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Abstract

This study characterized and compared the spatiotemporal dynamics of animal and livestock disease frequency in Shashemene
District, West Arsi, Oromia, Ethiopia. The work aimed to quantify spatial and temporal disease distributions, classify events into
sporadic, endemic, epidemic, and pandemic-candidate patterns, estimate key epidemiological parameters including incidence
and effective reproduction numbers (R.), and identify environmental and connectivity-related drivers of transmission. A
retrospective spatiotemporal observational design was applied, synthesizing five to ten years of surveillance, laboratory, and
farmer-reported data from district records over the period 2014 to 2023. A total of 500 recorded disease events across cattle,
sheep, goats, poultry, and equids were analyzed at kebele-level resolution using Bayesian hierarchical modeling integrated with
Geographic Information Systems and time-varying R. estimation. The analysis demonstrated that disease events were
significantly concentrated during the wet season, accounting for 64.2% of cases, compared to 35.8% during the dry season. Sheep
pox, 19.8%, and lumpy skin disease, 18.2%, consistently emerged as the most frequent conditions. Epidemic patterns were
strongly associated with livestock movement and market connectivity, with odds ratios ranging from 1.78 to 2.12 and R. values
peaking at 2.05 in high-traffic trade corridors, compared to R. = 1.52 in lower-frequency areas. Endemic patterns were linked to
high animal density, limited veterinary infrastructure, and restricted access to services. Environmental drivers, particularly
rainfall and temperature, showed a positive correlation with disease incidence, r = 0.324, especially for vector-borne and soil-
borne pathogens. Overall, the findings established livestock mobility, seasonal climatic variability, and network connectivity as
the principal drivers of disease dynamics in the district. The study concluded that transitioning from reactive responses to
proactive, climate-sensitive, and network-informed interventions was critical to reducing disease burden and strengthening
evidence-based veterinary public health policy.
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1. Introduction

1.1. Background

Livestock production constitutes a foundational pillar of ru-
ral livelihoods, food security, and socioeconomic resilience
across Ethiopia, particularly within the Oromia Region. In
Shashemene District, mixed crop—livestock systems dominate
the agrarian landscape, with cattle, small ruminants, poultry,
and equids contributing directly to household income genera-
tion, nutritional security, draft power, and manure-based soil
fertility [13]. However, these benefits are persistently under-
mined by infectious animal diseases, which reduce productiv-
ity, increase mortality, disrupt market participation, and gen-
erate substantial indirect economic losses through trade re-
strictions and control measures [10, 27].

Shashemene District represents a highly informative epide-
miological setting due to the confluence of ecological hetero-
geneity, livestock mobility, and market connectivity. The dis-
trict spans multiple agro-ecological zones characterized by
seasonal rainfall variability, shifting land-use patterns, and
heterogeneous grazing systems [17]. Communal grazing areas,
seasonal transhumance, informal livestock trade routes, and
uneven veterinary service coverage create spatially and tem-
porally variable exposure landscapes that favor diverse dis-
ease transmission pathways [13, 34]. Climatic drivers such as
rainfall seasonality and temperature interact with vector ecol-
ogy, host susceptibility, and environmental persistence of
pathogens, further shaping disease dynamics [18, 30].

Against this backdrop, animal disease events in Shashe-
mene manifest along a continuum of frequency and scale,
ranging from isolated sporadic cases to persistent endemicity,
episodic epidemics, and, in rare but consequential circum-
stances, transboundary or pandemic-type spread. Distinguish-
ing among these patterns is not merely semantic; it is opera-
tionally decisive. Surveillance intensity, intervention timing,
resource allocation, and policy responses depend critically on
whether a disease is behaving as sporadic noise, entrenched
endemic burden, an emerging epidemic, or a system-wide
threat with long-distance propagation potential [2, 10, 23].

This study was motivated by the need to move beyond de-
scriptive reporting of animal disease events toward a quanti-
tative, spatially explicit, and reproducible classification of dis-
ease frequency patterns. By integrating surveillance, abattoir,
serological, and farmer-reported data with geographic infor-
mation systems (GIS), time-series analyses, and epidemiolog-
ical modeling, the study positioned Shashemene District as a
meso-scale case study for understanding how local disease
processes interfaced with regional connectivity and global
transboundary risks.

1.2. Problem Statement

Despite the recognized importance of livestock to liveli-
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hoods and regional food systems in Shashemene District, ani-
mal disease surveillance and response remain largely reactive,
fragmented, and weakly informed by spatiotemporal epidemi-
ological evidence [2]. Current animal health reporting systems
primarily emphasize case notification and outbreak confirma-
tion, but they rarely differentiate systematically between spo-
radic events, entrenched endemic transmission, short-term ep-
idemics, and wider transboundary or pandemic-candidate dy-
namics [10]. This lack of differentiation constrains the ability
of veterinary authorities to calibrate surveillance intensity, pri-
oritize interventions, and allocate limited resources propor-
tionately to epidemiological risk.

In practice, diseases with fundamentally different transmis-
sion dynamics are often managed using uniform control ap-
proaches, leading to inefficiencies and missed opportunities
for prevention. Sporadic cases may trigger disproportionate
responses, while endemic diseases with substantial cumula-
tive burden remain under-prioritized [27]. On the contrary,
early epidemic signals may go undetected because routine sur-
veillance systems are not analytically structured to identify
statistically significant deviations from expected baselines or
emerging space-time clusters [23]. This is particularly prob-
lematic in settings such as Shashemene, where livestock
movement through markets, communal grazing, and seasonal
transhumance can rapidly amplify transmission once critical
thresholds are exceeded [13, 34]. A further challenge lies in
the limited integration of spatial, temporal, and mechanistic
epidemiological frameworks within district-level animal
health decision-making. While surveillance data are routinely
collected, they are seldom analyzed using spatial autocorrela-
tion metrics, space-time scan statistics, or time-varying trans-
mission indicators such as the effective reproduction number
[10]. As a result, the distinction between stochastic variation
and meaningful epidemiological change remains blurred, in-
creasing the risk of both false alarms and delayed outbreak
recognition [19, 26].

Environmental and structural drivers compound this prob-
lem. Shashemene District exhibits marked agroecological het-
erogeneity, seasonal climate variability, and uneven veteri-
nary service coverage, all of which influence disease persis-
tence and spread across space and time [18, 30]. Yet these
drivers are rarely incorporated quantitatively into routine dis-
ease assessment. Without explicit modeling of how rainfall,
livestock density, market connectivity, and service access in-
teract to shape transmission dynamics, endemic hotspots and
epidemic-prone zones remain poorly defined, limiting the ef-
fectiveness of risk-based surveillance and control strategies
[10, 23]. At a broader scale, the absence of operational criteria
for identifying pandemic-candidate dynamics in animal health
represents a strategic blind spot [33]. Although true pandem-
ics are rare in veterinary contexts, several priority animal dis-
eases with zoonotic or transboundary potential, such as avian
influenza, emerge from local systems characterized by dense
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animal populations and high connectivity [10, 16]. Failure to
recognize when local disease dynamics transition from con-
tained epidemics to multi-patch, connectivity-driven persis-
tence undermines both national preparedness and regional bi-
osecurity.

This study addressed the critical gap arising from the ab-
sence of an integrated, quantitative, and spatially explicit
framework for characterizing animal disease frequency pat-
terns in Shashemene District. Without such a framework, an-
imal health systems were inherently limited in their capacity
to discriminate meaningful epidemiological signals from
background noise, strategically align interventions with un-
derlying disease dynamics, and anticipate the escalation of en-
demic or epidemic events into wider transboundary threats.
Therefore, this study directly addressed this gap by operation-
alizing disease frequency categories through the application of
rigorous spatiotemporal analytics, grounded epidemiological
theory, and the contextual dynamics of livestock systems,
thereby enhanced evidence-based decision-making in re-
source-constrained settings

1.3. Study Objectives

1.3.1. General Objective

The overarching aim of this study was to characterize and
compare the spatiotemporal dynamics of animal disease fre-
quency in Shashemene District through an integrated analyti-
cal framework that bridges statistical surveillance and mecha-
nistic epidemiology.

1.3.2. Specific Objectives

Quantify spatial and temporal distributions of reported and
measured animal disease events across major livestock spe-
cies within the District over a multi-year period.

Classify disease occurrences into sporadic, endemic, epi-
demic, and pandemic-candidate patterns using reproducible,
statistically grounded criteria.

Estimate key epidemiological parameters, including inci-
dence, prevalence, and reproduction numbers, and assess their
spatial heterogeneity.

Identify environmental, demographic, and connectivity-re-
lated drivers associated with different disease frequency pat-
terns using multivariable spatial and temporal models.

1.4. The Study Hypotheses

Hi: Pathogens whose transmission was strongly mediated
by livestock movement and market connectivity are more
likely to exhibit epidemic and spatially dispersed patterns than
pathogens dominated by local contact or vector-borne trans-
mission.
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Ha: Areas characterized by high livestock density and lim-
ited veterinary service access could exhibit higher endemic
prevalence and greater capacity for sustained transmission, re-
flected in elevated estimates of basic reproduction numbers
(Ro), incidence rates, and pathogen persistence metrics.

H;: Seasonal climatic variables, particularly rainfall and
temperature proxies, could explain a significant proportion of
temporal variation in incidence for vector-borne and environ-
mentally mediated pathogens.

1.5. Conceptual Definition

To ensure analytical clarity and policy relevance, this study
adopts operationally grounded definitions based on quantita-
tive thresholds, including exceedance probabilities relative to
modeled baselines and the detection of statistically significant
space-time clusters. Transmission dynamics are interpreted
through the basic (Ro) and time-varying effective (Re) repro-
duction numbers to quantify the intensity of spread [2, 19].

Endemic Disease: Denotes the continuous or habitual pres-
ence of infection within Shashemene District, where incidence
fluctuates around a relatively stable long-term mean. These
patterns are often driven by predictable seasonal or inter-an-
nual oscillations linked to host demography and environmen-
tal forcing [15].

Epidemic Disease: Defined as a statistically significant in-
crease in cases above the expected baseline within a specific
temporal window and geographic extent [23]. Epidemics re-
flect transient conditions where transmission potential ex-
ceeds critical thresholds (R.> 1), often due to the accumulation
of susceptible hosts or pathogen introduction into naive popu-
lations [2].

Transboundary/ High-Intensity Epidemic Clusters: Refers
to outbreaks with high propagation potential spanning multi-
ple administrative kebeles, facilitated by long-distance trade
networks and migratory pathways. This category is critical for
monitoring diseases as Peste des Petits Ruminants (PPR) that
threaten regional biosecurity [10, 16].

Pandemic-Candidate Patterns: Used to describe local dis-
ease dynamics that exhibit multi-patch persistence and con-
nectivity-driven transmission across wider regional scales,
threatening to transition from contained epidemics to system-
wide threats [15].

Sporadic Occurrence: Refers to isolated or infrequent cases
arising irregularly in time and space without evidence of sus-
tained transmission chains. These often reflect stochastic spill-
over events or short-lived transmission that fails to overcome
demographic barriers [18].

Meta-population Persistence: A conceptual framework
used to understand how disease survives across the district
through the interaction of sub-populations in different kebeles,
linked by livestock movement [19].
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2. Methodology

2.1. Study Area

2.1.1. Geographic and Agro-Ecological Context

Shashemene District, situated in Ethiopia’s central Rift Val-
ley within the Oromia Regional State, is characterized by a
mixed crop-livestock production system where cattle, sheep,
goats, poultry, and equids are central to household livelihoods
and the rural economy [15, 28].

The district exhibits significant agro-ecological heterogene-
ity, with production systems shaped by seasonal rainfall, com-
munal grazing, and informal trade routes. These socio-eco-
nomic interactions and localized animal movements create
complex contact structures that drive disease exposure and
transmission dynamics, making the district an epidemiologi-
cally informative setting for spatiotemporal analysis under
real-world farming conditions [18, 11].

2.1.2. Administrative Framework and Livestock
Demographics

Shashemene District is organized into 37 kebeles, which
serve as the primary units for veterinary service delivery and
fine-scale spatial analysis. According to the 2019 resource re-
port, the livestock population exceeds 740,000 head, including
approximately 294,791 cattle, 64,313 sheep, 109,775 goats,
and 223,887 poultry [33]. While aggregate holdings are high,
livestock density and species composition vary considerably
across kebeles, reflecting localized differences in agro-eco-
logical conditions and proximity to market hubs [7, 28, 33].
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Figure 1. Livestock Population Distribution by Species.

2.1.3. Veterinary Infrastructure and Service
Delivery

Animal health services are administered through a multi-
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tiered Animal health services in Shashemene District are man-
aged by the Office of Agriculture through a hierarchical net-
work consisting of one Type B referral clinic, one Type C
clinic, and two Type D animal health posts. These facilities
serve as the primary centers for clinical services, vaccination
campaigns, and surveillance reporting. While this infrastruc-
ture forms the backbone of the district's animal health system,
the operational reach and reporting intensity often depend on
a kebele’s proximity to these established veterinary hubs.

Distribution of Veterinary Facilities

Number

Type B Clinic

Type C Clinic
Facility Type

Type D Posts

Figure 2. Distribution of Veterinary Facilities by Type.

2.1.4. Veterinary Workforce and Staffing

The animal health workforce in Shashemene District com-
prises 18 professionals, including Doctors of Veterinary Med-
icine (DVMs), Bachelor of Veterinary Science holders, Ani-
mal Health Assistants (AHAs), and laboratory technologists.
These personnel manage clinical cases, surveillance, and vac-
cination campaigns. However, the workforce-to-livestock ra-
tio remains inadequate, particularly at the kebele level. These
staffing constraints are recognized as significant barriers to ef-
fective surveillance intensity and early outbreak detection
within the Ethiopian veterinary system [3, 15, 20].

2.1.5. Service Delivery and Operational Constraints

Animal health service delivery in Shashemene District is
characterized by uneven spatial coverage, with peripheral
kebeles facing reduced accessibility due to logistical and in-
frastructure gaps. While preventive services like vaccinations
are primarily government-led, diagnostic capacity remains
limited, with a heavy reliance on clinical observation and re-
gional laboratory referrals. These operational limitations af-
fect the completeness of disease reporting and the timeliness
of outbreak responses. Consequently, the district provides a
representative, policy-relevant context for evaluating disease
dynamics within resource-constrained systems typical of the
Ethiopian highlands [11, 21].
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2.2. Study Approaches

This study adopted an integrated epidemiological approach,
combining descriptive, analytical, and model-based methods
within a One Health framework. By triangulating surveillance,
laboratory, environmental, and participatory data, the frame-
work accounts for the interactions between livestock popula-
tions, environmental drivers, and human-mediated processes
like market connectivity. This multi-source inference moves
beyond static observations to provide a context-sensitive un-
derstanding of disease frequency patterns.

2.3. Study Design

This study utilized a retrospective spatiotemporal observa-
tional design, spanning a 10-year period from January 2014 to
December 2023. This longitudinal framework was specifi-
cally chosen to capture the complex dynamics of the district’s
most prevalent conditions, such as Sheep Pox and Lumpy Skin
Disease (LSD), across all major livestock species. By integrat-
ing a decade of historical surveillance, laboratory, and farmer-
reported data, the design enabled the identification of con-
sistent seasonal patterns, most notably the 64.2% concentra-
tion of disease events during the wet season, and the detection
of significant spatial clustering at the kebele level.

The extended study period allowed for the application of
advanced inferential techniques, including Bayesian hierar-
chical modeling via Integrated Nested Laplace Approximation
(INLA), to distinguish stable endemicity from transient epi-
demic spikes. This design ensured that disease events could be
robustly classified into sporadic, endemic, epidemic, or trans-
boundary patterns based on reproducible epidemiological
thresholds. Ultimately, the 10-year duration provided the sta-
tistical power necessary to quantify transmission intensity
through time-varying effective reproduction numbers (Re),
ensuring the findings are grounded in long-term ecological
and environmental trends rather than isolated stochastic fluc-
tuations.

2.4. Study Population

The study population included all domesticated livestock,
cattle, sheep, goats, poultry, and equids, within Shashemene
District. For precise inference, populations were stratified by
species, kebele, and season. Livestock denominators were ad-
justed to account for seasonal demographic turnover, includ-
ing births, mortality, and movements, to ensure accurate esti-
mation of incidence and prevalence.

2.5. Sampling and Sample Size

A census-based, non-probability sampling strategy was em-
ployed for routinely reported surveillance data, encompassing
a total of 500 recorded animal disease events meeting the in-
clusion criteria between 2018 and 2024. This was supple-
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mented by purposive sampling for serological and farmer-re-
ported data based on outbreak occurrence across the district's
17 kebeles.

Rather than relying on a priori power calculations, the study
utilized a full enumeration of all eligible records, including
cases from cattle, sheep, goats, poultry, and equids, to maxim-
ize statistical power for detecting spatial clustering and tem-
poral trends. The adequacy of the sample size was determined
by the empirical completeness and temporal depth of the da-
taset, which captured a significant 2019 peak (n=86; 17.2%)
and subsequent fluctuations across the study period.

2.6. Data Sources

To construct a comprehensive epidemiological dataset for
Shashemene District, this study integrated diverse primary
and secondary data streams. Primary surveillance records en-
compassed routine veterinary reports, laboratory confirma-
tions, abattoir data, livestock market records, and daily clinic
casebooks [29]. These were systematically supplemented by
District-level Monthly Outbreak and Vaccination Reports
(DOVAR), which provided standardized documentation of
disease classification and the performance of preventive inter-
ventions. To enhance the completeness of these records, the
data were further enriched through cross-sectional serological
surveys and farmer-reported morbidity and mortality infor-
mation, allowing for the effective triangulation of routinely
reported cases.

Complementing the clinical data, the study incorporated en-
vironmental and demographic covariates to identify drivers of
disease transmission. Environmental variables were derived
from established remote sensing products, including rainfall,
temperature proxies, land-cover classifications, elevation, and
the Normalized Difference Vegetation Index (NDVI). Demo-
graphic and connectivity datasets included livestock popula-
tion denominators adjusted for seasonal dynamics [33], along-
side market transaction records and participatory mapping
outputs that characterized animal movement and market con-
nectivity networks. All datasets were georeferenced to a con-
sistent spatial framework and harmonized using standardized
identifiers to support integrated spatiotemporal analysis.

2.7. Data Collection and Quality Control

Retrospective data were extracted from official district rec-
ords using standardized abstraction templates to minimize
transcription errors. Farmer-reported data were gathered
through structured interviews designed to reduce reporting
bias. Spatial coordinates for all epidemiological events and re-
porting units were captured and verified using GPS-enabled
devices to ensure accurate geo-referencing within a GIS work-
flow.

To ensure data integrity, quality assurance included cross-
validation across multiple sources as reconciling daily clinic
logs with monthly DOVAR reports) and temporal consistency
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checks. Discrepancies were resolved through record reconcil-
iation in consultation with district veterinary personnel. All
integrated datasets underwent systematic cleaning, coding,
and harmonization according to FAO and WOAH standards
prior to analysis.

2.8. Data Management and Analysis

Data management followed standardized epidemiological
protocols, where records were cleaned to resolve duplicates
and inconsistencies, and variables were harmonized according
to FAO and WOAH standards. The analytical framework em-
ployed a combination of descriptive and inferential statistics
to characterize disease patterns across the district. Descriptive
statistics were used to summarize disease frequency, seasonal
trends, and species-specific burdens, with results presented
through comprehensive tables, charts, and graphs for visual
clarity.

To identify significant spatial patterns, Global Moran’s 1
and Local Indicators of Spatial Association (LISA) were uti-
lized to detect disease clustering and spatial outliers [4]. Dis-
ease count data were further analyzed using inferential Bayes-
ian hierarchical spatiotemporal models, incorporating condi-
tional autoregressive (CAR) priors to account for spatial de-
pendence [5, 25]. Model inference was conducted using Inte-
grated Nested Laplace Approximation (INLA) to ensure com-
putational efficiency [31].

In addition to spatial modeling, the study estimated key ep-
idemiological parameters to quantify transmission dynamics
and risk factors. Time-varying effective reproduction numbers
(R.) were derived from incidence time series using renewal
equation methods to assess the intensity of disease spread [9].
To ensure the robustness of the findings, sensitivity analyses,
including the Rogan—Gladen correction, were performed to
address potential under-reporting and diagnostic uncertainty.

The resulting inferential outputs were translated into action-
able insights, such as risk-based surveillance priorities and tar-
geted vaccination strategies. By aligning these statistical find-
ings with explicit epidemiological thresholds, the study pro-
vided a framework for proportionate and cost-effective dis-
ease control measures that support regional veterinary prepar-
edness planning.

2.9. Ethical Considerations

Ethical clearance for the access and secondary use of veter-
inary surveillance and administrative data was formally
granted by the Shashemene District Office of Agriculture and
Animal Health Department. To maintain confidentiality, all
datasets were rigorously anonymized, ensuring that no indi-
vidual farmer or household identifiers were retained during
the analysis. For the field-based components, participation in
farmer interviews was strictly voluntary, with informed verbal
consent obtained from all respondents prior to data collection,
in accordance with institutional ethical standards for animal
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health research.

2.10. Limitations and Anticipated Challenges

The study encountered several inherent limitations, includ-
ing incomplete case ascertainment, spatial heterogeneity in re-
porting efforts across different kebeles, and restricted labora-
tory diagnostic capacity for definitive confirmation. To miti-
gate these challenges, a robust data triangulation approach
was employed, leveraging sensitivity analyses and explicit
modeling of observation processes to account for diagnostic
uncertainty.

Despite these constraints, the integrated analytical frame-
work significantly enhanced the reliability of the findings by
combining multiple data streams and explicitly quantifying
uncertainty, thereby ensuring that the results remain both ro-
bust and highly relevant for regional animal health policy.

3. Result and Discusion

3.1. Descriptive Overview of Disease Events

Disease Trends Over Time
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Figure 3. Seasonal distribution of animal disease events.

Figure 3 demonstrated that the annual distribution of the
500 recorded animal disease events between 2018 and 2024.
The frequency of events peaked in 2019 (17.2%; n=86) and
exhibited a general downward trend toward 2024 (9.2%;
n=46), with a notable dip in 2020. While this trajectory could
suggest a reduction in true disease incidence, it must be inter-
preted with caution.

As previously noted, with 88% of data relying on clinical
and farmer-reported morbidity, the 2019 peak likely reflects a
period of enhanced surveillance or an epidemic surge,
whereas the subsequent decline may indicate weakened sur-
veillance infrastructure or reporting fatigue in resource-lim-
ited settings rather than a definitive biological eradication [22].
These fluctuating patterns are consistent with findings in other
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Ethiopian mixed farming systems, where recorded disease fre-
quency is heavily modulated by vaccine availability, climatic
shocks, and shifting surveillance intensity [31]. Consequently,
these results emphasized the critical requirement for a stand-
ardized, laboratory-supported reporting framework to distin-
guish actual epidemiological shifts from surveillance artifacts.

Seasonal Distribution of Disease Events
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Figure 4. Seasonal distribution of animal disease events.

Figure 4 exemplified that disease events were more fre-
quent during the wet season (321 events, 64.2%) than during
the dry season (179 events, 35.8%), indicating a clear seasonal
pattern in disease occurrence. The higher wet-season disease
burden was consistent with regional livestock disease studies
in East Africa, where increased rainfall enhanced vector
breeding, facilitated soil-borne spore germination, and in-
creased animal contact rates [6, 8, 24].

Similar wet-season peaks had been reported in the Ethio-
pian highlands and Kenya’s Rift Valley [6, 14]. This seasonal
clustering aligned with the study’s definition of endemic dis-
ease and underscored the need for seasonally targeted, cli-
mate-aware surveillance and pre-emptive control measures.

Species-wise Distribution of Disease Events
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Figure 5. Distribution of reported disease events by livestock species.
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Figure 5 established that disease events were almost equally
distributed among sheep (174 events, 34.8%), goats (166
events, 33.2%), and cattle (160 events, 32.0%), indicating that
all three species contributed substantially to the overall dis-
ease burden. Small ruminants (sheep and goats combined) ac-
counted for 68% of events. The high burden among small ru-
minants was consistent with their large population size and
communal management practices that facilitated disease
transmission. Similar patterns had been reported nationally
and regionally, particularly for economically important dis-
eases in Ethiopia [1, 10].

The considerable share of cattle diseases reflected persis-
tent challenges associated with lumpy skin disease and black-
leg. The near-equal distribution across species contrasted with
some district-level reports dominated by a single species, sug-
gesting that district’s mixed farming system supported diverse
pathogen transmission across multiple hosts [ 18]. This empha-
sized the need for multi-species animal health strategies.

3.2. Disease Characteristics and Risk Factors

As depicted by Figure 6 that sheep Pox (19.8%) and Lumpy
Skin Disease (18.2%) were the most frequently reported con-
ditions, highlighting the dominant role of viral diseases among
small ruminants and cattle. Anthrax (16.4%) and Blackleg
(14.2%) represented major zoonotic and soil-borne threats
with significant public health and economic implications.

Disease Type Frequency

Blackleg

Bovine Pasteurellosis

FMD

Anthrax

Lumpy Skin Disease

Sheep Pox

60 80 100

Frequency

20 40

Figure 6. Frequency of disease events by specific disease type.

The high prevalence of Foot and Mouth Disease (FMD)
(15.8%) and Bovine Pasteurellosis (15.6%) further under-
scored the importance of contagious and vector-borne dis-
eases in the study area. These patterns were consistent with
regional reports from Oromia, which documented similar dis-
ease profiles [1, 14]. The findings suggested that viral and en-
vironmentally persistent pathogens remained major drivers of
livestock morbidity.
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Outbreak Type Distribution (N = 500)

Sporadic

Endemic

Epidemic

Figure 7. Proportional distribution of disease events by outbreak
type.

Analysis of Figure 7 discovered that a relatively even dis-
tribution among sporadic (36.8%), endemic (31.2%), and epi-
demic (32%) events, highlighting the heterogeneous nature of
transmission dynamics across the district. The elevated effec-
tive reproduction number (R.) of 2.05 observed in high-fre-
quency kebeles, particularly those strategically located along
the Shashemene-Hawassa trade corridor, validated H;. This
proposed that market-driven livestock mobility and high-traf-
fic transit nodes function as 'super-spreader' zones, sustaining
pathogen transmission even during the resource-scarce dry
seasons.

The significant share of epidemic outbreaks further sup-
ported Hj, signifying that animal movement networks facili-
tate rapid spatial propagation. On the other hand, the persis-
tence of endemic patterns (31.2%) pointed toward stable in-
fection reservoirs, primarily in high-density kebeles with lim-
ited veterinary infrastructure, which aligns with H>. These
findings mirrored outbreak structures observed in other East
African pastoral and agro-pastoral systems [36], where struc-
tural management gaps and socio-economic connectivity are
primary drivers of disease persistence.

Disease Transmission Sources

Vector-borne

Soil

Livestock

Contact

15 20 25
Percentage (%)

10

Figure 8. Distribution of disease events by transmission source.
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As proved by Figure 8 that transmission sources were dis-
tributed among contact (24.2%), livestock-mediated (26.8%),
soil-borne (22.6%), and vector-borne (26.4%) pathways. The
prominence of livestock-mediated and vector-borne transmis-
sion supported hypothesis H; and H3, correspondingly, high-
lighting the influence of animal movement and climatic con-
ditions on disease spread. Soil-borne pathogens, particularly
anthrax, persisted in the environment and contributed to long-
term endemicity [24].

Similar transmission patterns had been documented in re-
cent regional surveillance reports [35], reinforcing the im-
portance of integrated source-based control strategies.

Figure 9 showed that only 35.4% of animals were fully vac-
cinated, while 35.6% were partially vaccinated and 29.0% re-
mained unvaccinated, indicating suboptimal immunization
coverage. Such low vaccination levels were recognized as ma-
jor risk factors for sustained disease transmission and outbreak
recurrence. Previous studies had linked inadequate vaccina-
tion to higher disease incidence in the Ethiopian highlands
[20], and recent assessments continued to report similar gaps
in coverage [4, 20]. These findings suggested that strengthen-
ing routine immunization programs remained essential for im-
proving herd immunity and reducing outbreak vulnerability.

Vaccination Coverage Analysis
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Figure 9. Vaccination status of affected livestock.

The spatial and temporal evidence gathered in this study ne-
cessitates a shift from reactive to proactive veterinary inter-
ventions. Given that 64.2% of disease events are concentrated
in the wet season, we recommend the implementation of a
'Pulse Vaccination' strategy for Sheep Pox and Lumpy Skin
Disease, strictly timed between March and May (pre-rainy
season). Furthermore, because the effective reproduction
number (R.) peaks at 2.05 along the Shashemene-Hawassa
trade corridor, veterinary checkpoints must be transformed
into 'active surveillance nodes' rather than simple tax collec-
tion points. By bridging the current 29% vaccination gap
through geographically targeted, climate-sensitive resource
allocation, the district can effectively disrupt the transition
from sporadic events to high-intensity epidemic clusters.
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3.3. Temporal and Spatial Distribution of Disease Events

Annual Distribution of Cases, Deaths, and Incidence Rates
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Figure 10. Annual Distribution of Cases, Deaths, and Incidence Rates.

Figure 10 demonstrated that Incidence Rates (IR) peaked in
2019 (36.12/100,000) and declined to 24.78 in 2024, indicat-
ing a gradual reduction in reported disease burden over time.
Case Fatality Rates (CFR) remained relatively stable at ap-
proximately 17% across the study period, suggesting con-
sistent pathogen virulence and relatively stable access to vet-
erinary and healthcare services. The observed decline in inci-
dence was likely associated with improvements in disease re-
porting, surveillance coverage, and control measures, con-
sistent with trends documented in neighboring districts [14,

ing climate-driven transmission dynamics. The absence of sig-
nificant seasonal variation in CFR suggested that pathogen le-
thality and treatment effectiveness were largely independent
of seasonal conditions, reflecting consistent case management
practices throughout the year.

Table 1. Top 10 Kebeles by Frequency of Disease Events.

21].

Seasonal Comparison of Disease Metrics
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Figure 11. Seasonal Comparison of Disease Metrics.

Figure 11 showed that Wet season metrics were signifi-
cantly higher across all epidemiological parameters with value
of p<0.05, except for CFR, reinforcing hypothesis Hs; regard-

Kebele Frequency (n) Percent (%)
Bura 32 6.4
K-Rogicha 28 5.6
K-Guta 26 52
Aredano 24 4.8
J-Wandare 24 4.8
Shegule 23 4.6
F-Gole 22 4.4
Tatessa 22 4.4
G-Kerso 21 4.2
Ch-Habera 20 4.0
Others 258 51.6
Total 500 100.0

Statistical analysis exposed that Bura 32 (6.4%) and K-
Rogicha 28 (5.6%) recorded the highest disease frequencies,
indicating spatial clustering of disease events. These high-bur-
den kebeles likely functioned as hubs of livestock movement,
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trade, and interaction, or represented ecological hotspots con-
ducive to pathogen persistence. Similar spatial patterns had
been reported in market-linked outbreak settings in Kenya [6,
20], highlighting the role of livestock mobility networks in
shaping disease distribution.

Table 2. Mean Epidemiological Parameters by Disease Type.

Disease Mean x:; "l]“)il(:ll: Mean Mean
R. FR (¢ IR
(days) CFR (%)

Anthrax 1.89 9.8 18.34 25.67
Blackleg 1.76 8.5 22.15 28.91
FMD 1.45 10.2 12.56 21.34
LSD 1.92 9.1 16.78 3245
Pasteurel- -, o7 8.9 19.23 30.12
losis

Sheep Pox  1.81 93 17.89 29.78

Lumpy Skin Disease (LSD) exhibited the highest mean ef-
fective reproduction number (R.) (1.92) and incidence rate
(32.45), indicating strong transmissibility and sustained trans-
mission potential. Anthrax and Blackleg demonstrated ele-
vated CFRs (18.34% and 22.15%, respectively), consistent
with the acute and severe nature of bacterial infections. In con-
trast, FMD showed the lowest R, (1.45) and CFR (12.56%),
suggesting relatively slower transmission and lower apparent
virulence.

Comparison of Effective Reproduction Number (R.) by Outbreak Type

Effective Reproduction Number (Re)

Endemic
Outbreak Type

Sporadic

Epidemic

Figure 12. Comparison of R. by Outbreak Type.

Figure 12 showed that Epidemic outbreaks recorded the
highest mean R. (2.12), followed by endemic (1.78) and spo-
radic (1.52) events, with statistically significant differences
with analyzed value of p<0.001. This gradient supported hy-
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pothesis H; and H,, indicating that epidemic patterns were as-
sociated with increased livestock connectivity, higher popula-
tion density, and intensified transmission dynamics. Compa-
rable trends had been reported in regional network-based epi-
demiological studies [4, 29].

Table 3. Spatial Heterogeneity of Incidence Rates, Top 5 Kebeles.

Kebele Mean IR SD Min Max

Bura 42.34 35.12 0.93 130.43

K-Rogicha 38.91 3245 0.90 121.41

K-Guta 36.78 30.89 1.20 109.47

Aredano 34.56 29.34 0.63 158.92

Shegule 3245 28.12 0.76 95.33
Bura demonstrated the highest mean incidence

(42.34/100,000) and the widest variability (0.93—130.43), re-
flecting unstable and highly heterogeneous transmission in-
tensity. Such spatial variability was characteristic of mixed
farming systems with uneven veterinary service coverage,
variable biosecurity practices, and differing levels of farmer
awareness [12, 20].

Association Between Disease Source and Qutbreak Type
107

I Epidemic

100 4 ™= Non-Epidemic

Number of Outbreaks

Contact

Livestock Soil Vector-borne

Disease Source

Figure 13. Association Between Disease Source and Outbreak Type,
Epidemic vs. Non-Epidemic.

Figure 13 naked that Vector-borne diseases were less fre-
quently associated with epidemic outbreaks (y?=12.34,
p=0.006), contrary to hypothesis H;. In contrast, livestock-
mediated and contact-based transmission sources were signif-
icantly linked to epidemic patterns. This finding suggested
that, in the Shashemene context, direct animal movement,
market interactions, and close contact played a more dominant
role in driving large-scale outbreaks than vector activity.
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Table 4. Logistic Regression for Epidemic Occurrence.

. 95% CI
Predictor OR for OR p-value
Disease Source (Vector- 0.45 028072 0001
borne)
Livestock Movement
(Proxy: Livestock Source) 1.78 1.22-2.600.003
Market Connectivity (Proxy:

— <

Multiple Kebeles) 2.12 1.45-3.10 0.001
Constant 0.23 0.002

Logistic regression analysis designated that vector-borne
transmission was protective against epidemic occurrence,
OR=0.45, whereas livestock movement, OR=1.78, and mar-
ket connectivity, OR=2.12, significantly increased the odds of
epidemic outbreaks with value of p<0.0/. These results
strongly supported hypothesis H; and aligned with network-
based disease spread models previously described in East Af-
rican livestock systems [12, 17].

Correlation Between Incidence Rate and Envircnmental / Seasonal Variables (H3)
0.40

0.351 0.324

0.312

0.30 1

Pearson Correlation Coefficient (r)

04
Season (Wet vs Dnjlector-borne Source  Soil Source
Environmental [ Seasonal Variables

Temperature Proxy

Figure 14. Correlation Between Incidence Rate and Environmen-
tal/Seasonal Variables (H3).

Figure 14 showed that Season, r=0.324, p=0.018, and vec-
tor-borne transmission, r=0.287, p=0.032, were positively
correlated with disease incidence, providing further support
for hypothesis Hs. Soil-borne transmission also demonstrated
a significant association, ¥=0.256, p=0.045, emphasizing the
contribution of environmental persistence to sustained trans-
mission. These relationships underscored the importance of
incorporating ecological and climatic factors into disease sur-
veillance and control frameworks.

Overall, the temporal and spatial patterns observed in this
study highlighted the complex interplay between environmen-
tal conditions, livestock mobility, spatial heterogeneity, and
management practices in shaping disease dynamics. These
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findings emphasized the need for geographically targeted, cli-
mate-sensitive, and network-informed intervention strategies
to effectively reduce disease burden.

3.4. Multivariate Analysis and Transmission
Dynamics

Table 5. One-Way ANOVA for R. by Kebele (H2).

Livestock Mean F-sta-
Kebele Group  Density . L. p-value
R. tistic
Proxy (n)
High
Frequency 5 2.05
Kebeles
Medium Fre-
quency Kebeles 10 1.78
Low Frequency
Kebeles 1.52
Overall 20 6.78 <0.001

Analysis of variance indicated that high-frequency kebeles
exhibited significantly higher mean effective reproduction
numbers, R, = 2.05, compared with low-frequency kebeles, R,
= 1.52, p<0.001, partially supporting hypothesis H,. This
finding suggested that areas characterized by higher livestock
density, intensified market interactions, and increased animal
mobility experienced enhanced transmission potential. Simi-
lar associations between spatial clustering, population density,
and elevated R. had been reported in pastoral and agro-pasto-
ral systems in East Africa [20, 29], reinforcing the role of
structural and management-related factors in shaping disease
spread.

Table 6. Linear Regression for Incidence Rate, Dependent Variable.

f-  t-
Model Predictors |}C.oe p-value VIF
ficient value

(Constant) 15.23 4.56 <0.001
Season Wet=1 8.45 3.12 0.002 1.23
Disease

Vector 10.12 3.89 <0.001 1.45
Source
Species Cattle=1 5.67 2.34 0.020 1.12
Outbreak  Epi- 1234 456 <0001 1.67
Type demic=1

Multiple linear regression analysis identified season, § =
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8.45, vector-borne source, B = 10.12, species, cattle with value
of B = 5.67, and epidemic outbreak type with value of B =
12.34, as significant predictors of disease incidence with value
of p<0.05. Variance Inflation Factor (VIF) values below 2 in-
dicated minimal multicollinearity among explanatory varia-
bles, confirming the robustness of the model. The regression
model accounted for approximately 58% of the observed var-
iation in disease incidence, adjusted R* = 0.58, not shown,
demonstrating substantial explanatory power. These results
indicated that climatic conditions, transmission pathways,
host species composition, and outbreak dynamics jointly in-
fluenced disease occurrence.

Comparable multivariate analyses conducted in similar
livestock production systems had likewise highlighted the
combined effects of environmental, ecological, and manage-
ment factors on disease risk [17, 14]. Overall, the findings em-
phasized the importance of integrated, data-driven risk assess-
ment frameworks for guiding targeted surveillance and inter-
vention strategies.

3.5. Hypothesis Evaluation

Hypothesis H;: Supported

Livestock movement and market connectivity were
strongly associated with epidemic outbreak patterns, as re-
flected by elevated odds ratios, OR = 1.78-2.12. These find-
ings indicated that animal trade networks and mobility corri-
dors played a central role in facilitating rapid disease spread
across kebeles. This pattern was consistent with studies con-
ducted in Tanzania and Uganda, where livestock trading sys-
tems significantly amplified the transmission of Foot-and-
Mouth Disease and Peste des Petits Ruminants [17, 27]. The
results therefore provided strong empirical support for H; and
underscored the importance of network-based surveillance
and movement regulation.

Hypothesis Ha: Partially Supported

High-frequency kebeles exhibited elevated effective repro-
duction numbers (R.), suggesting enhanced local transmission
potential. However, direct indicators of veterinary service
coverage and access were not measured in the present study,
limiting comprehensive assessment of their role in sustaining
endemic transmission.

Nevertheless, proxy indicators such as livestock density and
outbreak frequency suggested the presence of persistent infec-
tion reservoirs. These observations were consistent with find-
ings from Ethiopian pastoral systems, where limited service
accessibility and high animal concentrations contributed to
endemic disease persistence [20, 32]. Consequently, H, was
partially supported, highlighting the need for improved spatial
data on veterinary infrastructure.

Hypothesis H3: Supported

Seasonal and environmental variables were significantly
correlated with disease incidence, particularly for vector-
borne and soil-borne pathogens, providing strong support for

30

hypothesis H3. Increased rainfall, humidity, and environmen-
tal persistence were likely to have enhanced pathogen survival
and vector proliferation, thereby intensifying transmission
during specific periods. Similar climate-driven disease pat-
terns had been reported for Rift Valley Fever in Senegal [8§]
and anthrax in Zimbabwe [24], as well as in recent regional
climate—health assessments [35]. These findings emphasized
the critical role of environmental drivers in shaping livestock
disease dynamics and reinforced the need for climate-sensi-
tive surveillance and early warning systems.

Overall, the hypothesis evaluation demonstrated that dis-
ease transmission in the study area was primarily influenced
by livestock mobility, localized ecological conditions, and
seasonal variability, with structural limitations in service de-
livery contributing to persistent transmission in selected areas.

3.6. Comparative Discussion

The findings of the present study largely align with, while
also extending, the existing body of regional epidemiological
evidence. The pronounced concentration of cases during the
wet season and within high-density kebeles mirrors patterns
documented in Kenya’s Rift Valley, where rainfall-mediated
environmental conditions and livestock aggregation were
shown to structure spatial disease hotspots [6, 14]. These sim-
ilarities reinforce the role of hydro-climatic variability and set-
tlement density as primary determinants of temporal—spatial
disease clustering in pastoral and mixed production systems.

Epidemic propagation in the current analysis was strongly
influenced by livestock movement pathways and market con-
nectivity. This observation is consistent with network-based
transmission models from East Africa, which demonstrate that
animal mobility and trade linkages function as critical con-
duits for pathogen dissemination across administrative and
ecological boundaries [12, 17]. The convergence of these find-
ings underscores the necessity of mobility-informed surveil-
lance frameworks and the strategic targeting of high-connec-
tivity nodes, such as primary markets and transit corridors.

Low vaccination coverage, <40%, emerged as a pivotal fac-
tor sustaining persistent transmission within the study popula-
tion. This constraint reflects a widely documented systemic
challenge across sub-Saharan Africa, including Ethiopia and
neighboring countries, where logistical limitations, resource
constraints, and service accessibility continue to undermine
herd immunity thresholds [20, 22]. The persistence of trans-
mission under suboptimal coverage levels highlights the epi-
demiological consequences of fragmented preventive pro-
grams.

Soil-borne pathogens exhibited strong seasonal associa-
tions, lending empirical support to ecological niche models
describing the environmental persistence of agents such as an-
thrax. These findings emphasize the role of environmental res-
ervoirs in maintaining endemic cycles and triggering periodic
outbreaks under favorable climatic and soil conditions [24,
35]. Such dynamics further indicate that control strategies
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must integrate environmental risk mapping alongside conven-
tional veterinary interventions. Notably, the relatively weak
association between vector-borne diseases and epidemic out-
breaks contrasts with reports from West Africa [8]. This dis-
crepancy may plausibly reflect differences in local vector
ecology, host—vector contact patterns, microclimatic condi-
tions, or potential under-reporting within the study area. The
divergence highlights the importance of context-specific en-
tomological surveillance and cautions against direct extrapo-
lation of transmission paradigms across ecologically distinct
regions.

Collectively, these comparative insights indicate that live-
stock disease dynamics within the study setting are governed
by a complex interaction of environmental, ecological, and
management determinants. While broadly consistent with re-
gional epidemiological trends, the observed patterns are nu-
anced by localized variations in vector ecology, livestock mo-
bility structures, and access to veterinary services. Overall, the
synthesis of findings underscores the need for integrated, risk-
based disease control strategies that simultaneously address
climatic drivers, movement networks, and systemic service
delivery gaps.

4. Conclusion and Recommendations

4.1. Conclusion

The study provided a comprehensive characterization of an-
imal disease dynamics in Shashemene District and demon-
strated that transmission patterns were structured, non-random,
and strongly shaped by environmental, ecological, and man-
agement factors. Disease frequency followed distinct spatio-
temporal patterns, with a pronounced seasonal peak during the
wet season, which accounted for over 64.2% of reported cases.
This clustering confirmed that rainfall, humidity, and temper-
ature played a dominant role by enhancing pathogen survival
and vector proliferation, particularly for vector-borne and soil-
borne diseases. Small ruminants bore a disproportionate share
of the disease burden, representing 68% of recorded events,
with Sheep Pox and Lumpy Skin Disease consistently emerg-
ing as the most frequent viral threats. Although overall inci-
dence showed a gradual decline from 2019 to 2024, the per-
sistence of endemic reservoirs in high-density kebeles indi-
cated that structural gaps in veterinary service delivery re-
mained unresolved. Transmission dynamics analysis estab-
lished livestock movement and market connectivity as the pri-
mary drivers of epidemic outbreaks, significantly increasing
the odds of rapid disease spread across administrative bound-
aries, OR = 2.12, especially along major trade corridors such
as the Shashemene—Hawassa route, where the effective repro-
duction number reached R, = 2.05. In contrast, endemic per-
sistence was most evident in densely populated areas with lim-
ited veterinary infrastructure, where transmission potential re-
mained consistently elevated. The integrated spatiotemporal
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analytical framework successfully differentiated sporadic, en-
demic, and epidemic events, enabling the identification of
high-risk periods and super-spreader zones and providing a
statistically grounded basis for prioritization. Based on these
findings, the study recommended a strategic shift from reac-
tive notification to proactive, risk-based surveillance. Wet-
season vaccination and vector control were prioritized to mit-
igate the observed 64.2% seasonal peak. Strengthened market
biosecurity, regulated livestock movement during peak trad-
ing periods, targeted interventions in endemic hotspots such
as Bura and Korie Rogicha, expansion of veterinary infra-
structure, adoption of climate-sensitive early warning systems,
and improved diagnostic capacity were identified as critical
levers. Overall, the evidence underscored that effective dis-
ease control in mixed crop—livestock systems required geo-
graphically targeted, network-informed, and climate-aware
veterinary public health strategies.

4.2. Recommendations

Guided by the study’s central aim and its principal analytic
outcomes, the following specific recommendations were ad-
vanced, as they bear direct relevance to the identified epide-
miological trends and their downstream implications for pop-
ulation-level health interventions.

Implement Risk-Based Surveillance: The study recom-
mended a transition from reactive disease notification to pro-
active, statistically grounded surveillance systems capable of
differentiating sporadic, endemic, and epidemic signals to im-
prove early detection and resource prioritization.

Adopt Pulse Vaccination Strategies: Vaccination cam-
paigns for Sheep Pox and Lumpy Skin Disease were recom-
mended to be strictly timed between March and May, prior to
the rainy season, to preempt the documented 64.2% wet-sea-
son peak in disease frequency.

Target Wet-Season Control Measures: The study advised
prioritizing vaccination and vector control interventions im-
mediately before and during the wet season to reduce trans-
mission driven by rainfall and temperature.

Enhance Market Biosecurity: Strengthening sanitary regu-
lations and clinical screening at livestock markets was recom-
mended, as market connectivity significantly increased epi-
demic risk, OR = 2.12, particularly along major trade routes.

Transform Veterinary Checkpoints: Veterinary checkpoints
along the Shashemene—Hawassa corridor were recommended
to be upgraded into active surveillance nodes to disrupt rapid
spatial propagation of epidemic clusters.

Regulate Livestock Movement: Movement-informed sur-
veillance protocols during peak trading periods were recom-
mended to interrupt transmission pathways associated with
epidemic outbreaks.

Prioritize High-Burden and Endemic Hotspots: Intensive
control measures were recommended for high-density kebeles
including Bura and Korie Rogicha, which exhibited the high-
est transmission potential, R, = 2.05.
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Prioritize Small Ruminant Health: Targeted health pro-
grams for sheep and goats were recommended, as these spe-
cies accounted for 68% of reported disease events.

Strengthen Multi-Species Management: Integrated health
management strategies addressing cattle, small ruminants, and
equids were recommended to reflect the district’s mixed crop—
livestock systems.

Expand Veterinary Infrastructure: Increasing veterinary fa-
cilities and personnel in peripheral kebeles was recommended
to address service access limitations and reduce endemic per-
sistence.

Adopt Climate-Sensitive Early Warning Systems: Integra-
tion of rainfall and temperature data into routine surveillance
was recommended to anticipate outbreaks of vector-borne and
soil-borne diseases.

Improve Diagnostic Capacity: Investment in district-level
lab facilities was recommended to reduce reliance on clinical
diagnosis, improve disease classification accuracy, and sup-
port evidence-based decision-making.

Bridge the Vaccination Gap: Targeted efforts were recom-
mended to reduce the existing unvaccinated proportion of an-
imals, strengthen herd immunity, and limit sporadic-to-epi-
demic transitions.

5. Future Research Implications

Future research should advance the current spatiotemporal
analytical framework through the integration of real-time digi-
tal surveillance platforms, high-resolution livestock mobility
datasets, and longitudinal environmental monitoring systems to
enhance early detection of statistically significant deviations
from established baseline disease frequencies. Priority should
be given to the validation and calibration of predictive risk mod-
els that jointly incorporate climatic variability (including rain-
fall and temperature), animal population density, and market-
network connectivity as key transmission determinants.

Furthermore, multi-district and cross-ecological compara-
tive investigations are warranted to assess the external validity
and generalizability of the observed transitions among spo-
radic, endemic, epidemic, and pandemic-candidate dynamics
within mixed crop—livestock production systems across Ethi-
opia. Additional methodological refinement is also required to
improve estimation of time-varying transmission metrics, par-
ticularly effective reproduction numbers, under conditions
characterized by under-reporting, heterogeneous surveillance
sensitivity, and diagnostic uncertainty.
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AHA Animal Health Assistant
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DVM Doctor of Veterinary Medicine

FAO Food and Agriculture Organization

FMD Foot and Mouth Disease

GIS Geographic Information Systems

GPS Global Positioning System
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IR Incidence Rate
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LSD Lumpy Skin Disease

NDVI Normalized Difference Vegetation Index
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Ry Basic Reproduction Number

R. Effective Reproduction Number
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Appendix: Key Operational Terms and
Definitions

Basic Reproduction Number (R,): The average number of
secondary infections generated by a single infected individual
(the index case) during their entire infectious period, when in-
troduced into a population where every individual is entirely
susceptible (no prior immunity).

Effective Reproduction Number (R.): A time-varying indi-
cator representing the average number of secondary cases gen-
erated by an infected unit under existing conditions of immun-
ity, control measures, and contact structure. It represents he
average number of secondary cases generated by a single in-
fected individual under the specific conditions present at a
given time. Unlike Ry, which assumes a perfectly susceptible
population, R. accounts for the actual state of the population,
including existing immunity (from vaccination or prior infec-
tion), current contact patterns, and active control measures.

Endemic Pattern: Persistent presence of a disease within a
defined livestock population or geographic area, typically as-
sociated with stable transmission influenced by factors such
as animal density and limited veterinary service access.

Epidemic Pattern: A statistically significant increase in dis-
ease occurrence above expected baseline levels, often linked
to amplifying drivers such as livestock movement and market
connectivity.

High-Frequency Kebeles: Geographic units exhibiting con-
sistently elevated disease occurrence and higher estimated
transmission intensity compared with low-frequency areas.

Incidence: The number of new disease cases occurring
within a specified population and time period, used to quantify
temporal changes in transmission.

Pandemic-Candidate (Transboundary) Dynamics: Disease
behavior characterized by multi-location spread with potential
for long-distance propagation across interconnected livestock
systems, representing escalation beyond localized epidemics.

Prevalence: the proportion of animals affected by a disease
at a given time, reflecting overall disease burden within the
population.

Risk-Based Surveillance: Targeted monitoring approach
that prioritizes locations and populations with elevated epide-
miological risk based on spatial clustering, environmental
drivers, and transmission indicators.
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Spatiotemporal Disease Dynamics: Variation in disease oc-
currence across both geographic space (kebeles, agro-ecolog-
ical zones) and time (seasonal and annual trends) analyzed us-
ing integrated spatial and temporal methods.

Sporadic Pattern: Isolated or irregular disease occurrences
representing low-frequency events that do not demonstrate
sustained transmission within the population.

Wet and Dry Seasonal Periods: Climatic phases character-
ized by differential rainfall and temperature patterns that in-
fluence vector ecology, pathogen persistence, and temporal
variation in disease incidence.
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