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Abstract

Introduction: Polio supplementary immunisation activities (SIA) are implemented to
rapidly increase vaccination coverage and interrupt the transmission of poliovirus in a
specified geographical area. Polio SIA complements routine immunisation and is crucial
for the eradication of the disease by increasing population immunity. However, several
contextual factors (i.e., implementation determinants) can influence the success or failure
of polio SIA implementation; as such, understanding their dynamics can enhance proactive
planning for practice improvement. This study aimed to explore and map the contextual
factors of polio SIA implementation in the African region using a critical systems thinking
approach. Methods: A rapid review of published and grey literature was conducted. The
search included the Global Polio Eradication Initiative library for programmatic reports
and two databases (PubMed and Google Scholar). Data extraction was performed using a
structured tool. Thematic analysis was performed to categorise the identified contextual
factors according to the domains and constructs of the Consolidated Framework for Im-
plementation Research (CFIR). Then, a causal loop diagram (CLD) was used to map the
linkages between the identified factors. Results: A total of seventy-eight contextual factors
across the five CFIR domains were identified: three for innovation, twenty for outer setting,
sixteen for inner setting, twenty-six for individuals, and thirteen for the implementation
process. A system map of all the factors using CLD revealed multiple contingent connec-
tions, with eleven reinforcing loops and four balancing loops. Conclusions: This study
identified the multilevel nature of the contextual factors that influence polio SIA, including
their dynamics. The integration of CLD and CFIR in this study offers critical insights into
the potential feedback loops that exists between the contextual factors which can be used
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as leverage points for policy and practice improvements, including tailoring strategies to
enhance polio campaign implementation effectiveness, especially with the expanded use of
the novel Oral Polio Vaccine type 2 (nOPV2) across countries in the region.

Keywords: poliomyelitis; novel oral polio vaccine type 2(nOPV2); supplementary im-
munisation activities; contextual factors; implementation determinants; Consolidated
Framework for Implementation Research; systems thinking; Africa

1. Introduction

The enormous effort and investment in poliomyelitis have undoubtedly yielded
significant health gains and accelerated progress towards the global eradication of the
disease [1]. The incidence of polio has reduced by more than 99.9% compared to when
the World Health Assembly established the Global Polio Eradication Initiative (GPEI) in
1988 [1]. While types 2 and 3 of the wild poliovirus (WPV2 and WPV3) have been certified
as eradicated globally, type 1 (WPV1) is currently restricted to two geographies: Pakistan
and Afghanistan [2]. At the end of the last decade, the World Health Organization (WHO)
African Region received its certification as being free of all indigenous wild polioviruses [2].
However, the emergence and spread of circulating vaccine-derived polioviruses (cVDPVs)
across the African region pose an epidemiological threat to achieving the elimination of all
poliovirus variants in circulation [3,4].

The spread of polioviruses is a serious global health issue as it is considered a Public
Health Emergency of International Concern (PHEIC) under the 2005 International Health
Regulations (IHR) [5]. Once detected, a set of actions must be instituted immediately [6].
The GPEI recommends that at least two high-quality supplementary immunisation activities
(i.e., vaccination campaigns) be completed within eight weeks of detection using an oral
polio vaccine [6]. The purpose of polio supplementary immunisation activities (SIA) is to
rapidly improve polio vaccination coverage in the geographical area where the variant has
been detected to stop the outbreak (i.e., break the transmission of the disease) [6]. Several
countries in the African region with circulating vaccine-derived polio virus type 2 (cVDPV2)
are conducting SIA with the novel oral polio vaccine type 2 (nOPV2), which contains a
genetically stable viral strain with less chance of reversion [7-9].

To be effective, each polio SIA needs to be of high quality with vaccination coverage
greater than 95%, validated by an accepted Lot Quality Assurance Survey (LQAS) which
must be attained at the sub-national level [6,10]. LQAS is a rapid post-campaign survey to
assess the quality of SIA by determining whether the minimum vaccination coverage is
reached in a defined geographical area, so as to inform mop-up campaigns [11]. However,
it has been observed that in a few sub-national areas within a few countries in the African
region, this quality benchmark for polio SIA is sometimes not met [12,13]. An example of
an SIA assessment conducted in Nigeria revealed widespread variation in quality between
local government areas [13]. Similar patterns have also been observed in other countries,
such as the Democratic Republic of the Congo and the Central African Republic [14].
If optimal quality SIA is not achieved, especially in areas with suboptimal surveillance
performance, silent and undetectable transmissions are likely to continue, with possible
spread of the variant to other geographical locations [15].

The quality of SIA is influenced by the effectiveness of the implementation process,
which can be affected by multiple contextual factors that need to be better understood
especially in terms of their dynamics [12,16-18]. In implementation science, it has since
been recognised that contextual factors are highly potent in influencing the implementation
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success or failure of health interventions [19]. This has led to the evolution of determinants
frameworks, which researchers and programme implementers can use to better understand
the contextual factors [20]. Determinants framework provides a generalisable description
of domains that influence implementation outcomes [20]. The advantage of using a de-
terminants framework is that it enables the articulation of factors, whether facilitators or
barriers, simply as independent variables [19]. Determinants frameworks, such as the
Consolidated Framework for Implementation Research (CFIR), are commonly used tools to
assess contextual issues associated with implementation success or failure [19,21].

Being a meta-theoretical framework developed through a synthesis of many theories,
CFIR can account for a broad range of factors, making it a robust assessment tool [22]. CFIR
categorises factors into five broad domains, and they include innovation, inner setting,
outer setting, individual, and implementation process [19]. These domains are further
subdivided into 47 constructs, which improve the degree to which diverse contextual
factors are considered and defined [19]. Although CFIR can elucidate the multilevel nature
of contextual factors, it may not provide explicit insights into how they link with each other
within and across domains as expected in complex systems [19,20]. This can be achieved
by leveraging systems thinking tools like causal loop diagrams to qualitatively illustrate
the interconnectedness and interrelatedness of contextual factors [23].

Causal loop diagrams are useful for illustrating the dynamic interaction (interdepen-
dence and interconnectedness) that exist between contextual factors and can be used within
the context of polio SIA [24]. Causal loop diagrams can allow qualitative mapping of the
linkages between factors to generate an enhanced “whole-of-system” view [24,25]. The
use of causal loop diagrams is rapidly growing as health systems stakeholders become
increasingly aware of the impact of complexity on programmatic outcomes and the need
for a broader systems perspective in addressing challenges [24,26].

Goal 2 of the Polio Eradication Strategy (extended):2022-2029 is to stop cVDPV trans-
mission and achieve the elimination of all types of variant polio circulation [2]. Moreover,
in the face of a constricting financial landscape in global health, efforts to improve the
efficiency of polio SIA are paramount. Therefore, this study aimed to explore and map the
contextual factors that influence polio SIA implementation in the WHO African Region
through a systems thinking approach.

2. Methods and Materials
2.1. Study Design

A rapid review method was used for this study based on the guidance provided by
the Cochrane Rapid Review Methods Group [27]. Compared to other knowledge synthesis
approaches like systematic review or scoping review, among others, a rapid review method
can be conducted within a shorter period of time because its processes are more streamlined
to produce quicker results for policy or practice decisions [27]. The main research question
was the following: “What contextual factors influence polio supplementary immunisation
activities in African countries and how do they interact with each other?”

2.2. Search Strategy

A comprehensive search was conducted to identify grey and published literature
that described the factors that influence polio SIA in the African region. A search of two
electronic databases, PubMed and Google Scholar, was conducted on 29th March 2024
without any date or language restrictions. A detailed search strategy was developed for
PubMed and then adapted for Google Scholar. The search strategy consisted of keywords.
These keywords were then combined using Boolean operators such as “OR”, “AND” and
“NOT”. To improve the sensitivity of the keywords and ensure that the database search was
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as broad as possible, truncations were applied where necessary. Medical Subject Headings
(MeSH) was specified for keywords when conducting the PubMed search so that all the
references that have been indexed to them can be found. All Fields were specified for
some keywords so that any literature where the term appeared can be identified. The
final search string that was used is as follows: (“polio OR poliovirus OR poliomyelitis
OR “Poliovirus vaccin*” OR “oral poliovirus vaccin*” OR “novel oral poliovirus vaccin*
type 2”7 OR OPV OR nOPV2”) AND (“Supplement* OR “supplemental immunisation
activit*” OR “supplemental immunisation activit*” OR SIA OR “immun* plus day*” OR
IPD OR “national immun* day*” OR NID NOT (measles OR “vitamin A supplemen*”)
AND (“lesson* OR experience* OR uptake OR use OR utiliz* OR access* OR accept* OR
refus* OR willing* OR hesitancy OR program* OR strateg* OR factor* OR implement*
OR determinant* OR introduc* OR bottleneck OR constraint* OR facilitat* OR barrier OR
enable* OR drive*”). This string was geographically restricted to countries in the WHO
African Region. In addition, the GPEI library was searched online [28], with a specific focus
on the following reports:

(a) Technical Advisory Group (TAG) Reports: These are reports by independent experts
tasked with reviewing progress towards polio eradication at the national and sub-
national level.

(b) Certification Reports: These are reports by independent commissions at regional and
global levels tasked with verifying polio eradication and overseeing the eradication
certification process.

(¢) Annual reports of GPEI: These are the annual reports of the GPEIL

(d) Polio Transition Independent Monitoring Board (TIMB) Reports: This board was
created by GPEI to monitor and provide policy guidance related to polio transition.
The board produces a report after each meeting.

2.3. Inclusion and Exclusion Criteria

The Sample, Phenomenon of Interest, Design, Evaluation, and Research type (SPIDER)
framework was used to develop the criteria for inclusion. The inclusion criteria were
as follows:

Sample: Countries in the WHO African Region;

Phenomenon of interest: Facilitators or barriers that influence the implementation of
polio SIA;

Design: Case studies, observational, or experimental designs;

Evaluation: Programmatic reports (national or sub-national), community- or facility-
based primary studies involving any stakeholders that play a role in polio SIA implementation;

Research type: Qualitative or quantitative studies or reports.

Studies were excluded if they were any of the following:

(a) Broad commentaries and viewpoints;
(b) Conducted outside of the WHO African Region.

2.4. Study Selection and Data Extraction

Duplicates were removed and two authors subsequently screened the titles and ab-
stracts of 30% of the identified studies for relevance, while one author screened the re-
maining. A second author cross-checked the excluded studies for accuracy. Full texts of
relevant studies were retrieved and reviewed by one author. A second author still verified
the screened studies to ensure accuracy. Data were extracted from the included studies and
reports using Microsoft Excel 365. A pre-tested data extraction tool was used. The details
that were extracted from the studies included the following: author name, year of publica-
tion, country of study, study design, services integrated with SIA, delivery strategies, and
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factors. One author performed data extraction, while the second author cross-checked the
final output for completeness. Relevant programme reports from the GPEI library were
also checked. They included Technical Advisory Group reports for Horn of Africa (March
2010-November 2018), Nigeria (December 2005-October 2018), and Lake Chad (November
2017); Global Certification Commission meeting reports (February 1995-November 2023);
GPEI annual reports (2005-2018); and Polio Transition Independent Monitoring Board
reports (December 2010-September 2023).

2.5. Data Analysis

The total number of included literature articles were counted and categorised by year.
The types of delivery strategies were summarised. Services that were integrated with SIAs
in these countries were also summarised and classified into six categories. The extracted
factors were analysed using a qualitative thematic analysis procedure [29]. The factors
were read and re-read to develop themes. The descriptive themes generated were refined
iteratively. During coding, efforts were made to preserve the original authors’ linguistic
reasoning. Axial coding was performed to group the inductively generated themes into
four categories: pre-SIA factors, peri-SIA factors, post-SIA factors, and crosscutting factors.
Deductive reasoning was then used to map each factor to the domains and constructs of
CFIR to reveal the multilevel nature of the contextual factors. The matrix of factors, based
on CFIR domains and constructs, was presented in tables.

The linkages or connections between contextual factors influencing polio SIA were
mapped using a causal loop diagram (CLD). In this diagram, arrows show the direction
or influence between factors, with polarity indicated by (+) or (—). A positive (+) polarity
meant that a change in one factor prompted a change in another in the same direction; a
negative (—) polarity indicated a change in the opposite direction. Feedback loops were
classified as either balancing (B) or reinforcing (R). A balancing loop signified that the
variables’ changes offset each other, while a reinforcing loop signified that the changes am-
plified each other. Reinforcing loops could be either vicious, leading to negative outcomes,
or virtuous, resulting in positive outcomes. Vensim PLE version 9.4.0 was used to develop
the CLD [30].

3. Results

The electronic database search yielded a total of 5587 outputs, with 227 from PubMed
and 5360 from Google Scholar. However, only the first 500 records identified by Google
Scholar, arranged in order of relevance, were considered [31]. After screening and assess-
ment for eligibility, 22 peer-reviewed publications were included in the study. Additionally,
95 programme reports were considered: 31 from Technical Advisory Groups (TAG), 24 from
the Global Certification Commission (GCC), 22 from the Polio Transition Independent Mon-
itoring Board (TIMB), and 18 GPEI annual reports. Figure 1 shows the study’s flow chart.
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Figure 1. PRISMA flow diagram for the study.

3.1. Included Studies

The years of publication of the included studies range from 2002 to 2023. The studies
covered nine countries in the African region, with eleven studies from Nigeria [13,17,32-40],
three from South Sudan [12,41,42], two from Ethiopia [43,44], and one each from Ghana [45],
Zambia [46], Cameroon [47], Tanzania [48], Guinea Bissau [16], and Kenya [18]. Additional
details about the included studies are shown in Table 1.

Table 1. Studies included in the review.

Author Pu?)‘i?cra(:ifon Country Study Design
Browne et al. [45] 2002 Ghana Cross-sectional design
Arulogun et al. [38] 2007 Nigeria Cross-sectional design
Ghinai et al. [34] 2013 Nigeria Cross-sectional design
Michael et al. [39] 2014 Nigeria Cross-sectional design
Mohammed et al. [40] 2014 Nigeria Cross-sectional design

Babaniyi et al. [46] 2014 Zambia Cross-sectional design
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Table 1. Cont.

Author Puiei?:a(:ifon Country Study Design
Gammino et al. [17] 2014 Nigeria Cross-sectional design
Onyeka et al. [32] 2014 Nigeria Cross-sectional design
Haskew [41] 2015 South Sudan Cross-sectional design
Haddison et al. [47] 2018 Cameroon Cross-sectional design
Umeh [33] 2018 Nigeria Cross-sectional design
Nkwogu et al. [35] 2018 Nigeria Cross-sectional design
Iyal et al. [36] 2018 Nigeria Cross-sectional design
Tegegne et al. [44] 2018 Ethiopia Cross-sectional design
Mohamed et al. [48] 2020 Tanzania Cross-sectional design
Buus et al. [16] 2021 Guinea-Bissau Cross-sectional design
Aliyu et al. [37] 2021 Nigeria Cross-sectional design
Maleghemi et al. [42] 2022 South Sudan Cross-sectional design
Harvey et al. [18] 2022 Kenya Cross-sectional design
Kidanne et al. [43] 2022 Ethiopia Cross-sectional design
Tegegne et al. [12] 2023 South Sudan Cross-sectional design
Asekun et al. [13] 2023 Nigeria Cross-sectional design

3.2. Polio SIA Delivery Strategies and Service Integration

Some of the included studies reported polio SIA delivery strategies used within
countries. The delivery strategies, mostly used in combination, included house-to-
house [17,32,41,43,46,47], fixed post [18,32,47], school [17,47], hit and run [35,42], and
special visits [18,32,43]. Other services are sometimes integrated with polio SIA in the
countries, as reported in four studies [18,32,46,47]. As shown in Figure 2, services such as
routine immunisation, mass drug administration for treatment of helminthiasis, mass sup-
plementation with vitamin A, among others, were provided along with polio vaccination
during SIA.

Routine
immunization e.g.
measles
vaccination in
children and
tetanus vaccination

in pregnant women e
Mass distribution of

Mass drug long lasting
administration for insecticide treated
helminthiasis e.g. nets
mebendazole and

albendazole

Health education

on treatment of
Mass diarrhea and
supplementation prevention of HIV
with vitamin A

Health screening for
malnutrition

Figure 2. Services commonly integrated with polio supplementary immunisation activities in the
Africa region, 2002-2023.
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3.3. Contextual Factors Influencing Polio SIA in the WHO African Region

A total of 78 contextual factors that can influence polio SIA were identified across
nine countries in the African region as shown on Table 2. These contextual factors were
categorised into four as follows: pre-SIA, peri-SIA, post-SIA, and crosscutting. The pre-
SIA factors are mainly related to vaccine availability, resource mobilisation, community
buy-in, head of household support, health systems readiness, sociodemographic and
economic characteristics of households, and trust. The peri-SIA factors are mainly related
to compliance, access, incentivisation, and vaccination team performance. The post-SIA
factors are related to evaluation and feedback. While the crosscutting factors are applicable
at any time, they are related to community stewardship, political support, partner support,
leadership, funding, and health systems’ resilience.

Table 2. Contextual factors influencing polio supplementary immunisation activities in the WHO

African region.

Pre-SIA Factors

Peri-SIA Factors

Post-SIA Factors

Crosscutting Factors

WHO endorsement of vaccine
Orally administered vaccine

nOPV2 genetic stability

Permission from the head of
household

Trust in healthcare system
Availability of mobilisation materials
Development of microplanning
Availability of operation funds
Training of field teams

Engagement of community
gatekeepers

Availability of skilled human

resources for health at sub-national
level

Provision of funds from government

Availability of polio vaccines in the
country

Competing health system priorities

Agency-specific competing priorities

Cold chain capacity

Trust in healthcare workers

Use of incentives

Use of GPS tracking for
vaccination team

Vaccine availability in the field

Availability of safety
monitoring system

Displacement of children

Rumours and myths about
oral polio vaccines
Trust in oral polio vaccines
among caregivers
Commitment of vaccination
teams
Coordination of vaccination
teams
Concerns about safety of oral
polio vaccines among
caregivers
Concerns about repeated
administration of oral polio
vaccines during SIA rounds
among health workers
Concerns regarding why only
oral polio vaccines are
provided during SIA
Concerns about side effects of
oral polio vaccines
Concerns about risk of
paralysis following repeated
use of oral polio vaccines
Integration of routine
immunisation and other
services
Opinion of close relatives
Other unmet health needs of
communities

Feedback to stakeholders

Data reporting and
management

Post-campaign survey

Community sensitisation
and awareness creation

Community ownership

Ability to communicate in
local language

COVID-19 pandemic

Technical support from
partners

Funding from partners
Occurrence of disasters

MOH leadership

Political will and
commitment

Security status of location
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Table 2. Cont.

Pre-SIA Factors Peri-SIA Factors Post-SIA Factors Crosscutting Factors
Trust in government Nomadic population
Advocacy Residence in difficult terrain
. . Caregiver travel for work or
Attitude of caregivers business during SIA
Ethnicity
Religion

Political affiliation
Vaccination team selection process
Appropriateness of social messaging
Literacy level of caregiver
Traditional beliefs and practices
Migration
Citizenship of the country
Perception about quality of healthcare
service
Involvement of security agents
Caregiver knowledge of poliomyelitis
Adequacy of logistical preparation
Involvement of religious leaders
during mobilisation
Involvement of health workers
during mobilisation
Involvement of traditional and
community leaders during
mobilisation
Ownership of radio and television
Complacency of caregivers
Educational status of head of
household
Head of household knowledge of the
benefit of polio vaccination
Head of household knowledge of
polio
Head of household concerns about
safety of oral polio vaccines
Health workers trained on routine
immunisation
Attitude of health workers in facilities
towards SIA
Health workers’ knowledge of polio

WHO—World Health Organization. nOPV2—Novel oral polio vaccine type 2. SIA—Supplementary Immunisation
Activities. MOH—Ministry of Health.

As shown in Table 3, the contextual factors identified match all the five domains of
CFIR. The innovation domain had three (3.85%) factors, the outer setting domain had
twenty (25.64%) factors, the inner setting domain had sixteen (20.51%) factors, the individ-
ual domain had twenty-six (33.33%) factors, and the implementation process domain had
thirteen (16.67%) factors.

The factors in the innovation domain correspond to three constructs: the outer setting
domain with five constructs, the inner setting domain with eight constructs, the individual
domain with six constructs, and the implementation process domain with five constructs.

Innovation domain: The factors in this domain are related to the polio vaccine itself.
Stakeholders” decisions depend on WHO endorsement of the vaccine, which is based on
the availability of strong evidence supporting its safety and effectiveness. The ease of oral
administration was also highlighted.
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Table 3. CFIR constructs of the contextual factors influencing polio supplementary immunisation

activities in the WHO African region.

CFIR Domains CFIR Constructs Identified Factors
Innovation
Innovation evidence base WHO endorsement of vaccine
Innovation complexity Orally administered vaccine
Innovation relative advantage nOPV2 genetic stability
Outer setting

Local condition
Financing
Policies and laws
Critical incident
Critical incident
Local condition
Local condition
Local condition
Critical incident
Local attitude
Local condition
Local condition
Local condition
Local attitude
Local condition
Critical incident
Partnerships and connections
Financing
Critical incident
Local condition
Inner setting
Available resources

Available resources

Information technology infrastructure
Access to knowledge and information
Access to knowledge and information
Work infrastructure
Relational connection
Relational connection

Relational connection

Incentives
Available resources
Structural characteristics
Culture
Available resources
Communication
Communication
Individuals
Innovation recipients
Innovation recipients
Innovation recipients
Innovation recipients
Innovation recipients
Innovation recipients
Innovation recipients
Innovation recipients
Innovation recipients
Innovation recipients
Innovation recipients

Political will and commitment
Provision of funds from government
Vaccine availability in the country
Competing health system priorities
Agency-specific competing priorities
Ethnicity
Religion
Political affiliation
Security status of location
Traditional beliefs and practices
Migration
Citizenship of the country
Displacement of children
Rumours and myths about oral polio vaccine
Nomadic population
COVID-19 pandemic
Technical support from partners
Funding from partners
Occurrence of disasters
MOH leadership

Availability of operation funds
Availability of skilled human resources for health at
sub-national level
Use of GPS tracking for vaccination team
Health workers trained on routine immunisation
Training of field teams
Cold chain capacity
Involvement of religious leaders during mobilisation
Involvement of health workers during mobilisation
Involvement of traditional and community leaders
during mobilisation
Use of incentives
Vaccine availability in the field
Residence in difficult terrain
Community ownership
Availability of mobilisation materials
Appropriateness of social messaging
Ability to communicate in local language

Permission from the head of household
Trust in healthcare system
Trust in healthcare workers
Trust in government
Attitude of caregivers
Literacy level of caregiver
Perception about quality of healthcare service
Caregiver knowledge of poliomyelitis
Ownership of radio and television
Complacency of caregivers
Educational status of head of household
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Table 3. Cont.

CFIR Domains

CFIR Constructs

Identified Factors

Implementation process

Innovation recipients

Innovation recipients
Innovation recipients
Innovation recipients

Innovation recipients

Innovation recipients
Innovation recipients
Innovation recipients

Implementation facilitators
Implementation facilitators

Implementation facilitators

Opinion leaders

Head of household knowledge of the benefit of polio

vaccination
Head of household knowledge of polio
Head of household concerns about safety
Trust in oral polio vaccine among caregivers

Concerns about safety of oral polio vaccines among

caregivers

Concerns regarding why only oral polio vaccines are

provided during SIA
Concerns about side effects of oral polio vaccines

Concerns about risk of paralysis following repeated

use of oral polio vaccines
Attitude of health workers in facilities towards SIA
Health workers” knowledge of polio

Concerns about repeated administration of oral polio

vaccines during SIA rounds among health workers
Opinion of close relatives

Opportunity Caregiver travel for work or business during SIA
Motivation Commitment of vaccination teams
Need Other unmet health needs of communities
Planning Development of microplanning
Teaming Engagement of community gatekeepers
Engaging Advocacy
Engaging Vaccination team selection process
Tailoring strategies Involvement of security agents
Teaming Coordination of vaccination teams

Feedback to stakeholders
Data reporting and management
Post-campaign survey
Community sensitisation and awareness creation
Integration of routine immunisation and other

Reflecting and evaluating

Reflecting and evaluating

Reflecting and evaluating
Tailor strategies

Tailor strategies

services
Planning Adequacy of logistical preparation
Planning Availability of safety monitoring system

Inner setting domain: The factors in this domain originate from where the SIA is
conducted. They include the general characteristics of these settings such as terrain, infras-
tructure like cold chain capacity, communication, availability of a network of stakeholders
to facilitate implementation, the extent of information sharing, and training, among others.

Outer setting domain: This domain identifies the factors that affect the functioning of
the inner setting responsible for delivering the polio vaccination during SIA.

Individual domain: This domain considers the role and characteristics of the key
actors like caregivers, heads of households, and health workers that influence uptake of the
polio vaccine during SIA.

Implementation process domain: This domain covers the activities carried out to
implement polio SIA.

3.4. Systems Mapping of the Contextual Factors Influencing Polio Supplementary Immunisation
Activities in the WHO African Region

There are multiple contingent and feedback connections between the contextual factors
of polio SIA, as illustrated in Figures 3A-D and 4. Figure 3A illustrates the feedback
connection between the endorsement of a polio vaccine for SIA by the WHO and the
availability of such vaccines within countries. Figure 3B shows that there is a feedback
relationship between the availability of vaccine within country, the cold chain capacity, and
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the polio vaccine availability in the field. Figure 3C illustrates the feedback connection
between permission from the head of household, the attitude of caregivers, and the uptake
of polio vaccines during an SIA. However, permission from the head of the household
is contingent upon several other factors, such as trust in health workers, health systems,
and the government, as well as education level, migration status, and citizenship status.
There is also a feedback connection between permission from the head of household and
knowledge of polio. Additionally, caregiver attitudes depend on trust in the vaccine, which
itself depends on opinions from others like health workers. Both permission from the
head of household and caregiver attitudes towards polio vaccination are contingent upon
sociodemographic factors like religion, ethnicity, political affiliation, and traditional beliefs
and practices. Vaccine uptake is also influenced by rumours and myths about the polio
vaccine, other unmet health needs, displacement of children, nomadic lifestyles, and use of
incentives. Figure 3D shows the feedback connections between training of health workers
on routine immunisation, knowledge of polio, and attitude towards SIA. As shown in
Figure 4, there is a feedback loop between conducting SIA and the uptake of the polio
vaccine during SIA. However, the conducting of SIA depends on many factors, including
technical support from partners, available funding, human resources at the sub-national
level, security conditions, and logistical planning, which itself depends on microplanning,
among other factors. Also, there is another feedback connection that exists between the
integration with routine immunisation and other services, and the availability of vaccines
in the field. Other connections and feedback can be found in Figure 4 (the full causal
loop diagram).
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Figure 3. (A) Causal loop diagram of the relationship between WHO endorsement and availability
of polio vaccines. (B) Causal loop diagram of the relationship between vaccine availability and
cold chain capacity. (C) Causal loop diagram of factors responsible for compliance during SIA.
(D) Causal loop diagram of the relationship between training, knowledge, and attitude of health
workers towards polio supplementary immunisation activities.
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Figure 4. Full causal loop diagram of contextual factors influencing the implementation of polio
supplementary immunisation activities in the WHO African Region.

4. Discussion

This study aimed to explore and map the contextual factors influencing polio SIA
implementation in the WHO African Region using a systems thinking approach and to offer
insights into their dynamics. A total of 78 contextual factors were identified. These factors
are time-dependent, with some being more prominent in the pre-SIA, peri-SIA, or post-SIA
periods, while others are crosscutting and can affect polio SIA implementation at any time.
The factors are distributed across the five domains of CFIR, indicating their multilevel
nature. Furthermore, a qualitative systems map using a causal loop diagram demon-
strated dynamic interactions between these contextual factors both within and across CFIR
domains, generating feedback loops: eleven reinforcing loops and four balancing loops.

This study provided a comprehensive compilation of the contextual factors that can
influence polio SIA in the African context. A closely related review that explored the
socioecological challenges of SIA focused on Asia—Pacific countries [49]. Maintaining a
deep knowledge of contextual factors is critical for polio programme stakeholders in Africa
to inform efforts targeted at stopping transmission of cVDPVs, preventing future outbreaks
of the variant, and maintaining the region’s certification status. The 22nd report of the
Independent Monitoring Board of GPEI highlighted that, because of a complex mix of
factors, the second goal of the Polio Eradication Strategy 2022-2029 (extended) is likely to
be missed despite current efforts [50].

This study acknowledges the need for a systems thinking lens to broaden under-
standing of how the contextual factors that influence polio SIA link with each other. This
integrated approach often results in systems-level outcomes [51]. The findings suggest
that contextual factors are not static, but rather vary based on time of influence, level of
influence, and dynamics of influence. Each of these elements (i.e., time, level, and dynam-
ics) can play an important role in facilitating how strategies are designed and deployed to
improve SIA implementation effectiveness.

The use of CFIR in this study enabled identified factors to be matched with theory-
informed constructs to elucidate the level of influence [19]. We have shown that inner
setting and individual domains had the most represented constructs. The prominence
of individual-level factors related to caregivers in particular confirms the significance of
household compliance in influencing the success or failure of polio SIA as also seen in
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other settings across the world [49,52]. CFIR is linked with the Expert Recommendations
for Implementing Change (ERIC) [53], and thus polio programme implementers can make
guided action-oriented decisions based on the identified factors of success or failure that
they want to accentuate or resolve, respectively, in a particular setting. There are several ex-
amples of how CFIR has been used in this manner to strengthen health programmes [54,55].
In the United States, researchers collaboratively identified implementation barriers using
CFIR and matched them with implementation strategies in the Expert Recommendations
for Implementing Change (ERIC) tool to inform the development of a programme model
to strengthen the implementation of primary healthcare for the older age group [54]. Ex-
amples of the use of CFIR in Africa across TB Programmes and in understanding and
improving data quality have been reported [56,57].

This study mapped the connections between the identified contextual factors that
influence polio SIA implementation using a causal loop diagram to provide insights into
their dynamics of influence [58]. While CFIR enabled clear distinctions between multilevel
contextual factors, applying a causal loop diagram allowed for the illustration of how
these factors interconnect with one another. It was found that multiple linkages exist
between factors within and across CFIR domains. Advancing a nuanced understanding
of the dynamics of these factors is important for all stakeholders involved in polio pro-
gramming in the African region, so that the policies and strategies they deploy to enhance
implementation take a “whole-of-system” perspective.

The systems map generated showed that the contextual factors that influence polio
SIA are interconnected and interdependent. The CLD revealed feedback loops that can
serve as leverage points for interventions to improve the implementation effectiveness of
SIA. Focusing on emerging loops ensures a tailored approach in implementation [59]. Loop
R1 indicates that WHO endorsement of the polio vaccine is essential before vaccines can be
used within a country. In turn, vaccine availability within countries further supports the
endorsement process by generating data to aid decision-making. The delay mark highlights
that this part of the loop takes time (and may consequently prolong circulation). Loop
R2 illustrates the relationship between vaccine availability within the country, expansion
of cold chain capacity, and subsequent vaccine availability in the field. Loop R3 depicts
the advocacy system, emphasising the key role of advocacy in stimulating political will
and commitment. With strong political commitment, the likelihood of fund releases in-
creases, enabling polio SIA activities, which then reinforce advocacy efforts. The polio SIA
compliance sub-system is represented by several loops, including R4, R5, and B3. This sub-
system shows how various sociopolitical factors, trust in the health system and government,
knowledge, and family dynamics influence vaccine uptake during SIA. Loops R6, R7, and
R8 highlight the community stewardship loop, emphasising the critical role of community
sensitisation and the involvement of community gatekeepers in operationalising SIA and
vaccine uptake. Loops R9 and B4 constitute the key influencer sub-system, illustrating the
dynamic relationship between health worker training on routine immunisation, knowledge
of polio, and their attitudes towards SIA. Loop R10 shows the link between partner support
in conducting post-campaign surveys and how data from these surveys inform further ad-
vocacy by the Ministry of Health leadership. Meanwhile, Loop R11 shows that if integration
with routine immunisation and other services increases, polio vaccine availability in the
field will increase, and, in turn, this will further strengthen integration efforts. These loops
provide a clearer understanding of the complex interactions among multiple contextual
factors that influence polio SIA. When designing strategies and innovations to improve SIA
quality, decision-makers can precisely target specific loops while maintaining an overall
perspective on how linked factors may respond.
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Implications for Policy and Practice

As the WHO African Region intensifies efforts towards polio eradication, the need
for context-specific approaches to improve the implementation effectiveness of SIA has
become even more essential. One way to support this is by increasing the capacity for
using tools like causal loop diagrams among stakeholders, especially in the districts with
persistently suboptimal polio SIA quality, to allow for a deeper exploration of factors.
This can be achieved by strengthening the microplanning process to effectively employ a
systems thinking perspective.

The polio SIA microplan has six main sections: resource estimate, cold chain logis-
tics, operation, supervision, recording and reporting tools, and monitoring. Given the
importance of contextual factors in influencing SIA implementation, an elaborate section
on “context assessment” might be necessary. Expanding the microplan to include thorough
context assessment will allow stakeholders to proactively consider the dynamics of the
factors that are at play in their setting. Incorporating CLD in these context assessments
can further empower stakeholders to have a better understanding of the linkages that
exist between factors, including feedback loops, and, consequently, the leverage points for
preemptive interventions during SIA preparation. This consolidates a paradigm shift in
programming towards targeted, tailored, and localised solutioning. This important pre-
implementation diagnostics and prioritisation exercise can support systems optimisation
as it improves stakeholders’ ability to anticipate and manage emergence in their context.
Several studies have reported instances where field implementers successfully used CLD
for program re-design and prioritisation [60-62].

Another important consideration is that the inherent complexity of the contextual
factors has potential implications for implementation fidelity [63]. A high degree of fit
between SIA and the context in which they are conducted is essential. It may be diffi-
cult to ascertain whether field vaccination teams implement them, as intended, given the
multitude of factors that act as moderators [63]. In the real world, field implementers can
respond to exogenous complexities by “deliberately altering” an intervention design to
accomplish their assigned tasks [64,65]. Therefore, tracking the fidelity of implementation
of polio campaigns is important because it is linked with the expected outcome, which is the
interruption of disease transmission in communities [63]. For polio SIA, implementation fi-
delity can be defined as “the degree to which a campaign is delivered, received and enacted
as intended by the country polio programme” [63,66]. Fidelity data can enable programme
and incident management teams to have a better understanding of the level of adherence
of field vaccination teams to the polio SIA implementation protocol in specific settings.

There is a need to adapt post-campaign surveys, such as Lot Quality Assurance
Sampling (LQAS), accordingly, to account for the inherent complexity of the contextual
factors that influence polio SIA. However, LQAS rarely provides deep insights into how
factors interact in that context to produce the observed outcome, whether success or
failure. Therefore, a shift towards complexity-aware post-campaign assessments, including
LQAS, is necessary so that findings are accompanied by a thorough description of the
dynamics of factors in specific contexts. With this, programme and incident management
teams can make better-informed decisions to address challenges when preparing for mop-
up campaigns.

Another aspect of programme adaptation that should be prioritised, given the dy-
namics of identified factors, is service integration. This is a low-hanging opportunity to
improve vaccination coverage for polio and other vaccine-preventable diseases (VPDs).
The existing immunity gaps caused by persisting suboptimal essential vaccination cov-
erage in the African Region, worsened by COVID-19 disruptions, apply to all VPDs and
not polio alone. This layering of immunity gaps creates a favourable condition for mul-
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tiple and simultaneous outbreaks [67]. Thus, institutionalising integrated campaigns is a
programmatic imperative for all countries in the region. In this post-COVID-19 period,
coupled with present funding shortages, it is no longer rational to deploy resources for
mono-antigen SIA. Polio SIA can also be used as an opportunity to deliver other key child
survival interventions, such as long-lasting insecticide treated nets and de-worming tablets,
among others, in the households that are visited. Furthermore, there is an intersection
between the at-risk cohort of targeted children for vaccination during SIA and mass public
health campaigns for the distribution of drugs aimed at controlling malaria and neglected
tropical diseases. Therefore, these campaigns can be utilised to address multiple health
needs simultaneously. Examples of some integration efforts within the polio programme
have been documented in Africa, including how they are perceived by stakeholders [68-71].
Countries can consider actively exploring and utilising all these opportunities for providing
vaccination and vice versa. Adopting an integration policy (for service delivery) advances
synergies between health programmes, but importantly, improves the efficiency of resource
utilisation. Indeed, there are operational issues to contend with that can set back progress
on programme alignment; however, there are already country experiences with integration
that others can learn from [18,32,46,47]. Besides, this should be a gradual process to allow
adequate programme learning and course-correction adapted to context.

The findings from this study should be interpreted with some limitations in mind. Only
22 studies from across nine countries were included in this study. As such, the result should
be generalised with caution. Nonetheless, programme reports were also considered. Since
this rapid review focused specifically on identifying contextual factors and highlighting
evidence gaps, an appraisal of the quality of the included publications was not deemed
relevant. Also, only the first 500 results from Google Scholar were selected. Although
unlikely, it might be possible that some publications were missed. The screening and data
extraction process was streamlined and mostly conducted by one author. However, the
contextual factors that were identified from these publications were comprehensive. The
causal loop diagram was developed using secondary data extracted from published studies;
as such, some factors and linkages might not be represented. For this reason, more primary
studies are recommended. The CLD was constructed by one author and validated by others;
as such, the building process can be prone to unconscious bias. However, the authors
are experienced in immunisation programmes and polio programming. It is essential to
note that the CLD is not intended to be generalisable across diverse settings. Programme
implementers are encouraged to adjust their own qualitative maps of contextual factors to
reflect the dynamics in their context at that point in time.

5. Conclusions

Although most countries in the African region have interrupted the transmission of
cVDPVs, a few sub-national settings in a limited number of countries continue to struggle
with suboptimal immunisation response activities, resulting in ongoing circulation of
variant polio serotypes. Unfortunately, this poses a serious risk to other settings within
the same country and even other countries; as such, efforts to enhance SIA quality are an
urgent priority. This review identified the multilevel nature of the contextual factors that
influence polio SIA using CFIR and described the dynamics of these factors using CLD. The
integration of CLD and CFIR in this study offers critical insights into the potential feedback
loops that exist between the contextual factors, which can be used as leverage points for
policy and practice improvements. Given the complexity of the contextual factors that
influence polio SIA, a “one-size-fits-all” policy for diverse contexts might not be beneficial.
Instead, strategies need to be tailored to specific contexts depending on the prevailing
factors that are at play at that point in time.
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Implications for Future Research

There is a need for more evidence on the contextual factors that influence polio SIA
from specific settings across African countries. Evidence can be generated from existing
data within countries or primary studies that focus specifically on sub-national settings that
persistently record suboptimal SIA quality in the WHO African Region. Primary studies
that employ rapid ethnographic assessments can help to document the SIA implementation
process, observe implementation fidelity, and investigate contextual factors that might have
been missed in this review especially in regions with ongoing active transmission of variant
polio viruses. This should inform implementation studies to assess conceptually backed
strategies for improving the implementation success of polio SIA in the African region.
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