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Abstract

Background. The performance of the vaccination supply chain management system directly determines the vaccination
programmes effectiveness. This study evaluates this performance in the Littoral Department of Benin in 2023. Methods. A cross-
sectional, descriptive and evaluative study was conducted from March to June 2023 in 19 public vaccination facilities in the
Littoral Department. The Donabedian model was operationalised using composite indicators, scored in a binary manner and
benchmarked against national standards and World Health Organization (WHO) guidelines. Results. The ‘Structure’ component
achieved 82.0% (satisfactory), despite deficiencies in dry storage facilities (8/19), vaccinator guides (6/19), computer equipment
(5/19), and dedicated transport (5/19). The ‘Process’ component achieved 75% (insufficient), primarily due to poor completion
of logistics management tools in 9 of 19 facilities. The ‘Outcomes’ component achieved 48% (insufficient): wastage rates ranged
from 0% to 80% (mean: 63%), and only 2 of 19 facilities met the national target of 5%. The overall performance score was 73%
(insufficient). Conclusion. Despite satisfactory basic infrastructure, the supply chain management system demonstrated
insufficient performance owing to operational shortcomings and inadequate outcomes, highlighting the need for targeted action
on the Logistics Management Information System, strengthened implementation of standardised operating procedures, and
enhanced staff motivation.

Keywords
Performance, Supply Chain Management, COVID-19, Vaccine Inputs, Vaccine Cold Chain, Benin

1. Introduction

The year 2020 was marked by the emergence of a global
public health emergency caused by coronavirus disease 2019
(COVID-19), responsible for substantial morbidity and mor-
tality worldwide [1]. Approximately 20% of cases progressed
to severe forms, compelling health systems to implement ex-
ceptional prevention and response measures [2, 3]. The rapid

development and authorisation of efficacious vaccines ena-
bled the launch of mass vaccination campaigns aimed at re-
ducing pandemic-related mortality and restoring the resilience
of health systems [2, 3].

The effectiveness of vaccination campaigns, however, is
not solely dependent on vaccine quality: it relies equally on

‘Correspondence: Lamidhi Salami (s.lamidhi@yahoo.com)

Received: 20 April 2026; Accepted: 6 May 2026; Published: 21 May 2026

@ Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/cajph
http://www.sciencepg.com/journal/326/archive/3261203
http://www.sciencepg.com/
https://orcid.org/0000-0002-3261-3173
https://orcid.org/0000-0002-6037-0287
https://orcid.org/0000-0001-5886-2875
https://orcid.org/0000-0002-7381-6321
http://www.sciencepg.com

Central African Journal of Public Health

http://www.sciencepg.com/journal/cajph

the performance of logistical systems responsible for their
procurement, storage, and distribution. Vaccines are highly
sensitive immunobiological products whose integrity requires
an uninterrupted cold chain, appropriate management proce-
dures, and trained personnel at all levels [4, 5]. In low-re-
source settings in West Africa, structural constraints such as
insufficient storage capacity, inadequate transport for thermo-
sensitive products, and critical equipment shortages directly
limit effective access to vaccination [5, 6].

In Benin, recent national assessments and strategic docu-
ments have identified persistent weaknesses in the vaccine
supply chain management system: limited warehousing ca-
pacity, transport shortfalls, deficient computer equipment, dif-
ficulties in managing donated supplies, and gaps in logistics
information systems [7, 8]. These dysfunctions result in sub-
stantial dose wastage, avoidable financial costs, and reduced
impact of interventions [9]. Recurring operational factors—
including long distances between depots and vaccination sites,
failures in thermal monitoring, and weak coordination—fur-
ther impede logistical performance [10].

In response, the Government of Benin has implemented
corrective measures: strengthening storage capacity and per-
sonnel training, and deploying the Logistics Data Visualisa-
tion System and the Electronic Logistics Management Infor-
mation System [7, 8]. Despite these efforts, national vaccina-
tion coverage remains below targets and the logistical chain
has yet to achieve full effectiveness. The Littoral Department,
with its 852,361 inhabitants, high population density, and stra-
tegic health importance, is no exception and presents a partic-
ularly demanding operational context.

A rigorous evaluation of the COVID-19 vaccination inputs
supply chain management system in the Littoral Department
was therefore necessary to document structural capacity levels,
the quality of operational processes, and their actual effective-
ness. Accordingly, the present study aims to evaluate the per-
formance of the COVID-19 vaccination inputs supply chain
management system in the Littoral Department in 2023, to
identify its strengths and weaknesses, and to guide evidence-
based system-strengthening decisions.

2. Materials and Methods

2.1. Study Setting

The study was conducted in the Littoral Department, in the
commune of Cotonou, the economic capital of Benin. This de-
partment is the most densely populated in the country, with
852,361 inhabitants across 72 km? as of 2021. The tertiary sec-
tor is predominant, and the department concentrates industrial
activity, national and international transport infrastructure,
and a large population flow. In terms of health services, it
comprises public, private, and faith-based facilities, the latter
providing more than two-thirds of curative care to the popula-
tion.

2.2. Study Population and Eligibility Criteria

The study population comprised the management units of
COVID-19 vaccination inputs in the department: the Vaccina-
tion and Logistics Division of the Departmental Directorate of
Health, the vaccination services of 18 public health centres,
the Head of the Vaccination and Logistics Division, and the
Expanded Programme on Immunisation (EPI) coordinators of
each health centre. Cold chain equipment, programmatic doc-
uments, and individuals vaccinated against COVID-19 in the
department were also included. Individuals who did not pro-
vide consent to participate were excluded.

2.3. Study Design and Sampling

This was a cross-sectional, descriptive and evaluative study
conducted from March to June 2023. The COVID-19 vaccina-
tion inputs supply chain management system was conceptual-
ised through the Donabedian model, structuring the analysis
into three components: ‘Structure’ (availability and organisa-
tion of resources), ‘Process’ (implementation of procedures),
and ‘Outcomes’ (products and changes generated by the sys-
tem).

Selection was exhaustive for the Vaccination and Logistics
Division, the 18 public health centres, and their cold chain
equipment. The Head of the Vaccination and Logistics Divi-
sion and the 18 EPI coordinators were enrolled as participants,
given their direct responsibility for COVID-19 vaccination in-
put logistics. Service users were selected by convenience sam-
pling. The total sample comprised 19 facilities and 19 internal
clients.

2.4. Variables and Data Collection Instruments

The primary variable was the performance of the COVID-
19 vaccination inputs supply chain management system. Ex-
planatory variables corresponded to the three Donabedian
components: ‘Structure’ (with sub-components of human re-
sources, infrastructure, management tools, normative docu-
ments, and financial resources); ‘Process’ (with sub-compo-
nents of quantification, procurement, stock management, dis-
tribution, maintenance, waste management, and the Logistics
Management Information System); and ‘Outcomes’ (vaccina-
tion coverage, wastage rates, input availability, and client sat-
isfaction). Operational criteria for each sub-component were
defined in relation to the standards of the National Deploy-
ment and Vaccination Plan (PNDV 2022), the COVID-19 lo-
gistics plan, standard operating procedures, and WHO stand-
ards for vaccine and cold chain management [11]. Each crite-
rion was scored in a binary manner (1 = criterion met; 0 =
criterion not met).

Four data collection methods were employed: (i) direct ob-
servation of cold chain equipment using a standardised obser-
vation grid; (ii) documentary review using a data extraction
form; (iii) administration of structured questionnaires to EPI
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coordinators and service users; and (iv) semi-structured inter-
views with the Head of the Vaccination and Logistics Division
using an interview guide.

2.5. Data Processing and Analysis

Systematic quality control of data collection instruments
was carried out, followed by manual processing of interview
guides (transcription and thematic coding). Quantitative data
were entered into Microsoft Excel 2016 and analysed using
Stata 11. Sub-component scores were aggregated to obtain
component scores (Structure, Process, Outcomes), expressed
as a percentage of the expected score. The adapted
Varkevisser scale was used, distinguishing two levels of ap-
praisal: Grade A (>80%) = ‘good’ performance; Grade B
(<80%) = ‘insufficient’ performance. The overall perfor-
mance score of the supply chain management system was ob-
tained by aggregating results across all components using the
same scale.

2.6. Ethical Considerations

The study received approval from the Scientific Expert
Panel of the Regional Institute of Public Health (IRSP-CAQ),
which validated the research protocol in accordance with Be-
ninese regulations on health research ethics. Administrative
authorisation was obtained from the Departmental Directorate
of Health of the Littoral, which informed the heads of the con-
cerned health facilities. Participation was voluntary. Free and
informed consent was formally obtained from each participant
prior to enrolment. Data confidentiality and participant ano-
nymity were strictly guaranteed. Collected data were used ex-
clusively for scientific purposes and published solely in ag-
gregated form.

3. Results

3.1. Sample Description

Data collection covered the 18 health centres offering vac-
cination services, as well as the Vaccination and Logistics Di-
vision of the Departmental Directorate of Health of the Litto-
ral. A total of 19 internal clients were surveyed, comprising
18 EPI coordinators and one Head of the Vaccination and Lo-
gistics Division, with a mean professional experience of 37 +
20 months (range: 6—72 months). The majority of staff were
nursing auxiliaries (11/19) or registered nurses (7/19).

3.2. Structure Component

The ‘Structure’ component achieved 82% (735 of 896 cri-
teria met), rated ‘good’. The majority of staff had received
training on COVID-19 vaccination inputs (15/19) and man-
agement tools (16/19); all (19/19) had benefited from super-
vision during the preceding six months. Job descriptions (6/19)

and organisational charts (5/19) were frequently absent. Cold
chain infrastructure was generally satisfactory: functional re-
frigerators and freezers (18/19), backup generators (17/19),
and insulated carriers in good condition (18/19). However,
fewer than half of the facilities had a dedicated dry storage
room (8/19; 42%), and only 5 of 19 (26%) had appropriate
transport.

Management tools (stock cards, order forms, vaccination
registers, and maintenance registers) were available in 17 to
19 of 19 facilities. Nevertheless, only 5 of 19 facilities (26%)
had functional computer equipment for digital data entry. The
availability of normative documents remained insufficient:
standard operating procedures were present in 12 of 19 facili-
ties, and vaccinator guides in only 6 of 19 (32%). In financial
terms, all facilities benefited from dedicated vaccination
budget lines and active technical and financial partnerships.

Figure 1 presents the achievement rates for expected scores
for each sub-component of the ‘Structure’ component (range:
47%-100%; overall score: 82%).

Human resources
100%

=l Obtained ==e=FExpected

Infrastructure &

Financial resources; .
equipment

Technology Management tools

Normative documents

Figure 1. Sub-components of the Structure component of the COVID-
19 vaccination inputs supply chain management system, Littoral De-
partment, Benin, 2023.

3.3. Process Component

The ‘Process’ component achieved 75% (879 of 1,175 cri-
teria met), rated ‘insufficient’. The primary deficiency con-
cerned the Logistics Management Information System: com-
pletion of management tools, reports, and data entry was in-
complete in 9 of 19 facilities, and only 14 of 19 facilities sub-
mitted their reports on a regular basis. Formal needs quantifi-
cation was performed in only 11 of 19 facilities, whereas 16
of 19 adhered to procurement timelines. All facilities con-
ducted twice-daily temperature monitoring. The majority had
adequate storage capacity (12/19) and appropriate storage
rooms (14/19).

The open multi-dose vial policy was implemented in 15 of
19 facilities (79%), and waste segregation was correctly en-
sured in 17 of 19. Vaccines were stored at the recommended
temperature (+2<C to +8<C) in 18 of 19 facilities, with all cold
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chain equipment functional on the day of the survey. Distribu-
tion of inputs was conducted under thermal monitoring. Pre-
ventive maintenance was regular in 12 of 19 facilities, with
easy access to a maintenance technician reported by 14 of 19.
Frost accumulation exceeding 10 cm was absent in 14 of 19
facilities. Periodic meetings and debriefing sessions facilitated
coordination and information sharing in 18 of 19 facilities.
Systematic or occasional task delegation ensured service con-
tinuity in 17 of 19 facilities.

Figure 2 presents the achievement rates for expected scores
for each sub-component of the ‘Process’ component (range:
62%-93.0%); overall score: 75%).

LMIS el Obtained =l Fxpected

Waste managemen Quantification

Service operation Stock management

CCE maintenance Distribution

Figure 2. Sub-components of the Process component of the COVID-
19 vaccination inputs supply chain management system, Littoral De-
partment, Benin, 2023.

3.4. Outcomes Component

The ‘Outcomes’ component achieved 48% (207 of 433 cri-
teria met), rated ‘insufficient’; this represents the most critical
performance deficit identified in this evaluation. Wastage
rates ranged from 0% to 80%, with a mean of 63%; only 2 of
19 facilities (11%) met the national target of 5%. Regarding
vaccination coverage, 8 of 18 facilities (44%) achieved the na-
tional objective of 60% set for 2023. Vaccination inputs were
continuously available in all facilities throughout the preced-
ing six months.

With respect to internal client satisfaction, 14 of 19 staff
members (74%) reported satisfaction with the training and su-
pervision received. In contrast, only 4 of 19 (21%) considered
themselves motivated in their role, a low proportion with di-
rect implications for protocol adherence and overall system
performance.

Figure 3 presents the achievement rates for expected scores
for each sub-component of the ‘Outcomes’ component (range:
27%-100%; overall score: 48%).

Loss rate

=B Obtained — === Expected

Customer satisfaction Vaccination coverage

Availability of inputs

Figure 3. Sub-components of the Outcomes component of the
COVID-19 vaccination inputs supply chain management system, Lit-
toral Department, Benin, 2023.

3.5. Overall Performance of the COVID-19
Vaccination Inputs Supply Chain
Management System

Table 1 presents aggregated scores by component. Only the
‘Structure’ component achieved the satisfactory threshold
(82.0%); the ‘Process’ (74.8%) and ‘Outcomes’ (47.8%) com-
ponents were rated ‘insufficient’. The ‘Outcomes’ component
constitutes the most critical area of underperformance. The
overall performance score of the supply chain management
system was 72.7% (1,821/2,504), classified as ‘insufficient’.

Table 1. Overall performance of the COVID-19 vaccination inputs supply chain management system by Donabedian component, Littoral

Department, Benin, 2023.

Component Score obtained
Structure 735
Process 879
Outcomes 207

Overall SCM system performance 1,821

Expected score % Rating
896 82 Good
1,175 75 Insufficient
433 48 Insufficient
2,504 73 Insufficient
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4. Discussion

4.1. Assessment of the Structure Component

The satisfactory score of the ‘Structure’ component (82%)
is largely attributable to the integration of the COVID-19 vac-
cination inputs supply chain management system into the Ex-
panded Programme on Immunisation (EPI) infrastructure,
which is already at an advanced stage of maturity. Agueh et al.
reported a score of 90% for this component in their evaluation
of the EPI in the Comeéhealth zone in 2015 [12]; the observed
difference is consistent with the more recent establishment of
the COVID-19 system.

The availability of trained and supervised personnel consti-
tutes a major asset: 15 of 19 staff had received specific train-
ing on COVID-19 vaccination inputs, 16 of 19 on manage-
ment tools, and all 19 had benefited from supervision within
the preceding six months. These findings exceed those re-
ported by Feyisa et al. in Ethiopia in 2022, where 51% of re-
spondents had received no training and none had benefited
from supervision [13]. The pandemic context and the high po-
litical priority accorded to COVID-19 may explain this excep-
tional mobilisation in Benin.

Cold chain infrastructure was generally adequate: 18 of 19
facilities had functional refrigerators and freezers, and 17 of
19 had backup generators. These results are comparable to
those of Feyisa et al. [13] and exceed proportions reported in
Kenya by Sinnei et al. [14] and in Ethiopia by Bogale et al.
[15] and Erassa et al. [16]. Insulated carriers in good condition
were available in 18 of 19 facilities, a proportion higher than
the 73% reported by Sinnei et al. [14] and the 79% reported
by Erassa et al. [16]. The high frequency of supervision visits
and the recent reinforcement of cold chain equipment reported
by managers contributed to this satisfactory performance.

Two critical structural deficiencies nonetheless warrant at-
tention. Dry storage rooms were present in only 8 of 19 facil-
ities (42%), limiting the management of non-thermosensitive
inputs. Computer equipment was functional in only 5 of 19
facilities (26%), compromising the systematic deployment of
the Electronic Logistics Management Information System and
the transition to digitalised logistics management—a key de-
terminant of system modernisation.

4.2. Assessment of the Process Component

The insufficient score of the ‘Process’ component (75%) is
close to the 79% reported by Agueh et al. for the EPI in Comé
in 2015 [12], suggesting that the quality of operational pro-
cesses represents a recurrent structural challenge in Benin’s
vaccination programme.

Poor completion of management tools (9/19; 47%) repre-
sents the primary deficiency of the Logistics Management In-
formation System. This finding echoes that of Ouro-Koura et
al., who reported 68% completion in the same department for
logistics management of malaria control inputs in 2017 [17].

The recurrence of this weakness across two distinct pro-
grammes and over a five-year interval points to a structural
problem linked to the multiplicity of tools and the workload
of front-line staff.

On a positive note, all facilities conducted twice-daily tem-
perature monitoring, a proportion significantly higher than the
67% reported by Sinnei et al. in Kenya [14]. Vaccines were
stored between +2<C and +8<C in 18 of 19 facilities, a result
comparable to the 94% reported by Nestory et al. in Tanzania
[18]. The open multi-dose vial policy was applied in 15 of 19
facilities (79%), close to the 81% reported by Sinnei et al. [14].
All facilities stored only vaccines and diluents in cold chain
equipment, compared with 39% in the Feyisa et al. study [13],
a result attributable to the intensity of close supervisory visits.

Storage rooms complied with standards in 14 of 19 facilities
(74%), consistent with the 73% reported by Feyisa et al. [19].
A displayed and monitored cold chain equipment maintenance
plan was observed in 17 of 19 facilities (90%), markedly
higher than the 48% reported by Sinnei et al. [14], a finding
linked to the homogeneity of the Littoral sample and the pres-
ence of departmental EPI support consultants. Absence of
frost exceeding 10 cm was noted in 14 of 19 facilities (74%),
broadly consistent with the 84% reported by Agueh et al. in
Come[12]. These recurrent process shortcomings call for sys-
tematic strengthening of the Logistics Management Infor-
mation System: training on tool completion, establishment of
accountability mechanisms, and accelerated digital transition
via the eLMIS. Formalisation and dissemination of standard
operating procedures and vaccinator guides across all facili-
ties represent high-impact, low-cost corrective measures that
should be prioritised.

4.3. Assessment of the Outcomes Component

The ‘Outcomes’ component (48%) represents the most crit-
ical performance deficit, consistent with the 59% reported by
Agueh et al. in Comé[12], suggesting that outcomes consti-
tute the most challenging domain to achieve in vaccination
programmes. The mean wastage rate of 63%, with only 2 of
19 facilities meeting the national target of 5%, represents a
major efficiency loss with direct financial and public health
consequences. This result is partly attributable to low commu-
nity uptake of COVID-19 vaccination, which reduces utilisa-
tion of opened vials. Only 8 of 18 facilities (44%) achieved
the 60% coverage objective, confirming that supply chain op-
timisation is insufficient without additional demand-side in-
terventions. Continuous input availability in all facilities, ex-
ceeding the at-least-partial stock-out rate of 16% reported in
Tanzania [18], represents a genuine strength of the centralised
supply system. In view of a mean wastage rate of 63%, tar-
geted motivation and incentive strategies for front-line staff
are warranted, combined with communication and social mo-
bilisation interventions to strengthen community uptake of
COVID-19 vaccination—an indispensable condition for re-
ducing vaccine wastage.
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4.4. Limitations

Three principal limitations should be acknowledged. First,
district hospitals and national teaching hospitals located in the
Littoral Department were not included. Although they are not
routine vaccination sites, their exclusion may limit the holistic
assessment of the system. Second, restricting the study to the
Littoral Department, which has atypical demographic and eco-
nomic characteristics, limits the generalisability of findings to
other departments and their applicability at national level.
Third, the binary scoring system does not capture nuances in
implementation quality. Despite these limitations, the meth-
odological rigour and the precise results obtained provide a
solid evidence base for strategic reflection on vaccination lo-
gistics management, particularly in crisis settings.

5. Conclusions

This evaluation demonstrates that the COVID-19 vaccina-
tion inputs supply chain management system had a satisfac-
tory structural foundation that was insufficiently translated
into operational performance and outcomes. The deficiencies
identified in logistics information management, low staff mo-
tivation, and high vaccine wastage rates call for targeted and
coordinated responses across all levels of the health system.
Sustained improvement in supply chain management system
performance requires convergence of efforts from institutional
actors, technical partners, and front-line staff. This study pro-
vides a quantitative baseline to guide investment decisions and
evaluate the impact of corrective interventions. A national-
level evaluative study of the determinants of supply chain
management performance would yield the insights necessary
for systemic and equitable strengthening of the vaccine logis-
tics chain in Benin.
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Information System
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WHO World Health Organization
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