software. A p-value of < 0.05 was considered
statistically significant throughout the analysis. Prevalence data
were pooled using a random-effects model to account for hetero-
geneity among studies. The I statistic was calculated to quantify
the variability; I? values of 25%, 50% and 75% were interpreted
as low, moderate and high heterogeneity, respectively. Sub-group
analyses were performed based on publication year, country,
continent, WHO regions and sample size. The genetic diversity of
G. duodenalis was analysed descriptively, summarizing different
assemblages/sub-assemblages and their potential implications
for zoonotic transmission.

2.9 | Sensitivity Analysis

A sensitivity analysis was conducted to evaluate the robustness
of the results. This involved re-evaluating the meta-analysis
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excluding single datasets/studies and assessing the impact on
overall prevalence estimates.

3 | Results

3.1 | Study Selection

The literature search identified 4983 articles across all databases.
After removing duplicates, 2517 titles and abstracts were screened
for eligibility. Of these, 33 studies were deemed potentially rele-
vant and underwent full-text and quality assessment. Ultimately,
26 studies met the eligibility criteria and were included in this
systematic review and meta-analysis. Figure 1 shows a PRISMA
flow diagram detailing the study selection process.

3.2 | Study Characteristics

Table 1 summarizes the characteristics of the included studies,
which varied in sample size (1-995), geographical locations, and
diagnostic methodologies. Studies with a sample size of one (two
papers) were excluded from the statistical analysis. In total, 5543
rabbits were included from 26 studies, with prevalence rates
reported across 15 countries on six continents and six WHO
regions. Most studies (19 papers) used molecular techniques to
detect G. duodenalis, while serological and microscopic methods
were employed in one and six studies, respectively. Among the 19
molecular studies, 17 reported G. duodenalis assemblages and 6
reported sub-assemblages.

3.3 | Global Prevalence of G. duodenalis in Rabbits
The pooled prevalence of G. duodenalis in rabbits was 12.1%
(95% CI: 7%-20%, I? = 96.5%), reflecting significant heterogeneity
among studies (Figure 2). Subgroup analyses showed variations
in prevalence rates by publication year, country, continent, WHO
region, and sample size (Table 2 and Figures S1-S5).

3.4 | Genetic Diversity of G. duodenalis in Rabbits
Genetic analysis of G. duodenalis isolates identified multiple
assemblages. Assemblage B was the most common, appearing
in 14 studies, followed by assemblage A in four and assemblage
E in three. Sub-assemblage analysis revealed one subtype in
assemblage A (sub-assemblage AI) and one in assemblage B
(sub-assemblage BIV) (Table 1).

3.5 | Zoonotic Potential of G. duodenalis Isolates
in Rabbits

Available classified information indicated that rodents were the
source of infection for three zoonotic assemblages (A, B and E)
and two zoonotic sub-assemblages (Al and BIV) of G. duodenalis
(Table 1).

3.6 | Sensitivity Analysis

Sensitivity analysis indicated that the overall prevalence esti-
mates remained stable when individual studies were removed
from the meta-analysis, suggesting robust findings. The exclusion
of single datasets/studies did not significantly alter the pooled
prevalence, affirming the reliability of the results (Figure 3).

3.7 | Quality Assessment

Quality assessment using the Joanna Briggs Institute (JBI) check-
list showed that 10 studies scored > 7 (high quality), while 16
studies scored between 4 and 6 (medium quality) (Table S1).

4 | Discussion

The pooled prevalence of G. duodenalis in rabbits was found
to be 12.1%, with a wide confidence interval (95% CI: 7%-20%)
and significant heterogeneity (I = 96.5%). This variability could
be attributed to differences in geographical regions, diagnostic
methodologies, sample sizes, and the year of publication, all
of which influenced the prevalence rates. No global meta-
analyses have been conducted on various parasites in rabbits,
making result comparisons problematic. However, G. duodenalis
prevalence rates in cattle (22%, 95% CI: 17%-28%) (Taghipour
et al. 2022); dogs (15.2%, 95% CI: 13.8%-16.7%); cats (12%, 95%
CIL: 9.2%-15.3%) (Bouzid et al. 2015) and pigs (9.1%, 95% CI:
5.6%-14.3%) (Asghari et al. 2023) have been reported. Although
differences in the number of studies, geographic regions, and
diagnostic methods complicate comparisons, livestock like cattle
and companion animals such as dogs appear to be significant
sources of G. duodenalis infection compared to cats, pigs and
rabbits. Nevertheless, rabbits with a 12.1% prevalence should not
be overlooked as a potential source of G. duodenalis infections.
Of note, most analyses in these meta-analyses are based on
limited data/studies from specific areas, which complicates result
interpretation and warrants caution in drawing conclusions.
Moreover, the ecological and behavioural factors influencing G.
duodenalis transmission in rabbits are not well understood, fur-
ther complicating our comprehension of their role as reservoirs.
The observed prevalence rates in rabbits may differ substantially
across regions. Environmental conditions, such as the presence of
contaminated water sources and interactions with other infected
wildlife, can greatly affect transmission dynamics.

The robustness of the prevalence estimates was affirmed through
sensitivity analyses, which indicated that the overall pooled
prevalence of G. duodenalis in rabbits remained stable despite
the removal of individual studies. This reinforces the reliability
of our findings and indicates that the conclusions drawn are well
supported by the data. Nonetheless, the high level of heterogene-
ity warrants cautious interpretation of the pooled estimates and
emphasizes the need for further studies that explore the factors
contributing to this variability.

Due to data limitations, a clear trend between G. duodenalis
prevalence in rabbits and the analysed subgroups cannot be
established. However, based on the year of publication, the
highest prevalence of G. duodenalis in rabbits was 20.2% (95%
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Study name Statistics for each study Event rate

Event Lower Upper and 95% CI

rate limit limit p-value
Pacha, 1987 0.031 0.002 0.350 0.017 .—
Chilvers, 1998 0.200 0.027 0.691 0.215 S aem
Beck, 2011a 0.007 0.000 0.099 0.000 ®
Beck, 2011b 0.167 0.010 0.806 0.299 -@——
Zhang, 2012 0.074 0.052 0.105  0.000 :
Nolan, 2013 0.011 0.003 0.034 0.000
Rewatkar, 2013 0.190 0.098 0.336 0.000 [
Liu, 2014 0.999 0.000 1.000 0.414 @
Pantchev, 2014 0.076 0.056 0.102 0.000
Qi, 2015 0.084 0.068 0.103 0.000
Koehler, 2016 0.010 0.001 0.069 0.000
Mosallanejad, 2017 0.086 0.036 0.191 0.000
Akinkuotu, 2018 0.723 0.617 0.808 0.000 .
Jiang, 2018 0.986 0.969 0.994 0.000 .
Marhoon, 2018 0.163 0.087 0.285 0.000 .
Sarzosa, 2018 0.150 0.068 0.298 0.000 .
Zhang, 2018 0.019 0.009 0.041 0.000
Kurnosova, 2019 0.018 0.006 0.055 0.000
Li, 2020 0.112 0.089 0.139 0.000
Zahedi, 2020 0.074 0.046 0.117 0.000
Elbakri, 2021 0.999 0.000 1.000 0.758 9
Tang, 2021 0.037 0.024 0.057  0.000 O
Baptista, 2023 0.400 0.309 0.499 0.047 C
Rego, 2023 0.278 0.242 0.317  0.000 O

0.121 0.070 0.200  0.000 [

-1.00-0.50 0.00 0.50 1.00

FIGURE 2 | The weighted prevalence of G. duodenalis in rabbits, based on data from the included studies, using a random-effects model and 95%

confidence intervals.

CI: 4.6%-57.2%) in 2018-2015, while the lowest was 6.5% (95% CI:
3.5%-11.9%) in 2011-2014. Furthermore, it is worth noting that the
observed fluctuations in prevalence rates may be influenced by
various factors, such as sampling methods, population dynamics
and environmental conditions. For instance, variations in
diagnostic techniques over the years could potentially contribute
to discrepancies in reported prevalence levels. Moreover, changes
in rabbit husbandry practices, habitat alterations and climatic
factors may also play a significant role in infection rates. The
prevalence assessment by continent indicated that, from individ-
ual studies, Africa had the highest prevalence at 72.3% (95% CI:
61.7%-80.8%), while North America had the lowest at 3.1% (95%
CIL: 0.2%-35%). In terms of weighted prevalence, Asia reported
the highest at 15.4% (95% CI: 6.9%-30.9%, 11 studies) and Oceania
the lowest at 3.6% (95% CI: 0.9%-13%, 4 studies). These findings

highlight significant geographical variations in the distribution
of G. duodenalis among rabbit populations, underscoring the
possible influence of environmental, climatic, and management
factors specific to each region. The high prevalence in Africa
raises concerns about potential zoonotic transmission and the
implications for both animal and human health, necessitating
further investigation into the reservoirs and transmission
dynamics within this continent. The prevalence by WHO region
showed that the AFR region had the highest rate at 72.3% (95%
CIL: 61.7%-80.8%, one study), while the EUR region had the lowest
at 6.9% (95% CIL: 2.1%-20.4%). This variability underscores the
influence of environmental factors, management practices and
population density on the prevalence of this parasite. Country-
based prevalence analysis revealed that the highest G. duodenalis
rates in rabbits were 100% in the UAE, 72.3% in Nigeria, 40% in
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TABLE 2 | Subgroup analysis of G. duodenalis in rabbits by publication year, continent, WHO region, country and sample size.

Prevalence % Heterogeneity P
Subgroup variable (95% CI) Q) df (Q) (%) p-value
Publication year
< 2000 9.9 (1.5-44) 13 1 20.9 p>0.05
2011-2014 6.5(3.5-11.9) 23.2 6 74.1 p <0.05
2015-2018 20.2 (4.6-57.2) 400.4 7 98.2 p <0.05
2019-2023 10.7 (4.8-21.9) 174.7 6 96.5 p <0.05
Continent
Africa 72.3 (61.7-80.8) 0 0 0 p>0.05
Asia 15.4 (6.9-30.9) 298.5 10 96.6 p <0.05
Europe 6.9 (2.1-20.4) 92.7 4 95.7 p <0.05
North America 3.1(0.2-35) 0 0 0 p>0.05
Oceania 3.6 (0.9-13) 13.9 3 78.5 p <0.05
South America 26.7 (9.1-57.1) 7.3 1 86.2 p <0.05
WHO region
AFR 72.3 (61.7-80.8) 0 0 0 p>0.05
AMR 19.9 (6.1-48.8) 11 2 81.1 p<0.05
EMR 12.9 (7.8-20.7) 1.6 2 95.4 p>0.05
EUR 6.9 (2.1-20.4) 92.7 4 92.9 p <0.05
SEAR 19 (9.8-33.6) 0 0 0 p>0.05
WPR 9.8 (4.2-21.1) 313.1 10 0 p<0.05
Country
Australia 2.3 (0.5-10.6) 12.1 2 83.5 p <0.05
Brazil 40 (30.9-49.9) 0 0 0 p>0.05
China 16.1(5.6-38.2) 291.9 6 97.9 p <0.05
Croatia 3.4(0.1-48.9) 2.6 1 61.4 p>0.05
Ecuador 15 (6.8-29.8) 0 0 0 p > 0.05
Germany 7.6 (5.6-10.2) 0 0 0 p > 0.05
India 19 (9.8-33.6) 0 0 0 p>0.05
Iran 8.6 (3.6-19.1) 0 0 0 p>0.05
Iraq 16.3 (8.7-28.5) 0 0 0 p>0.05
New Zealand 20 (2.7-69.1) 0 0 0 p>0.05
Nigeria 72.3 (61.7-80.8) 0 0 0 p > 0.05
Russia 1.8 (0.6-5.5) 0 0 0 p > 0.05
Spain 27.8 (24.2-31.7) 0 0 0 p>0.05
UAE 100 (0-100) 0 0 0 p>0.05
USA 3.1(0.2-35) 0 0 0 p>0.05
Sample size
<100 15.1 (6.7-30.7) 104.9 12 88.5 p <0.05
> 100 10.1 (5-19.3) 462.5 10 97.8 p <0.05

Brazil and 27.8% in Spain. Conversely, the lowest rates occurred in
Russia (1.8%), Australia (2.3%), the USA (3.1%) and Croatia (3.4%).
These findings highlight significant geographic disparities in the
prevalence of G. duodenalis among rabbit populations. Notably,
the high prevalence observed in these countries may be attributed
to environmental factors, husbandry practices or potential
contact with other infected animals. On the other hand, the
markedly low rates in Russia, Australia, the USA and Croatia raise
questions regarding the effectiveness of biosecurity measures and
parasite management strategies in these regions. These countries
may benefit from enhanced surveillance and control programs
to further mitigate the spread of parasitic infections such as G.
duodenalis among their rabbit populations. Sample size-based
prevalence indicated a direct correlation between larger study

samples and a reduced prevalence of G. duodenalis in rabbits. This
observation suggests that the estimator’s accuracy improves with
increased sample sizes, allowing for a more precise representation
of the G. duodenalis infection rates within rabbit populations.
Utilizing larger cohorts in future studies may not only enhance
the reliability of prevalence estimates but also contribute to
a more comprehensive understanding of the epidemiological
patterns associated with G. duodenalis infestations. In turn,
this knowledge could inform effective management strategies
and policies aimed at controlling the spread of this parasite in
both wild and domesticated rabbit populations. Of note, most
aforementioned results are derived from available information
and individual studies, so this study’s interpretation is based on
that data. Expanding research across different geographical
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Study name

Statistics with study removed

Event rate (95% Cl)

with study removed

Lower Upper

Point limit limit p-value
Pacha, 1987 0.125 0.072 0.207 0.000
Chilvers, 1998 0.119 0.068 0.199 0.000
Beck, 2011a 0.129 0.075 0.214 0.000
Beck, 2011b 0.120 0.069 0.200 0.000
Zhang, 2012 0.124 0.070 0.209 0.000
Nolan, 2013 0.134 0.078 0.221 0.000
Rewatkar, 2013 0.118 0.067 0.199 0.000
Liu, 2014 0.120 0.070 0.198 0.000
Pantchev, 2014 0.123 0.070 0.210 0.000
Qi, 2015 0.122 0.067 0.211 0.000
Koehler, 2016 0.131 0.076 0.217 0.000
Mosallanejad, 2017 0.123 0.070 0.206 0.000
Akinkuotu, 2018 0.106 0.063 0.173 0.000
Jiang, 2018 0.093 0.058 0.147 0.000
Marhoon, 2018 0.119 0.068 0.200 0.000
Sarzosa, 2018 0.120 0.068 0.201 0.000
Zhang, 2018 0.133 0.077 0.219 0.000
Kurnosova, 2019 0.132 0.076 0.218 0.000
Li, 2020 0.120 0.066 0.209 0.000
Zahedi, 2020 0.124 0.071 0.209 0.000
Elbakri, 2021 0.121 0.070 0.200 0.000
Tang, 2021 0.129 0.075 0.214 0.000
Baptista, 2023 0.112 0.064 0.189 0.000
Rego, 2023 0.114 0.063 0.198 0.000

0.121 0.070 0.200 0.000 0

-1.00-0.50 0.00 0.50 1.00

FIGURE 3 | Sensitivity analysis of G. duodenalis prevalence in rabbits.

areas could significantly alter the findings and current
interpretation.

The molecular analysis uncovered significant genetic diversity
(assemblages A, B and E) within G. duodenalis isolates from
rabbits, with assemblage B being the most frequently identified.
This is in line with previous studies indicating that assemblage
B is commonly associated with humans (Ryan and Caccio 2013),
suggesting potential zoonotic implications. The identification
of sub-assemblages AI and BIV warrants further investigation
into their specific epidemiological roles and contributions to
transmission dynamics. Sub-assemblage AI was reported in both
humans and animals, and sub-assemblage BIV was reported
in humans as well as companion and wild animals (Mbae

et al. 2016; Pipikova et al. 2020). Of note, out of 19 molecular
studies conducted, only 6 studies investigated G. duodenalis
sub-assemblages in rodents and those 6 studies did not evaluate
all their positive samples. Therefore, it is expected that there
are various sub-assemblages of G. duodenalis in rabbits. Overall,
understanding the genetic makeup of G. duodenalis will be crucial
for addressing public health concerns, especially in mixed-use
environments where domestic and wild populations interact.

Among the most important limitations of the current study,
we can point out the lack of sufficient studies from different
geographical regions, the low sample size in the evaluated studies
and the analysis based on single studies, which can affect the
results.
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5 | Conclusion

This systematic review and meta-analysis highlighted a notable
global prevalence of G. duodenalis in rabbits (12.1%), charac-
terized by significant genetic diversity and potential zoonotic
implications (assemblages A, B and E/sub-assemblages Al and
BIV). The findings underscore the necessity for continued surveil-
lance and research on G. duodenalis in rabbit populations to
inform public health policies and improve management practices
aimed at mitigating zoonotic transmission.
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