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Abstract: This study analyzed sheep parasite control in Nigeria, finding that
management systems significantly dictate deworming frequency. Simulations
showed 30-day treatments maximize suppression but inhibit host mucosal IgA.
Conversely, 60-day intervals optimally balance efficacy with immune preservation.
Sustainable management requires tailored, system-specific strategies and drug

rotation to maintain host health.

Introduction

Gastrointestinal nematodes (GINs) are a primary
parasitic constraint on sheep productivity, especially
within tropical and subtropical production systems.
Frequent deworming suppresses host immunity and
accelerates drug resistance, while infrequent treatment
allows for dangerous parasite buildup and pasture
contamination.

Most models oversimplify host heterogeneity and
immune responses. There is a need for a mechanistic,
individual-based framework that integrates genetic,
immunological, and parasitological data

Material and method

Decoding Parasite Dynamics:
A Hybrid Field & Simulation Study of Nigerian Small Ruminants

Phase 1: Field Data Collection Phase 2: The R6 Simulation Model

Mechanistic-Stochastic R6 Framework

An object-oriented simulation
Ej built in R 4.4.1 to capture the
— complexity of individual
— host-parasite interactions

Modeling the Parasite Lifecycle: The model
X simulates the transition from ingested L3 larvae
- to L4 establishment, adult worm maturation, and

egg output onto pasture.
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’/' d Host Immunity Integration: The model
= accounts for IgA-mediated suppression of worm
E] — fecundity and Establishment Control Factor
= (ECF) driven by host immune memor Y.

Q O Environmental Feedback Loops
/////// Simulations i ncludecf)astu re contami-
nation dynamics an the survival rates

! /,“ of free-living lorvae under different
% moisture conditions.

Phase 3: Treatment Intervention Scenarlos

Group B
(60 Days)

Fecal Egg Count (FEC) Analysis
Re searchers utilized the McMaster tech-
nique to analyze fecal samples from 10%
of each flock to measure parasitic load.
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Comprehensive Management Survey

Far m owners provided da ta on manage—
ment systems (extensive to inte ve),
dewo rming frequencies, and the s pec ific Intervention Pa ameters: Each treatment sce nario assumed 57%

anthelmintic classes used. nthelmintic efficacy with 80 % flock coverage pe cheduled interval.

Intermediate/ Quarterly/ Natural
Semi-Intensive Institutional Parasite
Practice Dynamics

Phase 4: Data Analysis & Visualization
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Stati s tical Rigor via SPSS and R: = 2o s o
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Generalized Linear Mixed Models
(GLMM) ssssssss ﬁxed and Plotly, including boxplots, violin plots
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* Results and discussions

» Significant correlation between system type and
treatment frequency (p < 0.059%).

* Intensive Systems: 100% used quarterly or bi-
monthly flock-wide "blanket” deworming.

* Extensive Systems: Favored annual or reactive
individual treatments.

* Drug Efficacy: Imidazothiazoles showed more
consistent EPG reduction compared to
Benzimidazoles, which exhibited high variability
In intensive setups.

SYSTEMS-IMMUNODYNAMICS OF SHEEP-PARASITE INTERACTIONS: CALIBRATED MECHANISTIC MODEL OUTPUTS

A. FEC TRAJECTORIES B. WORM BURDEN TRAJECTORIES
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C. MUCOSAL IgA TRAJECTORlES D. PASTURE L3 CONTAMINATION
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* Conclusions

* Treatment frequency strongly influenced
parasite burden, immunity, and pasture
contamination

* Frequent deworming effectively reduced
infection but suppressed immune responses

* Longer intervals increased reinfection and
environmental contamination

* The 60-day interval provided the most balanced
control strategy

* Sustainable GIN management requires system-
specific and evidence-based approaches
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