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Abstract

The PPR Global Research and Expertise Network (GREN) plays a central role in identifying
research priorities supporting the Global Peste des Petits Ruminants (PPR) Eradication
Programme (GEP). A scoping review of PPR epidemiological research published between
2015 and 2025 was conducted to assess progress and remaining gaps across research do-
mains relevant to GREN priorities. A total of 670 PPR-related publications were retrieved.
Epidemiological research constituted 46.9% of the PPR literature, pathogenesis (19.1%),
and diagnostics (15.6%), followed by vaccinology (9.5%) and immunology (7.9%). From
the 273 epidemiological studies, most originated from Africa (53.1%) and Asia (37.7%).
The epidemiological studies were categorized into seven domains. Molecular epidemi-
ology and virus strain characterization represented the largest proportion of published
studies (40.0%), followed by surveillance and disease monitoring (23.8%), transmission
dynamics and risk modelling (12.5%), vaccination epidemiology (10.6%), analytical and
risk factor epidemiology (8.4%), control strategy evaluation (2.9%), and socioeconomic
research (1.8%). Progress towards GREN research priorities was variable. Molecular
epidemiology and surveillance demonstrated the greatest methodological advancement,
supported by widespread application of phylogenetics, serological surveillance, and ex-
panding sequencing capacity across endemic settings. Transmission dynamics and risk
modelling also showed increasing analytical sophistication through spatial modelling,
network analysis, ecological suitability modelling, and dynamic simulation approaches,
although applications remained geographically concentrated and only partially integrated
into operational decision-support systems. In contrast, vaccination epidemiology, com-
parative evaluation of control strategies, and socioeconomic research remained limited
in volume and operational integration. Across domains, important gaps persisted in
implementation-focused evaluation, integrated surveillance systems, and translation of
research evidence into adaptive eradication planning and policy development. Overall, the
findings demonstrate substantial growth in the global PPR epidemiological evidence base
over the past decade but also reveal a persistent imbalance across research domains and
geographies. While major advances have been achieved in molecular characterization and
descriptive surveillance, greater integration of epidemiological, operational, modelling,
and socioeconomic evidence is needed to strengthen adaptive eradication planning and
improve alignment between research priorities and policy implementation. Research and
policy need to be better integrated, with policy needs driving research focus and research
findings then informing policy. Experience from rinderpest eradication demonstrates that
strong research–policy interfaces are essential to ensure that scientific evidence is translated
into effective eradication strategies and decision-making.
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1. Introduction
Peste des petits ruminants (PPR) is a highly contagious viral disease of sheep and

goats that imposes a substantial global burden on small ruminant production systems. The
disease causes annual global economic losses estimated at USD 1.45–2.1 billion, driven by
high mortality (up to 90% in naïve populations), reduced productivity, trade disruptions,
and control costs [1]. Approximately 80% of the world’s 2–3 billion small ruminants are at
risk across nearly 70 endemic countries in Africa, the Middle East, and Asia, with an addi-
tional 50 countries considered vulnerable to incursion. The impacts fall disproportionately
on an estimated 300 million pastoralists and smallholders whose livelihoods, food security,
and nutrition depend heavily on small ruminants [2].

Beyond direct herd losses, PPR outbreaks trigger cascading socioeconomic effects,
including market instability and export restrictions. The burden is particularly pronounced
in sub-Saharan Africa and South Asia, where small ruminants contribute substantially to
household income and agricultural GDP [1,3,4].

In response, the Food and Agriculture Organization and the World Organization for
Animal Health launched the PPR Global Control and Eradication Strategy (PPR-GCES) in
2015, establishing a strategic framework and a four-stage progressive pathway to achieve
global eradication of PPR by 2030 [5]. Building on this strategy, the PPR Global Eradication
Programme (PPR-GEP) was subsequently developed as the operational framework to sup-
port implementation through coordinated surveillance, vaccination, capacity strengthening,
monitoring, and evaluation across endemic countries [2]. Supported by the PPR Global
Research and Expertise Network (GREN), the PPR-GEP strategy builds on lessons from
rinderpest eradication and frames PPR elimination as a global public good [2].

As PPR eradication progresses, existing and new challenges need to be addressed.
GREN advises PPR GEP on research findings that can help address these challenges and
identifies priority research areas to advance global PPR control. As part of a wider GREN
initiative, we review progress in PPR research since the inception of PPR GEP in 2015,
focusing on epidemiology and assessing progress in priority research areas identified
by GREN. In so doing, we identify critical knowledge gaps that may constrain progress
towards global eradication.

2. Methods
2.1. Review Design

The review methodology followed the framework established by the Joanna Briggs
Institute (JBI) for scoping reviews [6] and was reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Extension for Scop-
ing Reviews (PRISMA-ScR) [7]. The completed PRISMA-ScR checklist is included in the
Supplementary Materials (Table S1). Consistent with JBI guidance for scoping reviews,
a formal risk-of-bias assessment was not conducted because the objective of the scoping
review was to map the breadth of epidemiological evidence, identify research patterns and
thematic distribution, and detect evidence gaps in relation to eradication priorities rather
than effect estimation. No protocol registration was conducted.

2.2. Review Questions

This scoping review was guided by the Population–Concept–Context (PCC) framework.
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• Population: Studies involving small ruminants (sheep, goats) and wild ruminant
species susceptible to peste des petits ruminants (PPR) in mixed livestock–wildlife
systems, where PPR epidemiology was explicitly addressed.

• Concept: Epidemiological research including surveillance, molecular epidemiology,
transmission dynamics and risk modelling, vaccination epidemiology, socioeconomic
impacts, and evaluation of control strategies.

• Context: All PPR research published from 2015 to 2025, considering research needs for
global eradication.

Primary review question: What is the scope, distribution, and extent of epidemiologi-
cal research published since the start of the PPR Global Eradication Program in 2015?

2.3. Eligibility Criteria

Studies were eligible for inclusion if they were published between 1 January 2015 and
31 December 2025 and reported primary epidemiological research. This includes, but is not
limited to, surveillance and monitoring studies, risk factor analyses, transmission dynamics
and modelling studies, socioeconomic studies, vaccination epidemiology, and evaluations
of prevention and control strategies. Only full-text articles published in peer-reviewed
journals were considered. Systematic reviews were included only if they offered substantial
analytical synthesis that provided new epidemiological insights beyond merely descriptive
summaries. The literature search was not restricted by language at the identification stage,
and studies published in languages other than English were captured where English titles
and/or abstracts were available. However, only studies for which full-text screening and
standardized data extraction could be conducted in English were included in the final
synthesis due to feasibility and resource constraints related to translation.

Studies were excluded if they met any of the following criteria: They did not focus on
PPR or fell outside the field of epidemiology. This includes laboratory-based studies such
as diagnostic assay development, immunology, pathogenesis, and/or vaccine development
that lack explicit epidemiological application or population-level analysis. Additionally,
non-original research publications, such as opinion pieces, editorials, commentaries, opera-
tional manuals, narrative reviews, and conference abstracts, were also excluded.

2.4. Search Strategy

A structured search was conducted in PubMed using a combination of Medical Subject
Headings (MeSH) and free-text terms related to PPR. The search strategy was designed
to maximize sensitivity and capture all relevant PPR publications. PubMed was selected
as the primary database because it captures the majority of indexed PPR epidemiology
literature; however, the authors acknowledge that additional databases may have identified
further studies.

The search was limited to publications from 1 January 2015 to 31 December 2025.
The complete PubMed search string used was as follows: (“Peste-des-Petits-Ruminants”
[Mesh] OR “peste des petits ruminants” [Title/Abstract] OR “PPR virus” [Title/Abstract]
OR “PPRV” [Title/Abstract]) AND (“1 January 2015” [Date-Publication]: “31 December
2025” [Date-Publication]).

2.5. Study Selection

All identified records were imported into Rayyan (www.rayyan.ai), accessed on
1 November 2023, an online review management platform, where duplicate entries were
detected and removed before screening. The study selection process was conducted in two
sequential stages: (1) title and abstract screening and (2) full-text eligibility assessment.
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During the first stage, two reviewers (GA and TJK) independently screened titles
and abstracts to identify potentially relevant publications related to PPR. Studies were
provisionally classified into predefined broad research domains (e.g., epidemiology, patho-
genesis, diagnostics, vaccinology, immunology, therapeutics, and other relevant categories)
based on information available in the title and abstract. This review was intentionally
limited to epidemiological research priorities, consistent with its objective of synthesizing
evidence on progress in epidemiological research supporting the PPR Global Eradication
Programme (PPR-GEP). Accordingly, studies focusing primarily on vaccine development,
diagnostic assay development, immunology, pathogenesis, therapeutics, and other non-
epidemiological research domains were considered outside the predefined scope of this
review. Given the focus on epidemiology, full-text articles were retrieved and assessed for
papers within the epidemiology domain. Publications categorized as non-epidemiological
were retained for research domain categorization but were not subjected to a detailed
full-text eligibility assessment or data extraction. The selection process is illustrated in
Figure 1 (PRISMA flow diagram).

Figure 1. PRISMA flow diagram for the study selection process, adapted from the PRISMA 2020 tem-
plate [8] in accordance with PRISMA-ScR guidelines [7]. Arrows indicate the sequential progression
of records through the review process.
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2.6. Identification of Priority Research Areas

To interpret how the evolving epidemiological evidence base aligns with the opera-
tional needs of the PPR GEP, this review was structured according to research priority areas
identified by the PPR-GREN. PPR-GREN is a technical advisory platform established in
2018 to support evidence generation and guide research priorities relevant to progressive
PPR control and eradication, jointly coordinated by the FAO and the WOAH [9,10].

Priority research areas were identified through a review of the seven PPR-GREN
meeting reports [10–16]. Key themes identified included molecular epidemiology and
virus characterization, surveillance and disease monitoring, transmission dynamics and
risk modelling, vaccination epidemiology, analytical and risk factor epidemiology, so-
cioeconomic dimensions of disease control, wildlife and atypical host epidemiology, and
evaluation of control and eradication strategies [11].

These priority areas served as a framework for the categorization of the included
studies. During data extraction and synthesis, studies were grouped into epidemiologi-
cal domains according to their primary research focus, methodological orientation, and
relevance to operational eradication priorities aligned with PPR-GREN thematic working
groups [16].

2.7. Data Extraction and Charting

Data extraction was conducted using a standardized charting form developed a priori
to ensure consistency and reproducibility. Studies were categorized into different types
using a predefined framework (Table 1). This classification framework was developed
iteratively based on GREN thematic priorities and refined during the pilot extraction of
the included studies. Each study was assigned one primary domain based on its central
research objective and dominant methodological approach. Some papers covered more
than one epidemiology domain.

Table 1. Epidemiological domain classification framework.

Domain Operational Definition Typical Study Designs/Analytical
Approaches

Analytical and Risk Factor
Studies assessing determinants, risk factors,
or drivers of PPR occurrence using inferential
epidemiological analysis.

Cross-sectional, case–control, cohort studies;
multivariable regression; odds ratios; risk
ratios; association modelling.

Surveillance and Disease
Monitoring

Studies reporting disease monitoring
systems, outbreak investigations, and
descriptive epidemiology of PPR occurrence.

Passive or active surveillance; outbreak
reports; prevalence/incidence estimation;
temporal trend analysis.

Transmission dynamics and risk
modelling

Studies applying statistical, mathematical, or
spatial methods to analyse transmission
dynamics, predict spread, or map risk.

Transmission models (e.g., SIR-type); spatial
risk mapping; geostatistics; predictive
modelling; scenario simulations.

Molecular and Virus Strain
Characterization

Genetic and phylogenetic investigations
examining viral characterization, lineage
distribution, and molecular transmission
dynamics.

Genome sequencing; phylogenetic analysis;
molecular clustering; evolutionary analysis.

Vaccination
Studies evaluating vaccine performance,
immunological response at the population
level, and vaccination impact.

Vaccine effectiveness studies; coverage
assessments; post-vaccination
sero-monitoring; impact analysis.

Control Strategy Evaluation

Assessment of intervention programs,
eradication strategies, policy implementation,
and economic evaluation of
control measures.

Program evaluation; cost-effectiveness
analysis; policy analysis; impact
assessment frameworks.
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Table 1. Cont.

Domain Operational Definition Typical Study Designs/Analytical
Approaches

Socioeconomic

Studies examining socioeconomic
determinants, behavioural factors, livestock
mobility, and value chain dynamics
influencing transmission.

KAP surveys; participatory epidemiology;
value chain analysis; mobility
network studies.

Evidence Synthesis
Structured synthesis of epidemiological
evidence addressing PPR distribution,
determinants, or control.

Systematic reviews; meta-analyses;
structured evidence mapping.

One reviewer performed the initial extraction, and a second reviewer independently
verified the data for accuracy. Discrepancies were resolved through discussion and consen-
sus. For each study included, the following variables were extracted: study identifier, year
of publication, geographic region, primary epidemiological domain, secondary epidemio-
logical domains (if applicable), host type, diagnostic method(s), and analytical method(s).
The complete list of included studies and extracted study characteristics is provided in the
Supplementary Materials (Table S2).

2.8. Data Synthesis

A descriptive quantitative synthesis was conducted to summarize the distribution
of studies across epidemiological domains. Frequencies and proportions were calculated
based on the primary domain classification. Domain distributions were further stratified
by publication year, geographic region, host type, and methodological approach. Temporal
trends were assessed descriptively to identify shifts in research emphasis over the study
period (2015–2025). Geographic breadth was assessed based on the regional dispersion of
studies across endemic zones, using an evidence-mapping matrix (Region × Domain).

A qualitative assessment was then done to assess the progress level of the domains,
considering the range and sophistication of methods applied, geographic breadth (from
localized to multi-country coverage), and policy/control relevance (from limited academic
insight to direct influence on vaccination campaigns or control programs). The level of
progress was defined as follows: ‘Advanced’ denotes a mature field with sophisticated
methods, broad geographic representation, and clear policy linkages; ‘Intermediate’ in-
dicates solid methodological foundations but significant constraints in breadth or policy
translation; ‘Emerging’ reflects an underdeveloped field with basic methods, limited scope,
and minimal policy impact.

3. Results
3.1. Result of Study Selection Process

From 2015 to 2025, a total of 675 publications on PPR were identified (Figure 1). After
removing duplicates (n = 5), 670 unique records were screened based on their titles and
abstracts. During title and abstract screening, 397 (59.3%) records were excluded. These
included reviews/editorials/opinion papers (n = 72), studies not related to PPR (n = 16),
and non-epidemiological publications: pathogenesis studies (n = 111), diagnostic assay
studies without epidemiological application (n = 91), vaccine development studies without
field or population-level evaluation (n = 55), immunology studies (n = 46), and therapeutic
studies (n = 6).

A total of 273 (40.7%) studies met the inclusion criteria and were included in the final
scoping review synthesis. The included studies were distributed across epidemiological
domains as follows: molecular epidemiology (n = 109), surveillance and disease moni-
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toring (n = 59), analytical and risk factor epidemiology (n = 23), modelling and spatial
epidemiology (n = 34), vaccination epidemiology (n = 29), control strategy studies (n = 8),
socioeconomics (n = 5), and evidence synthesis (n = 6).

3.2. Overall PPR Research Landscape

Figure 2 illustrates the distribution of published PPR research from 2015 to 2025.
Epidemiology constituted the largest proportion of studies published (46.9%), followed
by pathogenesis (19.1%), diagnostics (15.6%), vaccinology (9.5%), and immunology (7.9%),
while therapeutic research accounted for only 1.0%.

Figure 2. Categorization of PPR research (2015–2025).

3.3. General Characteristics of the Included Studies

A total of 273 studies published between 2015 and 2025 were included (Table 2). Most
studies were conducted in Africa (53.1%) and Asia (37.7%), with fewer from Europe (5.5%)
or global reports (3.7%). The majority focused on domestic animals (94.5%), with a small
proportion on wildlife (5.5%). Within the domain of epidemiology, molecular epidemiology
dominated the literature (40%), followed by surveillance and disease monitoring studies
(21.6%). Modelling and spatial analyses accounted for 12.5%, while vaccination epidemi-
ology represented 10.6%. Analytical and risk factor studies comprised 8.4%. In contrast,
control strategy evaluation (2.9%), evidence synthesis (2.2%), and socioeconomics (1.8%)
were minimally represented.

Many studies utilized laboratory-based diagnostic approaches, with PCR and sequenc-
ing methods featured in 94 studies (34.4%), conducting molecular characterization and
viral lineage analysis. Serological methods were also prevalent, appearing in 83 studies
(30.4%) and used to assess seroprevalence and immunity. Secondary data analyses and
database-driven studies comprised 48 publications (17.6%), while social survey methods
were used in 28 studies (10.3%). Only 17 studies (6.2%) employed mixed molecular and
serological methods, and purely clinical assessments were rare, with just 3 studies (1.1%).
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Table 2. Summary of the characteristics of the included studies.

Characteristic Category Number of Studies Percent of Total
Studies (%)

Publication Period

2015–2017 60 20.0
2018–2020 85 31.1
2021–2023 73 26.7
2024–2025 55 20.2

Geographic Region

Africa 145 53.1
Asia 103 37.7
Europe 15 5.5
Global 10 3.7

Species Studied Domestic 258 94.5
Wildlife 15 5.5

Primary
Epidemiology
Domain

Molecular
Epidemiology 109 40.0

Surveillance and
Disease Monitoring 59 21.6

Analytical and Risk
Factor 23 8.4

Transmission
Dynamics and Risk
Modelling

34 12.5

Vaccination
Epidemiology 29 10.6

Control Strategy
Evaluation 8 2.9

Socioeconomics
Research 5 1.8

Evidence Synthesis 6 2.2

Diagnosis Methods

PCR/Sequencing 94 34.4
Serology 83 30.4
Mixed Biological
Methods 17 6.2

Secondary
Data/Database 48 17.6

Social Survey 28 10.3
Clinical/Field 3 1.1

3.3.1. Temporal Trends by Epidemiological Domain (2015–2025)

There was a gradual increase in yearly PPR research output over the decade; from
2015 to 2018, publications ranged from 18 to 22 studies per year (6.6–8.1%), rising notably
in 2019–2020 with 33 and 32 studies per year (12.1% and 11.7%), respectively, then falling
(Figure 3). Molecular epidemiology consistently dominated annual output, with notable
peaks in 2016 (n = 12), 2019 (n = 16), 2021 (n = 14), and 2024 (n = 13). Surveillance and
disease monitoring studies showed moderate but variable activity, peaking in 2020 (n = 10)
and remaining relatively stable in earlier (2015, 2017, 2019) and later years (2025). However,
a sharp decline was observed in 2022 (n = 1), followed by modest recovery thereafter.

Analytical and risk-factor studies remained limited throughout the decade, with
gradual increases in recent years, particularly in 2023 (n = 4) and 2024 (n = 5). Modelling
and spatial analyses demonstrated intermittent growth beginning in 2017 (n = 3), with
higher activity observed in 2019 (n = 5), 2021 (n = 6), and 2022 (n = 5). Vaccination
epidemiology remained sporadic but showed episodic increases, most notably in 2022
(n = 8) and 2024 (n = 6).
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Figure 3. Temporal trends in PPR epidemiology research from 2015 to 2025.

Socioeconomics studies appeared only from 2021 onward and remained low in number
(maximum n = 2 in 2025). Control strategy studies were rare throughout the period, with
small peaks in 2016 (n = 2) and 2023 (n = 2).

3.3.2. Geographic Distribution

As shown in Figure 4, more than half of the included studies were conducted in Africa
(n = 145; 53.1% of all studies). Within Africa, East Africa accounted for 70 studies (25.6%),
followed by West Africa (n = 47; 17.2%), North Africa (n = 24; 8.8%), Central Africa (n = 3;
1.1%), and multi-region African studies (n = 1; 0.4%). Asia contributed 103 studies (37.7%),
with South Asia representing 52 studies (19.0%), East Asia 25 (9.2%), the Middle East 19
(7.0%), Central Asia 4 (1.5%), and Southeast Asia 3 (1.1%). Europe accounted for 15 studies
(5.5%), while globally focused studies comprised 10 publications (3.7%).

Table 3 presents the distribution of studies across major endemic regions by domain.
It reveals significant regional clustering and thematic imbalance. Africa accounts for the
largest share of studies, with strong representation in East and West Africa across molecular,
surveillance, and vaccination domains, while Central Africa is notably underrepresented.
In Asia, research activity is concentrated in South Asia and parts of East Asia, particularly
in molecular epidemiology and surveillance, whereas Southeast Asia and Central Asia
show minimal thematic coverage. Europe and global multi-region analyses contribute only
marginally and are primarily focused on molecular studies, modelling, and select control
strategy studies.
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Figure 4. Number of PPR epidemiological studies by region.

Table 3. Geographic distribution of studies by epidemiological domain (2015–2025).

Regions Regions
Analytical
and Risk

Factor

Surveillance
and Disease
Monitoring

Transmission
Dynamics
and Risk

Modelling

Molecular
and Virus

Strain Char-
acterization

Socioeconomic Vaccination

Africa

North Africa 3 11 1 7 1 1 0
West Africa 1 10 3 23 0 7 3

Central
Africa 1 0 0 2 0 0 0

East Africa 15 14 10 14 2 14 1
Multi-region 0 0 0 1 0 0 0

Asia

Middle East 0 6 1 12 0 0 0
Central Asia 0 1 2 1 0 0 0

East Asia 0 2 6 17 0 0 0
South Asia 3 14 4 23 1 6 1
Southeast

Asia 0 3 0 0 0 0 0

Europe Europe 0 2 4 8 1 0 0
Global Global 0 2 3 1 0 1 3

Note: Cell shading represents the relative magnitude of the values within the table; darker blue indicates higher
numbers of studies, whereas lighter blue indicates lower numbers.

3.4. Progress Across PPR Epidemiological Domains in Relation to GREN Priorities

Molecular epidemiology and surveillance-related research dominated the evidence
base and demonstrated substantial methodological advancement and expanding geo-
graphic coverage. In contrast, comparatively limited attention has been directed toward
vaccination epidemiology, control strategy evaluation, and socioeconomic research despite
their central relevance to operational eradication planning. To better interpret how the
evolving evidence base aligns with the operational and strategic needs of the PPR GEP,
the identified domains were comparatively synthesized in relation to research priorities
identified by PPR GREN. Table 4 summarizes comparative progress, remaining gaps, and
alignment with GREN priority areas across the major epidemiological domains.
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Table 4. Comparative progress across PPR epidemiological domains (2015–2025) in relation to GREN
priorities (2015–2025).

Domain Number of
Studies (%) Major Advances Key Remaining

Gaps
GREN-Relevant

Priority Gaps Relative Progress

Molecular
Epidemiology 109 (40.0%)

Expanded
phylogenetic

characterization;
lineage tracking;

improved outbreak
tracing; wider

sequencing
capacity

Limited
integration with

livestock
movement and

longitudinal
epidemiology;
opportunistic

sampling

Weak epi-zone
definition; limited

wildlife
transmission
integration

Advanced

Surveillance and
Disease

Monitoring
65 (23.8%)

Broad serological
surveillance across
endemic regions;

increasing atypical
host investigations

Predominantly
cross-sectional
studies; limited

incidence
estimation and

surveillance
evaluation

Weak integration
into adaptive

risk-based
surveillance and

eradication
planning

Intermediate

Transmission
Dynamics and Risk

Modelling
34 (12.5%)

Expansion of
spatial modelling,
network analysis,

ecological
suitability

mapping, and
simulation models

Limited
longitudinal
validation;

geographically
clustered

applications; weak
operational uptake

Limited
integration into

vaccination
targeting and
surveillance
optimization

Intermediate

Analytical & Risk
Factor

Epidemiology
23 (8.4%)

Improved
identification of
host-, herd-, and
system-level risk

factors

Predominantly
associative

cross-sectional
studies; limited
causal inference

Limited translation
into targeted

surveillance and
vaccination
strategies

Emerging

Vaccination
(vaccine)

epidemiology
29 (10.6%)

Improved
understanding of
herd immunity

turnover,
demographic

replacement, and
vaccine uptake

barriers

Limited
longitudinal

vaccine
effectiveness
studies and
operational

delivery
evaluation

Weak evidence for
optimizing
vaccination

schedules, delivery
systems, and

immunity
monitoring

Emerging

Control Strategy
Evaluation 8 (2.9%)

Economic and
systems-based

analyses support
eradication
feasibility

Very limited
empirical

evaluation of
operational

strategies and
implementation

effectiveness

Minimal
comparative

assessment of
vaccination

strategies and
campaign
efficiency

Emerging

Socioeconomic
Research 5 (1.8%)

Improved
understanding of

farmer perceptions,
WTV/WTP, gender

dynamics, and
institutional

barriers

Small and
methodologically

fragmented
evidence base

Limited
integration into

surveillance,
vaccination

delivery, and
policy design

Emerging

3.4.1. Molecular Epidemiology and Virus Strain Characterization

Molecular epidemiology dominates the literature, accounting for 109 studies (40% of
the total). These studies employ advanced phylogenetic and molecular typing approaches
to characterize circulating lineages, trace likely sources of incursions, and investigate genetic
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relationships across regions [17–19]. Molecular analyses have been particularly informative
in investigating new incursions into previously free countries and have, to some extent,
compensated for the relative scarcity of classical field epidemiology studies [20,21]. Rapid
advances in sequencing technologies have enabled deeper viral characterization at lower
cost and with reduced infrastructure requirements, facilitating broader application in
endemic settings [22–25]. A subset of studies integrates molecular and classical epidemio-
logical approaches to provide additional insights into transmission dynamics, including
investigation of wildlife–domestic interfaces and identification of co-infections [26–30].

Despite substantial methodological advances, important gaps remain in systematic
virus typing, structured epi-zone definition, and integration of phylogenetic evidence
into adaptive risk-based vaccination and surveillance frameworks. Overall, the domain
demonstrated advanced methodological maturity but only partial integration into adaptive
eradication planning.

3.4.2. Surveillance, Disease Monitoring, and Risk Factor Epidemiology

Surveillance, disease monitoring, and risk factor epidemiology collectively constituted
a major component of the PPR evidence base and aligned closely with GREN priorities
related to surveillance strengthening, risk-based control, and improved understanding
of transmission contexts. This integrated domain accounted for 88 studies (32.2%) of the
mapped literature, making it one of the largest research areas after molecular epidemiology.
Consistent with broader PPR research trends, serology overwhelmingly dominated the evi-
dence base, with most studies employing cross-sectional seroprevalence or serosurveillance
designs to estimate geographic distribution, population exposure, and post-vaccination
immunity [31,32]. The literature spanned diverse endemic settings across East, West, and
North Africa, South Asia, the Middle East, and parts of Europe, frequently focusing on
pastoral and agro-pastoral production systems (see Table 3). Surveillance activities have
increasingly extended beyond small ruminants to include several atypical domestic and
wildlife host species [33–37]. Additional investigations included abattoir-based surveil-
lance, border screening of imported animals, outbreak confirmation studies, and limited
piloting of syndromic and sentinel-based surveillance systems [38–40].

Within this broader surveillance landscape, analytical and risk factor studies con-
tributed important evidence on determinants of PPR exposure at host, herd, and production-
system levels. Reported risk factors included age, species composition, herd size, mobility,
production system, vaccination status, market connectivity, and border proximity, im-
proving understanding of transboundary transmission dynamics and high-risk livestock
systems [37,41–44].

Despite broad geographic coverage and increasing analytical breadth, the domain
remained dominated by cross-sectional serological studies, with limited longitudinal
surveillance, incidence-based analysis, and causal inference approaches. Standard-
ized sampling frameworks and integration of surveillance outputs into predictive
modelling and adaptive control systems also remained limited. Overall, the domain
demonstrated intermediate progress in strengthening descriptive surveillance and
improving understanding of PPR exposure determinants, but important gaps remain in
longitudinal epidemiology, causal inference, and integration of surveillance evidence
into adaptive risk-based eradication strategies.

3.4.3. Transmission Dynamics and Risk Modelling

Transmission dynamics and risk modelling accounted for 34 studies (12.5%) and
represented one of the most technically advanced and increasingly diversified domains
within PPR epidemiology. Studies applied a wide range of approaches, including stochastic
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and agent-based simulations, ecological niche modelling, machine learning prediction,
spatio-temporal analysis, livestock movement network analysis, and import risk assess-
ment frameworks [45–50]. These approaches were used to investigate outbreak spread,
mobility-driven transmission, vaccination scenarios, elimination feasibility, and high-risk
transmission corridors, including integration of climate suitability and livestock move-
ment data [51–53].

Despite this analytical breadth, important constraints remain. Many models are
calibrated to retrospective outbreak datasets or subnational case reports, with limited
high-resolution longitudinal incidence data for validation. Ecological niche and spatial
prediction models often rely on presence-only or reported outbreak data of variable com-
pleteness, particularly in endemic settings with weak passive surveillance. While hotspot
identification and risk mapping are increasingly sophisticated, prospective validation and
operational embedding within risk-based surveillance systems are uncommon. Moreover,
modelling efforts remain geographically clustered (e.g., China, Central Asia, East Africa),
limiting generalizability across diverse production systems.

Overall, transmission dynamics and risk modelling demonstrated substantial method-
ological progress and increasing relevance to GREN priorities related to risk-based control
and adaptive eradication planning. However, limited availability of longitudinal surveil-
lance data, weak institutional integration, and uneven geographic representation continue
to constrain operational uptake within endemic-country decision support systems.

3.4.4. Vaccination, Control Strategy, and Socioeconomic Dimensions of PPR Eradication

Vaccination epidemiology, control strategy evaluation, and socioeconomic research
collectively represent some of the most operationally relevant yet comparatively under-
developed domains within the PPR evidence base in relation to GREN research priorities.
Although these domains directly address eradication feasibility, implementation effective-
ness, and sustainability of control programmes, they remain limited in volume, geographic
breadth, and integration into adaptive eradication planning.

Vaccination epidemiology has evolved from descriptive post-vaccination sero-
monitoring to integrated analyses of herd immunity dynamics, vaccination scheduling,
and socioeconomic factors influencing vaccine uptake. Studies highlighted the impor-
tance of demographic turnover, livestock mobility, cold-chain limitations, and uneven
campaign implementation in shaping population immunity, while growing socioeconomic
evidence emphasized barriers related to service accessibility, gender inequities, willingness
to vaccinate, and institutional trust [32,54–59]. These findings align closely with GREN
priorities on vaccination optimization and implementation-oriented research. However,
the evidence base remains dominated by cross-sectional studies, with limited longitudinal
evaluation and weak integration of biological, operational, and socioeconomic dimensions
into adaptive eradication strategies.

Control strategy evaluation and socioeconomic research remained particularly lim-
ited despite their high operational relevance. Existing studies demonstrated important
advances in economic impact assessment, benefit–cost analysis, and system dynamics
modelling [1,3,60], consistently indicating that PPR control and eradication are capable
of generating substantial livelihood benefits. Socioeconomic investigations additionally
broadened understanding of farmer perceptions, participatory priority setting, behavioural
determinants of vaccine uptake, and gendered barriers within livestock health systems.
Nevertheless, most socioeconomic studies remained descriptive and cross-sectional, with
limited integration into epidemiological modelling, vaccination evaluation, or operational
decision-support systems. Comparative evaluations of alternative control strategies, real-
world programme effectiveness, and implementation efficiency remain rare. Overall, these
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findings suggest that substantial gaps persist in translating operational, economic, and
socio-behavioural evidence into integrated, adaptive eradication strategies aligned with
GREN priorities.

4. Discussion
4.1. Overall Imbalance in the PPR Epidemiological Evidence Base

This scoping review demonstrates that the global PPR epidemiological evidence base
has expanded substantially over the past decade, reflecting increased international commit-
ment to the PPR GEP and growing research investment across endemic regions. However,
the distribution of evidence remains highly uneven across epidemiological domains. Molec-
ular epidemiology and surveillance research dominate the literature, whereas compara-
tively limited attention has been directed toward vaccination epidemiology, operational
control strategy evaluation, and socioeconomic and implementation-focused epidemiology.

This imbalance is important because the epidemiological requirements for early-stage
disease characterization differ substantially from those required for the final stages of
eradication. While molecular characterization and serological mapping remain essential,
molecular characterization is also a critical component of laboratory diagnosis, outbreak
confirmation, and surveillance systems that underpin effective PPR control and eradication
efforts. The substantial body of research in this area has therefore made an important
contribution to the eradication agenda by enabling virus detection, lineage tracking, and
improved understanding of disease spread across endemic regions. Eradication increasingly
depends on operationally integrated evidence capable of informing adaptive vaccination,
surveillance optimization, resource prioritization, and implementation effectiveness under
diverse production systems [9,61]. The current evidence landscape, therefore, suggests
that scientific activity has expanded more rapidly in laboratory and descriptive domains
than in implementation-oriented epidemiology, highlighting the need to complement these
indispensable laboratory advances with stronger operational, modelling, socioeconomic,
and implementation research that directly supports eradication delivery.

4.2. Dominance of Molecular Epidemiology and Descriptive Surveillance

Molecular epidemiology represented the largest proportion of studies identified
in this review and demonstrates the most advanced methodological development. The
widespread application of phylogenetic analysis and expanding access to sequenc-
ing technologies have substantially improved the understanding of lineage distribu-
tion [17,18], transboundary circulation, and outbreak tracing across endemic and newly
affected regions [62,63]. In several settings, molecular analyses have compensated for
limitations in field epidemiological data by providing indirect evidence of transmission
connectivity and geographic spread [18,64,65].

Similarly, surveillance and disease monitoring studies have generated extensive sero-
logical evidence across Africa, Asia, and the Middle East. These investigations have
improved the understanding of population exposure, geographic distribution, and the
role of atypical hosts and wildlife species [31,32,66]. While these studies provide extensive
descriptive evidence, they primarily measure cumulative exposure instead of incidence,
limiting their ability to analyse ongoing transmission dynamics. Inconsistent age adjust-
ment, varying sampling strategies, and a lack of longitudinal seroconversion studies further
hinder comparability. Surveillance is often project-based and lacks integration into coordi-
nated national systems. The absence of DIVA-compatible vaccines complicates interpreting
seropositivity in vaccinated populations. Ultimately, while surveillance offers valuable
insights, its effectiveness in informing real-time transmission assessment and adaptive
eradication planning is restricted.
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4.3. Expansion of Transmission Dynamics and Risk Modelling

Transmission and risk modelling for PPR has expanded considerably over the past
decade. The field has evolved substantially beyond classical deterministic compartmental
modelling toward increasingly diverse analytical approaches, including stochastic simu-
lation, spatial and ecological suitability modelling, Bayesian spatio-temporal modelling,
machine learning, and livestock movement network analysis [45,49,50]. These approaches
have improved understanding of transmission heterogeneity, demographic turnover, cross-
border spread, environmental suitability, and vaccination threshold dynamics across multi-
ple endemic settings. However, challenges remain, such as reliance on low-resolution data
and a lack of prospective validation. Although risk maps are becoming more sophisticated,
modelling efforts are limited to a small, fragmented community, affecting continuity and
broader application in veterinary decision-making.

Risk factor studies have enhanced the understanding of determinants of PPR expo-
sure [37,42,44]. However, the field is still largely dominated by cross-sectional, serology-
based studies using associative statistics. Longitudinal cohort studies, which offer better
insights into disease patterns than cross-sectional studies, are rare. Spatial analysis is
inconsistently utilized, and connections between risk factors and predictive modelling
are limited. Geographic coverage is uneven, concentrated in a few countries, with few
harmonized, multi-site designs. While many cross-sectional studies identify associations
with outbreaks, they mainly reinforce poor biosecurity and practices that increase pathogen
exposure, leading to higher disease rates.

The findings indicate that the main challenge in this field is no longer the development
of methods but rather the integration of institutions [67,68]. Enhancing the connections
between modelling platforms, standardized surveillance systems, and national eradication
programs could significantly improve the practical application of transmission modelling
within adaptive PPR control frameworks.

4.4. Persistent Operational and Socioeconomic Gaps in Vaccination and Control Strategy Evaluation

One of the most important findings of this review is the relative underdevelopment of
vaccination epidemiology and control strategy evaluation despite their central relevance to
eradication feasibility. Although modelling studies and post-vaccination sero-monitoring
have improved understanding of herd immunity dynamics, demographic turnover, and
vaccination coverage challenges [32,56], relatively few studies evaluate the operational
effectiveness of alternative vaccination delivery strategies under field conditions.

Evidence from transmission models consistently demonstrates that livestock turnover
rapidly reduces effective population immunity in endemic systems, particularly in pastoral
and agro-pastoral production settings [49]. These findings reinforce the importance of
sustained vaccination efforts, strategic campaign timing, and geographically targeted
interventions. However, empirical evaluation of vaccination delivery systems, campaign
efficiency, cold-chain performance, and implementation barriers remains limited.

Similarly, control strategy evaluation remains one of the least represented areas
identified in this review. Existing studies largely focus on economic justification and
broad eradication feasibility rather than comparative assessment of operational strate-
gies [69,70]. Comparative empirical evaluation of delivery strategies, such as mass versus
targeted approaches, optimal campaign frequency, or integration with surveillance, is
scarce. Much of the evidence remains theoretical or model-based rather than grounded in
field implementation. As eradication efforts progress, stronger implementation-oriented
evidence will likely become increasingly important for optimizing resource allocation,
targeting high-risk populations, and evaluating alternative delivery approaches across
heterogeneous livestock systems.
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Socioeconomic research remains limited in volume but demonstrates greater con-
ceptual and operational relevance than previously recognized. Existing studies extend
beyond simple perception surveys to examine farmer knowledge and attitudes, gendered
dimensions of disease management, socioeconomic drivers of disease emergence and
spread, willingness to vaccinate (WTV), willingness to pay (WTP), and participatory ap-
proaches to priority setting [71–75]. Collectively, these studies highlight that vaccination
uptake and surveillance participation are shaped not only by vaccine availability but also
by institutional trust, service accessibility, livelihood constraints, market incentives, and
social inequalities. However, the evidence base remains methodologically fragmented
and predominantly descriptive, with limited use of longitudinal, mixed-methods, or
implementation-oriented designs. As eradication efforts progress toward the final stages
of control, stronger integration of socioeconomic evidence into epidemiological planning
and programme evaluation will become increasingly important for improving campaign
effectiveness, targeting underserved populations, and strengthening the sustainability of
PPR eradication strategies.

4.5. Implications for Adaptive Eradication Planning and GREN Priorities

The comparative synthesis across domains highlights several research priorities that
remain incompletely addressed within the current evidence base. These include systematic
definition of epi-zones, longitudinal measurement of transmission dynamics, operational
evaluation of vaccination strategies, integration of wildlife and atypical host surveillance,
and incorporation of socioeconomic evidence into programme design.

Importantly, many of the remaining challenges identified in this review are not solely
technical but institutional and operational. The limited embedding of modelling outputs,
surveillance evaluation, and implementation research within national veterinary systems
constrains the translation of epidemiological evidence into adaptive eradication strategies.
Strengthening this research-to-policy interface may therefore be as important as generating
additional descriptive data. Evidence from successful animal disease control programmes,
particularly the global eradication of rinderpest, demonstrates that sustained collaboration
among researchers, veterinary services, policymakers, and international partners facilitates
the translation of scientific evidence into surveillance, vaccination, and disease control
policies. Strengthening similar research–policy partnerships through the PPR-GREN and
national veterinary systems could enhance evidence-informed decision-making and im-
prove implementation of adaptive eradication strategies.

The findings of this review also have important implications for the PPR-GEP target
of global eradication by 2030. While the 2030 target has been instrumental in mobilizing
international commitment, investment, and coordinated action, the persistent research
gaps identified in implementation epidemiology, disease modelling, operational research,
and socioeconomic evidence suggest that achieving global eradication within the original
timeline remains challenging in many endemic settings. Addressing these gaps, together
with sustained political commitment, adequate investment, and adaptive programme
implementation, will be critical to maintaining progress toward the ultimate goal of global
PPR eradication, even where continued efforts beyond the current programme timeline
may be required.

Future progress toward eradication will likely require a transition from predom-
inantly descriptive epidemiology toward more integrated implementation-oriented
research frameworks capable of supporting real-time decision-making under heteroge-
neous endemic conditions.

https://doi.org/10.3390/v18080857

https://doi.org/10.3390/v18080857


Viruses 2026, 18, 857 17 of 21

4.6. Limitations of the Study

This review provides a comprehensive synthesis of epidemiological research relating
to PPR published between 2015 and 2025. It is important to acknowledge some limitations
of this review. It primarily relied on published peer-reviewed literature, which means
that significant operational experiences, program reports, and grey literature produced
by national veterinary services and partners involved in the FAO-WOAH PPR Global
Eradication Programme may not have been fully represented.

5. Conclusions
The accumulated body of PPR research over the past decade demonstrates that the

global PPR epidemiological evidence base has expanded substantially and demonstrates
important methodological advances, particularly in molecular epidemiology and surveil-
lance. However, critical gaps remain in the domains most directly relevant to eradication
implementation. To effectively address these gaps, there needs to be greater integration
across epidemiological, operational, and socioeconomic disciplines. This will support the
development of more responsive and evidence-informed eradication strategies that can be
adapted to various endemic settings. Additionally, there is a need to better integrate the
research–policy cycle, where research questions are driven by policy needs, and research
findings directly inform policy decisions. Achieving this will require strong collaboration
between the research and government sectors at both national and sub-national levels. The
successful eradication of rinderpest demonstrated the value of a strong research–policy in-
terface, where evidence-based decision-making and close coordination among researchers,
veterinary authorities, and policymakers were instrumental in achieving eradication goals.
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