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Fasciolosis is an important parasitic disease of sheep and goats. This systematic
review and meta-analysis summarized published prevalence estimates and explored
geographic, diagnostic, and ecological variations. Five literature sources were
searched for peer-reviewed reports published from 2002 to 2025, with findings
synthesized separately for each host. Pooled prevalence was 15.3% in sheep and
10.4% in goats, but the prediction intervals were wide, and the evidence base was
unevenly distributed across regions. Antibody detection, antigen detection, fecal egg
examination, and post-mortem inspection measure different aspects of exposure or
infection and therefore require separate interpretation. Substantial between-study
variation and differences in sampling units limit the interpretation of the global
summaries. The pooled values should be regarded as descriptive summaries of the
available evidence rather than as uniform local risks. The findings support
standardized diagnostic reporting and locally representative surveillance within
region-specific One Health strategies.

To Cite This Article: Villa-Mancera A, Robles-Robles JM, Olivares-Pérez J, Olmedo-Juarez A, Cérdova-Izquierdo A,
Gonzalez-Gardufio R, Ponce-Covarrubias JL, Rivero-Perez N, Patricio F, Campos-Garcia H, Cruz-Avina JR and
Ortega-Vargas S, 2026. Global prevalence of fasciolosis in sheep and goats: A Systematic Review and Meta-Analysis
of epidemiological patterns, diagnostic methods, and climate-associated variation. Pak Vet J, 46(10): 2352-2368.
http://dx.doi.org/10.29261/pakvetj/2026.237

INTRODUCTION

Fasciolosis is a trematodiasis caused by liver or bile

F. hepatica is widely distributed in temperate regions of
Europe, the Americas, and Oceania, whereas F. gigantica
predominates in tropical and subtropical areas of Africa and

duct flukes of the genus Fasciola, primarily Fasciola
hepatica and Fasciola gigantica, which infect a wide range
of vertebrate hosts, including domestic ruminants, equids,
and humans (Mas-Coma et al., 2009; Endalamew et al.,
2025). Among livestock, sheep and goats are highly
susceptible because of their grazing behavior and limited
acquired immunity to reinfection (Islam, 2021; Lan et al.,
2023). Fasciolosis causes substantial production losses
through reduced weight gain, lower milk and wool
production, liver condemnation, increased treatment costs,
and mortality in cases of severe infections (Khademvatan
and Majidiani, 2019; Schweizer et al., 2005).

Asia. Both species use freshwater snails of the family
Lymnaeidae as intermediate hosts. Galba truncatula is an
important intermediate host of F. hepatica, whereas other
lymnaeid species support transmission in different endemic
settings (Mas-Coma et al., 2022; Vazquez et al., 2023).
Temperature, moisture, hydrology, and management can
influence local transmission by affecting the parasite and its
snail hosts; broad climatic categories alone do not capture
these conditions (Khan et al, 2013; Villa-Mancera and
Reynoso-Palomar, 2019).

Fasciolosis is a zoonotic public health concern. Human
infection occurs mainly through the ingestion of
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metacercariae from aquatic plants or contaminated water
(Mas-Coma et al., 2005). The One Health framework is
particularly relevant because transmission is maintained
through interactions among livestock reservoirs, lymnaeid
snails, freshwater habitats, food and water practices, and
human exposure. Contemporary One Health approaches
emphasize the locally adapted integration of animal
surveillance, environmental, and snail control, safe water
and food practices, and human health interventions (Mas-
Coma et al., 2023).

Prevalence estimates vary with sampling design,
diagnostic target, geography, and study period. Evidence
extends beyond the settings emphasized in national
syntheses from Africa and Asia. In Europe, harmonized
coprological surveys have documented variations in farm-
level Fasciola detection in sheep (Rinaldi et al., 2015), and
surveys have investigated fluke infection in German sheep
and goats (Alstedt et al., 2022). In the Americas, paired
antibody and coproantigen ELISA results from Mexico
illustrate the importance of distinguishing diagnostic
targets (Villa-Mancera et al., 2016). A survey in Papua
New Guinea documented Fasciola in both hosts, providing
evidence from Oceania (Koinari et al., 2013). Recent
global and regional syntheses likewise show marked
geographic and methodological variations ( Lan et al.,
2024; Nambuya et al., 2025; Endalamew et al., 2025).
These studies broaden the geographic context but differ in
their sampling units and outcomes. A global meta-analysis
has already synthesized Fasciola prevalence in humans and
domestic ruminants (Lan et al., 2024); the present review
therefore focuses on host-specific patterns in sheep and
goats rather than claiming the first global synthesis.

The objectives of the present investigation were to (i)
estimate the global pooled fasciolosis prevalence
separately in sheep and goats; (ii) perform subgroup
analyses by continent, diagnostic method, Fasciola
species, reported data-collection period, sample size, and
dominant climate class; (iii) explore between-study
heterogeneity using univariate meta-regression; (iv) assess
small-study effects/publication bias in the overall analyses;
and (v) discuss the findings, uncertainty, and implications
for surveillance, One Health control, and public health
policy.

MATERIALS AND METHODS

Literature search strategy: The review process was
conducted and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA, 2020) guidelines (Page et al., 2021).
The search used five literature sources, consistent with the
PRISMA flow diagrams: PubMed/MEDLINE, Web of
Science (Core Collection), ScienceDirect, CAB Abstracts,
and Google Scholar. The eligibility window covered peer-
reviewed publications from 2002 to 2025, and eligible
articles could report original data collected before 2002.
The exact execution date of each database search and
complete database-specific search logs were not
prospectively archived, and this reporting limitation is
acknowledged below. The review protocol was not
registered  prospectively. For reproducibility, the
recoverable search documentation is reported as
completely as possible; the exact execution dates and full
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source-specific ~ syntax ~ were not  reconstructed
retrospectively because they were not archived.

The core Boolean concept string was adapted to the
syntax of each source: (Fasciola OR fasciolosis OR
fasciolosis/fasciolasis OR liver fluke) AND (sheep OR ovine
OR Ovis aries OR goat OR caprine OR Capra hircus) AND
(prevalence OR incidence OR epidemiology OR survey OR
seroprevalence). No language restrictions were applied
during the initial search stage; however, only full-text
articles available in English were included in the final
analysis. The reference lists of eligible studies and relevant
reviews were screened manually. Google Scholar studies
were screened using the same eligibility criteria and were
deduplicated with other studies by title, authorship, and
publication year, with a manual check for ambiguous
matches. The original authors were not contacted for
additional data, and unpublished or gray literature was
excluded. The inclusion and exclusion criteria applied during
the study selection are presented in Table 1.

Table I: Inclusion and exclusion criteria used for study selection.
Inclusion criteria Exclusion criteria

Orriginal prevalence data for Fasciola Host species not specified
spp. in sheep and/or goats

Clearly described diagnostic method
(fecal examination, post-mortem
inspection, ELISA, or molecular
techniques)

Sufficient data to calculate prevalenceConference abstracts, letters, or
with 95% confidence intervals non-peer-reviewed grey literature
Peer-reviewed publication with full Duplicate data from the same

text available in English study population

Sufficient methodological informationInsufficient methodological

for quality assessment information for quality assessment
Geographic information allowing Geographic or climate information
assignment of the dominant climate not reported

region

Experimental infections only

Assessment of study quality and risk of bias: Study
quality was appraised using the Joanna Briggs Institute
(JBI) critical appraisal checklist for prevalence studies
(Munn et al., 2015). The nine domains were judged as yes,
no, unclear, or not applicable. Two reviewers (FP and
SOV) independently assessed potentially eligible full texts,
with disagreements resolved by consensus or by a third
reviewer (HCG). The JBI domains were considered
individually rather than collapsed into a single numerical
quality score. A standardized Microsoft Excel form
(version 16.72, Microsoft Corporation, Redmond, WA,
USA) recorded authorship, publication year, country,
reported data-collection period, host, denominator,
prevalence, diagnostic method, Fasciola species, and
dominant Képpen-Geiger climate class.

Analysis unit, duplicate studies, and within-study
dependence: Exact duplicate reports and duplicate
prevalence estimates referring to the same population,
diagnostic method, and sampling period were excluded
during screening. When a publication reported distinct
method-specific estimates for the same population, they
were retained as separate prevalence studies because they
represented different diagnostic targets.

Climate and period classification: Koppen-Geiger codes
denote A (tropical), B (dry), C (temperate), D (continental
or cold), and E (polar). These categories are ecological
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descriptors rather than measurements of contemporaneous
farm-level weather. Publication eligibility covered 2002—
2025, whereas period subgroups described reported data
collection and may include earlier years.

Statistical analysis: A random-effects model was selected
because the included prevalence studies differed
substantially in geography, sampling frame, diagnostic
target, and study period, making a single common
underlying prevalence implausible. The prevalence was
pooled after Freeman—Tukey double-arcsine
transformation to stabilize the variance. All reported
prevalence estimates, 95% confidence intervals (CI), and
95% prediction intervals (PI) are presented on the back-
transformed 0%—100% prevalence scale. Between-record
heterogeneity was evaluated using Cochran’s Q test, 12, and
72, while 95% PI described the expected dispersion of the
true prevalence across comparable settings. Prespecified
subgroup analyses considered continent, reported data-
collection period (1980-2013 vs. 2014-2024 for sheep and
1996-2014 vs. 2015-2024 for goats), diagnostic method,
Fasciola species, sample size (<400 vs. >400 animals), and
dominant Kdppen-Geiger climate class. A leave-one-out
sensitivity analysis was used to assess the influence of each
individual prevalence record on the overall pooled
estimate. Univariate random-effects meta-regression was
used to explore moderators, with R? interpreted as an
exploratory association, rather than a causal effect. Small-
study effects were assessed using Egger’s regression and
funnel plots in the overall sheep and goat analyses, and the
trim-and-fill procedure was retained as originally specified.

| Identification of studies via databases
—
. Records identified from
] databases (n = 4,821):
:E PubMed/MEDLINE (n = 321) Duplicate records removed
£ Web of Science (n = 1,158) d (ﬂ£1 946)
E ScienceDirect (n = 1,317) .
3 CAB Abstracts (n = 768)
Google Scholar (n=1,257)
— l
Records screened Records excluded
-
(n=2875) (n=2,368)
Reports sought for retrieval | Reports not retrieved
(n=507) "l (n=8)
2
: !
@ =370}
Reports assessed for eligibility Reports excluded (n = 370):
(n = 499) *|  Insufficient data to calculate
prevalence (n = 52)
| Separate data for sheep and/or
goats (n = 103)
No data on geographic or
climate regions (n = 8)
No epidemiological data of
fasciolosis (n = 169)
Different scope (n = 38)
3 ) )
¥ Studies included in review
T (n=129)
£
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A P-value <0.05 was used as the prespecified threshold.
Analyses were performed using SPSS 31 (IBM Corp.,
Armonk, NY, USA) and Jamovi 2.7.38.

RESULTS

Search results and eligible studies: For sheep, 4,821
studies were identified from the five literature sources, and
129 extracted prevalence studies met the inclusion criteria
for the systematic review and meta-analysis (Fig. 1A). For
goats, 3,474 studies were identified, and 92 prevalence
studies met the inclusion criteria (Fig. 1B).

The systematic literature search and screening
process produced 92 eligible goat prevalence studies
comprising 1,533,682 goats (Table 3; Fig. 2). Most
studies were from Asia (52; n=1,317,141) and Africa (32;
n=212,533), with fewer studies from the Americas (3;
n=2,932), Europe (4; n=1,021), and Oceania (1; n=55).
According to the reported data-collection periods, 55
studies (n=1,501,118) covered 1996-2014, and 37
(n=32,564) covered 2015-2024.

For goats, fecal examination was represented by 45
prevalence studies (n=38,657), post-mortem inspection by
39 (n=1,487,812), and ELISA by 8 (n=7,213). Fifteen
studies identified F. hepatica (n=22,534), 9 F. gigantica
(n=62,166), and 68 reported Fasciola spp. without species-
level identification (n=1,448,982). Forty-five studies
included <400 animals (n=9,172) and 47 included >400
animals (n=1,524,510). Climate-class totals were temperate
(39 studies; n=520,158), tropical (26; n=211,339), dry (25;
n=801,641), and continental (2; n=544).

Identification of studies via databases

Records identified from

databases (n = 3,474):
PubMed/MEDLINE (n = 151)
Web of Science (n = 858) >
ScienceDirect (n = 940)
CAB Abstracts (n = 474)
Google Scholar (n = 1,051)

!

Records screened
(n = 2,495)

l

Refarts sought for refrieval Reports not refrieved
(n=361) (n=6)

'

Reports assessed for eligibility
(n = 355) >

Duplicate records removed
(n=979)

o | w

» Records excluded
(n=2,134)

Reports excluded (n = 263):
Insufficient data to calculate
prevalence (n = 26)

Separate data for sheep andfor
goats (n=113)

No data on geographic or
climate regions (n = 4)

No epidemiological data of
fasciolosis (n = 92)

Different scope (n = 28)

A

Studies included in review
(n=92)

[ Included ] [

Fig. 1: PRISMA flow diagrams for sheep (A) and goats (B). The terminal values of 129 and 92 correspond to the number of extracted prevalence

studies in Tables 2 and 3.
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Global pooled prevalence, publication bias and
sensitivity analysis: The pooled prevalence of ovine
fasciolosis was 15.3% (95% CI: 11.9-19.0%; PI: 0.0-
67.4%) across 129 prevalence studies and 9,249,382 sheep
(Table 4). Heterogeneity was very high (1>=99.9%,
1=0.315), and Cochran's Q test was significant (P<0.001;
Fig. 3A), indicating substantial between-record variation.
Egger's regression indicated funnel-plot asymmetry/small-
study effects in the overall sheep analysis (Fig. 4A;

Prevalence in goats
1_._9% -3.1%
3.1%-5.3%
53%-227%
22.7% - 54.5%

54.5% - 84.7%
Prevalence in sheep
[ 10%-32%
[ 132%-105%
[ 105%-25.0%
[ 25.0% - 41.8%
I 41.8% - 69.5%
e
= T

’-—k_i—)‘
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t=3.859, P<0.001). Trim-and-fill imputed no additional
studies and left the numerical estimate unchanged; this
does not demonstrate the absence of bias. In leave-one-out
analyses, pooled prevalence ranged from 14.78% to
15.50% for sheep and from 9.77% to 10.61% for goats.
These narrow ranges indicate limited influence of any
single prevalence record on the pooled point estimate but
do not resolve the very high heterogeneity or small-study
effects.

Fig. 2: Map of reported pooled prevalence patterns of ovine and caprine fasciolosis by country.

Table 2: Extracted sheep prevalence studies, diagnostic methods, and reported sampling units

Country Study Diagnostic Fasciola species Sample number Prevalence Dominant References

period method and type (%) climate
Africa
Algeria 2008-2009 PM Fasciola hepatica 5,724 livers 0 B (Ouchene-Khelifi et al., 2018)
Burundi 2020-2021 PM Fasciola spp. 16 livers 0 A (Minani et al., 2023)
Cameroon 2010-2012PM Fasciola spp. 267 livers 27 A (Takang et al., 2020)
Céte d'lvoire 2018 PM Fasciola spp. 151 livers 27 A (Kouadio et al., 2020)
Egypt 2009 FE Fasciola spp. 297 fecal 17.2 B (Abdel-Nasser and Khalifa, 2010)
Egypt 2009-2010 FE Fasciola spp. 240 fecal 10 B (Abouzeid et al., 2010)
Egypt 2010-2013 PM Fasciola spp. 14,724 livers  0.41 B (Elmonir et al., 2015)
Egypt 2014-2015FE Fasciola spp. 4,920 fecal 17.87 B (Abdel-Hakeem and Omar, 2020)
Egypt 2020-2021 PM Fasciola spp. 2,338 livers 0.45 B (Allam et al., 2022)
Egypt 2021 PM Fasciola spp. 16,200 livers  2.85 B (Ahmed et al., 2023)
Ethiopia 2005 FE Fasciola spp. 3,697 fecal 13.2 B (Ahmed et al.,, 2007)
Ethiopia 2007-2008 FE Fasciola spp. 395 fecal 68.1 C (Kiros, 2016)335
Ethiopia 2009-2010 FE Fasciola spp. 384 fecal 49 (@ (Bitew et al., 2010)
Ethiopia 2009-2010 PM Fasciola spp. 500 livers 5.6 (@ (Kifle and Hiko, 201 1)
Ethiopia 2010-2011 PM Fasciola spp. 384 livers* 20.8 (@ (Yemisrach and Mekonnen, 2012)
Ethiopia 2010-201 1 FE Fasciola spp. 621 fecal 70.20 C (Chanie and Begashaw, 2012)
Ethiopia 2010-201 | FE Fasciola spp. 390 fecal 50.8 (@ (Asrede and Shifaw, 2015)
Ethiopia 2010-201 1 FE Fasciola spp. 384 fecal 28.39 (@ (Berhanu et al., 2016)
Ethiopia 2011-2012FE Fasciola spp. 384 fecal 9141 B (Kelemework et al., 2016)
Ethiopia 2012 FE Fasciola spp. 1,528 fecal 62.7 (@ (Zeleke et al.,, 2013)
Ethiopia 2012 FE Fasciola spp. 384 fecal 35.68 (@ (Melkamu and Asrat, 2015)
Ethiopia 2013 PM Fasciola spp. 384 livers 45.05 (@ (Tsegaye and Gebeyehu, 2015)
Ethiopia 2013 FE Fasciola spp. 91 fecal 484 (@ (Taye and Jagema, 2016)
Ethiopia 2013-2014PM Fasciola spp. 205 livers 259 (@ (Birhanu et al., 2015)
Ethiopia 2013-2014 FE Fasciola spp. 248 fecal 15.32 (@ (Shime and Derso, 2016)
Ethiopia 2013-2014 FE Fasciola spp. 280 fecal 60.7 C (Ayele et al., 2018)
Ethiopia 2014-2015FE Fasciola spp. 129 fecal 25.6 B (Bedada et al., 2017)
Ethiopia 2014-2015FE Fasciola spp. 218 fecal 339 B (Dina and Henok, 2018)
Ethiopia 2015-2016 FE Fasciola spp. 384 fecal 36.7 C (Misgia et al., 2016)
Ethiopia 2015-2016 FE Fasciola spp. 384 fecal 50.8 (@ (Hussien et al., 2017)
Ethiopia 2015-2016 PM Fasciola spp. 396 livers 30.3 (@ (Metages et al., 2018)
Ethiopia 2015-2016 FE Fasciola spp. 384 fecal 326 C (Gugero and Abisso, 2019)
Ethiopia 2016 PM Fasciola spp. 202 livers 37.12 (@ (Kassye et al., 2017)
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Ethiopia 2016-2017 PM Fasciola spp. 384 livers 18.8 (@ (Berhe et al,, 2017)
Ethiopia 2017-2018FE Fasciola spp. 384 fecal 393 C (Alemu and Chala, 2019)
Ethiopia 2017-2018FE Fasciola spp. 390 fecal 454 (@ (Bimirew and Cherinnat, 2020)
Ethiopia 2017-2018FE Fasciola spp. 384 fecal 22.1 (@ (Nuqus et al.,, 2022)
Ethiopia 2018-2019 FE Fasciola spp. 392 fecal 339 C (Wondmnew, 2019)
Ethiopia 2018-2021 FE Fasciola spp. 1,928 fecal 18.2 (@ (Molla et al., 2023)
Ethiopia 2019-2020 PM Fasciola spp. 424 livers 20.7 (@ (Oljira et al., 2022)
Echiopia 2020 ;:eipgtlasrjﬁt\l Fasciola hepatica 141 fecal 9.2 C (Abaya et al., 2023)
Ethiopia 2021-2022 FE Fasciola spp. 220 fecal 245 (@ (Megersa et al., 2024)
Kenya 1989-2004 PM Fasciola gigantica 6,036 livers 5.24 A (Mungube et al., 2006)
Kenya 2011-2015PM Fasciola spp. 52,573 livers  6.08 (@ (Musotsi et al., 2017)
Nigeria 2004-2009 PM Fasciola spp. 15,113 livers  0.49 B (Mbaya et al., 2010)
Nigeria 2009-2018 PM Fasciola spp. 64,125 livers  0.28 A (Ola-Fadunsin et al., 2020)
Nigeria 2015-2016 PM Fasciola spp. 300 livers 19.3 B (Liba et al,, 2017)

Nigeria 2016 FE Fasciola spp. 95 fecal 71.6 B (Usman et al,, 2016)
Nigeria 2017-2018FE Fasciola spp. 880 fecal 39.1 A (Isah, 2019)

Nigeria 2018 FE Fasciola spp. 76 fecal 12.5 A (Eke et al.,, 2019)

Nigeria 2018-2021 FE Fasciola spp. 335 fecal 2.38 A (Inegbenosun et al., 2023)
Nigeria 2024 FE Fasciola spp. 129 fecal 3.10 A (Ahmad et al., 2025)
Sudan 2009-2012 PM Fasciola spp. 185,984 livers  0.19 B (Mohamed, 2013)

Asia

Bangladesh 2014 FE Fasciola gigantica 200 fecal 46.67 A (Hossain et al., 2016)
Bangladesh 2016 FE Fasciola gigantica 106 fecal 1.3 (@ (Poddar et al., 2017)
Bangladesh 2017-2018FE Fasciola spp. 549 fecal 39.0 A (Dey et al., 2022)
Bangladesh 2019 FE Fasciola spp. 220 fecal 13.18 A (Bhowmik et al., 2020)
China 1999-2003 PM Fasciola hepatica 326 livers 28.5 D (Wang et al., 2006)

China 2012-2017 ELISA Fasciola spp. 1,092 serum 264 E (Gao et al,, 2020)

India 2001-2004 FE Fasciola gigantica 9,563 fecal 2.78 C (Garg et al., 2009)

India 2004-2018 FE Fasciola gigantica 89,112 fecal 0.03 B (Swarnkar et al., 2019)
India 2011-2012FE Fasciola spp. 445 fecal 90.11 A (Bansal et al., 2015)

India 2015-2017 FE Fasciola spp. 620 fecal 1.13 A (Ananda and Pradeep, 2021)
India 2019 FE Fasciola spp. 394 fecal 5.59 A (Malathi et al., 2021)

Iran 1999-2008 PM Fasciola spp. 2,490,742 livers 0.93 B (Ahmadi and Meshkehkar, 2010)
Iran 2005-2008 PM Fasciola spp. 457,793 livers 2.0l B (Khanjari et al., 2010)

Iran 2007-2009 PM Fasciola spp. 7,726 livers 7.6 B (Ali et al,, 2011)

Iran 2007-2010 PM Fasciola spp. 292,797 livers* 1.12 C (Sayadi et al., 2015)

Iran 2008-2009 PM Fasciola spp. 23,047 livers  0.35 B (Oryan etadl, 201 1)

Iran 2008-2013 PM Fasciola spp. 393,585 livers 1.4 (@ (Shahbazi et al., 2016)
Iran 2009-2015PM Fasciola spp. 867,015 livers 1.93 B gﬁﬁﬁi&?iﬁ?&‘;' and Sadeghian-
Iran 2010-2011 PM Fasciola spp. 1,215 livers 77 (@ (Khanjari et al., 2014)

Iran 2010-2013 PM Fasciola spp. 265,692 livers 7.1 C (Ezatpour et dl., 2015)
Iran 2011-2015PM Fasciola spp. 44,191 livers  5.22 B (Kordshooli et al., 2017)
Iran 2012-2013 PM Fasciola spp. 88,939 livers 3.28 B (Khoramian et al., 2014)
Iran 2013 FE Fasciola spp. 242 fecal 26.03 (@ (Abdolali, 2016)

Iran 2013-2017PM Fasciolaspp. 29,809 livers 024  C S0y crieordiand Fohammad
Iran 2014-2016 PM Fasciola spp. 125,313 livers  |.1 (@ (Bozorgomid et al., 2018)
Iran 2015 PM Fasciola hepatica 29,247 livers 1.90 B (Kohi et al., 2017)

Iran 2015-2018 Pm Fasciola spp. 571,991 livers 0.62 B (Pezeshki et al., 2018)
Iran 2019 PM Fasciola spp. 312,811 livers 2.60 (@ (Samakkhah et al., 2021)
Iran 2020 FE Fasciola spp. 251 fecal 9.96 C (Salehi et al., 2022)

Iraq 2015 ELISA Fasciola hepatica 180 serum 8.9 C (Mikaeel, 2020)

Iraq 2009-2010 PM Fasciola spp. 50,518 livers  0.36 B (Kadir et al., 2012)

Iran 2009-2018 PM Fasciola spp. 1,339,196 livers 0.93 B (Azizian et al., 2023)

Iraq 2013-2018PM Fasciola spp. 136,499 livers  0.30 B (Al-khafaji et al., 2020)
Iraq 2016-2018 PM Fasciola spp. 244,806 livers 0.67 B (Al-Alo et al., 2019)

Iraq 2017-2018FE Fasciola spp. 523 fecal 22.46 B (Gatie and Nejiban, 2019)
Iraq 2017-2018 PM Fasciola spp. 40,488 livers  0.28 B (Abass et dl., 2018)

Iraq 2017-2018 PM Fasciola spp. 951 livers 13.88 B (Rasheed et al., 2019)

Iraq 2019 PM Fasciola spp. 6,932 livers 1.76 (@ (Abdullah Nerway et al., 2021)
Iraq 2020-2022 FE Fasciola spp. 400 fecal 10 (@ (Al-Lahaibi et al., 2023)
Iraq 2023-2024 PE Fasciola spp. 361 livers 8.03 B (Essa et dl., 2024)

Nepal 2020 PM Fasciola spp. 100 livers 34 (@ (Sah et al., 2020)

Oman 2018-2021 PM Fasciola hepatica 984 livers 0.2 B (Ali et al., 2023)

Pakistan 2001-2002 PM Fasciola spp. 261 livers* 23.75 B (Sher et al., 2005)
Pakistan 2004-2005 FE Fasciola spp. 86 fecal 4.38 C (Asif et al., 2008)

Pakistan 2004-2008 FE Fasciola spp. 90 fecal 4.44 C (Gadahi et al., 2009)
Pakistan 2007 PM Fasciola spp. 750 livers* 38 B (Khan et al., 2015)
Pakistan 2007 FE Fasciola hepatica 300 fecal 14.67 B (ljaz et al., 2009)

Pakistan 2010 PM Fasciola hepatica 200 gall bladder 5.25 B (Shahzad et al., 2012)
Pakistan 2010-201 | FE Fasciola hepatica 106,711 fecal 0.9 (@ (Khalid et al., 2015)
Pakistan 2011-2012 FE Fasciola spp. 678 fecal 4.87 B (Haleem et al., 2016)
Pakistan 2012 FE Fasciola spp. 2,242 fecal 26.49 (@ (Durrani et al., 2017)
Pakistan 2014 FE Fasciola spp. 384 fecal 8.3 C (Rizwan et al,, 2017)
Pakistan 2016 ELISA Fasciola hepatica 203 serum 41.87 B (Zafar et al., 2019)
Pakistan 2018 ELISA Fasciola spp. 1,200 serum 20.1 B (Rizwan et al., 2021)
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Pakistan 2021-2022 FE Fasciola spp. 138 fecal 31.88 B (Khan, 2023)

Saudi Arabia 2017-2018 PM Fasciola spp. 109,253 livers  1.63 B (Ashoor and Wakid, 2023)
Turkey 2005-2007 ELISA Fasciola hepatica 213 serum 314 (@ (Acici et al,, 2017)
Turkey 2008 PM Fasciola hepatica 1,763 livers 442 (@ (Kara et al., 2009)
Turkey 2018 ELISA Fasciola hepatica 320 serum 7.50 C (Celik and Celik, 2018)
Turkey 2022 PM Fasciola spp. 3,271 livers 26.2 B (Ayvazoglu et al., 2023)
America

Brazil 1980-201 1 PM Fasciola hepatica 4,897 livers 12.25 C (Fiss et al,, 2013)

Brazil 2000-2005 PM Fasciola hepatica 690,361 livers 8.87 C (Cunha et dl., 2007)
Colombia 2017-2018FE Fasciola hepatica 97 fecal 14.4 (@ (Pinilla-Leon et al., 2019)
Colombia 2018-2019 ELISA Fasciola spp. 185 serum 46.5 C (Delgado et al., 2023)
Mexico 1996-1997 ELISA Fasciola hepatica 381 serum 30.6 B (Munguia-Xochihua et al., 2007)
Oceania

Papua New Guinea 201 | FE Fasciola spp. 110 fecal 5.5 A (Koinari et al., 2013)
Europa

Finland 2019 ELISA Fasciola hepatica 1,120 serum 0 D (Groning et al., 2023)
Germany 2019-2021 FE Fasciola hepatica 79 fecal farms 1.3 (@ (Alstedt et al., 2022)
Ireland 2010-2013 FE Fasciola hepatica 4,460 fecal 12.8 C (Toolan et al., 2015)
Ireland 2012-2013 FE Fasciola hepatica 45 farms, fecal 61.6 C (Rinaldi et al., 2015)
Ireland 2014-2015FE Fasciola hepatica 305 flocks, fecal 50.4 (@ (Munita et al., 2019)
Italy 1999-2000 FE Fasciola hepatica 3,940 fecal 4.1 C (Cringoli et al., 2002)
Italy 2012-2013 FE Fasciola hepatica 7 farms, fecal 7.9 (@ (Rinaldi et al., 2005)
Poland 2002-2003 FE Fasciola hepatica 400 fecal 10.9 (@ (Gorski et al., 2004)
Poland 2014-2022 ELISA Fasciola hepatica 33 serum 333 D (Mickiewicz et al., 2024)
Spain 2001 ELISA Fasciola hepatica 402 serum 83.3 C (Paz-Silva et al., 2003)

FE: Fecal examination under microscope; PM: Post mortem examination after slaughtering; *livers and gall bladders Koppen—Geiger codes: A, tropical;
B, dry; C, temperate; D, continental or cold; E, polar.

Table 3: Extracted goat prevalence studies, diagnostic methods and reported sampling units.

Country  Study Diagnosti Fasciola species ~ Sample number Prevalence Dominant References
period c method and type (%) climate

Africa
Algeria 2008-2009 PM Fasciola hepatica 5, 764 livers 25 (@ (Ouchene-Khelifi et al.,, 2018)
Burundi 2020-2021 PM Fasciola spp. 190 livers 3.16 A (Minani et al., 2023)
Cote 2018 PM Fasciola spp. 174 livers 0 A (Kouadio et al., 2020)
d'lvoire
Egypt 2014-2015 PM Fasciola spp. 790 livers 62 B (Elkhtam and Khalafalla, 2016)
Egypt 2018 FE Fasciola spp. 225 fecal 0.89 B (Hassan et al., 2019)
Egypt 2020-2021 FE Fasciola spp. 410 fecal 0.49 B (Mohamed et al,, 2023)
Ethiopia 2007-2008 FE Fasciola spp. 105 fecal 343 (@ (Kiros, 2016)
Ethiopia 2009-2010 PM Fasciola spp. 500 livers 0.8 (@ (Kifle et al., 2011)
Ethiopia 2010-2011 PM Fasciola spp. 384 livers* 13.6 (@ (Yemisrach et al.,, 2012)
Ethiopia 2011-2012 FE Fasciola spp. 384 fecal 86.2 B (Kelemework et al., 2016)
Ethiopia 2013-2014 PM Fasciola spp. 179 livers 10.6 (@ (Birhanu et al,, 2015)
Ethiopia 2013-2014 FE Fasciola spp. 136 fecal 1.8 C (Shime et al,, 2016)
Ethiopia 2014-2015 FE Fasciola spp. 479 fecal 6.67 C (Elemo and Geresu, 2017)
Ethiopia 2014-2015 FE Fasciola spp. 166 fecal 379 B (Bedada et al,, 2017)
Ethiopia 2014-2015 FE Fasciola spp. 166 fecal 295 B (Dina et al., 2018)
Ethiopia 2015-2016 PM Fasciola spp. 384 livers 14.6 (@ (Metages et al,, 2018)
Ethiopia 2016 FE Fasciola spp. 343 fecal 9.7 (@ (Dabasa et al,, 2017)
Ethiopia 2016 PM Fasciola spp. 194 livers 6.7 C (Kassye et al, 2017)
Ethiopia 2019-2020 PM Fasciola spp. 501 livers 1.6 C (Oljira et al., 2022)
Ethiopia 2020 Coproan Fasciola hepatica 50 fecal 6.0 C (Abaya et al., 2023)

tigen

ELISA
Ethiopia 2021-2022 FE Fasciola spp. 112 fecal 10.7 (@ (Megersa et dl., 2024)
Kenya 2011-2015 PM Fasciola spp. 19,263 livers 4.1 (@ (Musotsi et al., 2017)
Kenya 2005 PM Fasciola gigantica 17,743 livers 6.6 A (Mungube et al., 2006)
Nigeria 2004-2009 PM Fasciola spp. 9,617 livers 0.29 B (Mbaya et al., 2010)
Nigeria 2009-2018 PM Fasciola spp. 148,887 livers  0.23 A (Ola-Fadunsin et al., 2020)
Nigeria 2011-2022 PM Fasciola spp. 494 livers 1.5 A (Okolugbo et al., 2023)
Nigeria 2015-2016 PM Fasciola spp. 300 livers 18.3 B (Liba et al., 2017)
Nigeria 2016 FE Fasciola spp. 252 fecal 584 B (Usman et al.,, 2016)
Nigeria 2017-2018 FE Fasciola spp. 3,200 fecal 350 A (Isah, 2019)
Nigeria 2018 FE Fasciola spp. 92 fecal 725 A (Eke et al,, 2019)
Nigeria 2018-2021 FE Fasciola spp. 920 fecal 236 A (Inegbenosun et al., 2023)
Nigeria 2024 FE Fasciola spp. 129 fecal 543 A (Ahmad et al., 2025)
Asia
Bangladesh 2007-2008 PM Fasciola gigantica 318 livers 20.75 A (Hossain et al., 201 1)
Bangladesh 2007-2008 PM Fasciola gigantica 325 livers 21.54 A (Talukder et al., 2010)
Bangladesh 2014 FE Fasciola gigantica 200 fecal 37.50 A (Hossain et al., 2016)
Bangladesh 2014-2015 PM Fasciola gigantica 26,443 livers 3.82 A (Islam and Ripa, 2015)
Bangladesh 2014-2015 FE Fasciola spp. 160 fecal 0 A (Yasin et al,, 2018)
Bangladesh 2017 FE Fasciola gigantica 260 fecal 85 A (Chakrabortty et al., 2023)
Bangladesh 2017-2018 FE Fasciola spp. 1,891 fecal 39.7 A (Dey et al., 2022)
Bangladesh 2018-2019 PM Fasciola spp. 260 livers 35.38 A (Shykat et al., 2022)
Bangladesh 2019 FE Fasciola spp. 110 fecal 29.09 A (Bhowmik et al., 2020)



2358 Pak Vet J, 2026, 46(10): 2352-2368.
China 2013-2014 FE Fasciola spp. 200 fecal 37.0 (@ (Yuan et al., 2016)
India 2001-2004 FE Fasciola gigantica 12,741 fecal 2.35 C (Garg et al., 2009)
India 2011-2012 FE Fasciola spp. 960 fecal 90.00 A (Bansal et al., 2015)2019
India 2011-2012 FE Fasciola spp. 1,016 fecal 2.75 (@ (Bihaqi et dl,, 2017)
India 2012-2015 FE Fasciola gigantica 632 fecal 0.32 C (Dixit et al, 2017)
India 2014-2015 FE Fasciola spp. 4,320 fecal 233 A (Jas et al,, 2017)
India 2015-2017 FE Fasciola spp. 500 fecal 0 A (Ananda et al,, 2021)
India 2017-2018 FE Fasciola spp. 1,478 fecal 1.76 A (Saiyam et al., 2018)
India 2019 FE Fasciola spp. 236 fecal 8.89 A (Malathi et al., 2021)
Iran 1999-2008 PM Fasciola spp. 400,695 livers  2.79 B (Ahmadi et dl.,, 2010)
Iran 2007-2009 PM Fasciola spp. 23,562 livers 5 B (Alietal,2011)
Iran 2007-2010 PM Fasciola spp. 275,185 livers* 1.10 (@ (Sayadi et al., 2015)
Iran 2008-2013 PM Fasciola spp. 81,080 livers 12 (@ (Shahbazi et al., 2016)
Iran 2010-2011 PM Fasciola spp. 1,215 livers 54 C (Khanjari et al,, 2014)
Iran 2010-2013 PM Fasciola spp. 90,913 livers 39 (@ (Ezatpour et al., 2015)
Iran 2011-2015 PM Fasciola spp. 134,007 livers  2.15 B (Kordshooli et al., 2017)
Iran 2012-2013 PM Fasciola spp. 151,924 livers  2.76 B (Khoramian et al,, 2014)
Iran 2013 FE Fasciola spp. 171 fecal 233 (@ (Abdolali, 2016)
Iran 2013-2017 PM Fasciola spp. 8,995 livers 041 C (Karimi-Dehkordi et al.,, 2020)
Iran 2014-2016 PM Fasciola spp. 11,802 livers 23 C (Bozorgomid et al., 2018)
Iran 2015 PM Fasciola hepatica 11,480 livers 2.85 B (Kohi et al,, 2017)
Iran 2019 PM Fasciola spp. 1,125 livers 0.95 C (Samakkhah et al,, 2021)
Iraq 2015 ELISA Fasciola hepatica 142 serum 6.3 C (Mikaeel, 2020)
Iraq 2009-2010 PM Fasciola spp. 7,662 livers 0.14 B (Kadir et al,, 2012)
Iraq 2013-2018 PM Fasciola spp. 49,911 livers 0.26 B (Al-khafaiji et al., 2020)
Iraq 2017-2018 PM Fasciola spp. 3,754 livers 0.63 B (Abass et al,, 2018)
Iraq 2019 PM Fasciola spp. 804 livers 0.87 (@ (Abdullah Nerway et al,, 2021)
Korea 2009-2011 ELISA Fasciola hepatica 464 serum 1.1 D (Gebeyehu et al,, 2013)
Malaysia 2008-2018 PM Fasciola spp. 924 livers 0 A (Kamaruddin et al,, 2021)
Nepal 2014 FE Fasciola spp. 100 fecal 47 (@ (Yadav et al, 2015)
Nepal 2017-2018 FE Fasciola spp. 150 fecal 4.67 C (Sukupayo and Rayamajhee, 2018)
Nepal 2017-2018 FE Fasciola spp. 170 fecal 294 (@ (Sukupayo and Santosh, 2018)
Nepal 2017-2018 FE Fasciola spp. 1,000 fecal 35 (@ (Sah and Sah, 2019)
Nepal 2018-2019 FE Fasciola spp. 400 fecal 10.25 C (Ghimire and Bhattarai, 2019)
Pakistan 2001-2002 PM Fasciola spp. 43 livers* 27.90 B (Sher et al., 2005)
Pakistan 2004-2005 FE Fasciola spp. 252 fecal 0 (@ (Asif et al., 2008)
Pakistan 2004-2008 FE Fasciola spp. 310 fecal 0.64 (@ (Gadabhi et al, 2009)
Pakistan 2007 FE Fasciola hepatica 300 fecal 10.00 B (ljaz et al., 2008)
Pakistan 2010 PM Fasciola hepatica 200 gall bladder 4.0 B (Shahzad et al,, 2012)
Pakistan 2012 FE Fasciola spp. 2,420 fecal 991 C (Durrani et al,, 2017)
Pakistan 2013 ELISA Fasciola gigantica 3,504 serum 42.69 B (Rizwan et al., 2016)
Pakistan 2016 ELISA Fasciola hepatica 181 serum 32.04 B (Zafar et al., 2019)
Pakistan 2021-2022 FE Fasciola spp. 246 fecal 30.08 B (Khan, 2023)
America
Argentina  2006-2011 FE Fasciola hepatica 663 fecal 848 B (Cuervo et al,, 2013)
Mexico 1996-1997 ELISA Fasciola hepatica 1,199 serum 430 B (Munguia-Xochihua et al., 2007)
Mexico 2014 ELISA Fasciola hepatica 1,070 serum 7346 A (Villa-Mancera et al,, 2016)
Oceania
Papua New 201 | FE Fasciola spp. 55 fecal 182 A (Koinari et al,, 2013)
Guinea
Europe
Germany 2019-2021 FE Fasciola hepatica 80 fecal farms 7.5 D (Alstedt et al,, 2022)
Poland 2002-2003 FE Fasciola hepatica 180 fecal 0 C (Gorski et al, 2004)
Poland 2019 FE Fasciola hepatica 158 fecal 44 C (Pilarczyk et al., 2021)
Spain 2015 ELISA Fasciola hepatica 603 serum 22.7 C (Perez-Creo et dl, 2016)

FE: Fecal examination under microscope; PM: Post mortem examination after slaughtering; *livers and gall bladders, Koppen—Geiger codes: A, tropical; B, dry; C,

temperate; D, continental or cold; E, polar.

Based on 92 prevalence studies comprising 1,533,682
goats, the pooled prevalence of caprine fasciolosis was
10.4% (95% CI: 7.2-14.1%; PI: 0.0-59.3%) under the
random-effects model (Table 5). Between-record
heterogeneity was very high (I1*=99.7%, 1>=0.301), and
Cochran's Q test was significant (P<0.001; Fig. 3B);
therefore, the pooled estimate should be interpreted as a
global summary rather than a uniform local prevalence.
Egger's regression indicated funnel-plot asymmetry/small-
study effects in the overall goat analysis (Fig. 4B; t=4.215,
P<0.001).

Subgroup analysis by continent: Marked geographic
variation was observed in sheep (Table 4). Africa had the
highest pooled estimate (22.7%; 95% CI: 16.5-29.6%; 53

studies), followed by Europe (22.1%; 95% CI: 6.1-43.7%;
10 studies), the Americas (21.0%; 95% CI: 9.4-35.6%; 5
studies), Asia (8.8%; 95% CI: 5.7-12.5%; 60 studies), and
Oceania (5.5%; 95% CI: 1.9-10.6%; one study). Cochran’s
Q test remained significant within every multi-record
continental subgroup (P<0.001), confirming substantial
within-continent heterogeneity. The univariate continent
model accounted for 24.5% of the between-record variance
(R*=24.5%, P<0.001); however, the residual heterogeneity
remained high. Estimates based on one or a few studies,
particularly in Oceania and other sparsely represented strata,
should be interpreted with caution.

For goats, continent was associated with prevalence in
the univariate model (R*=31.7%, P<0.001; Table 5). The
Americas had the highest pooled estimate (68.2%; 95% CI:
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42.3-89.1%; 3 studies; n=2,932; 1>=99.5%), followed by
Oceania (18.2%; one study), Africa (10.3%; 32 studies),
Asia (8.5%; 52 studies), and Europe (6.4%; four studies).
Cochran's Q was significant in all multi-record continental
strata (P<0.001), indicating substantial within-continent
heterogeneity. The 68.2% estimate for the Americas was
based on only three studies and had a wide confidence
interval and high heterogeneity; therefore, it should not be
interpreted as a stable continental prevalence. Estimates
based on very small subgroup counts are descriptive and
require extreme caution when interpreting.

For goats, continent was associated with prevalence in
the univariate model (R?>=31.7%, P<0.001; Table 5). The
Americas had the highest pooled estimate (68.2%; 95% CI:
42.3-89.1%; 3 studies; n=2,932; 1>=99.5%), followed by
Oceania (18.2%; one study), Africa (10.3%; 32 studies),
Asia (8.5%; 52 studies), and Europe (6.4%; four studies).
Cochran's Q was significant in all multi-record continental
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strata (P<0.001), indicating substantial within-continent
heterogeneity. The 68.2% estimate for the Americas was
based on only three studies and had a wide confidence
interval and high heterogeneity; therefore, it should not be
interpreted as a stable continental prevalence. Estimates
based on very small subgroup counts are descriptive and
require extreme caution when interpreting.

Subgroup analysis by study period: Sheep prevalence
studies with reported data-collection periods in 1980-2013
(68 studies; n=7,763,183) had a pooled prevalence of
15.2% (95% CI: 10.1-21.0%; 1>=99.9%), compared with
15.4% (95% CI: 11.3-20.1%; 1>=99.7%) for 2014-2024
(61 studies; n=1,486,199). Cochran’s Q was significant in
both periods (P<0.001). The study period did not explain
heterogeneity in the univariate model (R*=0%; P=0.703).
These dates refer to reported data-collection periods, not
publication years; the publication eligibility window
remained 2002-2025.
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Fig. 3: Subgroup forest plots of pooled prevalence estimates of fasciolosis in sheep (A) and goats (B). Points and horizontal lines show the pooled
prevalence estimates and 95% confidence intervals for the overall and subgroup analyses. The climate categories correspond to Képpen-Geiger groups

A (tropical), B (dry), C (temperate), D (continental or cold), and E (polar).
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Table 4: Overall pooled prevalence of ovine fasciolosis and subgroup meta-analysis.

Variable Subgroup Included Sample size Pooled prevalence 95% PI Heterogeneity Univariate meta-regression
studies (95% CI) 1> (%) t Q, P-value R? (%) P-value
Global Overall 129 9,249,382 153 (11.9-19.0) 0.0-674 999 0315 <0.001
Continent 24.5 <0.001
Africa 53 387,526 22.7 (16.5-29.6) 0.0-78.1 99.8 0.332 <0.001
Asia 60 8,155,034 8.8 (5.7-12.5) 0.0-49.1 999 0221 <0.001
Americas 5 695,921 21.0 (9.4-35.6) 0.0-81.1 988 0.135 <0.001
Oceania | 110 5.5 (1.9-10.6) - - - -
Europe 10 10,791 22.1 (6.1-43.7) 0.0-974 995 0521 <0.001
Study period 0 0.703
1980-2013 68 7,763,183 152 (10.1-21.0) 0.0-743 999 0.398 <0.00I
2014-2024 6l 1,486,199 15.4 (11.3-20.1) 0.0-60.1 99.7 0.227 <0.001
Diagnostic 36.3 <0.001
method Fecal 62 489,416 23.6 (17.9-29.8) 0.0-778 99.8 0.317 <0.001
examination
Post-mortem 55 8,754,496 6.0 (3.7-8.8) 0.0-368 99.9 0.158 <0.001
examination
ELISA 12 5,470 25.1 (12.4-40.4) 0.0-86.6 99.4 0.327 <0.00l
Species 0 0.557
Fasciola gigantica 5 105,017 8.7 (0.2-26.7) 0.0-90.9 99.8 0.304 <0.001
Fasciola spp. 97 8,291,526 16.1 (12.1-20.5) 0.0-69.1 99.9 0.322 <0.001
Fasciola hepatica 27 852,839 13.8 (7.3-22.0) 0.0-68.0 99.8 0.304 <0.00I
Sample size 29.4 <0.001
< 400 67 16,828 24.6 (19.9-29.7) 0.0-69.7 98.1 0.213 <0.001
> 400 62 9,232,554 7.6 (44-11.7) 0.0-552 999 0.307 <0.00l
Dominant 10.8 0.008
climate Tropical 16 74,553 14.0 (4.9-26.7) 0.0-79.0 99.7 0.403 <0.001
Dry 45 6,851,127 9.2 (5.0-14.2) 0.0-57.8 99.8 0.300 <0.001
Temperate 64 2,321,131 208 (15.7-26.3) 0.0-71.1 999 0.272 <0.00I
Continental 3 1,479 14.4 (0.1-49.0) 0.0-100.0 99.4 0.440 <0.00I
Polar | 1,092 26.4 (23.8-29.0) - - - -
Table 5: Overall pooled prevalence of caprine fasciolosis and subgroup meta-analysis.
Variable Subgroup Included Sample  Pooled prevalence 95% Pl Heterogeneity Univariate meta-regression
studies  size (95% CI) 12 (%) t Q, P-value R? (%) P-value
Global Overall 92 1,533,682 10.4 (7.2-14.1) 0.0-59.3 99.7 0301 <0.001
Continent 31.7 <0.001
Africa 32 212,533  10.3 (5.6-16.3) 0.0-56.6 99.7 0252 <0.001
Asia 52 1,317,141 85 (4.9-12.8) 0.0-532 99.7 0263 <0.001l
Americas 3 2,932 68.2 (42.3-89.1) 0.0-100.0 99.5 0.215 <0.001
Oceania | 55 18.2 (9.0-29.6) - - - -
Europe 4 1,021 6.4 (0.3-18.7) 0.0-85.6 97.7 0.141 <0.001l
Study period 0 0317
1996-2014 55 1,501,118 10.3 (6.1-15.5) 0.0-63.1 99.8 0.3397 <0.001
2015-2024 37 32,564 10.6 (6.0-16.1) 0.0-56.8 99.5 0253 <0.001
Diagnostic 54.8 <0.001
method
Fecal examination 45 38,657 14.9 (9.0-21.9) 0.0-734 99.7 0.095 <0.001
Post-mortem 39 1,487,812 4.1 (2.4-6.2) 0.0-23.9 99.8 0.022 <0.001
examination
ELISA 8 7,213 25.1 (9.4-45.1) 0.0-93.6 985 0.091 <0.001
Species 3.1 0.077
Fasciola gigantica 9 62,166 12.7 (4.6-24.2) 0.0-64.3 99.8 0205 <0.001
Fasciola spp. 68 1,448,982 9.1 (5.8-13.2) 0.0-55.9 99.7 0.283 <0.001
Fasciola hepatica 15 22,534 15.3 (5.1-29.5) 0.0-840 99.7 0452 <0.00I
Sample size 1.7 0.139
< 400 45 9,172 14.4 (9.8-19.7) 0.0-59.1 98.1 0224 <0.00l
> 400 47 1,524,510 7.2 (3.5-12.2) 0.0-59.0 99.8 0.352 <0.001
Dominant
climate
Tropical 26 211,339 129 (5.9-22.0) 0.0-73.1 99.8 0.386 <0.001 9.4 0.012
Dry 25 801,641 15.5(7.0-26.3) 0.0-81.7 99.8 0467 <0.001
Temperate 39 520,158 6.6 (4.0-9.7) 0.0-345 993 0.128 <0.001
Continental 2 544 3.3 (0.0-12.5) - 88.5 0.056 0.003

In goats, pooled prevalence was 10.3% (95% CI: 6.1-
15.5%; 55 studies; n=1,501,118; [>=99.8%) for the reported
data-collection period 1996-2014 and 10.6% (95% CI: 6.0-
16.1%; 37 studies; n=32,564; 1>=99.5%) for 2015-2024.
Cochran's Q was significant in both periods (P<0.001). The
univariate study-period model explained 0% of the
between-record variance (R*=0%, P=0.317), and
substantial heterogeneity remained.

Subgroup analysis by diagnostic method: In sheep, the
diagnostic method was associated with prevalence in the

exploratory univariate moderator analysis (R?*=36.3%,
P<0.001). ELISA studies revealed 25.1% (12 studies;
n=5,470), fecal examination 23.6% (62 studies;
n=489,416), and post-mortem inspection 6.0% (55 studies;
n=8,754,496). Cochran’s Q tests were significant for all
three diagnostic subgroups (P<0.001). These estimates
should not be ranked as if they measured one equivalent
outcome: ELISA primarily reflects antibody evidence of
exposure, fecal examination detects patent egg shedding,
and post-mortem inspection reflects infection or lesions
among slaughter-selected animals. The moderator
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association is descriptive and not evidence that diagnostic
method causally determines prevalence.

In goats, the diagnostic method was associated with
prevalence in the exploratory univariate analysis
(R?=54.8%, P<0.001). ELISA-based studies had a pooled
estimate of 25.1% (95% CI. 9.4-45.1%; 8 studies;
n=7,213), fecal examination 14.9% (95% CI: 9.0-21.9%;
45 studies; n=38,657), and post-mortem inspection 4.1%
(95% CI: 2.4—6.2%:; 38 studies; n=1,487,812). Cochran's Q
tests were significant for all three subgroups (P<0.001).
The ELISA subgroup also had a wide 95% prediction
interval (0.0-93.6%). Because these methods measure
different biological constructs and are used in different
sampling contexts, the subgroup estimates are
complementary rather than directly interchangeable.

Egger’s regression was emphasized for the overall
host-level analyses, where funnel plot asymmetry/small
study effects were detected in both sheep (t=3.859,
P<0.001) and goats (t=4.215, P<0.001). Subgroup-specific
Egger tests were not emphasized, particularly in sparse
strata such as goat ELISA (n=8), because asymmetry tests
have limited power and interpretability when few studies
are available.

Subgroup analysis by Fasciola species: In sheep, the
pooled estimates were 16.1% for Fasciola spp. (97 studies),
13.8% for F. hepatica (27 studies), and 8.7% for F.
gigantica (five studies). Cochran’s Q was significant
within each species subgroup (P<0.001). Fasciola species
did not explain a significant proportion of the heterogeneity
in the univariate model (R?>=0%; P=0.557). The F.
gigantica estimate was based on only five studies and
should, therefore, be interpreted cautiously.

In goats, Fasciola species explained 3.1% of the
between-record variance (R?>=3.1%, P=0.077), with a high
residual heterogeneity. The pooled estimates were 15.3%
for F. hepatica (15 studies), 9.1% for unspeciated Fasciola
spp. (68 studies), and 12.7% for F. gigantica (9 studies).
Cochran’s Q was significant in all three subgroups
(P<0.001). Estimates from small species-specific strata are
imprecise and should not be used to infer intrinsic host
susceptibility or parasite pathogenicity.

Effect of sample size and climate: In sheep, studies with
<400 animals had a pooled prevalence of 24.6% (67
studies) compared with 7.6% in studies with >400 animals
(62 studies); Cochran’s Q was significant in both strata
(P<0.001). The sample size category explained 29.4% of
the between-record variance in the univariate analysis
(R?=29.4%, P<0.001). Dominant climate class was also
associated with prevalence (R?>=10.8%, P=0.008), but
several climate strata contained few studies. These findings
are ecological associations and do not demonstrate that
climate causes the observed prevalence differences.

For goats, the sample size category explained little
between-record variance (R*=1.7%, P=0.139). Studies with
<400 animals had a pooled prevalence of 14.4%, whereas
those with >400 animals had 7.2%; Cochran’s Q was
significant in both strata (P<0.001). Dominant climate class
accounted for 9.4% of the between-record variance
(P=0.012), but the continental subgroup contained only two
studies and other climate strata were unevenly represented.
These estimates require caution and should not be
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interpreted as direct climate-change effects; detailed
climate-class estimates are presented in Table 5.

DISCUSSION

The meta-analysis estimated a worldwide pooled
prevalence of 15.3% across 129 studies comprising
9,249,382 sheep. The very high heterogeneity (1>=99.9%,
1=0.315) was corroborated by a significant Cochran’s Q
test (P<0.001), indicating that the pooled estimate
summarizes diverse epidemiological settings rather than
defining a universal or local risk. A recent global synthesis
across humans and domestic ruminants likewise
documented substantial geographic and host variation (Lan
et al., 2024), reinforcing the need to interpret pooled
prevalence along with diagnostic methods, study settings,
and uncertainties. Recent small ruminant and regional
meta-analyses have also reported marked between-study
heterogeneity, supporting the cautious use of pooled
estimates outside the populations and settings represented
(Endalamew et al., 2025; Nambuya et al., 2025).

Continental differences were associated with
prevalence in the univariate analysis (R>=24.5%, P<0.001);
however, the estimates were supported by markedly
different numbers of studies in each continent. Africa had
the highest pooled estimate (22.7%; 53 studies), followed
by Europe (22.1%; 10 studies) and the Americas (21.0%; 5
studies), whereas Asia had a pooled estimate of 8.8% (60
studies), and Oceania was represented by one study (5.5%).
These differences may reflect a combination of snail
ecology, management, diagnostic practices, and sampling
methods, rather than a direct continental effect.
Accordingly, wide confidence intervals and persistent
residual heterogeneity limit strong geographic inference.
Recent syntheses also show substantial variation within
countries and regions, indicating that continents are a
coarse epidemiological grouping and that local risk factors
remain important sources of residual heterogeneity
(Endalamew et al., 2025; Nambuya et al., 2025).

Diagnostic subgroup differences should be interpreted
as descriptive contrasts rather than causal effects. ELISA
reflects antibody evidence of exposure, fecal examination
reflects patent egg shedding, and post-mortem inspection
reflects infection or lesions in slaughter-selected animals.
These outcomes are not epidemiologically equivalent, and
seroprevalence should not be interpreted as the prevalence
of pathological infection. Persistent heterogeneity within
each subgroup further indicates that diagnostic category
alone does not explain the observed variation (Aftab et al.,
2024).

The univariate association with the sample size
category (R*=29.4%, P<0.001) should be regarded as
exploratory. Smaller studies may target higher-risk
populations, whereas larger surveillance datasets
encompass broader geographic and management diversity.
Therefore, the subgroup contrast does not establish a
biological effect of the sample size and should be
interpreted together with the study design and the selection
processes.

The broad climate class was associated with
prevalence in the wunivariate analysis (R>=10.8%,
P=0.008), but this ecological variable did not measure
farm-level temperature, rainfall, soil moisture, irrigation,
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or snail abundance. This meta-analysis was not designed
to estimate the effects of climate change. Evidence that
temperature and moisture affect Fasciola and lymnaeid
life cycle stages provides a biological context, but causal
attribution requires temporally aligned, high-resolution
climate, snail, management, and infection data (Cuervo
et al., 2024; Megersa et al., 2024; Modabbernia et al.,
2024).

Temporal analysis of the reported data collection
periods of 1980-2013 and 2014-2024 did not show a
significant difference in pooled prevalence (R*=0%,
P=0.703). The persistence of high heterogeneity in both
periods indicates that temporal grouping alone does not
account for major geographic, diagnostic and management
differences. No causal explanation for temporal stability
can be inferred from these data.

Fasciola species did not significantly explain
heterogeneity in the univariate model (R>=0%, P=0.557).
Because many reports identified only Fasciola spp. and the
F. gigantica subgroup contained few studies, apparent
differences among species should be interpreted cautiously
and not as evidence of intrinsic differences in susceptibility
or transmission efficiency.

The evaluation of small-study effects showed
statistically significant funnel plot asymmetry in sheep
(Egger’s t=3.859, P<0.001). The trim-and-fill procedure
did not impute additional studies; therefore, the pooled
numerical estimate remained unchanged. However, funnel
plot asymmetry can arise from heterogeneity and other
study-level differences and does not by itself establish
publication bias. Therefore, publication-bias diagnostics
were interpreted as one component of uncertainty rather
than proof of robustness.

The economic implications of the observed burden are
important because fasciolosis reduces weight gain and
wool production, causes liver condemnation at slaughter,
and can increase mortality in heavily infected herds
(Sanchez-Vazquez and Lewis, 2013; Charlier et al., 2014).
Recent abattoir studies have documented direct financial
losses from fasciolosis through liver condemnation in
endemic livestock systems, including small ruminants

(Oljira et al., 2022; Atanga et al., 2024). The persistence of
infection across regions where sheep production supports
rural livelihoods and food security reinforces the need for
integrated  control  strategies, including strategic
anthelmintic treatment, pasture management, and snail
habitat modification (Beesley et al., 2018; Stuen and
Ersdal, 2022).

The high heterogeneity across most analyses limits the
direct use of global or continental estimates for local
control decisions. Region-specific risk assessments should
integrate local climate and hydrology, lymnaeid habitat,
grazing and irrigation practices, diagnostic availability, and
anthelmintic use. The moderator R? values quantify the
associations in univariate models and should not be
interpreted as proving that any single factor is the primary
causal source of heterogeneity. This interpretation is
consistent with recent meta-analyses, in which substantial
residual heterogeneity persisted despite subgroup or meta-
regression analyses, emphasizing that pooled prevalence
should support rather than replace local epidemiological
assessment (Endalamew et al., 2025; Nambuya et al.,
2025).
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The pooled caprine prevalence was 10.4% across 92
prevalence studies and 1,533,682 goats. Heterogeneity was
very high (1>=99.7%, 1>=0.301), and Cochran's Q was
significant (P<0.001). Egger's regression also indicated
funnel plot asymmetry/small study effects (t=4.215,
P<0.001). These findings reinforce the notion that the
global estimate summarizes heterogeneous evidence rather
than a uniform prevalence. The difference from the ovine
pooled estimate should not be interpreted as proof of
different host susceptibilities because the two evidence
bases differ in geographic distribution, diagnostic methods,
and sampling contexts. The smaller caprine evidence base
and sparse representation of several regions warrant further
investigations. A recent sheep-and-goat meta-analysis from
Ethiopia likewise found strong host-specific differences
together with very high heterogeneity, illustrating why
pooled host estimates should be interpreted within their
geographic, diagnostic, and management contexts
(Endalamew et al., 2025).

Continent was associated with prevalence in the
univariate model (R?>=31.7%, P<0.001); however, the
highest estimate (68.2% in the Americas) was derived from
only three studies and showed high heterogeneity
(I>=99.5%; Cochran’s Q, P<0.001). Therefore, this
estimate is unstable and may reflect study selection, local
transmission settings, and diagnostic composition rather
than the representative continental prevalence. It should not
be used to infer continent-wide differences in host
susceptibility or transmission patterns.

Europe was represented by only four goat studies and
Oceania by one; consequently, their estimates remain
imprecise. Heterogeneity in Europe was still high
(I>=97.7%), whereas heterogeneity could not be estimated
for Oceania from a single study. Africa and Asia
contributed more studies but still showed substantial
heterogeneity in the results. Across all continents,
differences in production systems, diagnostic practices,
water availability, and snail habitats remain plausible
residual contributors that were not directly measured. Such
fine-scale ecological variations are well recognized in
fasciolosis transmission and can be obscured by broad
geographic groupings (Vazquez et al., 2023).

Most goat studies were from Asia (n=52), with a
pooled prevalence of 8.5%, and high heterogeneity. The
uneven geographic evidence base reinforces the need for
additional studies in the Americas, Europe, and Oceania
before stable continental comparisons can be made in the
future. Recent regional syntheses from Africa have
similarly demonstrated that prevalence can vary markedly
within broad geographic areas and that risk factor
distribution is spatially heterogeneous (Endalamew et al.,
2025; Nambuya et al., 2025).

The diagnostic method was associated with prevalence
in the exploratory univariate analysis, but it should not be
interpreted as a causal or primary driver. ELISA reflects
antibody exposure, fecal examination detects patent egg
shedding, and post-mortem inspection measures infection
or lesions in slaughter-selected animals. Antibody
positivity can persist after infection and, therefore, cannot
be equated with current pathological infection. Wide
prediction intervals and substantial residual heterogeneity
show that the sampling context and other unmeasured
factors remain important (Aftab et al., 2024).
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The sample size category was not a significant
univariate moderator (R*=1.7%, P=0.139). Although
smaller studies had a higher pooled estimate than larger
studies, this contrast may reflect the targeted sampling and
study design and should not be interpreted as a biological
sample size effect.

Fasciola species were not statistically significant
moderators (R>=3.1%, P=0.077). The F. hepatica and F.
gigantica subgroups contained 15 and 9 studies,
respectively; consequently, differences among species
estimates are too uncertain to support firm conclusions
regarding pathogenicity, susceptibility, or transmission
efficiency.

A broad climate class was associated with prevalence
in the univariate analysis (R>=9.4%, P=0.012), but residual
heterogeneity remained high, and some climate categories
contained very few studies. The classification cannot
demonstrate climate-change causation because farm-level
hydrology, snail abundance, irrigation, grazing behavior,
and diagnostic context were not modeled jointly.
Therefore, the climate findings are interpreted as broad
ecological associations that require local, temporally
aligned environmental data for causal assessment (Cuervo
et al., 2024; Megersa et al., 2024; Modabbernia et al.,
2024).

Differences among climate classes and between sheep
and goats may also reflect management and diagnostic
composition, rather than climate alone. The high within-
class heterogeneity in tropical and dry sittings
demonstrates that broad Koppen—Geiger categories do not
capture the fine-scale ecological conditions that determine
lymnaeid habitat and Fasciola transmission. This scale
mismatch is consistent with evidence that lymnaeid-
associated transmission risk can vary markedly from local
to global scales (Vazquez et al., 2023).

No significant temporal differences were observed
between the goat data collection periods of 1996-2014 and
2015-2024 (R*=0%, P=0.317). The slightly lower I? in the
later group (99.5% vs. 99.8%) should be interpreted
descriptively because changes in geographic coverage,
diagnostic composition, and study design can also affect
heterogeneity.

Egger’s regression indicated statistically significant
funnel plot asymmetry/small-study effects in the overall
goat analysis (t=4.215, P<0.001). This finding does not
establish publication bias by itself because funnel plot
asymmetry can also reflect heterogeneity and other study-
level differences; interpretation is additionally limited by
uneven regional representation and the exclusion of gray or
unpublished literature.

Fasciolosis ~ simultaneously  affects  livestock
productivity, household livelihoods, environmental
transmission foci, and human exposure. Therefore, control
policies should link veterinary surveillance with
monitoring of lymnaeid habitats and water sources,
targeted anthelmintic use and resistance stewardship, food
and water safety measures, and public health awareness in
endemic communities. Harmonized diagnostic definitions
and data reporting would improve comparisons across
regions, while local risk assessment should determine
which interventions are appropriate. Contemporary One
Health frameworks emphasize the joint assessment of
livestock reservoirs, lymnaeid vectors, freshwater
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transmission sites, environmental conditions, and human
exposure, rather than treating these as separate control
domains (Mas-Coma et al., 2023). Recent One Health
frameworks emphasize that livestock reservoirs, lymnaeid
vectors, freshwater transmission sites, environmental
conditions, and human exposure should be assessed jointly
rather than as separate control domains (Mas-Coma et al.
2023). Field evidence integrating ruminant infection with
snail-host surveillance illustrates the practical value of this
interface-based approach (Megersa et al., 2024), while
recent studies from Bolivia and Egypt show how climate-
sensitive vector expansion and concurrent animal-human
surveillance can inform locally adapted One Health
interventions (Cuervo et al., 2024; Khedr et al., 2025).

Limitations and interpretative considerations: Several
limitations should be considered. First, heterogeneity was
very high in the overall analyses and in many subgroups,
limiting the transfer of global estimates to local settings.
Second, some continental, climate, and species strata
contained only one or a few prevalence studies, making
their estimates imprecise and unstable. Third, ELISA, fecal
examination, and post-mortem inspection measure
different epidemiological constructs and occur in different
sampling contexts; antibody exposure should not be
equated with current pathological infection. Finally,
climate was represented by broad ecological classes rather
than contemporaneous high-resolution weather, hydrology,
or snail data; climate findings are associations and should
not be interpreted as causal climate-change effects.

Conclusions: The global pooled prevalence estimates
indicate that fasciolosis remains an important burden in
sheep and goats; however, the very high heterogeneity and
wide prediction intervals mean that these summaries
should not be treated as uniform local risks. Geographic,
diagnostic, sample-size, species, temporal, and broad
climate variables showed exploratory associations with
prevalence, but these analyses did not establish causality.
Diagnostic subgroups should be interpreted according to
the biological target each method measures; in particular,
antibody exposure is not equivalent to current pathological
infection. Climate results likewise represent broad
ecological associations rather than direct evidence of
climate-change effects. Future surveillance should improve
geographic representation, preserve transparent study-level
risk-of-bias studies, account for non-independent estimates
when necessary, report diagnostic context consistently, and
integrate livestock, environmental, snail, food/water, and
human-health information within region-specific One
Health programs.
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