SUPPLEMENTARY MATERIAL

Supplementary Table S1: Detailed presentation of all identified bottlenecks 
	Structural node
	Bottleneck 
	Structural manifestation
	System-level implications
	Reported by

	STRUCTURAL ARCHITECTURE

	Global production
	Import-dependent supply architecture
	Heavy reliance on foreign manufacturers with limited domestic buffering capacity
	Structural supply volatility and exposure to external market shocks
	Distributors & Wholesalers; Importers & Local producers

	Domestic manufacturing
	Limited domestic production scale
	Single local producer unable to meet national poultry vaccine dose demand
	Weak national resilience and continued import dependency
	Importers & Local producers; Regulatory authorities

	National storage & primary distribution
	Cold-chain infrastructure fragility
	Dependence on unstable electricity; limited power backup; weak temperature monitoring systems
	Degraded delivery quality and vaccine potency risks across the supply chain
	Regulatory authorities; District veterinary authorities; Importers & Local producers

	Wholesale & regional distribution
	Fragmented distribution configuration
	Urban-centric concentration of wholesalers and limited penetration into rural districts
	Geographic inequity in vaccine access and reduced recovery capacity
	Importers & Local producers; District Veterinary Authorities

	Retail interface
	Packaging–scale misalignment
	Standardized dose vial formats poorly aligned with smallholder flock sizes
	Inefficient dose utilisation and structural exclusion of small-scale producers
	District veterinary authorities; Importers & Local producers

	MARKET ORGANISATION

	National governance & policy
	Private-good classification of poultry vaccination
	Vaccines positioned as market commodities without sustained public co-investment
	Market-dependent coverage and affordability constraints
	Regulatory authorities

	Importation & registration
	High regulatory entry costs
	Compliance fees and registration charges limiting portfolio diversification
	Constrained market competition and limited innovation
	Importers & Local producers

	Retail & service delivery interface
	Weak reinvestment incentives
	Reduced demand and thin margins limiting reinvestment in infrastructure
	Self-reinforcing degradation of delivery quality
	Importers & Local producers; Drug shops

	Market demand dynamics
	Reactive outbreak-driven purchasing patterns
	Temporary demand spikes without sustained preventive demand
	Investment instability and short-term signaling
	District Veterinary Authorities; Importers & Local Producers

	GOVERNANCE & INSTITUTIONAL INTERDEPENDENCIES

	Surveillance & system learning
	Weak surveillance and performance monitoring
	Absence of structured tracking of uptake and effectiveness
	Institutional learning failure
	Regulatory authorities; Academia / NGOs / Industry experts

	Reporting architecture
	Fragile reporting pathways
	Poor farm–district–national data transmission
	Delayed detection of delivery failure
	Regulatory authorities; District veterinary authorities

	Regulatory oversight
	Limited regulatory reach beyond retail outlets
	Oversight weakens beyond licensed sales points
	Compliance erosion at last-mile delivery
	Regulatory authorities

	Subnational governance & extension
	Extension workforce constraints
	Low staffing ratios and limited poultry-specific expertise
	Administration variability and uneven advisory support
	District veterinary authorities; Regulatory Authorities

	Institutional credibility
	Credibility erosion following persistent failures
	Recurrent delivery failures and weak corrective action
	Reinforcing decline in trust and compliance
	District veterinary authorities; Drug shops

	CROSS-CUTTING STRUCTURAL CONTEXT

	Infrastructure context
	Electricity instability
	Recurrent district-level outages affecting cold-chain continuity
	System-wide vulnerability to potency degradation
	Regulatory authorities; District veterinary authorities

	Behavioral demand Context
	Preventive culture weakness
	Preference for reactive antibiotic treatment over preventive vaccination
	Demand distortion and sustained antimicrobial reliance
	District veterinary authorities; Drug shops




Supplementary Table S2: Assessment of candidate bottlenecks and selection of critical control points (CCPs) in the poultry vaccine delivery system. Bottlenecks were evaluated for structural centrality, participation in dominant feedback loops, and leverage for disrupting reinforcing system dynamics.
	Candidate bottleneck/system position
	System domain
	Causal loop(s)
	Role in system dynamics
	How it disrupts system dynamics
	Keep/Don’t keep) as CCP

	Cold-chain integrity (distribution & retail)
	Supply system
	R1 (Quality–Trust–Investment)
	Determines vaccine potency; initiates a reinforcing decline in trust, demand, and reinvestment
	Structurally central leverage point; directly links technical quality to behavioural and investment dynamics; failures initiate and sustain dominant reinforcing loop
	Keep

	Post-market surveillance and feedback
	Governance & institutions
	R2 (Governance and learning failure)
	Controls detection of failures and corrective action; shapes system learning over time
	Governs corrective feedback; weak surveillance allows persistence of poor-quality products and erodes regulatory credibility
	Keep

	Market sourcing and procurement decisions
	Supply system
	R3 (Market quality erosion); R1
	Determines the average quality of vaccines entering the system under price pressure
	Structural market mechanism normalising low quality; disproportionately affects small-scale actors and reinforces trust erosion
	Keep

	Service-interface handling and use
	Retail & service delivery
	R1 (downstream amplification)
	Translates delivery quality into perceived effectiveness at point of use
	Downstream leverage point where failures directly suppress trust and demand, amplifying reinforcing decline
	Keep

	Distribution architecture and last-mile access
	Supply system
	R1 (indirect)
	Shapes availability and geographic reach of vaccines
	Effects mediated through cold-chain integrity and market sourcing; contributory but not independently transformative
	Don’t keep

	Service-delivery capability and competency gaps
	Retail & service delivery
	R1 (indirect)
	Influences quality of vaccine handling and administration
	Operational manifestation operating through the service-interface CCP; limited leverage when addressed in isolation
	Don’t keep

	Regulatory import approval and border inspection
	Governance & institutions
	R2 (episodic)
	Initial gatekeeping at market entry
	Episodic control point; downstream storage, distribution, and use exert stronger influence on system behaviour
	Don’t keep

	Outbreak-driven demand response
	System-wide
	B1 (Balancing loop)
	Reactive increase in vaccination demand during outbreaks
	Secondary, short-term balancing mechanism; does not alter dominant reinforcing structures
	Don’t keep




Supplementary Table S3: Distribution of key informant interviews by system level and actor category.
	System level
	Actor category
	KIIs (n)

	Policy and regulation
	Government regulatory authorities
	4

	Importation and manufacture
	Importers and local producers
	3

	Distribution and markets
	Distributors and wholesalers
	5

	Retail and service delivery
	Drug shop retailers
	5

	
	Veterinary professionals and paraprofessionals
	8

	Subnational governance
	District veterinary authorities
	5

	System support
	Academia, NGOs, and industry experts
	7

	Total
	
	37




