. parasitologia

Systematic Review

Global Prevalence and Epidemiological Drivers of Fasciola
Infection in Buffaloes: A Systematic Review and Meta-Analysis

Abel Villa-Mancera

W) Check for updates

Academic Editors: César Cristiano
Bassetto and Ana Cldudia Alexandre

de Albuquerque

Received: 6 August 2026

Revised: 10 October 2026

Accepted: 15 October 2026
Published: 19 October 2026
Copyright: © 2026 by the author.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons

Attribution (CC BY) license.

Facultad de Medicina Veterinaria y Zootecnia, Benemérita Universidad Auténoma de Puebla,
Tecamachalco 75482, Puebla, Mexico; abel.villa@gmail.com

Abstract

Fasciolosis, caused by Fasciola hepatica and Fasciola gigantica, negatively impacts buffalo pro-
duction systems worldwide as a parasitic and zoonotic disease. Due to their semi-aquatic
foraging behavior, buffaloes (Bubalus bubalis) are highly exposed to Fasciola infections. The
reported prevalence rates vary widely, hindering effective control strategies. This system-
atic review and meta-analysis estimated the global pooled prevalence of Fasciola infection
in buffaloes and explored major sources of heterogeneity. Following PRISMA guidelines,
major databases (PubMed /MEDLINE, Web of Science, ScienceDirect, CAB Abstracts, and
Google Scholar) were searched from inception through September 2026. The primary
synthesis used a random-effects binomial generalized linear mixed model (GLMM) with a
logit link. Heterogeneity was quantified using Cochran’s Q, I?, and t%; subgroup analyses
and univariate meta-regression were used to explore study-level sources of variation, and
Egger’s regression was used to assess funnel-plot asymmetry when at least 10 estimates
were available. The final quantitative dataset comprised 64 publications contributing 73 ef-
fect estimates and 2,267,945 buffaloes after the removal of one exact duplicate estimate.
The global pooled prevalence in buffaloes was 16.5% (95% CI: 12.1-22.0%), with very high
heterogeneity (I = 99.8%; T2 = 2.366 on the logit scale). The pooled prevalence was 45.7% in
Europe, 19.5% in Asia, 4.2% in Africa, and 7.9% in the Americas. By parasite identification,
the prevalence was 28.4% for F. gigantica, 16.6% for F. hepatica, and 13.0% for Fasciola spp.;
by diagnostic method, it was 20.8% for fecal examination, 10.5% for post-mortem examina-
tion, and 11.7% for ELISA. Continent was a significant categorical moderator (Qm = 16.48,
p < 0.001; R? = 19.3%), whereas study period, diagnostic method, Fasciola identification,
categorical sample size, and climatic zone were not. When the sample size was modeled
continuously as In(n), it was inversely associated with prevalence (Qm = 11.42, p < 0.001;
R? = 15.8%). Fasciola infections remain an important and highly heterogeneous problem
in buffalo populations. The wide variation among settings, together with evidence of
continent- and sample size-related effects, supports region-specific surveillance, standard-
ized diagnostics, molecular species identification, and integrated One Health control rather
than reliance on a single global prevalence estimate.

Keywords: Fasciola; fasciolosis; buffalo; meta-analysis; prevalence; systematic review;
liver fluke

1. Introduction

Fasciola hepatica and Fasciola gigantica are parasitic trematodes that cause fasciolosis,
a major zoonotic disease affecting animal production and public health worldwide [1,2].
These parasites infect a wide range of herbivorous mammals, with domestic ruminants,
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particularly cattle, sheep, goats, and buffaloes, serving as important definitive hosts [3,4].
Fasciolosis is characterized by hepatobiliary damage caused by larval migration through
the liver parenchyma and adult flukes residing in the bile ducts [5]. Infection can reduce
productivity, weight gain, and milk yield, cause liver condemnation at slaughter, and in
severe cases, mortality [6,7]. Indirect losses include treatment costs, increased susceptibility
to secondary infections, and trade restrictions [8,9]. The disease occurs widely outside the
polar regions, and buffaloes may contribute to transmission as reservoir hosts in endemic
areas [10,11].

Buffalo (Bubalus bubalis) is an important livestock species worldwide, with a global
population of over 200 million. Water buffaloes are of great importance in Asia, where
they provide draught power, milk, meat, and hides on an extensive scale for agricultural
production [12]. The semi-aquatic lifestyle and habitat preferences of buffalo make them
highly susceptible to Fasciola infection, as the life cycle of this parasite relies on freshwater
snail intermediate hosts (mostly species of the genus Lymnaea) [13].

Although most of the global buffalo population remains concentrated in Asia, domestic
water buffaloes are now established on all five continents. In Europe, buffalo production
is concentrated, particularly in Italy, with smaller populations elsewhere, whereas the
Americas include substantial and expanding buffalo industries, especially in Brazil and
other South American countries [12,14]. This geographic expansion is epidemiologically
relevant to fasciolosis because the establishment of buffaloes in wet, irrigated, or otherwise
suitable environments can add a susceptible definitive host to transmission systems where
lymnaeid snails and Fasciola spp. are already present.

The economic impact of fasciolosis in buffaloes is substantial and is likely under-
estimated. Direct losses include reduced milk yield, impaired growth, reduced draft
performance, and mortality in severe cases [15]. Indirect losses include anthelmintic treat-
ment costs, increased susceptibility to secondary infections, and restrictions on livestock
trade [9]. Fasciolosis is an important food-borne zoonosis, and epidemiological evidence
has identified buffaloes as potential reservoir hosts in endemic areas [16].

Although fasciolosis in buffaloes has been investigated in many endemic settings, the
reported prevalence varies markedly from less than 1% in some surveys to more than 80%
in localized buffalo populations, depending on geography, diagnostic method, and study
population characteristics [17-19]. This heterogeneity complicates the estimation of the
global burden and the development of evidence-based control strategies for this disease.

Meta-analysis provides a powerful statistical method for summarizing multiple studies
to generate more precise pooled prevalence estimates and clinically valuable assessments of
the sources of heterogeneity. Through the integration of data collected across geographical
boundaries, time periods, and methodological designs, meta-analyses highlight trends that
might be missed in single studies and provide direction for more targeted and detailed
intervention approaches.

Previous meta-analyses have evaluated fasciolosis in mixed livestock populations or
within individual countries, including a global multi-host synthesis and a Pakistan-focused
analysis [20,21]. However, to our knowledge, no previous systematic review or meta-
analysis has focused specifically on buffaloes as the global unit of synthesis. Our recently
published global cattle meta-analysis addressed cattle separately [22], further supporting
the need for a buffalo-specific assessment of prevalence and heterogeneity of the disease.

The objectives of this systematic review and meta-analysis were threefold: first, to
estimate the global pooled prevalence of Fasciola infection in buffaloes; second, to examine
the variation in prevalence across key subgroups, including geographical region, study
period, diagnostic method, parasite species, sample size, and climatic zone; and third, to
identify significant moderators of prevalence through meta-regression analysis.
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2. Materials and Methods
2.1. Search Strategy and Study Selection

This systematic review and meta-analysis were conducted and reported in accordance
with the PRISMA 2020 statement [23]. PubMed/MEDLINE, Web of Science, ScienceDi-
rect, CAB Abstracts, and Google Scholar were searched from database inception through
September 2026 for studies reporting the prevalence of Fasciola infection in buffalo popula-
tions. Reference lists of included studies and relevant reviews were also checked manually.
Database-specific search strategies are provided in Supplementary Table S1.

The search strategy used three concept blocks: parasite terms (Fasciola, F. hepatica, F.
gigantica, fasciolosis, fascioliasis, or liver fluke), host terms (buffalo*, water buffalo*, or
Bubalus bubalis), and epidemiological terms (prevalence, epidemiology, survey, or cross-
sectional). The blocks were combined with AND, with synonyms combined by OR, and
syntax was adapted to the fields and operators supported by each database.

All retrieved records were imported into EndNote X9 (Clarivate, Philadelphia, PA,
USA), and duplicates were eliminated. The search was restricted to publications in English.
The reference lists of the included articles and relevant reviews were screened manually
to identify additional eligible reports. Conference proceedings, dissertations, and other
accessible grey literature were also considered to reduce the risk of publication bias.

2.2. Inclusion and Exclusion Criteria

Studies were included if they reported original data on Fasciola prevalence in buffalo
populations, used a recognized diagnostic method (coproscopy, post-mortem examination,
serology, or a molecular method), provided a numerator and denominator from which the
prevalence could be calculated, and were published in a peer-reviewed source or accessible
gray literature.

Studies were excluded if they investigated experimental rather than natural infection,
reported infection intensity without prevalence data, combined host species without sepa-
rate buffalo data, were case reports or case series without a denominator, duplicated an
already included dataset, were conference abstracts without sufficient extractable data, or
lacked essential geographic information required for the planned subgroup analyses.

Studies reporting only prevalence ranges or repeated longitudinal prevalence estimates
were excluded from the quantitative synthesis when the number of buffaloes examined
and the number of positives could not be extracted for a defined sampling point. Studies
reporting cattle and water buffaloes jointly were also excluded when the buffalo-specific
numerators and denominators could not be disaggregated.

2.3. Quality Assessment

The study-level methodological appraisal focused on the sampling frame and sam-
pling approach, appropriateness of the diagnostic method, availability of an extractable
buffalo-specific numerator and denominator, and potential selection or reporting limita-
tions. Methodological limitations were considered qualitatively during interpretation and
were not used as an exclusion criterion or as a meta-regression moderator.

2.4. Data Extraction

A standardized data extraction form in Microsoft Excel (version 16.72; Microsoft
Corporation, Redmond, WA, USA) was developed and piloted on a subset of studies before
full extraction. Because this systematic review has a single author, all data were extracted
by the author and subsequently rechecked against the source reports before analysis. The
extracted variables included first author and publication year, country and continent,
study period, sample size, number of positive buffaloes, reported Fasciola identification
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(F. hepatica, F. gigantica, or Fasciola spp.), diagnostic method, study design, and dominant
climatic region according to the Képpen—Geiger classification. In this review, “Fasciola spp.”
is an operational category for reports in which infection was identified only at the genus
level and does not imply exclusion of aspermic, introgressed, or hybrid Fasciola lineages
when molecular resolution was insufficient. One exact duplicate estimate was removed
before analysis. For the final analytical spreadsheet, event counts were reconstructed
as round (reported prevalence x n/100) when only prevalence and sample size were
available; the maximum discrepancy between reported and reconstructed prevalence was
0.218 percentage points.

2.5. Statistical Analysis, Heterogeneity, Meta-Regression, and Small-Study Effects

Statistical analyses were performed using the SPSS 31 software package (IBM Corp.,
Armonk, NY, USA) for Windows and Jamovi 2.7.38. The primary meta-analysis used a
random-effects binomial generalized linear mixed model (GLMM) with a logit link and
Laplace approximation, thereby modeling positive animals directly as binomial events.
Pooled prevalence estimates and 95% confidence intervals were back-transformed to the
prevalence scale. Forest plots were used to display individual estimates and pooled effects.
Statistical heterogeneity was quantified using Cochran’s Q, I2, and the between-estimate
variance 72 on the logit scale; 95% prediction intervals were also calculated to describe the
expected range of true prevalence in a comparable future setting.

Prespecified subgroup analyses were conducted for continent (Europe, Asia, Africa,
and the Americas), study period (1988-2013 vs. 2014-2025), diagnostic method (fecal exami-
nation, post-mortem examination, and ELISA), Fasciola identification (F. gigantica, F. hepatica,
and Fasciola spp.), sample size (<300 vs. >300), and dominant climate (tropical, dry, and
temperate). The analytical unit was the effect estimate; 73 estimates from 64 publications
were retained after the removal of one exact duplicate.

Univariate meta-regression models were fitted separately for each study-level moder-
ator. Categorical moderators were assessed with a Wald-type omnibus Qm statistic and its
corresponding p-value; the proportion of between-estimate heterogeneity explained was
summarized as R?, with residual T2 and I? also examined. Reference categories were the
Americas, 2014-2025, ELISA, F. hepatica, >300 animals, and temperate climate, respectively.
Sample size was additionally modeled as a continuous covariate using In(n), because this
preserves more information than dichotomization. A two-sided p < 0.05 was considered
statistically significant.

Funnel plots and Egger’s regression were used to evaluate funnel-plot asymmetry and
small-study effects. Egger’s test was interpreted only for analyses with at least 10 effect
estimates; significant results were not considered proof of publication bias because substan-
tial heterogeneity can also produce asymmetry. Sensitivity analyses included a two-step
logit random-effects model using REML, a Freeman-Tukey double-arcsine random-effects
model, inclusion of the exact duplicate estimate, a publication-cluster-robust analysis to
account for repeated estimates from the same publication, and leave-one-out analyses.

2.6. Reporting Guideline and Registration

The review was reported according to PRISMA 2020 [24]. It was not prospectively reg-
istered, and no standalone review protocol was deposited before screening. The database-
specific search strategies are provided in Supplementary Table S1, and the completed
PRISMA 2020 checklist is provided separately as Supplementary Table S2.
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3. Results
3.1. Search Results and Eligible Studies

The initial database search yielded 1915 records and 64 included publications (Figure 1).
The analytical table contained 73 effect estimates after the reported removal of one exact
duplicate. A separate language field was not retained in the original screening log; therefore,
the exact number, languages, and publication years of non-English records cannot be
reliably reconstructed without repeating the entire screening process.

[ Identification of studies via databases ]
)
= Records identified from
o databases (n = 1915):
§ PubledMEDLINE (7 =205) Duplicate records removed
[ Web of Science (n = 456) —» o E 1127)
T ScienceDirect (n = 427)
3 CAB Abstracts (n = 299)
Google Scholar (n = 530)
—
\ 4
S
Records screened Records excluded
—>
(n=788) (n=672)
\ 4
Reports sought for retrieval Reports not retrieved
—
(n=116) (n=2)
(=)}
£
= \4
(']
o
A Reports assessed for eligibility Reports excluded (n = 50):
(n=114) ' Provided insufficient data to
calculate prevalence (n = 2)
Included mixed host species
without separate data (n = 15)
Not sampling location
information (n=1)
Lack of epidemiological data
(n=24)
Inappropriate study design
(n=8)

Studies included in review
(n=164)

Figure 1. PRISMA flow diagram of the literature search and study-selection process for buffalo
fasciolosis studies. Searches were conducted in PubMed /MEDLINE, Web of Science, ScienceDirect,
CAB Abstracts, and Google Scholar from database inception through September 2026; the reference
lists of included studies and relevant reviews were also screened manually.

3.2. Study Characteristics

The final quantitative dataset comprised 64 publications, contributing 73 effect es-
timates and 2,267,945 buffaloes. The characteristics of the included studies, including
geographical location, study period, diagnostic method, Fasciola identification, sample size,
prevalence, and dominant climate, are summarized in Table 1. Figure 2 summarizes the
geographical distribution of the evidence. At the effect estimate level, Asia contributed
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53 estimates (72.6%), Africa 9 (12.3%), the Americas 6 (8.2%), and Europe 5 (6.8%). Thirty-
two estimates (43.8%) were assigned to 1988-2013 and 41 (56.2%) to 2014-2025. The
country-specific pooled estimates, total buffalo sample sizes, and 95% confidence intervals
are presented in Table 2.

Table 1. Characteristics of the studies included in the meta-analysis of Fasciola species worldwide
in buffaloes.

Continent/

Study

Diagnostic Sample Number Prevalence Dominant

Country Period Method Fasciola Species and Type (%) Climate Reference
Europe

Germany 2023 FE Fasciola hepatica 25 fecal 96.0 C [19]
Greece 2014 FE Fasciola hepatica 110 fecal 16.36 C [25]
Poland 2009 FE Fasciola hepatica 69 fecal 32 C [26]
Russia 2023-2024 PM Fasciola hepatica 20 livers 45.0 B [27]
Russia 2023-2024 FE Fasciola hepatica 240 fecal 31.7 B [27]
Asia

Bangladesh 1988-1989 FE Fasciola gigantica 480 fecal 18.9 A [28]
Bangladesh 1988-1989 PM Fasciola gigantica 180 livers 46.6 A [28]
Bangladesh 1997 FE Fasciola gigantica 460 fecal 50.7 A 29
Bangladesh 1997 PM Fasciola gigantica 106 livers 73.6 A 29
Bangladesh 2006-2007 PM Fasciola gigantica 80 livers 22.5 A 30
Bangladesh 2007-2008 FE Fasciola gigantica 236 fecal 22.46 A 31
Bangladesh 2011-2012 FE Fasciola gigantica 497 fecal 25.40 A 32
Bangladesh 2012 FE Fasciola gigantica 270 fecal 26.14 A 33
Bangladesh 2012 PM Fasciola spp. 222 livers 5.86 A 34
Bangladesh 2014 FE Fasciola ?gigantz'ca 213 fecal 24.41 A 35
Bangladesh 2014-2015 FE Fasciola spp. 467 fecal 34.9 A 36
Bangladesh 2014-2015 FE Fasciola spp. 30 fecal 16.7 A 37
Bangladesh 2018-2019 FE Fasciola gigantica 200 fecal 14 C 38
Bangladesh 2021-2022 FE Fasciola spp. 200 fecal 20.5 A 39
India 2001-2004 FE Fasciola gigantica 18,597 fecal 13.9 C 40
India 2001-2004 PM Fasciola gigantica 1416 livers 31.14 C 40
India 2011-2012 FE Fasciola gigantica 150 fecal 15.33 B 41
India 2002-2006 FE Fasciola spp. 174 fecal 1.1 C 42
India 2013-2014 FE Fasciola spp. 1552 fecal 20.23 B 43
India 2013-2014 PM Fasciola spp. 1444 livers 2222 B 43
India 2017 FE Fasciola spp. 400 fecal 2.25 C 44
India 2017-2019 FE Fasciola spp. 264 fecal 2.65 B 45
India 2018-2019 FE Fasciola spp. 1280 fecal 5.31 C 46
India 2019 FE Fasciola spp. 198 fecal 22.23 A 47
Indonesia 2022 FE Fasciola spp. 85 fecal 3.5 A 48
Iran 2015 PM Fasciola hepatica 2287 livers 20.64 B 49
Iraq 2009-2010 PM Fasciola spp. 48 livers 2.08 B 50
Iraq 20162017 FE Fasciola spp. 166 fecal 23 B 51
Iraq 2017-2018 PM Fasciola spp. 187 livers 4.8 B 52
Malaysia 2008-2018 FE Fasciola spp. 224 fecal 8.7 A 53
Malaysia 2008-2018 PM Fasciola spp. 245 livers 0.8 A 53
Malaysia 2020 FE Fasciola spp. 47 fecal 59.6 A 17
Nepal 2013-2014 FE Fasciola spp. 798 fecal 39.9 C 54
Nepal 2014 FE Fasciola spp. 100 fecal 86 C 18
Nepal 2019 FE Fasciola spp. 300 fecal 38.3 C 55
Nepal 2023 FE Fasciola spp. 224 fecal 30.8 C 56
Nepal 2023-2024 FE Fasciola spp. 100 fecal 16 C 57
Pakistan 1996 PM Fasciola gigantica 2704 livers 25.6 B 58
Pakistan 2003-2005 FE Fasciola spp. 7200 fecal 14.69 B 59
Pakistan 2004-2005 FE Fasciola gigantica 1800 fecal 42.06 B 60
Pakistan 2006-2007 FE Fasciola spp. 2400 fecal 30.50 B 61
Pakistan 2010-2011 FE Fasciola hepatica 3000 fecal 12.3 B 62
Pakistan 2012-2013 FE Fasciola spp. 852 fecal 12.44 C 63
Pakistan 2013-2014 PM Fasciola hepatica 90 livers 4.44 C 64
Pakistan 2014-2015 FE Fasciola spp. 369 fecal 12.94 B 65
Pakistan 2016-2017 FE Fasciola spp. 200 fecal 40 C 66
Pakistan 2016-2017 PM Fasciola spp. 200 livers 37 C 66
Pakistan 2023-2024 FE Fasciola spp. 450 fecal 38 B 67
Pakistan 2024 FE Fasciola spp. 200 fecal 38.5 C 68
Pakistan 2024 PM Fasciola spp. 200 livers 33.0 C 68
Thailand 2025 FE Fasciola spp. 172 fecal 29.7 A 69
Vietnam 2022 FE Fasciola spp. 214 fecal 53.7 C 70
Vietham 2022 ELISA Fasciola spp. 173 serum 8.67 C 70
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Continent/ Study Diagnostic . . Sample Number Prevalence Dominant
Country Period Method Fasciola Species and Type (%) Climate Reference
Africa
Egypt 2009 FE Fasciola spp. 163 fecal 33.7 B 71
Egypt 2010-2013 PM Fasciola spp. 19,089 livers 0.07 B 72
Egypt 2015-2016 FE Fasciola hepatica 3364 fecal 12.9 B 73
Egypt 2016 PM Fasciola spp. 39 livers 33.33 B 74
Egypt 2017-2018 PM Fasciola spp. 50 livers 30 B 75
Egypt 2017-2018 PM Fasciola spp. 763 livers 14 B 76
Egypt 2020-2021 PM Fasciola spp. 14,499 livers 1.49 B 77
Egypt 2021 FE Fasciola spp. 193 fecal 0 B 78
Egypt 2023 ELISA Fasciola hepatica 410 serum 154 B [79]
America
Brazil 1999 PM Fasciola hepatica 105 livers 20 C 80
Brazil 2003-2017 PM Fasciola hepatica 226,561 livers 3.17 C 81
Brazil 2008-2009 FE Fasciola hepatica 42 fecal 23.81 A 82
Colombia 2010-2019 PM Fasciola hepatica 1,947,233 livers 3.1 A 83
Mexico 2019 FE Fasciola hepatica 94 fecal 53 A 84
Mexico 2022 ELISA Fasciola hepatica 725 serum 10.62 A 85
FE: Fecal examination under microscope; PM: Post mortem examination after slaughter; ELISA,
enzyme-linked immunosorbent assay; A: Tropical; B: Dry; C: Temperate.
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Figure 2. Funnel plot of logit-transformed prevalence estimates used to examine funnel-plot asym-
metry and small-study effects.
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Table 2. Country-specific pooled prevalence of Fasciola infection in buffaloes, with the number of
effect estimates, total buffalo sample size, and 95% confidence intervals.

Continent Country No. Records Sample Number Pooled Prevalence (%) 95% CI
Europe Germany 1 25 96.0 79.65-99.90
Europe Greece 1 110 16.36 10.00-24.62
Europe Poland 1 69 32 21.17-44.21
Europe Russia 2 260 32.69 27.26-38.63
Asia Bangladesh 14 3641 26.5 18.56-36.21
Asia India 10 25,475 9.6 4.87-18.04
Asia Indonesia 1 85 3.5 0.73-9.97
Asia Iran 1 2287 20.6 19.00-22.36
Asia Ira 3 401 7.3 2.11-22.11
Asia Ma?aysia 3 516 11.5 1.24-57.17
Asia Nepal 5 1522 42.1 21.25-66.26
Asia Pakistan 13 19,665 23.9 17.19-32.17
Asia Thailand 1 172 29.7 22.94-37.08
Asia Vietnam 2 387 25.1 5.47-65.91
Africa Egypt 9 38,570 6.3 1.22-26.86
Americas Brazil 3 226,708 114 3.84-29.20
Americas Colombia 1 1,947,233 3.1 3.08-3.12
Americas Mexico 2 819 10.62 8.14-12.26

Fecal examination accounted for 47 effect estimates (64.4%), post-mortem examination
for 23 (31.5%), and ELISA for 3 (4.1%). Fifteen estimates (20.5%) identified F. gigantica,
16 (21.9%) identified F. hepatica, and 42 (57.5%) reported Fasciola spp. without species-level
identification. Forty-five estimates (61.6%) had sample sizes <300 animals, and 28 (38.4%)
had sample sizes >300; individual sample sizes ranged from 20 to 1,947,233 buffaloes.

3.3. Publication Bias Assessment

The funnel plot (Figure 2) showed marked asymmetry, and the overall Egger small
study effects test was significant (t = 7.048, p < 0.001). Among subgroups with at least
10 estimates, significant asymmetry was also observed for both study periods, post-mortem
examination, F. hepatica, both sample size categories, and tropical and temperate climates,
whereas the tests were not significant for Asia, fecal examination, F. gigantica, Fasciola spp.,
or dry climates (Table 2). Egger’s test was not performed for Europe, Africa, the Americas,
or ELISA because fewer than 10 estimates were available. Given the extreme heterogeneity,
these findings were interpreted as small-study/funnel asymmetry rather than definitive
evidence of a publication bias.

3.4. Pooled Global Prevalence of Fasciola Infection

Across the 73 effect estimates (2,267,945 buffaloes), the random-effects binomial
GLMM yielded a global pooled prevalence of 16.5% (95% CI: 12.1-22.0%, 95% P1:1.0-80.1%)
(Figure 3; Table 3). Between-estimate heterogeneity was extreme (Q = 36,603.7, df = 72,
p < 0.001; 12 = 99.8%; T2 = 2.366), and the 95% prediction interval was 1.0-80.1%, indicating
that the average prevalence summarizes highly variable epidemiological settings.

3.5. Subgroup Meta-Analysis by Continent

Geographic variation was substantial. Europe had the highest pooled prevalence at
45.7% (95% CI: 18.2-76.1%; n = 5; 464 samples; 12 = 85.4%; 12 = 2.091), although the small
number of estimates and wide confidence intervals require cautious interpretation. Asia con-
tributed 53 estimates (54,151 animals) with a pooled prevalence of 19.5% (95% CI: 14.8-25.3%,
I? = 98.4%, 12 = 1.461). Africa had a pooled prevalence of 4.2% (95% CI: 0.8-18.1%; n = 9;
38,570 samples; 2 =99.4%; 12 = 5.876), whereas the Americas had a pooled prevalence of 7.9%
(95% CI: 4.0-15.1%; n = 6; 2,174,760 samples; I? = 97.9%; t* = 0.764) (Table 2).
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Table 3. Pooled prevalence of Fasciola species in buffaloes and subgroup analyses.

. No. of e Si . i ) , Egger Univariate Meta-Regression
Variable Subgroup Studies Sample Size  Prevalence (95% CI) Q p-Value 12 (%) T p-Value om -Value 2 (%)
Global Overall 73 2,267,945 16.5 (12.1-22.0) 36,603.7 <0.001 <0.001 0.808 <0.001
Continent 16.5 <0.001 19.3

Europe 5 464 45.7 (18.2-76.1) 27.3 <0.001 85.4 2.091 -
Asia 53 54,151 19.5 (14.8-25.3) 3155.7 <0.001 98.4 1.461 0.164
Africa 9 38,570 4.2 (0.8-18.1) 1280.7 <0.001 99.4 5.876 -
Americas 6 2,174,760 7.9 (4.0-15.1) 232.9 <0.001 97.9 0.764 - Reference
Study period 0.299 0.585 0.3
1988-2013 32 291,254 15.0 (9.2-23.3) 16,686.1 <0.001 99.8 2416 0.004
2014-2025 41 1,976,691 17.7 (11.8-25.7) 9985.4 <0.001 99.6 2.309 <0.001 Reference
Diagnostic 44 0.110 64
method
Fecal examination 47 48,869 20.8 (15.3-27.6) 2858.6 <0.001 98.4 1.643 0.086
Post-mortem
examination 23 2,217,768 10.5 (5.1-20.3) 9934.2 <0.001 99.8 3.546 0.006
ELISA 3 1308 11.7 (9.1-15.0) 7.5 0.024 73.2 0.035 - Reference
Species 4.5 0.105 59
Fasciola gigantica 15 27,389 28.4 (21.4-36.7) 1522.8 <0.001 99.1 0.531 0.055
Fasciola spp. 42 56,181 13.0 (8.0-20.4) 3773.9 <0.001 98.9 3.083 0.715
Fasciola hepatica 16 2,184,375 16.6 (9.2-27.9) 4166.0 <0.001 99.6 1.778 0.001 Reference
Sample size 25 0.116 42
<300 45 6848 19.9 (13.7-28.0) 737.4 <0.001 94.0 2.24 0.002
>300 28 2,261,097 12.2 (7.3-19.6) 30,243.2 <0.001 99.9 2.301 <0.001 Reference
Dominant
climate 3.3 0.191 43
Tropical 23 1,952,506 18.6 (12.0-27.7) 5567.5 <0.001 99.6 1.523 <0.001
Dry 26 62,851 11.3 (6.1-19.8) 3469.2 <0.001 99.3 2.884 0.365
Temperate 24 252,588 21.6 (12.8-33.9) 9635.5 <0.001 99.8 2.353 0.004 Reference

n = number of effect estimates; Q = Cochran’s heterogeneity statistic; I? = percentage of variability attributable to heterogeneity; 12 = between-estimate variance on
the logit scale; Qm = Wald omnibus test for a moderator; R? = proportional reduction in 2. Egger’s regression was not interpreted when 1 < 10.
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Figure 3. Summary forest plot of pooled Fasciola prevalence estimates from the full quantitative
dataset (73 effect estimates from 64 publications), shown overall and by pre-specified subgroup.
Points indicate pooled prevalence, and horizontal bars indicate 95% confidence intervals. This figure
presents subgroup summaries rather than a single line for each publication.

Using the Americas as the reference category, continent was a significant moderator
in univariate meta-regression (Qm = 16.48, df = 3, p < 0.001) and explained 19.3% of
the between-estimate variance (R? = 19.3%). Residual heterogeneity remained very high,
indicating that continent alone did not account for most of the variability in prevalence.
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3.6. Subgroup Meta-Analysis by Study Period

For 1988-2013 (n = 32; 291,254 samples), the pooled prevalence was 15.0% (95% CI:
9.2-23.3%; I? = 99.8%; 1> = 2.416). For 20142025 (n = 41; 1,976,691 samples), the pooled
prevalence was 17.7% (95% CI: 11.8-25.7%; I? = 99.6%; 1> = 2.309). Heterogeneity was
significant in both periods (p < 0.001).

With 2014-2025 as the reference category, the study period was not a significant
moderator (Qm = 0.299, df = 1, p = 0.585; R?> = 0.3%). Thus, broad period grouping
explained essentially none of the observed between-estimate heterogeneity.

3.7. Subgroup Meta-Analysis by Diagnostic Method

Fecal examination (1 = 47; sample size = 48,869) yielded a pooled prevalence of 20.8%
(95% CI: 15.3-27.6%; 12 = 98.4%; % = 1.643). Post-mortem examination (1 = 23; sample
size = 2,217,768) yielded 10.5% (95% CI: 5.1-20.3%; I? = 99.8%; t> = 3.546), and ELISA (1 = 3;
sample size = 1308) yielded 11.7% (95% CI: 9.1-15.0%; I? = 73.2%; T> = 0.035). Heterogeneity
was significant for each diagnostic subgroup (Table 2).

With ELISA as the reference category, the diagnostic method was not a significant
moderator (Qm = 4.41, df = 2, p = 0.110; R? = 6.4%). Accordingly, the differences among
the pooled diagnostic method estimates should be interpreted descriptively rather than as
evidence of a statistically established method effect.

3.8. Subgroup Meta-Analysis by Fasciola Species

The prevalence differed descriptively among the Fasciola identification categories. The
estimates classified as F. gigantica (n = 15; sample size = 27,389) had a pooled preva-
lence of 28.4% (95% CI: 21.4-36.7%; 12> = 99.1%; > = 0.531). Fasciola spp. (n = 42;
sample size = 56,181) had a pooled prevalence of 13.0% (95% CI: 8.0-20.4%; I?> = 98.9%;
7 = 3.083), whereas F. hepatica (n = 16; sample size = 2,184,375) had a pooled prevalence of
16.6% (95% CI: 9.2-27.9%; I? = 99.6%; 1> = 1.778).

Using F. hepatica as the reference category, Fasciola identification was not a statistically
significant moderator (Qm = 4.51, df = 2, p = 0.105; R? = 5.9%). Therefore, the higher pooled
estimate for F. gigantica should not be interpreted as a confirmed species effect, independent
of geographical and methodological differences among studies.

3.9. Subgroup Meta-Analysis by Sample Size

Studies with sample sizes < 300 animals (1 = 45; sample size = 6848) had a pooled
prevalence of 19.9% (95% CI: 13.7-28.0%; IZ = 94.0%; T2 = 2.240), whereas those with
>300 animals (n = 28; sample size = 2,261,097) had a pooled prevalence of 12.2% (95% CI:
7.3-19.6%; 12 = 99.9%; 1% = 2.301).

The dichotomized sample size moderator was not statistically significant (Qm = 2.46,
df =1, p = 0.116; R? = 4.2%). However, when sample size was retained as a continu-
ous covariate, In(n) was inversely associated with prevalence ( = —0.293, SE = 0.087;
OR = 0.746, 95% CI: 0.630-0.885; Qm = 11.42, df = 1, p < 0.001; R? = 15.8%). This pattern
supports a small-study effect but does not by itself establish publication bias or a causal
effect of sample size.

3.10. Subgroup Analysis by Climate

Pooled prevalence was 18.6% in tropical climates (95% CI: 12.0-27.7%; n = 23; sample
size = 1,952,506; I = 99.6%; 1> = 1.523), 11.3% in dry climates (95% CI: 6.1-19.8%; n = 26;
sample size = 62,851; I? = 99.3%; 12 = 2.884), and 21.6% in temperate climates (95% CI:
12.8-33.9%; n = 24; sample size = 252,588; 12 = 99.8%; T2 = 2.353). Heterogeneity remained
significant within all climate categories (p < 0.001).
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Using the temperate climate as the reference category, dominant climate was not a
significant moderator (Qm = 3.31, df =2, p = 0.191; R? = 4.3%). Broad macro-climatic
categories therefore explained only a small fraction of the between-estimate variance in
this dataset.

3.11. Sensitivity and Robustness Analyses

Sensitivity analyses supported the general robustness of the primary GLMM estimates.
The two-step logit random-effects model yielded 16.9% (95% CI: 12.6-22.4%), and the
publication-cluster-robust analysis yielded 16.9% (95% CI: 12.4-22.7%). Including the exact
duplicate estimate produced 16.4% (95% CI: 12.1-21.8%). In contrast, the Freeman-Tukey
double-arcsine model yielded a higher pooled prevalence of 20.5% (95% CI: 16.1-25.2%)).
The leave-one-out GLMM estimates ranged from 15.7% to 17.7%, indicating that no single
estimate dominated the pooled result.

4. Discussion

The global synthesis comprised 64 publications that contributed 73 effect estimates
from 2,267,945 buffaloes. The random-effects binomial GLMM estimated a pooled
prevalence of 16.5% (95% CI: 12.1-22.0%, PI:1.0-80.1%), but the extreme heterogeneity
(I? = 99.8%) and broad prediction interval indicate substantial epidemiological variation
among settings. Continent was the only statistically significant categorical moderator,
explaining 19.3% of between-estimate variance, whereas study period, diagnostic method,
Fasciola identification, categorical sample size, and dominant climate were not significant.
Sample size showed an inverse association with prevalence when modeled continuously as
In(n), indicating an additional small-study pattern that warrants cautious interpretation.

4.1. Global Prevalence and Epidemiological Significance

This meta-analysis estimated a global pooled prevalence of 16.5% for fasciolosis in
buffaloes. This average should not be interpreted as a universal prevalence because the
underlying estimates varied markedly among regions and study settings. Buffaloes may
be particularly exposed in semi-aquatic production systems because grazing, wallowing,
and access to irrigated or wet habitats increase contact with environments that support
lymnaeid snails and metacercariae [10]. The consequences include production losses
and veterinary costs, and chronic infection can also alter hematological and biochemical
indicators [54,86,87].

For context, our recently published global cattle meta-analysis estimated a pooled
Fasciola prevalence of 26.5%, compared with 16.5% in the present buffalo analysis [22].
These estimates were derived from independent study sets that differed in geographic cov-
erage, study periods, diagnostic methods, sample sizes, production systems, and statistical
structure; therefore, they should not be interpreted as evidence of an intrinsic difference in
host susceptibility. A robust cattle-buffalo comparison would require paired or harmonized
epidemiological data collected in the same locations, periods, and diagnostic frameworks.

A survey in northern India reported a buffalo prevalence of 13.90% by fecal examina-
tion and 31.14% at slaughter [40]. A study in Pakistan reported Fasciola seropositivity in
bovine hosts [88], while work in the Philippines examined relationships among infection,
fluke burden, and carcass and liver weights in cattle and buffaloes [89]. These outcomes are
not interchangeable: prevalence, antibody detection, and parasite burden measure different
aspects of infection. Molecular work in northern India also identified Radix acuminata as an
intermediate host associated with buffalo infection [90]. Local snail ecology is therefore
relevant to transmission, but does not establish an intrinsic difference in susceptibility
between cattle and buffaloes [91].
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4.2. Geographic Variation in Prevalence

Geographic variation was substantial across the four continents represented in the
final quantitative synthesis. China was not represented in the quantitative dataset, but
this should not be interpreted as the absence of buffalo fasciolosis. Relevant reports
were identified, including studies for which buffalo-specific animal-level numerators and
denominators could not be extracted and Chinese-language evidence that fell outside the
English-language eligibility criterion [92,93]. Therefore, we treat China as one example
of a broader risk of geographic and language-related underrepresentation rather than
discussing it as a unique exception.

The continent-specific estimates were 45.7% for Europe, 19.5% for Asia, 4.2% for
Africa, and 7.9% for the Americas. Europe was numerically highest, but this estimate
was based on only five effect estimates and had a wide 95% CI (18.2-76.1%); it should
therefore not be interpreted as evidence that Europe has the greatest underlying burden.
Asia contributed most of the evidence (53 of 73 estimates), consistent with the global
concentration of buffalo production and the importance of irrigated and rice-paddy systems
that can support lymnaeid snail habitats [90]. Outside Asia, buffalo populations are
geographically uneven: European production is concentrated, especially in Italy, whereas
important buffalo industries occur in the Americas, particularly in South America [12,14].
The relatively small number of eligible estimates from Europe, Africa, and the Americas
reflects both the distribution of buffalo populations and the available surveillance literature,
not necessarily a low biological capacity for Fasciola transmission.

The intensive networks of irrigated water systems that characterize Asian buffalo
production create year-round transmission opportunities. For example, in the Philippines,
lymnaeid snail presence was strongly associated with irrigation systems, rivers, and mod-
erate vegetation [94]. There is substantial regional variation in Asia, with prevalence
estimates ranging from 15.8% in India to 38.6% in China and 63.58% at the animal level
in the Philippines [53,95,96]. An extreme endemic situation is represented by the high
infection rate of 87.35% documented in a survey of 767 buffaloes in China, likely reflecting
localized ecological and management factors [97]. The tropical and subtropical climates in
Asia affect the seasonal patterns of snail population dynamics and parasite development,
with peak prevalence during periods of optimal temperature and humidity [59,98]. In
this context, animal-level prevalence means that 63.58% of the individual water buffaloes
examined were positive for Fasciola infection, rather than referring to the proportion of
affected herds.

The African and American pooled estimates were lower (4.2% and 7.9%, respectively),
but each was based on fewer than 10 effect estimates and showed substantial heterogeneity.
These sparse regional data preclude strong causal interpretations of the apparent conti-
nental differences. The lower evidence density outside Asia may reflect smaller or more
geographically concentrated buffalo populations, differences in veterinary surveillance
and research capacity, database indexing, language accessibility, and the likelihood that
studies are initiated in settings where fasciolosis is already suspected. The significant
omnibus continent effect (Qm = 16.48, p < 0.001) and R? of 19.3% indicate that geography
contributes to heterogeneity, but most between-estimate variability remains unexplained
by continent alone.

4.3. Climate Factors and Temporal Trends

Continent explained 19.3% of the between-estimate variance, leaving substantial
residual heterogeneity potentially related to local ecological, management, diagnostic,
and sampling factors. Dominant climate was not a statistically significant moderator
(Qm =3.31, p = 0.191; R? = 4.3%), although pooled prevalence varied descriptively across
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tropical (18.6%), dry (11.3%), and temperate (21.6%) settings. Broad climate categories may
mask important within-zone variations in rainfall, irrigation, soil moisture, temperature,
snail habitat, and seasonal grazing. Likewise, the broad study-period comparison showed
15.0% for 1988-2013 and 17.7% for 2014-2025, with no statistically significant difference
between periods (Qm = 0.299, p = 0.585; R? = 0.3%). Thus, these data do not provide
evidence of a difference between the two broad periods, but they do not exclude finer
temporal or seasonal changes within individual regions.

4.4. Influence of Diagnostic Methods

Diagnostic method explained 6.4% of the between-estimate variance but was not a
statistically significant moderator (Qm = 4.41, p = 0.110). Fecal examination yielded a
pooled prevalence of 20.8%, compared with 10.5% for post-mortem examination and 11.7%
for ELISA. These differences should be interpreted descriptively because the diagnostic cat-
egories were strongly confounded by geography, study design, sample size, and only three
ELISA estimates were available. Fecal examination is limited by low sensitivity during the
prepatent period and in light or chronic infections [99], whereas post-mortem examination
can introduce selection effects because slaughter populations may not represent the source
herds. ELISA can detect exposure before patency, but results may vary with antigen, cut-off,
antibody kinetics, and cross-reactivity [17,47,100].

These findings reinforce the need for diagnostic standardization, rather than indicating
that one method produces a universally higher or lower prevalence. Fecal examination
remains practical and non-invasive for field surveillance, post-mortem inspection provides
direct evidence of flukes in slaughtered animals, and molecular approaches can improve
species resolution in co-endemic areas [90,96,101]. Future prevalence studies should report
assay characteristics and, where feasible, combine complementary methods to improve the
comparability across settings.

4.5. Species-Specific Patterns

The pooled prevalence was highest for estimates identified as F. gigantica (28.4%),
followed by F. hepatica (16.6%) and Fasciola spp. (13.0%). However, Fasciola identification
was not a statistically significant moderator (Qm = 4.51, p = 0.105; R? = 5.9%), and these
descriptive differences should not be interpreted as an independent species effect. This
apparent pattern is likely intertwined with geography, climate, intermediate host ecology,
diagnostic methods, and study design. F. gigantica predominates in many tropical and
subtropical areas of Asia and Africa, whereas F. hepatica is more common in temperate
regions and the Americas [1,85,102]. Notably, 42 of 73 effect estimates (57.5%) reported only
Fasciola spp., limiting species-specific inferences. Egger’s test was significant for F. hepatica
(p =0.001), but overall funnel asymmetry was also significant; therefore, the species-specific
result is better interpreted as evidence of small-study effects in a highly heterogeneous
evidence base rather than proof of selective publication for F. hepatica.

4.6. Sample Size

The categorical comparison suggested a higher pooled prevalence in studies with
<300 animals (19.9%) than in larger studies (12.2%); however, the dichotomized moderator
was not statistically significant (Qm = 2.46, p = 0.116; R? = 4.2%). In contrast, In(sample size)
was significant when treated continuously (Qm = 11.42, p < 0.001; R? = 15.8%; OR = 0.746;
95% CI: 0.630-0.885). This pattern is compatible with a small-study effect: smaller studies
may be more likely to focus on localized high-transmission settings or may systematically
differ in their design and sampling. Because the sample size is a study-level characteristic
rather than a biological exposure, this association should not be interpreted causally.
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4.7. One Health Implications

Fasciolosis has One Health relevance in buffalo-raising areas because infected buf-
faloes can shed Fasciola eggs into shared aquatic and grazing environments. Where suitable
lymnaeid snail hosts are present, contamination of water and pasture can maintain transmis-
sion at the animal-environment-human interface. This risk may be particularly relevant
in semi-aquatic agricultural systems in Asia, where buffalo husbandry, irrigation net-
works, grazing areas, and human activities frequently overlap. These conditions support
integrated surveillance combining animal infection data, intermediate-host monitoring,
environmental management, and public health awareness [2,3,90].

4.8. Limitations

This study had several limitations. First, heterogeneity was extreme in the global
model (I? = 99.8%), and the wide prediction interval indicated that the pooled prevalence
was an average across highly diverse settings rather than a value expected in every buffalo
population. Second, the overall Egger test was significant (p < 0.001); however, funnel plot
asymmetry can arise from genuine heterogeneity, study design, sample size effects, and
selective publication. Selection may also occur before publication; low-risk or apparently
low-prevalence buffalo populations may be studied less often, so underrepresentation can
arise from decisions about where studies are conducted as well as from decisions about
which results are published. Third, Africa, the Americas, and Europe contributed relatively
few effect estimates to the analysis. This imbalance is partly consistent with the global
concentration of buffalo production in Asia; however, it may also reflect regional differences
in surveillance intensity, research capacity, indexing, and language accessibility. The review
was restricted to English-language publications, and because language was not retained
as a separate field in the original screening log, the number and temporal distribution of
non-English exclusions could not be reliably reconstructed. The diagnostic method was
not a significant moderator (p = 0.110); however, differences in test sensitivity, specificity,
sampling frames, and slaughter selection remained important sources of methodological
heterogeneity. Moreover, 57.5% of the effect estimates reported only Fasciola spp., restricting
species-specific inferences. The analytical dataset also contained repeated estimates from
some publications; although the cluster-robust sensitivity analysis produced a similar
pooled estimate, the primary subgroup models were estimate-level models. For some
records, the event counts used in the binomial analysis were reconstructed from the reported
prevalence and sample size, introducing minor rounding uncertainty. Finally, the study-
level nature of the data prevented the evaluation of individual risk factors such as age, sex,
breed, and management, and broad periods and climate categories may mask important
local temporal and ecological variations.

5. Conclusions

This systematic review and meta-analysis estimated a global pooled Fasciola prevalence
of 16.5% (95% CI: 12.1-22.0%, PI:1.0-80.1%) in buffaloes, with extreme between-estimate
heterogeneity. Continent was a significant categorical moderator, whereas study period, di-
agnostic method, Fasciola identification, categorical sample size, and dominant climate were
not; sample size was inversely associated with prevalence when modeled continuously.
The wide regional confidence intervals and persistent residual heterogeneity emphasize
that a single global estimate cannot substitute for locally calibrated surveillance. Therefore,
descriptive differences among Fasciola identification categories and diagnostic methods
should be interpreted cautiously. Future studies should expand evidence from under-
represented regions, use standardized and sensitive diagnostics with molecular species
confirmation where possible, report complete numerator/denominator data, and apply

https://doi.org/10.3390/parasitologia6050061


https://doi.org/10.3390/parasitologia6050061

Parasitologia 2026, 6, 61 16 of 20

designs that capture seasonal and management-level determinants. Integrated One Health
surveillance linking buffalo infection, lymnaeid snail ecology, environmental conditions,
and human exposure remains important for reducing the burden of fasciolosis in buffalo
production systems worldwide.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/parasitologia6050061/s1, Table S1. Search strategies, databases,
eligibility restrictions, and search dates used in the systematic review. The documented strategies
reflect the reported search concepts rather than the verified original database histories; Table S2.
PRISMA 2020 checklist indicating the location of the reporting items in the manuscript and identifying
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