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Abstract

Background
Vaccination is critical for preventing livestock diseases and is an important strategy for reducing
antimicrobial use. However, in many low- and middle-income countries, vaccination performance is
shaped by how delivery systems operate from importation to farm use. While constraints such as cold-
chain failures, weak oversight, and poor handling are widely recognised, the structural mechanisms that
sustain them remain poorly understood.

Methods
We conducted a qualitative systems mapping study of Uganda’s poultry vaccine delivery system based
on 37 key informant interviews with regulatory, commercial, and service-delivery actors. Using systems
thinking and system dynamics approaches, we identified system bottlenecks, analysed their interactions,
developed causal loop diagrams, and identified key leverage points within the system.

Results
The delivery system was highly import-dependent, with regulatory oversight concentrated at market
entry and limited downstream control. Four interconnected bottlenecks were identified: weak post-
market surveillance, cold-chain failures, cost pressures that discouraged investment in storage,
transport, and quality assurance, and limited technical capacity at the point of administration. These
constraints interact through reinforcing feedback processes linking delivery quality, perceived
effectiveness, trust, demand, and reinvestment, thereby sustaining underperformance. Structural
inequities in infrastructure, market access, and regulatory presence further exacerbated these
challenges. Cold-chain integrity, post-market surveillance, upstream procurement decisions, and vaccine
handling at the point of use emerged as key leverage points for intervention.

Conclusions
Vaccination underperformance in this setting was shaped by delivery-system dynamics rather than
access alone. Strengthening key leverage points within the system offers a pathway to improve
vaccination effectiveness, enhance poultry health, and reduce reliance on antimicrobials. More broadly,
improving vaccination performance requires strengthening the governance and delivery systems that
enable reliable disease prevention in livestock production.

1. Introduction
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Vaccination is a highly scalable and cost-effective strategy for improving animal health and productivity,
particularly in low- and middle-income countries (LMICs), where access to veterinary services and
diagnostics is often limited [1]. By preventing infectious diseases, especially viral infections for which
treatment options are limited, vaccination reduces infection pressure and the need for routine or
prophylactic antimicrobial use [2, 3]. Consequently, livestock vaccination is a central component of One
Health strategies to mitigate antimicrobial resistance (AMR) across the human–animal–environment
interface [4].

Despite this potential, vaccination performance in many LMIC livestock systems remains inconsistent.
This inconsistency stems not only from individual practices but also from deeper structural constraints
within vaccine delivery systems, including weaknesses in governance, market organisation,
infrastructure, and accountability. These constraints manifest as fragmented supply chains, limited
downstream regulatory oversight, and procurement dynamics that prioritise short-term affordability over
quality. Together, they shape how vaccines are accessed, handled, and used, often undermining
effectiveness and reinforcing reliance on antimicrobials as substitutes for preventive disease control.
Although vaccination is widely promoted in policy frameworks, implementation frequently fails to deliver
consistent disease control or sustained reductions in antimicrobial use [5].

In Uganda, the commercial poultry sector is expanding rapidly in response to rising demand for
affordable animal-source protein [6]. However, vaccine-preventable diseases, including Newcastle
disease and infectious bursal disease, remain highly prevalent [7]. Following the decentralisation and
privatisation of veterinary services in the 1980s, vaccine delivery has become dominated by private-
sector actors [8]. While this shift has improved access, it has also led to uneven delivery conditions, with
variability in availability, affordability, and quality across regions and production systems.

Vaccines for major poultry diseases are available, yet coverage remains low and inconsistent [9].
Distribution occurs primarily through fragmented private-sector channels with limited public oversight.
Weak post-market surveillance, limited feedback from field-level experiences to regulatory authorities,
and inconsistent cold-chain and handling practices undermine vaccine performance. These challenges
contribute to the continued use of antimicrobials as substitutes for preventive vaccination [10–12].

Although vaccines are included in national and global AMR action plans, few studies have examined how
underperformance in vaccination arises and persists through interactions among governance
arrangements, market incentives, and perceptions of vaccine effectiveness. Existing research has largely
focused on vaccine efficacy or behavioural barriers, with less attention to the institutional, logistical, and
governance factors that shape delivery systems [13, 14]. While previous studies have identified cold-
chain failures, weak regulatory oversight, and uneven access [15–20], the persistence of these
constraints despite repeated interventions remains insufficiently explained.

Therefore, this study aimed to examine how structural constraints interact within poultry vaccine delivery
systems, using Uganda as a case study of vaccine delivery in a low-resource setting. We conceptualised
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the vaccination system as a dynamic network of actors, infrastructure, incentives, and institutions
through which vaccines move from production and importation to effective use at the farm level.

Using qualitative systems mapping, we analysed interactions among governance, market, and service-
delivery processes, identified feedback dynamics influencing vaccination performance, and highlighted
potential leverage points for system improvement. By examining these interconnected mechanisms, this
study provides insights relevant to strengthening animal vaccine delivery systems in settings facing
similar challenges of fragmented supply chains, limited infrastructure, and evolving public–private
service delivery arrangements.

2. Methods

2.1 Study design and conceptual approach
We conducted a qualitative systems mapping study in Uganda to examine how structural constraints
shape the performance of poultry vaccine delivery. Uganda represents a rapidly expanding poultry
production system where vaccine delivery is predominantly private-sector driven and operates through
interconnected regulatory, commercial, and service-delivery actors. The study was guided by systems
thinking and system dynamics principles, including feedback, endogenous causation, and structure–
behaviour relationships [21, 22]. Data collection and analysis were informed by an integrated framework
that combined supply chain performance theory[23], institutional analysis theory [24], and access and
equity models [25].

2.2 Data sources and sampling
Participants were selected using a purposive sampling approach designed to capture perspectives
across the key functional components of the poultry vaccine delivery system rather than to achieve
statistical representation of individual stakeholder groups. A total of 37 key informant interviews were
conducted across seven stakeholder categories representing regulatory, commercial, service-delivery,
and system-support functions: regulatory authorities (n = 4), importers/manufacturers (n = 3),
distributors (n = 5), retailers (n = 5), veterinary professionals and paraprofessionals involved in vaccine
delivery (n = 8), district veterinary officers responsible for local animal health coordination (n = 5), and
system support actors, including academia, NGOs, and industry experts (n = 7). The sampling strategy
captured actors positioned along the vaccine pathway, from regulation and supply to last-mile delivery,
enabling analysis of interactions and system-level factors influencing vaccination performance.

Data collection continued until sufficient information depth was achieved, with later interviews
reinforcing previously identified themes, actor relationships, and system dynamics rather than generating
substantially new concepts. The final sample size was considered appropriate for qualitative systems
mapping, where the analytical focus was on understanding relationships among system components
rather than estimating the prevalence of stakeholder perspectives.

2.3 Data collection and management
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Semi-structured key informant interviews were conducted between July and October 2025, using
interview guides to explore vaccine supply and distribution pathways, regulatory oversight, pricing and
procurement practices, cold-chain infrastructure, and vaccination service delivery. Interviews were audio-
recorded, transcribed verbatim, and anonymised before analysis. Transcripts were imported into NVivo
(Release 1.7.1) for coding. Data were organised by actor category and delivery-system position
(upstream, midstream, downstream) to enable cross-interview comparison, and summary tables were
maintained in Microsoft Excel to support synthesis and triangulation. Data preparation was iterative, with
transcripts incorporated as interviews were completed and analytic memos updated throughout to
document coding decisions, emerging patterns, and interpretive reflections. This process ensured
consistency and traceability prior to formal qualitative analysis.

2.4 Systems analysis

2.4.1 Identification of bottlenecks
After coding the interview transcripts, the data were analysed to identify recurring challenges affecting
system performance. Following discussions within the multidisciplinary author team, criteria were set to
distinguish structural bottlenecks from isolated operational problems. Challenges were classified as
system bottlenecks if they met three criteria: (i) they were reported by more than one stakeholder group,
(ii) they disrupted the flow of vaccines, information, or regulatory accountability, and (iii) they contributed
to persistent weaknesses in system performance rather than temporary or one-off disruptions.

This approach aligns with systems thinking and the health systems literature, which conceptualise
bottlenecks as constraints that impede system functioning and the flow of resources among
interconnected actors [26–28]. Identified bottlenecks were then reviewed across transcripts to confirm
their recurrence across actor categories and delivery-system levels.

2.4.2 Development of causal loop diagrams (CLDs)
Building on the identified system bottlenecks, we developed CLDs to illustrate how these constraints
interact and affect the performance of the poultry vaccine delivery system. Bottlenecks were translated
into system variables by abstracting key processes, behaviours, and constraints from the data. These
variables were then linked through causal relationships that reflect reported decision-making and
interactions among actors [28, 29].

Bottlenecks were included in the CLD when they met two criteria: (i) they were part of a feedback loop
and (ii) they contributed to observable patterns in system performance over time, with a focus on
dominant feedback mechanisms.

2.4.3 Identification of critical control points (CCPs)
CCPs were identified through a systematic examination of the causal loop diagrams to pinpoint
positions that exert disproportionate influence on system behaviour. Variables were assessed according
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to their role within feedback structures across actors and stages of the vaccine delivery system,
consistent with established system dynamics approaches [28].

Variables were classified as CCPs if they met three criteria: (i) they were structurally central to multiple
feedback loops, (ii) they influenced upstream decision-making or downstream system responses, and
(iii) they represented leverage points capable of altering system dynamics[26]. Identifying these high-
influence positions within system structures aligns with approaches that derive intervention points from
causal loop diagrams [29].

As this was a qualitative systems mapping study, no statistical hypothesis testing or power calculation
was performed. Sample size was guided by purposive representation of key actors across the vaccine
delivery system and the need to capture perspectives across regulatory, commercial, and service-delivery
levels.

2.5 Ensuring trustworthiness and reflexivity
Credibility was strengthened through triangulation of interviews and documentary sources, and by
maintaining a detailed audit trail of analytic decisions. Reflexive journaling and peer debriefing facilitated
a critical examination of potential biases arising from the lead researcher’s veterinary background.
Consistent with the systems-oriented design, trustworthiness was further reinforced through iterative
comparison of emerging system structures across data sources, with analysis focused on identifying
system-level patterns, interactions, and feedback mechanisms rather than on individual accounts.

3. Results
Findings were drawn from 37 interviews with actors across the upstream, midstream, and downstream
stages of Uganda’s poultry vaccine delivery system. The distribution of participants across system levels
and actor categories is presented in Supplementary Table S3.

3.1 Structural organisation and flow of poultry vaccines
The poultry vaccine delivery system was described as relatively coordinated upstream but increasingly
fragmented downstream. Regulators, importers, and distributors consistently reported heavy reliance on
imports, with most vaccines sourced from international private manufacturers, entering through Entebbe
International Airport and supplied by private-sector distributors. Vaccines were initially stored in
importer-operated cold rooms, concentrated mainly around Kampala, which served as distribution hubs
supplying wholesale pharmacies and retail outlets serving downstream markets. Domestic production
was reported to be limited largely to thermostable Newcastle disease vaccines. One respondent noted
that local production remained insufficient to meet demand: “Locally, there is only one vaccine producer
… they cannot meet local demand” (Government regulatory actor, GRA01). The overall structure of vaccine
importation, distribution and delivery to end users is summarised in Fig. 1.
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Delivery pathways included both formal and informal routes. Commercial distributors supplied retailers,
who in turn supplied animal health workers and farmers. Several participants described informal sub-
flows involving repackaging and resale outside formal regulatory channels. At the retail level, vaccines
were reported to sometimes be reconstituted and dispensed in aliquots over extended periods. As one
respondent explained, “a drug shop attendant may reconstitute a vaccine and sell it over several days,
repeatedly drawing a few doses into a syringe for different customers.” (Veterinary professional, VPP02)

Large hatcheries and vertically integrated enterprises were reported to access specialised supply
channels and maintain internal cold-chain systems. Respondents highlighted that as vaccines moved
downstream, responsibility for storage, transport, and handling shifted from central actors to more
decentralised actors with variable capacity.

3.2 Governance configuration and distribution of
accountability
Governance of poultry vaccine delivery was described as shared between public regulatory institutions
and private market actors (Fig. 2). The Ministry of Agriculture, Animal Industry and Fisheries (MAAIF)
was responsible for import approvals, while the National Drug Authority (NDA) oversaw product
registration and inspections at points of entry. Respondents also noted that the NDA is responsible for
post-market surveillance and inspections of drug shops and pharmacies, although many participants
indicated that oversight was more limited further downstream, particularly at the retail level and at the
point of use.

Private-sector actors largely carried out distribution, retail sales, and vaccine administration. District
veterinary authorities were described as overseeing veterinary practice and disease reporting; however,
supervision of downstream actors relied mainly on passive reporting and informal coordination rather
than on routine inspection and enforcement. As one respondent summarised this boundary: “When the
vaccines leave the drug shop outlet, it is far beyond our regulatory control.” (Government regulatory actor,
GRA03)

3.3 System bottlenecks across the delivery pathway
Multiple bottlenecks were identified across the vaccine delivery system, including weak post-market
surveillance, fragile cold-chain capacity, cost pressures that constrained investment in storage and
quality assurance, and limited technical capacity at retail and at the point of administration (Table 1).
These constraints were concentrated at downstream stages, particularly in distribution, retail handling,
transport to farms, and on-farm administration, where they could affect vaccine quality and use.

The primary bottlenecks were as follows:

1. Cold-chain integrity. Constraints included unreliable electricity supply, limited refrigeration capacity,
and prolonged storage and transport times. These conditions were reported to create risks for

Page 7/22



maintaining appropriate temperature control throughout the supply chain. As one respondent noted,
“The biggest challenge we have is the maintenance of the cold chain.” (Drug shop retailer, DSR03)
Another added, “Over 80% of districts face electricity outages.” (Government regulatory actor, GRA01)

2. Governance-related constraints. Weak post-market surveillance, delayed recognition of vaccine
performance issues, and limited feedback from the field to regulators were identified as key
governance gaps. One respondent stated, “We don’t have a monitoring system for vaccine
effectiveness.” (Government regulatory actor, GRA02)

3. Market dynamics. High logistics costs and price-sensitive demand were reported to shape sourcing
and distribution decisions among importers, distributors, and retailers. These pressures were linked
to reduced investment in storage infrastructure across the retail, transport, and supply chains,
particularly in remote areas. As one respondent observed, actors were “not quality focused, they are
price focused… they are looking for cheap vaccines.” (Importer, ILP02) Another added, “The biggest
problem now is the cost of vaccines… access is no longer a problem in many areas.” (Industry
expert, IE01)

4. Technical capacity at service delivery. Gaps in vaccine handling and administration, along with
inconsistent adherence to recommended protocols, were reported across both drug shops and
farm-level use. These challenges reflected limited technical capacity among personnel at the last
mile. As one respondent noted, “the people at the drug shops are sometimes not well trained… they
don’t know the biology of vaccines, how to handle them, yet farmers rely on them for advice.”
(District veterinary authority, DVA03)

At the farm level, these constraints were further compounded by farmer-led transport and administration
practices, often carried out with inadequate knowledge of storage and handling requirements, thereby
increasing the risk of improper vaccine handling and administration. One respondent explained, “Most
farmers transport and administer the vaccine themselves… yet they don’t understand the proper storage
and administration guidelines.” (Veterinary professional, VPP05)
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Table 1
System-level bottlenecks in the poultry vaccine delivery system.

System
domain

Bottleneck System consequence Reported by

Governance Regulatory oversight
concentrated at market entry,
with weak downstream
enforcement

Quality assurance and
accountability weaken
beyond importation

Regulators, district
authorities, industry
actors

  Weak post-market
surveillance and feedback
systems

Failure detection, learning,
and corrective action are
weakened

Regulators, district
authorities,
academia

Supply
system

High logistics costs and
price-sensitive demand
shaping procurement
decisions

Cost pressures discourage
investment in storage,
transport, and quality
assurance

Importers, industry
actors

  Fragile downstream cold-
chain capacity

Temperature-control
failures may reduce vaccine
potency before use

Importers,
distributors,
retailers

  Fragmented last-mile
distribution networks

Uneven availability and
handling conditions shift
risk downstream

Distributors,
retailers, district
authorities

Service
delivery

Limited technical capacity at
the point of sale and vaccine
administration

Inconsistent preparation,
dosing, and protocol
adherence

Retailers,
veterinarians

  Post-retail handling and farm
transport failures

Vaccine potency may be
compromised between
retail sale and on-farm use

Retailers,
veterinarians

3.4 Interactions among system bottlenecks
Participants described these bottlenecks as interacting across multiple stages of the delivery pathway
rather than occurring in isolation. Governance constraints, particularly weak downstream enforcement
and limited post-market surveillance, were linked to storage, transport, and retail practices.

Within the supply chain, fragmented last-mile distribution and limited cold-chain capacity coincided with
inconsistent storage and handling conditions, particularly at the retail and point-of-use levels.
Procurement decisions were often described as prioritising price and short-term affordability over quality
assurance and longer-term returns. High logistics costs were also linked to reduced investment in
storage, transport, and handling capacity.

At the last mile, particularly at drug shops and on farms, limited technical capacity was reported
alongside upstream cold-chain and transport problems. Vaccines exposed to suboptimal conditions
earlier in the chain were sometimes administered with inconsistent preparation and dosing practices.

3.5 Feedback dynamics in the delivery system
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Causal loop diagrams, derived from recurrent relationships reported in interviews, identified several
feedback mechanisms linking delivery conditions, governance processes, market dynamics, and system
outcomes (Fig. 3). Three reinforcing loops (R1–R3) and one balancing loop (B1) were identified.

The first reinforcing loop (R1: delivery quality loop) links delivery conditions, vaccine effectiveness, user
confidence, demand, and reinvestment. Failures in cold-chain integrity, together with limited handling
capacity at the point of administration, were reported to reduce vaccine effectiveness. This, in turn, was
linked to perceived vaccine failure, lower confidence in vaccination, and reduced demand. Lower demand
and sales were further associated with reduced investment in storage, transport, and service-delivery
capacity.

The second reinforcing loop (R2: governance and system learning loop) links surveillance capacity,
failure detection, corrective action, delivery failures (failures in vaccine delivery processes), perceived
vaccine failure, and disease outbreaks. Limited surveillance capacity reduced the likelihood of timely
detection and corrective action. Delivery failures were associated with perceived vaccine failure and
ongoing disease outbreaks, which in turn reinforced weaknesses in surveillance and response systems.

The third reinforcing loop (R3: cost–quality trade-off loop) links price pressure, sourcing decisions,
delivery capacity, and vaccine performance. Price pressure in the vaccine market, together with the costs
of importation, storage, and distribution, created incentives to minimise procurement and delivery costs
by adopting low-cost sourcing strategies and reducing investment in handling and quality assurance.
Reduced delivery capacity was linked to lower vaccine effectiveness and increased perceived vaccine
failure. Participants also reported that purchasing decisions were influenced by trust, prior experience
with the vaccine brand, and perceptions of affordability.

A balancing loop (B1: outbreak response loop) was identified in response to disease outbreaks.
Increased disease incidence was associated with heightened risk perception and higher vaccine demand
and uptake.

Perceived vaccine failure appeared across multiple loops, linking delivery conditions, vaccine
performance, demand dynamics, and user responses across the delivery system.

3.6 Critical control points in the delivery system
Using the causal loop diagrams and predefined systems criteria, four critical control points (CCPs) were
identified within the vaccine delivery system (Fig. 3). These CCPs were points at which multiple feedback
processes converged.

1. CCP1: Cold-chain integrity at the distribution and retail levels, linking temperature control, storage,
transport, and vaccine potency before administration.

2. CCP2: Post-market surveillance capacity and feedback mechanisms linking failure detection,
reporting, and corrective action.
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3. CCP3: Market sourcing and procurement decisions, linking vaccine selection to incentives for
investment in quality assurance, storage, and transport.

4. CCP4: Handling practices at the last-mile service-delivery interface, linking vaccine preparation,
dosing, administration, and realised effectiveness at the point of use.

3.7 Structural inequities in access and delivery conditions
Participants described unequal access and delivery conditions across geographic areas and stakeholder
groups. Cold-chain facilities and distribution networks were concentrated mainly in urban and peri-urban
centres. By contrast, farmers in rural areas rely on longer delivery routes, often travelling long distances
to urban outlets to access vaccines.

Differences in market position further shaped access to vaccines. Large integrated producers were
described as operating within more controlled supply systems, including internal cold-chain capacity. In
contrast, small-scale farmers and retailers relied on less reliable distribution channels and faced
practical constraints, such as unsuitable pack sizes, long travel distances, and limited cold storage.
These factors were reported to restrict access to properly handled vaccines for smaller producers. As
one participant noted, “the vaccines are packaged in sizes of 500 or 1000 doses… it becomes very hard
for a farmer of 10–30 birds.” (District veterinary authority, DVA01)

4. Discussion
This study identified interconnected governance, market, infrastructure, and service-delivery constraints
that shape the performance of Uganda’s poultry vaccine delivery system. Poultry vaccination
underperformance in Uganda is best understood as a delivery-system failure, rather than a problem of
access, adoption, or product efficacy alone. The delivery system is organised so that coordination and
oversight are concentrated upstream, while responsibility for vaccine quality is fragmented downstream,
where capacity, infrastructure, and supervision are more limited. As vaccines move through distribution,
retail, and on-farm use, small losses in quality accumulate across stages, shaping effectiveness at the
point of use [30]. Vaccination performance is therefore shaped less by availability alone and more by the
organisation and operation of the delivery system.

These structural patterns underpin the feedback processes observed within the system. Rather than
being isolated constraints, challenges such as cold-chain failures and weak oversight are interconnected
and reinforce one another. By tracing these interactions, this study shows how delivery-system
weaknesses are reproduced over time through reinforcing feedback dynamics, sustaining persistent
underperformance.

Reinforcing feedback processes linking delivery conditions, perceived effectiveness, demand, and
reinvestment play a central role in shaping system behaviour. Declines in delivery quality may reduce
both vaccine potency and perceived effectiveness, potentially lowering confidence in vaccination and
demand for vaccination services. System actors perceived that reduced confidence and demand could
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limit incentives for reinvestment in infrastructure and service capacity, thereby further weakening
delivery conditions over time [31]. In this way, perceptions of vaccine performance and willingness to
invest in vaccination are shaped by delivery-system conditions. Similar dynamics have been observed in
livestock and public health systems, where cold-chain failures contribute to perceived vaccine
ineffectiveness, reduced uptake, and persistent low-performance states [10, 11, 32].

The system has limited capacity to correct itself when problems arise, largely due to weaknesses in
governance and system learning. Weak post-market surveillance, delayed detection of delivery failures,
and poor accountability constrain timely corrective action, allowing quality failures and coordination
challenges to persist [30, 33]. As a result, these reinforcing dynamics are not effectively corrected,
allowing poor performance to persist and become normalised within the system [26].

In this context, sustained underperformance within a predominantly private-sector delivery system
underscores the limits of market mechanisms in ensuring quality. Information asymmetries may
constrain end users’ ability to assess vaccine quality and handling conditions, while fragmented
accountability across the delivery chain weakens incentives for quality assurance. As a result, poor
performance is not consistently reflected in demand or pricing, and competition tends to emphasise
price rather than quality, discouraging investment in infrastructure and service capacity. Collectively,
these characteristics indicate a form of market failure in which private provision alone is insufficient to
ensure consistent and effective vaccination performance.

Similar dynamics have been documented in livestock and public health systems, where market-based
delivery has been linked to persistent quality gaps stemming from weak accountability and
underinvestment in public goods [34, 35]. In these settings, improving delivery performance has required
stronger regulatory oversight, public investment in cold-chain infrastructure, and enhanced surveillance
and system stewardship [36].

These dynamics indicate that improving vaccination performance requires focusing on a limited number
of critical leverage points rather than relying on isolated downstream interventions. In feedback-driven
systems such as vaccine delivery, interventions at such points can influence multiple processes
simultaneously, shaping delivery conditions, perceived effectiveness, trust, and reinvestment [26]. This
analysis identifies cold-chain integrity, post-market surveillance, upstream sourcing decisions, and on-
farm vaccine administration as key leverage points within the system.

Cold-chain integrity is critical, as it directly links storage and transport conditions to vaccine potency.
Strengthening this component requires improved temperature monitoring, adherence to storage
standards, and sustained investment in reliable cooling infrastructure across distribution and retail
stages. In resource-constrained settings, decentralised energy solutions, including solar-powered
refrigeration, have demonstrated potential to stabilise temperatures and improve vaccine preservation
[37].
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Strengthening post-market surveillance and feedback mechanisms is equally important but must be
aligned with existing institutional capacity. Building on current reporting and supervisory structures
within veterinary and public health systems can enable earlier detection of delivery failures and more
timely corrective action. Relevant lessons can be drawn from human immunisation programmes, where
routine reporting, supervision, and cold-chain monitoring are embedded within service delivery through
coordinated public-sector stewardship and investment [38, 39].

Addressing market incentives is also essential. Shifting competition away from price alone towards
quality requires the enforcement of standards, certification mechanisms, and procurement practices that
prioritise reliability of delivery. At the service-delivery interface, improving vaccination outcomes depends
on strengthening technical capacity through training, supervision, and standardised protocols for vaccine
handling and administration, particularly among frontline providers such as agrovet attendants and
paraprofessionals [40].

Collectively, these interventions target system positions where change can influence multiple feedback
processes simultaneously, making them more effective than isolated or downstream actions.

These system dynamics are not experienced equally. Delivery failures create uneven outcomes across
actors, reflecting differences in their position within the system. Large, vertically integrated producers
and hatchery operations with direct supply channels and internal cold-chain systems are relatively
insulated from delivery risks, whereas small-scale actors depend on dispersed, weakly regulated
markets, in which quality, costs, and risks are passed downstream [17]. Unequal access to infrastructure,
technical capacity, and regulatory presence further limits the ability of actors located farther from
centres of market and institutional power to respond to or recover from these challenges [12, 41].
System structure, therefore, not only shapes overall performance but also determines how risk and
vulnerability are distributed across actors.

These structural constraints may influence broader disease prevention and management practices
within poultry production systems. System actors perceived that unreliable vaccine delivery and
inconsistent vaccination outcomes could weaken confidence in vaccination as a preventive strategy. In
such contexts, weaknesses in vaccination systems may increase dependence on reactive disease
management approaches, including antimicrobial use [42].

From a One Health perspective, efforts to reduce antimicrobial resistance often assume that preventive
systems are functional and accessible. The present findings challenge this assumption, showing that
vaccine delivery systems often perform inconsistently, particularly in fragmented, private-sector-
dominated contexts where both public and private sector capacity to ensure quality and effective
implementation is constrained. As a result, efforts to reduce antimicrobial use through vaccination alone
are unlikely to achieve sustained impact in many low- and middle-income settings. These dynamics help
explain why antimicrobial use persists even where vaccines are available.
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Effective One Health strategies must therefore extend beyond behaviour change to include strengthening
the systems that underpin reliable disease prevention [43]. Without addressing the system dynamics that
degrade delivery quality over time, efforts to promote vaccination are unlikely to achieve sustained
reductions in antimicrobial use [5].

These findings should be interpreted in light of several limitations. The study was based on qualitative
data from key informant interviews and therefore reflects stakeholder perspectives, which may be
influenced by reporting bias. Although participants represented multiple functions within the poultry
vaccine delivery system, the findings were not intended to provide statistically representative estimates
of practices across all contexts. Instead, the study aimed to identify system structures, interactions, and
feedback mechanisms influencing vaccination performance. The causal loop diagrams represent
conceptual models derived from stakeholder insights and were not parameterised to quantify effect
sizes or simulate alternative intervention scenarios. The study focused on Uganda; however, several
mechanisms identified, including fragmented delivery networks, cold-chain constraints, and public–
private coordination challenges, may be relevant to animal health systems facing similar structural
constraints. Finally, the study did not directly measure vaccine efficacy, disease outcomes, or
antimicrobial use, and future research integrating systems modelling with quantitative performance
indicators could further evaluate these relationships.

5. Conclusions
Vaccination performance in Uganda’s poultry sector is shaped primarily by how the delivery system is
organised and operates, rather than by vaccine availability or farmer behaviour alone. Fragmented
downstream systems, uneven governance, and market-driven incentives interact through reinforcing
feedback processes that influence delivery quality, perceived effectiveness, and demand. These
dynamics help explain the persistent underperformance of vaccination and continued reliance on
antimicrobials despite vaccine availability.

Improving vaccination outcomes requires targeting key leverage points within the delivery system,
particularly cold-chain integrity, post-market surveillance, sourcing practices, and vaccine handling at the
point of use. Strengthening these areas offers a practical pathway to improve vaccination effectiveness,
enhance disease prevention, and reduce dependence on antimicrobials.

More broadly, efforts to address antimicrobial resistance must recognise that successful preventive
interventions depend not only on technologies such as vaccines, but also on the governance,
infrastructure, and delivery systems that enable them to perform effectively. Strengthening these
underlying systems is essential for achieving sustainable One Health outcomes.
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Figures

Figure 1

Structural and logistical flow of poultry vaccines from importation to end use.
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Figure 2

Schematic representation of the poultry vaccine delivery system showing regulatory and operational
levels. Solid lines indicate formal coordination and reporting relationships, while dashed lines represent
indirect or limited interactions among actors.
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Figure 3

Causal loop diagram illustrating the main feedback structures identified in poultry vaccine delivery.
Reinforcing loops (R1–R3) connect delivery quality, governance, system learning, and cost–quality trade-
offs, while balancing loop (B1) depicts outbreak-related demand responses. Critical control points
(CCP1–CCP4) indicate key leverage positions within the system.
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