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ABSTRACT  

 

Alix Judith Nicole Boisson: VaNISH-HBV: Vaccination of Newborns - Innovative Strategies to 

Hasten elimination of Hepatitis B Virus in Kinshasa Province, the Democratic Republic of the 

Congo  

(Under the direction of Bruce Fried and Peyton Thompson) 
 

Across the globe, and specifically in sub-Saharan Africa (SSA), viral hepatitis is one of the 

leading global infectious killers despite the availability of an effective preventative vaccine. The 

Democratic Republic of the Congo (DRC) introduced the three-dose HBV vaccine (HepB3) in 2007, and 

yet HBV prevalence remains high, especially among children under age five. HBV exposure at a young 

age is associated with more severe liver disease; if infected at birth via mother-to-child transmission 

(MTCT), an infant has a 70-90% chance of developing chronic HBV infection and a 25% chance of 

mortality. Vaccination, particularly administration of the birth-dose (BD) vaccine against HBV (HepB-

BD) within 24 hours of delivery, is one of the most effective tools to interrupt MTCT. Because few SSA 

countries currently distribute HepB-BD, little knowledge or guidance exists for effective implementation 

of timely HepB-BD vaccines, streamlined alongside ongoing BD vaccines (oral polio—OPV0—and 

tuberculosis—BCG). 

This study assesses determinants of ongoing BD vaccines’ (OPV0 and BCG) uptake at the 

community (i.e., vaccine stigma, mother’s socio-demographic characteristics, and care-seeking patterns) 

and facility (i.e., clinic’s capacity) levels. Guided by community input, the study develops an 

implementation strategy to overcome barriers and streamline vaccine delivery services by combining 

HepB-BD with other routine BD vaccines (OPV0 and BCG). Aim 1 evaluates immunization trends using 

existing survey data from an continuous quality improvement study in 105 maternity clinics uptake in the 

Kinshasa Province in order to understand barriers to uptake of timely infant vaccines. Aim 2 explores 
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reported determinants at the community and facility levels and identifies solutions for effective BD 

delivery by conducting focus groups with key informants and expectant mothers. Aim 3 develops a 

proposed implementation strategy (streamlining administration of OPV0, BCG, and HepB-BD with an 

educational initiative) that addresses identified barriers to uptake of birth-dose vaccines. The proposed 

implementation strategy aims to reduce the prevalence of HBV and other vaccine-preventable illnesses 

among children in the DRC by developing an effective, streamlined implementation strategy for timely 

BD vaccine distribution.  
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CHAPTER 1 : INTRODUCTION 

 

1.1 Background  

Viral hepatitis claims over one million lives annually and now surpasses HIV, tuberculosis, and 

malaria as one of the leading global infectious killers.1 The World Health Organization (WHO) estimates 

that over 60 million individuals in sub-Saharan Africa (SSA) are infected with chronic hepatitis B virus 

(HBV),2 and that the majority are unaware that they are carriers.3,4 An effective vaccine against HBV has 

been in existence since 2000 in most SSA countries. Despite the availability of the vaccine, HBV causes 

200,000 deaths1 and 350,000 infant cases via mother-to-child transmission (MTCT) annually in SSA.5 

The Democratic Republic of the Congo (DRC) introduced a three-dose HBV (HepB3) vaccine in 2007, 

yet HBV prevalence remains high among children under age five (2.2%).6 HBV exposure at a young age 

is associated with more severe liver disease. If infected at birth, via MTCT, an infant has a 70-90% 

chance of developing chronic HBV infection and 25% chance of mortality thereafter.7 Provision of the 

HBV vaccine series is the most effective (>95%) prevention measure against MTCT, if the first dose is 

administered within 24 hours of birth (HepB-BD).8–10 Currently, infants do not receive the first dose of 

HepB vaccine until 6 weeks in most of SSA, thus leaving them vulnerable to infection via MTCT. 

As part of the WHO’s Global Strategy to eliminate hepatitis by 2030, many high burden countries 

in SSA, including the DRC, have committed to providing HepB-BD in the near future, but the vaccine is 

not yet available in the DRC nor in most of SSA. Health system readiness to administer a timely vaccine, 

particularly in very resource-limited settings, therefore remains in question. Gavi, the global vaccine 

alliance, is sponsoring the distribution costs for the HepB-BD vaccine across SSA; the DRC plans to 

apply for sponsorship on the next round of global distributions. In preparation for the future roll-out of 

HepB-BD in the DRC, this study will assess the readiness for the uptake of timely HepB-BD in Kinshasa, 
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the capital of the DRC. In a preliminary study conducted by UNC, in which HepB-BD vaccine was 

provided free of charge, uptake was only 68.2%, with only 76.7% receiving it on time, i.e., within 24 

hours after birth.11 These rates were comparable to the uptake of other routine birth-dose (BD) vaccines–

oral polio (OPV0) and tuberculosis (BCG)–(69.1% for both, unpublished data), suggesting a vaccine 

delivery problem within the health system.  

This study built upon this preliminary work and leveraged the existing research infrastructure in 

Kinshasa to assess barriers to uptake of ongoing BD vaccines (OPV0 and BCG) at the community (i.e., 

vaccine stigma, mother’s socio-demographic characteristics, and care-seeking patterns) and facility (i.e., 

clinic’s capacity) levels. Because HepB-BD is not yet available in DRC, BCG was used as a proxy for 

HepB-BD for the purposes of the analyses. Like HBV, tuberculosis is a serious infectious diseases that 

leads to severe childhood illness and infant mortality.12,13 BCG is administered at birth to prevent serious 

illness, and can therefore be used as a proxy for the eventual HepB-BD, which follow a similar pattern. 

After identifying the barriers, in partnership with local stakeholders, I incorporated newfound knowledge 

into an implementation strategy, guided by the Implementation Mapping Framework,14,15 to streamline 

vaccine delivery services by co-administering the HepB-BD with OPV0 and BCG.  

1.2 Significance 

1.2.1 Hepatitis B virus (HBV): Inadequate immunization 

Across sub-Saharan Africa (SSA), hepatitis B virus (HBV) prevalence is higher than anticipated, 

despite the widespread vaccination. The primary form of prevention is currently the three-dose HBV 

vaccine (HepB3), available globally since 1982,16 but only available in the DRC since 2007. Vertical, or 

mother-to-child, transmission (MTCT) is a significant contributor to the ongoing HBV epidemic; thus, 

prevention of MTCT is the cornerstone of any strategy in the fight against HBV. Administration of a 

birth-dose of HBV vaccine (HepB-BD) within 24 hours of delivery interrupts perinatal transmission in 

>95% of cases,8,9 and should be followed with an additional two or three routine doses of HBV vaccine. 

Despite its proven effectiveness, only 14 of 54 countries in SSA have introduced HepB-BD 

within their routine immunization schedules. The DRC has yet to introduce HepB-BD. In recent 
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years, Gavi, the global vaccine alliance, began sponsoring distribution costs for the HepB-BD across 

countries in SSA. The DRC is applying to Gavi for inclusion in the next round of global distributions of 

Hep B-BD by Gavi. In January 2020, a delegation including representatives from UNC, the CDC, WHO, 

and the Programme Élargi de Vaccination (PEV)—the national vaccine implementation program in the 

DRC—met with the Deputy Minister of Health to promote universal HepB-BD vaccination in the DRC. 

These discussions among key stakeholders will continue as the Ministry prepares to apply for Gavi 

funding. Data from this proposed study will inform childhood vaccination policy by providing a 

framework for implementing the HepB-BD once it becomes available in the DRC. Because few SSA 

countries currently distribute HepB-BD, little guidance exists for effective implementation of timely 

vaccine at the facility level. During a March 2021 stakeholder’s meeting hosted by the Global Coalition 

for the Elimination of Hepatitis, the consensus among global HBV policymakers was that HepB-BD is 

fundamental for the elimination of HBV in SSA, but that the major challenge of distribution must be 

overcome in order to successfully implement HepB-BD.17 This research was significant for developing 

context-specific guidelines for effective, timely, and streamlined vaccine administration in the DRC, 

which can be disseminated across other SSA countries alongside HepB-BD distribution. 

1.2.2 Delivery in maternal and child health clinics : Vaccine implementation challenges 

A pilot study in maternal and child health (MCH) clinics in Kinshasa found that only 68.2% of 

infants received timely HepB-BD despite its provision free-of-charge,11 and only 69.1% of infants 

received birth-doses (BD) of both OPV0 and BCG.11 Further, another study in Kinshasa found that only 

84.7% of infants were fully vaccinated with OPV0 and BCG by 24 weeks of age.18 Despite OPV0 and 

BCG being authorized and provided at birth in the DRC, vaccine coverage is still low. Few studies exist 

to better understand the reasons for low uptake, but studies on effective HepB-BD implementation 

approaches in SSA are even more sparse.19–21 Although prior studies have clearly shown the effectiveness 

of HepB-BD in preventing MTCT,22–26 it was only introduced to SSA countries over the last decade, and 

research evaluating best implementation practices is lacking. Many countries that have included HepB-

BD to their national immunization schedules report the vaccine’s low or mixed uptake status of the 
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vaccine. A study assessing timely HepB-BD in countries where HepB-BD was already available found 

that only 9% of infants who received HepB-BD in the Gambia and 13% in Nigeria were vaccinated 

within 24 hours of delivery.19 As noted, this is due to the lack of guidance and importance placed on 

timely uptake of the vaccine.2,17A streamlined strategy to administer timely HepB-BD alongside current 

BD vaccines, OPV0 and BCG, addresses the low uptake of all three vaccines. Prior interventions had 

neither incorporated an intervention mapping framework and implementation strategy alongside 

distribution nor streamlined BD vaccines (HepB-BD, OPV0, and BCG).   

This study was important because it used an intervention mapping approach to guide the 

development of a packaged BD vaccine strategy, beginning with the initial context considerations before 

introducing the evidence-based practice to the host setting. This research addressed recurring barriers to 

timely vaccine delivery by proactively incorporating implementation methods at the study’s onset. 

Further, site-specific knowledge regarding the organizational climate, barriers, and intervention guidance 

were ascertained through semi-structured interviews with facility-level stakeholders. I explored vaccine 

hesitancy, knowledge, and care-seeking trends through interviews with expectant mothers. I also sought 

stakeholders’ perspectives from various facility types—private, public, catholic, protestant, not-for-profit, 

urban, and rural— to consider unique facility-level challenges in developing a relevant, applicable, and 

sustainable implementation strategy.  

1.2.3 Barriers and effective strategies for vaccine implementation  

It is well established that childhood immunizations against diseases such as hepatitis B,  

tuberculosis, and polio avert 1.2 million deaths each year.27  As such, childhood immunization remains 

one of the most cost-effective public health measures globally. However, SSA consistently faces high 

under-five mortality rates. This is mainly attributed to diseases that are vaccine-preventable.28 Notably, 

the DRC is one of ten countries that, combined, account for 60% of unvaccinated children worldwide.29 A 

systematic review on the barriers to childhood immunization in SSA found three primary barrier levels: 

parental/caretakers barriers, health system barriers, and providers barriers—with the majority of their 

findings falling within the former two categories.30 The two major barriers among parents and caretakers 
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are: parents not being knowledgeable about immunization31,32 and lack of trust in vaccines.32,33 At the 

health system level, factors impeding the delivery process of vaccines include shortages at the health 

facilities31,32,34 and transportation of vaccines.31,34 Finally, lack of knowledge among facility staff31,34 and 

policies restricting the use of multi-dose vaccine vials with a short shelf-life for fewer children than are 

available doses34,35 were reported as barriers at the provider level.  

Previous vaccine uptake studies used conceptual models such as Andersen’s Behavioral Health 

Model (BHM) and the Consolidated Framework for Implementation Research (CFIR) to examine the 

factors associated with the utilization of immunization services.36,37 Therefore, I used both to identify 

challenges within this specific study’s context. By conducting a needs assessment to identify the 

determinants to timely birth-dose vaccines that exist in Kinshasa, I utilized an intervention mapping 

approach to targeted challenges in order to develop an approach for successful streamlining of timely 

birth-dose vaccines. The needs assessment consisted of a literature review of experiences introducing 

HepB-BD in other contexts (Chapter 2), a quantitative study (Chapter 3 and aim 1), and a qualitative 

study (Chapter 4 and aim 2) that guided the development of an intervention mapping approach (Chapter 5 

and aim 3).  

1.2.4 Kinshasa Province: Uniquely receptive environment 

Kinshasa’s MCH clinical care system offers a uniquely receptive and collaborative environment 

in which to introduce this study. A continuous quality improvement (CQI) initiative at 105 maternity 

centers throughout Kinshasa Province, DRC (NIH R01 HD08799306, PI Yotebieng)38,39 laid the 

groundwork for more rigorous implementation initiatives. The studies fostered a receptive environment 

within the healthcare delivery system. In order to develop a context-specific strategy for BD vaccinations, 

this study leveraged existing partnerships, enabled collaboration within the clinical healthcare network, 

and built upon the organizational infrastructure.   

In conclusion, the context-specific implementation strategy was significant by providing evidence to 

improve timely BD vaccine delivery in Kinshasa, DRC, which can be adapted to other low-resource 

settings.  
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1.3 Research aims 

Aim 1. To determine the relationship between mother-infant pair characteristics and quality 

facility immunization care on timely uptake of existing BD vaccines (OPV0, BCG) in the DRC.  This was 

a secondary analysis of data from an NIH-funded study with 2,500 mother-infant pairs enrolled across 

105 health facilities (three from each of the 35 health zones) in Kinshasa who were followed for at least 

one year postpartum. All participating facility administrators were also surveyed for facility service 

availability and readiness.  

Aim 2. To gain an in-depth understanding of key contextual factors explaining barriers to 

effective BD vaccine uptake through semi-structured interviews with expectant mothers and informants. 

Leveraging existing research infrastructure, I designed and conducted semi-structured interviews with 

facility-level key informants and expectant mothers, to explore barriers and facilitators to timely BD 

vaccine uptake. I also solicited stakeholders’ perspectives for ideal implementation solutions for 

streamlining BD vaccines.  

Aim 3. To develop an implementation strategy (streamlining birth-dose vaccine administration of 

OPV0, BCG, and HepB-BD alongside an educational initiative) for the uptake and timely administration 

of birth-dose vaccines using an intervention mapping approach. I used identified determinants to infant 

BD vaccines and the six intervention mapping steps to develop of an implementation strategy guiding 

effective, complete, and timely BD vaccine uptake.  

The long-term goal of this study is to reduce the incidence of HBV and other vaccine-preventable 

illnesses among children in the DRC by developing an effective, streamlined implementation strategy for 

timely BD vaccine distribution in facilities. This study provided a foundation for the future roll-out of a 

universal HepB-BD vaccine. This seminal research provided guidance for SSA countries to effectively 

introduce HepB-BD, streamline BDs, and decrease the national prevalence of HBV infection among 

infants. 
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1.4 Innovation 

This study was innovative in several ways: First, it established an empirically driven and context-

specific implementation strategy for HepB-BD uptake before its introduction and scale-up in the DRC. 

Historically, interventions fall short in low-resource settings because implementers often overlook the 

preliminary groundwork for learning the intervention’s environment.40 This study was grounded in 

implementation science provided by the theoretical frameworks of the Andersen Behavior Health Model 

(Aim 1), CFIR (Aim 2 & 3), and the Intervention Mapping Framework (Aim 3), which guided the 

systematic uptake of evidence-based practice into routine practice. Second, the study incorporated input 

from expectant mothers and key stakeholders to develop implementation strategies. While SSA-based 

qualitative studies have explored determinants for supporting infant vaccine implementation efforts,41,42 to 

my knowledge, no such studies explored determinants to implementing HepB-BD and other BD vaccines 

in MCH clinics. Data on determinants of vaccine delivery ascertained through semi-structured interviews 

incorporated essential stakeholders’ perspectives. Integrating perspectives of both expectant mothers and 

key informants ensured a sustainable and scalable intervention and contributed greatly to implementation 

research in SSA. 
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CHAPTER 2 : IMPLEMENTATION APPROACHES FOR INTRODUCING AND 

OVERCOMING BARRIERS TO HEPATITIS B BIRTH-DOSE VACCINE IN SUB-SAHARAN 

AFRICA 

 

2.1 Introduction 

Six years after the World Health Organization (WHO) African Regional Committee convened to 

develop a hepatitis elimination strategy, hepatitis B virus (HBV)-related mortality remains high at 

200,000 deaths per year in sub-Saharan Africa (SSA).1,43 The committee identified the prevention of HBV 

in children as a priority, aspiring to lower seroprevalence of hepatitis B surface antigen-positivity among 

children aged younger than 5 years to less than 2% by 2020 and less than 0.1% by 2030.44 

Mother-to-child transmission (MTCT) is a significant driver of the ongoing HBV epidemic. HBV 

exposure at a young age is associated with more severe liver disease; if infected at birth, an infant has a 

70%–90% chance of developing chronic HBV.2,7 The WHO estimates that chronic HBV affects more 

than 100 million individuals in the African region.2 With an estimated risk of MTCT of 38.3% among 

women who have HBV, over 350,000 infants are infected annually via MTCT in the African region.5 

Thus, preventing MTCT of HBV is a cornerstone of effective strategies against the HBV epidemic in 

SSA. The birth-dose of HBV vaccine (HepB-BD) is the most effective (>95%) prevention measure 

against MTCT if administered within 24 hours of birth8,9 and followed by completion of two or three 

routine immunizations.10 Despite the availability of the HBV vaccine since 1982, few SSA countries 

administer the birth- dose vaccination due to implementation challenges and a lack of HBV burden 

awareness.16 

The global health community understands the importance of the HepB-BD vaccine, which has led 

to Gavi, the Vaccine Alliance, sponsoring distribution costs for the HepB-BD vaccine across SSA.45,46 

Though these efforts are ongoing, as of April 2021, only 13 of 48 countries (27%) in SSA have 
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introduced HepB-BD,47 falling short of the WHO Africa Regional Committee goal of at least 25 countries 

by the end of 2020 (Figure 2.1).47,48 Vaccination schedules for pentavalent, which includes the HBV 

vaccine, vary between countries. Some SSA countries still use a standard vaccine schedules (three doses 

of hepatitis B vaccine), typically given at six, 10, and 14 weeks of life. Although this schedule is 

practical, immunizing infants beginning at 6 weeks does not prevent vertical transmission from HBV-

infected mothers to their infants. 

Barriers to HepB-BD implementation in SSA exist across the supply chain and care continuum. 

Key barriers include lack of evidence of HBV seroprevalence and rates of MTCT, financial costs of 

vaccine distribution, insufficient cold-chain storage, lack of trained community health workers (CHWs), 

and a high proportion of at-home births.2 Given these challenges, HepB-BD implementation practices 

must be in place alongside vaccine distribution to ensure effective vaccine delivery, especially in rural 

and under-resourced settings. We discuss existing determinants of HepB-BD uptake in SSA countries at 

the policy, facility, and community levels and propose solutions for stakeholders to introduce HepB-BD 

in low- and middle-income countries (LMICs). While the literature often discusses solutions at the policy 

and facility levels, we argue that researchers and stakeholders should place more emphasis on 

community-level interventions, especially in highly rural contexts. 

2.2 Materials and methods 

 Iterative scoping reviews were performed using PubMed to identify articles published between 

January 2010 and August 2020 that discussed methods for country-level implementation of HepB-BD. 

We used the following key terms in the search: “hepatitis B birthdose vaccination,” “HepB-BD,” 

“hepatitis B birth-dose vaccination,” “hep b birthdose,” and “HBV birth-dose vaccination.” Because 

immunization system implementation science is relevant to HepB-BD implementation efforts in LMIC 

settings, we also reference this broader swath of the scientific literature. Literature was drawn only from 

articles published after 2010 to maintain relevance, as evidence-based immunization implementation 

science is a fast-developing field. In addition to articles identified through PubMed, we also extracted 
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findings from gray literature, case studies, and research performed in SSA, but we expanded the search to 

Southeast Asia (SEA), in part due to the successful introduction of HepB-BD in SEA. 

2.3 Results 

 In all, 598 reports were identified, and 39 were relevant and reviewed for this publication (Table 

2.1). To be included, articles had to describe research introducing the HepB-BD within a low-resource 

country or data-backed guidance for the inclusion of HepB-BD. Of articles included, 13 reports focused 

solely on SSA. We categorize vaccine uptake determinants in three domains with immediate relevance to 

HepB-BD implementation: policy-, facility-, and community-level barriers and solutions. Major themes, 

barriers, and solutions are outlined in Table 2.1.20,49–65 

2.3.1 Policy level  

 The first step toward HepB-BD implementation requires the development of clear policy 

recommendations and changing national vaccine schedules to include HepB-BD. Advocates and other 

stakeholders must first synthesize setting-specific evidence of HBV prevalence and solutions. Next, 

policymakers and other relevant players must be engaged to convey the need for HepB-BD and relevant 

policy change. These efforts must address two persistent barriers to national policy change: a lack of of 

political will and insufficient evidence. 

Lack of political willingness: Advocacy 

Countries often lack the political will to enact policies that mandate HepB-BD within 24 hours of 

birth, ensure vaccine availability at every facility, and ensure an adequate supply chain of HepB-BD.66 A 

lack of awareness of the vaccine’s effectiveness and insufficient advocacy for HepB-BD often contribute 

to the policy-level determinants. Vaccine supporters can foster political will by engaging relevant 

stakeholders, decision-makers, and effective in-country advocacy groups across all health care systems 

and socioecological levels.  

Engaging a united interdisciplinary group of stakeholders is more effective for supporting 

multilevel HepB-BD implementation efforts to address existing barriers. Primary stakeholders may 

include ministries of health and finance, donor agencies, external academic and nongovernmental or 
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multilateral organizations involved in the programming, and drug manufacturers. Relevant literature also 

stresses the importance of other groups in achieving political commitment for in-country HepB-BD 

uptake, such as professional societies, medical associations, and community and religious leaders.67  

São Tomé and Príncipe and Nigeria demonstrated success by calling on the private health sector, 

physicians and nurses, and hepatology associations in advocacy efforts to steer the government towards 

introducing HepB-BD.3,68 Although stakeholder buy-in is crucial in any setting, country-specific groups 

and associations differ by context, and setting-specific partners should be identified and supported. This 

collaborative approach is required to develop an effective and sustainable intervention with HepB-BD 

champions at every socioecological level. To achieve uptake, stakeholders should understand the 

importance of advocating alongside partners in different but related sectors such as cancer prevention 

disease-specific2,3 or safe motherhood care advocacy group. Strengthening the case for universal HepB-

BD by engaging diverse stakeholders will press decision-makers to pledge political commitment.  

Finally, advocacy among decision-makers for national policies to mandate the timely delivery of 

the vaccine within the 24-hour requirement and the pre-positioning of vaccines in the maternity wards are 

both critical to ensuring high uptake of HepB-BD. A study in Nigeria provided recommendations for 

improving HepB-BD uptake among infants.66 During the time of the study, national-level policymakers in 

Nigeria had not introduced a policy mandate. While the National Primary Health Care Development 

Agency in Nigeria recommends that all infants receive HepB-BD, the immunization window ranges from 

the birth of the newborn to two weeks of age. Compared to a similar study in the Philippines that 

had introduced a policy mandating infant immunization within the 24-hour window, the uptake of HepB-

BD in Nigerian hospitals (26.2%) was much lower than in the Philippines hospitals (87%).66 Therefore, a 

study’s primary takeaway was to mandate a policy for HepB-BD immunization of newborns within 24 

hours of delivery.  

Lack of political willingness: Affordability 

In addition to advocacy, affordability and cost-effectiveness are key determinants of political 

willingness. Deceleration of vaccine uptake occurs due to financial uncertainty or concern over the 
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availability of resources.3 Quantitative impact estimates are recommended for policymakers, as they 

solidify plans for start-up, maintenance, and opportunity costs. Cost-effectiveness and scalability analyses 

can be achieved using models derived from country-specific pilot studies or similar studies from 

neighboring countries.  

Experience from other SSA countries can be used to demonstrate a favorable return on 

investment. Preliminary research confirms the affordability of HepB-BD, which costs only US$0.20 per 

10-dose vial, making it one of the least expensive vaccines available.45,67–69 Various studies analyze the 

affordability of HepB-BD both in SSA and in SEA.10,21 A notable study comparing three strategies of 

universal HepB-BD, targeted HepB-BD, and the pentavalent vaccine alone indicated that the addition of a 

universal HepB-BD prevented the largest number of additional MTCT cases and was the preferred 

strategy at a willingness-to-pay threshold of US$150 per infection prevented.70 Success stories from other 

SSA countries are also useful in achieving political commitment because they demonstrate clear return-

on-investment through sustained improvements in coverage rates following policy change. Empirical 

successes include the introduction of HepB-BD into the Gambia in the 1990s, Botswana in the 1990s, 

Namibia in 2014–2015, and São Tomé and Príncipe in 2019.19,21  

The vaccine’s scalability improves returns10,21 but also introduces challenges in building adequate 

vaccine reserves and meeting costs of large-scale distribution. A solution is to apply for sponsorship from 

Gavi,45,46 support that is especially important when a government lacks budgetary flexibility. During the 

coronavirus disease (COVID-19) pandemic, donors’ financial commitments have shifted from 

noncommunicable to infectious diseases, especially in LMICs. Countries around the world may turn to 

LMICs to guide how best to tackle infectious diseases. While global stakeholders are recognizing the risk 

of communicable diseases, maintaining regular vaccinations is now more critical than ever to avoid the 

emergence of twin epidemics.  
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Need for effective recommendations 

 Consensus recommendations for HepB-BD implementation are lacking but necessary to translate 

political will into effective action. We suggest developing site-specific recommendations that draw upon 

research and literature, international guidelines,71 and feedback from diverse stakeholders, including 

people living with HBV.72 We propose two ingredients for building a strong recommendation: a well-

constructed strategy based on local experience and the application of knowledge gleaned from 

implementation theory perspectives. It is crucial to develop a comprehensive implementation strategy 

from the outset that is grounded in theory and uses the latest innovations to overcome any barriers to 

HepB-BD uptake.40 Public health policies and practices disseminated by WHO are a logical starting point 

and are guided by the most comprehensive health research knowledge to improve global health 

worldwide.73,74 Additionally, research from neighboring and comparable settings should be used to 

develop recommendations.71 Finally, implementers should continuously revisit and evaluate HepB-BD 

recommendations to incorporate recent innovations and improve any implementation implementation 

determinants.75 

2.3.2 Facility level and logistics 

 The primary delivery site for HepB-BD is health facilities, which include public hospitals, clinics, 

health centers, and private health facilities. Given the diversity of settings where HepB-BD might be 

administered, attention should be given to setting-specific challenges such as lack of community health 

workers’ (CHW) knowledge/training on HBV and prevention through vaccination, logistical challenges in 

administering the vaccine within 24-hours of birth, difficulty in tracking newborn vaccine status, vaccine 

stockouts, systemic vaccine stigma, local opportunity costs, and the negative impact of user fees for 

immunizations. 

Knowledge and training of health workers 

Provider-level HepB-BD knowledge in health facilities is an essential driver of vaccine uptake. 

Knowledge may be lacking at two levels: recognizing the benefits of HepB-BD and general training for 
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timely administration of the vaccine.19,76 Lack of awareness of vaccine benefits, stigma, and gaps in 

knowledge among CHWs, as well as variable vial size and concern for wastage, may hinder HepB-BD 

uptake.19,76 

One solution to address the lack of awareness and overcome stigma about HepB-BD is educating 

staff on the vaccine’s benefits and shortcomings. Sharing success stories demonstrating HepB-BD’s 

effectiveness can educate and motivate facility staff and cultivate HepB-BD champions.76 Data should be 

shared on the only reported negative consequence of HepB-BD—an anaphylactic reaction caused by 

previous HBV exposure—which rarely occurs after about one in one million doses of the vaccine.19 

Alleviating any fear or bias against vaccinating newborns and ensuring provider buy-in is critical for 

introducing HepB-BD in their communities and ensuring its sustainability.  

While HepB-BD’s narrow time window may reduce provider willingness to adopt the vaccine, 

providing straightforward written guidelines, conducting initial and refresher training, and providing 

supportive supervision can ease the burden of the vaccine’s specific logistical challenges.19 Training 

should occur in all facilities within a community—whether publicly or privately operated. The complete 

multidisciplinary workforce should be involved to ensure vaccine coverage for all involved in the 

training/vaccination process in anticipation of wide-scale distribution.19,67 Training objectives may 

include assigning vaccine-related duties to a specific role. A study in China determined the success of a 

strategy incorporating the vaccine-administration role to the obstetrician, clearing up potential confusion 

in terms of vaccination responsibilities.19,67 A Nigerian study found that vaccine oversights were vastly 

avoided when staff completed a vaccine-related checklist before discharging mother-infant pairs.19 

Finally, staff may be trained to streamline the HepB-BD vaccine with the vaccines for TB and polio to 

improve timely vaccination. To date, four SSA-based studies have assessed the effect of all three vaccines 

outside of the 24-hour window, and five studies have measured the rate of individual vaccine uptake 

within 24 hours of delivery, but no study has evaluated the effect of streamlining the three vaccines at 

birth.77 The WHO confirms that the three vaccines do not interfere with one another’s immune 
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responses.74 Since the facility already offers one or both vaccines, health staff may leverage existing 

training experience for administering HepB- BD.74 

Another challenge to administering the vaccine in the 24-hour window is the various vial sizes 

(single-, two-, six-, 10-, or 20-dose vials).74 In the case of a small number of deliveries within a given 

period, facility staff often wait to open multi-dose vials to avoid wastage. To address this issue, vaccine 

suppliers could consider making available a combination of single-dose and multidose vials, such that vial 

size would be appropriate for both smaller facilities with fewer daily deliveries and larger facilities with 

multiple daily deliveries. Facility staff should receive training on a protocol specific to their facility’s 

volume of deliveries and vial sizes. Some would argue that vials should be opened regardless of concerns 

for wastage because the benefits of timely vaccination far outweigh the risk of wastage. 

Short window for administering vaccine 

The HepB-BD vaccine’s short window for administration is perhaps its greatest implementation 

challenge. Administering timely vaccine is difficult for births that occur in facilities. It is even more 

pronounced for infants born outside of facilities (see discussion of at-home births in the community-level 

section). Maternal hesitancy and lack of awareness of HBV and the HepB-BD may further complicate 

efforts to administer timely infant vaccination in facilities. A mother's hesitancy may be due to general or 

HepB-BD-specific vaccine hesitancy, cost, or other factors, but the short window for vaccine 

administration requires an effective approach to educating mothers during pregnancy and generating 

maternal buy-in quickly.  

The WHO suggests keeping mothers in the delivery ward for at least 24 after their child’s birth, a 

practice not widely adopted in SSA health facilities.19 A study in São Tomé and Príncipe reported 

combining two approaches: for mother-infant pairs to remain in the postnatal ward for longer than one 

day and to offer vaccines in the maternity ward for on-site vaccination. This joint approach yielded 

improved accessibility, greater convenience, and increased HepB-BD uptake.19,21 
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User fees  

Cost is a critical barrier to consumer uptake (in addition to the previously discussed affordability 

consideration on a national level) that must be carefully addressed. User fees prevent families from taking 

their newborns to certain clinics or to be vaccinated at all. While vaccines in many countries are provided 

free-of-charge to facilities, most providers request a payment for a vaccination card to cover 

administrative and workforce costs for immunization services and monitoring during the infant’s first 

year of life.18  

Removing monetary barriers through small cash incentives or reducing user fees for 

immunization can improve uptake in the short-term,18,78 though it may not be a sustainable long-term 

option. A study in the Democratic Republic of the Congo demonstrated that uptake of the rotavirus 

vaccine was 99% if the vaccine was provided free of charge.11 In the long term, policymakers may 

consider using national- or district-level budgets to subsidize administrative costs accrued by facilities to 

improve regular immunization rates among infants. 

Tracking systems 

The current SSA practice for complete HBV immunization includes the monovalent HepB-BD 

vaccine followed by three additional doses of pentavalent vaccine at six, 10, and 14 weeks of life. A 

country’s administrative capacity for tracking an infant’s immunization progress may impede the 

vaccine’s success.2,19 A review including SSA countries that administer HepB-BD reported that the 

vaccine’s documentation is suboptimal across the continent.2 A lack of adequate reporting infrastructure 

(data health information systems)67 and failure to comply with vaccine recording by facility staff may 

explain these findings.  

The tracking system may be improved by standardizing all HepB-BD-related immunization-

reporting tools, such as immunization cards, registers, and data management systems, to include HepB-

BD-specific administration details. Tracking of doses administered also helps to inform supply 

management of HepB-BD at the facility level.74 The use of standardized tools can calibrate and improve 

data monitoring efforts in LMICs.67 Furthermore, monitoring and evaluation systems must be in place to 
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ensure that health workers are appropriately using the developed tracking tools. Training, protocol 

utilization, and regular assessment of health worker compliance in tracking vaccinations can increase 

compliance of vaccine documentation across the country.  

Vaccine storage and stockouts 

Health facility administrators should safeguard access to vaccines by addressing both limited 

storage space and stock-out determinants. Botswana, The Gambia, Mauritania, Namibia, and Nigeria 

reported stock-outs and limited vaccine sessions as barriers to timely access and administration of HepB-

BD.2,66 Poor communication between the immunization and maternity wards can further hinder vaccine 

logistics at the facility level.66 A final logistical barrier is reaching remote rural villages with vaccines.3,79  

Solutions to vaccine stock-outs and limited vaccine sessions include storing the vaccine in 

existing cold chains, preferably in labor wards, establishing standing orders for the vaccine, and 

leveraging partnerships with vaccine distributors.11Facilities can use existing storage space or store HepB-

BD in the labor ward. Health officials in many SSA countries already recommend that infants receive the 

BCG and oral polio vaccines at birth, and both have achieved high rates of uptake.18 Storage space in 

health facilities may therefore already exist, and introducing HepB-BD to the existing cold-chain storage 

unit may not prove to be a significant disruption.19,68 One study in the Democratic Republic of the Congo 

leveraged the existing Expanded Programme on Immunization cold-chain infrastructure to provide HepB-

BD but uncovered challenges in delivering the vaccine in a timely manner.11 A São Tomé and Príncipe 

study demonstrated that storing the HepB-BD in labor wards is another effective approach to increase 

HepB-BD rates.21 However, this may prove a challenge in some settings where maternity wards are not 

equipped for vaccine-specific storage requirements. Therefore, effective communication and coordination 

are needed between immunization clinic staff and maternity staff to ensure that infants receive timely 

vaccination. National mandates to vaccinate in maternity wards could help facilities and staff to shift 

birth-dose administration from immunization clinics to maternity wards.  

SSA countries that currently administer HepB-BD also reported stock-outs as an implementation 

barrier. A solution to frequent stock-outs employed in the Western Pacific was establishing standing 
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orders for HepB-BD with the manufacturer.45,67 Vaccine rates increased due to regular shipments of 

HepB-BD in place of need-based shipments.  

Finally, a public-private partnership with Gavi can facilitate logistics, avoid stock-outs, and lower 

vaccine costs.68 Gavi has overseen the distribution of many vaccines, including HepB-BD, across the 

globe and can therefore provide empirical knowledge of supply and logistics for recent adopters of HepB-

BD. In addition, national vaccination initiatives are advised to partner with private facilities where a 

substantial portion of deliveries occur to allow private providers to obtain routine HepB-BD free-of-

charge, in line with public providers. The DRC provides vaccines for free through public, private, and 

faith-based facilities to increase immunization reach.80 In the Philippines, 20% of deliveries occur in 

private facilities, so private providers received free vaccines in exchange for data on doses administered.81 

This approach will increase the accessibility of the HepB-BD vaccine for mother-infant pairs who seek 

care across different types of facilities. 

2.3.3 Community level 

 SSA countries are predominately rural, presenting a unique access-based barrier. In SSA, 

marginalized people who must travel more than two-hours to access emergency public hospital facilities 

makeup 29% of the population, of whom 28% are women of childbearing age. In fact, hospital facility 

access is only widely available in 16 of 48 African countries.82 South Sudan presents the most extreme 

case globally, with 75% of its population living further than a two-hour walk away from a hospital 

facility.82 Given these statistics, immunization system strengthening cannot happen solely at centralized 

health facilities. Instead, efforts must also extend to reach mothers and newborns at the community level. 

A high proportion of SSA infants are born at home and therefore do not have access to HepB- 

BD.19,83 Low HepB-BD adherence rates are largely due to the lack of formal outreach programs to 

vaccinate newborns at home or to refer mother-infant pairs to nearby facilities.19,84 Another determinant is 

the lack of access to health facilities and trained CHWs to administer the vaccinations. Proposed solutions 

include improved maternal involvement, CHW involvement, and innovative technologies. 
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Maternal involvement 

The mother-infant pair is integral to the success of any immunization implementation approach. 

Health officials often consider at-home births inadvisable. However, most home births occur not because 

the mother refuses to visit a health facility but because she lacks access to a facility.85 Therefore, 

educating mothers about the importance of timely HepB-BD must occur at both the facility and the 

community levels. Decision-makers should consider community-level interventions focused on health 

behaviors. For instance, cultural barriers may impact the time taken to bring an infant to a facility after 

delivery. In The Gambia and Nigeria, where at-home birth rates are high, mothers wait seven days to 

name their infants before visiting a facility, hindering timely administration of HepB-BD.67 

While the prevalence of home births may be attributed to cultural, religious, or access-related 

issues, most women eventually bring their newborns to facilities after birth. Health officials should 

consider leveraging these visits after a home birth to deliver HepB-BD as soon as possible and educate 

mothers about the importance of a timely visit.  

Additional targeted interventions include raising awareness within communities and building trust 

by leveraging existing civil society networks, improving understanding, and reminding caregivers of the 

importance of HepB-BD.75 These initiatives allow the most crucial contributors in the implementation 

formula, the mothers, to have the resources necessary to understand the importance of timely vaccination. 

Antenatal care facilities are an essential resource to educate pregnant women about the 

importance of HepB-BD. More than 90% of SSA women have had at least one antenatal care visit; this is 

an opportune time to teach women about in-facility delivery benefits and the importance of timely HepB-

BD.19,67 However, community-based educational initiatives should be simultaneously promoted by 

establishing a gathering place within a community or using radio or social media campaigns to 

disseminate vaccination information to expectant mothers. Exposure to information during pregnancy has 

a positive impact on HBV knowledge and can be achieved by incorporating targeted education programs 

or improving existing educational material to include targeted HepB-BD information.86 A Nigerian study 

delivered an educational initiative for expectant mothers, providing information on HBV burden in-
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country and across SSA, vaccine benefits, and the timing of the HepB-BD vaccine.66 The study found that 

immunization education and awareness successfully increased HepB-BD uptake. Information strategies 

should focus on the vaccine’s safety and be delivered by CHWs to increase HepB-BD uptake.87 

A final approach that is often overlooked in the HepB-BD-related literature is the use of home-

based records as a potential solution to increase immunization coverage at the community level. Home-

based records, vaccine records that mothers can carry out of the health facility with them, can facilitate 

mothers’ knowledge and detection of health problems and can encourage continuity of care and 

completion of the four doses of HBV vaccine.88 

Community health worker involvement  

Significant vaccination obstacles exist during at-home births due in large part to fissures in 

communication between community members and health facilities. CHWs can bridge these fissures, 

improving vaccine awareness and knowledge in a community.  

CHWs can act as intermediaries to provide relevant delivery and vaccination information to 

mothers, other family members, and health facilities. Notably, CHWs are a critical source of health 

information for pregnant women and mothers, as well as other community members, in rural locations. 

CHW-led home visits are vehicles for reaching women who do not have access to antenatal care in rural 

communities.75 Home visits allow skilled birth attendants to educate expectant mothers, identify potential 

births in the communities, attend the deliveries,67 promote institutional deliveries,67,89 and refer the 

mother-infant pair to nearby facilities for vaccination and other services. In addition, many SSA countries 

have regular outreach services to provide vaccinations and other services to children living in hard-to-

reach villages.90 CHWs may even travel to remote communities for scheduled visits and to provide door-

to-door immunization for infants.  

Given that CHWs are the liaison between communities and a health facility, strong 

communication ties between CHWs and health facilities are crucial to vaccine uptake. This importance 

is highlighted by relevant SEA studies,75,79 which reported a cost-effective and practical strategy through 
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regular district-level training. CHWs visit health facilities to receive regular training and share learnings 

with their communities.75,79A Republic of Kiribati study reported that educating CHWs led to an 18% 

increase in timely HepB-BD delivery across the island.91 CHWs can further advocate for HepB-BD by 

involving religious and community leaders and by engaging men and other family members to influence 

community norms and acceptance.74 CHWs play a vital role in the success of a vaccine intervention, and 

incentives to collaborate come either from having a stake in their community's well-being, from per-

diems for vaccine interventions,91 or encouraging referral of mother-infant pairs to health facilities.74 

CHWs are often the primary representative of the health care system at the community level. As such, 

their involvement is essential to ensure community buy-in of HepB-BD. 

Evidence-based innovations to reach communities  

 Beyond knowledge barriers, logistical barriers to HepB-BD delivery exist at the community level. 

HepB-BD coverage in rural communities remains low due to HepB-BD’s cold-chain storage 

requirements; the vaccine must be kept between 2°C and 8°C.3,79 Increased vaccine coverage is now 

possible due to scientific (use of out-of-cold-chain or controlled- temperature chains) and technological 

(mHealth) innovations to address geographic barriers to access of HepB-BD.  

Various studies have examined the advantages of vaccine storage at ambient temperature at the 

point of service delivery.74 Studies in SEA exploring solutions to reach rural at-home births found that 

HepB-BD can be kept out-of-cold-chain (OCC) at a temperature of up to 37°C for one month without loss 

of potency.2,3,92 While some countries have used OCC approaches to transport other vaccines,93 this 

innovative approach is novel in SSA and has never been incorporated into a model to reach at-home 

births within a 24-hour window.  

WHO recommends taking the OCC approach further by transporting and storing vaccines in 

stable temperature carriers—controlled-temperature chains (CTCs).74 This approach increases coverage, 

reduces resource wastage, and increases the outreach of HepB-BD.74 CTCs require several conditions to 

maintain the vaccine outside the traditional 2°C to 8°C cold chain, including single removal from the cold 

chain into temperatures not exceeding 40°C.74 Compared with the OCC approach, this innovation halves 
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the cost, reduces the risk of freezing the vaccine, and more effectively protects vaccine quality.74 

However, unlike traditional OCC technology, CTCs require additional CHW training.2 CTC trials 

conducted in Laos and the Solomon Islands tested the effect of CTCs for HepB-BD transport and storage 

and reported increases in vaccine uptake by 28%94 (Laos) and 150%95 (Solomon Islands). Delivering 

vaccines using CTCs has strong potential to increase vaccine coverage, especially in rural, hard- to-reach 

communities. CTCs are not currently available as licenses and pre qualifications are pending for HepB-

BD.45,74 

Studies have also reported coupling mHealth aspects with OCC methods for HepB-BD delivery. 

A Laotian study used mobile phones provided to CHWs to track at-home deliveries, real-time stock-outs, 

and to monitor cold-chain temperature following OCC vaccine delivery. The study demonstrated a 

significant improvement in the proportion of children receiving HepB-BD-related home visits.91 

Multifaceted innovations could im- prove HepB-BD coverage in rural villages. 

2.4 Discussion 

We summarize key determinants of HepB-BD implementation at the 3 levels of policy, facility, 

and community in SSA (Table 2.2). We highlight barriers to timely uptake of the vaccine at all levels, as 

well as evidence-based solutions to these barriers. Any implementation strategy for HepB-BD must 

consider all three levels and must be adapted to the local context. SSA countries should model their 

implementation strategies on the success stories of HepB-BD introduction in SEA.52,79,87,91 There are a 

few key examples of successful HepB- BD introduction in SSA,19,66,68 but there is much room for 

improvement since only 13 of 48 countries have incorporated HepB-BD into their routine vaccination 

schedules. 

Several areas stand out as “low-hanging fruit” for further research and development. Although 

SSA countries acknowledge the need for buy-in for HepB-BD at the political and facility levels, health 

officials and researchers continuously understate the mother’s role in HepB-BD implementation 

approaches. In Nigeria, Botswana, and The Gambia, where HepB-BD policies exist,21,91 the literature 
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focuses predominately on results measured at the facility or national level, rather than at the community 

level. Notably, significant gaps exist in the literature when addressing the three sublevel themes discussed 

at the community level: maternal involvement, CHW involvement, and evidence-based innovations.   

SSA is highly rural, and universal coverage of HepB-BD will prove impossible without reaching 

at-home births. We suggest future research be geared toward community-level HepB-BD implementation 

approaches leveraging CHWs and prioritizing mothers. Proposed research includes testing and leveraging 

evidence-based innovations already identified in SEA3,45,67,79 to improve vaccine reach to home-births and 

involving mothers in the implementation process. Despite these potential benefits, existing literature does 

not address these service end-user approaches in a HepB-BD-specific context. Finally, scientific (OCC 

vaccines) and technological (mHealth) innovations can drastically improve vaccine uptake in at-home 

births. 

2.5 Conclusion 

 Published literature on HepB-BD immunization implementation in SSA countries is limited, but 

success stories from diverse settings confirm that HepB-BD is feasible. Synergy must exist between the 

three levels of policy, facility, and community for SSA countries to effectively implement a universal 

HepB-BD immunization policy. Literature about the mother's role at the community level is strikingly 

scarce, and efforts to leverage community-level resources have been limited. To achieve successful 

HepB-BD introduction in African settings, more attention must be paid both by policymakers and 

researchers to the mother’s and the community's role in vaccine uptake. 
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Figure 2.1 Choropleth map demonstrating HepB-BD coverage and hepatitis B surface antigen prevalence 

in SSAa  

 

 

Abbreviations: HepB-BD, hepatitis B birth-dose; Hep B, hepatitis B; BD, birth-dose.  

aThis figure presents the countries in sub-Saharan Africa (SSA) that have introduced the birth-dose of 

HBV vaccine (HepB-BD) and estimates of HepB antigen surface prevalence by country. SSA islands not 

depicted in the map include Cabo Verde, Comoros, Mauritania, Mauritius, São Tomé and Principe, and 

Seychelles. The table lists the year of HepB-BD introduction for all SSA countries offering the vaccine by 

2021. All classification intervals are left closed and right open. Geographical boundaries obtained from 

Global Administrative Areas version 3.6 

 

Source: Razovi-Shearer et al.; Njuguna.  
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Table 2.1 HepB-BD uptake themes discussed in the empirical literature (N =42)  
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Table 2.2 Potential barriers and solutions to HepB-BD uptake in SSA countries  

 

  Table 2: Barriers and Solutions to HepB-BD Uptake

Intervention 

Level 
Determinant

Potential Barriers to Up-Take in sub-

Sahara African Setting
Potential Solutions 

Political willingness: advocacy 
* Lack of awareness of importance of 

vaccine

* Engage relevant stakeholders (primary, minor, and 

private health sector) 

* Advocate alongside partners in accordant sectors 

Political willingness: affordability

* Lack of awareness of quantified impact 

of vaccine 

* Affordability of countrywide initiative

* Provide examples of cost effective studies

* Draw on drug manufacturer or other donors for 

financial support  

Effective recommendations
* Lack of substantive research, literature 

or examples on vaccine significance 

* Propose research-supported innovations

* Draw from empirical past performance lessons

* Develop strong implementation strategy 

Knowledge and Training of 

Health Workers

* Lack of recognition of vaccine benefits 

and stigma among facility staff

* Lack of training of health workers 

* Educate facility staff 

* Foster provider buy-in and advocacy of vaccine

* Regular training to all relevant staff 

* Completion of checklist form by staff before 

discharge of newborn

* Couple immunization with BCG and OPV-0

* Provide performance-based financial incentives for 

staff

Short Window for Administering 

Vaccine

* 24 hour administration window 

* Mother's hesitancy to vaccinate newborn 

due to vaccine acceptance or cost  

* Keep mothers in delivery ward at least 24 hours after 

delivery 

* Administer vaccine in delivery ward

* Educate mothers on importance of timely vaccination

* Provide financial incentives for mothers

Tracking System
* Lack of systems and documentation 

tools to record and track immunization 

* Standardize all Hep B-BD immunization-reporting 

tools 

Vaccine Stockouts
* Vaccine stockouts and limited vaccine 

sessions

* Store the vaccine in existing cold chains and/or in 

labor wards

* Develop standing orders for the vaccine

* Create partnerships with vaccine distributor

Mother Involvement

* Community level measures to target 

health behavior 

* Geographic distance inhibiting timely 

delivery of newborn to health facility

* Raise community awareness of vaccine

* Establish a gathering place in the community to 

dissiminate information to mothers

Community Health Worker 

(CHW) involvement

* Poor communication channels between 

CHWs and mothers 

* Poor communication channels between 

CHWs and health facilities  

* CHWs to perform at-home-visits in rural communities 

to educate mothers and track pregnancies

* Regular trainings and supervision of CHWs 

* Provide cash incentives for CHWs 

Evidence-Based Innovations 

* Lack of rural distribution of the vaccine 

* Vaccine refrigeration requirements  

* Use of out-of-cold-chain (OOC) or controlled 

temperature chains (CTC) to deliver vaccine to rural 

home-births

* Mobile based devices to track pregnancies in rural 

areas  
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CHAPTER 3 : DETERMINANTS OF THE UPTAKE OF CHILDHOOD IMMUNIZATION IN 

KINSHASA PROVINCE, THE DRC : AN ORDERED LOGIT REGRESSION ANALYSES OF 

INFANT VACCINES ADMINISTERED AT BIRTH AND SIX-WEEKS OF AGE   

 

3.1 Introduction  

Childhood immunization against hepatitis B virus (HBV) was introduced to national vaccine 

schedules globally in the 1980s but not instituted in the African continent until the early 2000s.96 

Accordingly, the prevalence of chronic HBV and its complications is still unacceptably high in sub-

Saharan Africa (SSA). The World Health Organization (WHO) estimates that chronic hepatitis infects 

over 60 million individuals in SSA,2 and the majority are unaware that they are carriers.3 If infected at 

birth via mother-to-child transmission (MTCT), an infant has a 70-90% chance of developing chronic 

HBV infection and a 25% chance of mortality.7 The HBV birth-dose vaccine (HepB-BD) – administered 

within the first 24 hours after delivery and followed by additional vaccine doses – can prevent the 

overwhelming majority of MTCT cases.8–10  Yet, in most of SSA, infants do not receive their first dose of 

the HBV vaccine series (HepB3) until six weeks, leaving them vulnerable to infection via MTCT. Timely 

receipt of HepB-BD is crucial in preventing MTCT. In a Cameroonian study of infants born to HBV 

surface antigen (HBsAg)-positive mothers, those who received HepB-BD within the first 24 hours were 

found to have a 1.4% lower prevalence of HBsAg than those who received it 24-47 hours after birth, and 

an 11.1% lower prevalence than those who received it 48-96 hours after birth.97  In addition, the risk of 

transmission among infants born to HBsAg-positive mothers was found to be eight times higher for those  

who received HepB-BD more than seven days after birth compared to those who received it within the 

first three days of life,98 highlighting the importance of timely uptake.  

Such high-burden countries as the Democratic Republic of the Congo (DRC) are preparing to add 

HepB-BD in their national immunization schedule for administration alongside other routine birth-dose 
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(BD) vaccines–oral polio (OPV0) and tuberculosis (Bacille Calmette-Guérin [BCG]).74 However, 

effective implementation of BD vaccination is challenging in the SSA context. Of the 14 countries in the 

region that have already introduced HepB-BD into national policy, the reported coverage within 24h after 

birth is only 10%.99 A study in the Gambia found that despite the availability of HepB-BD between 2004 

and 2014, only 1.1% of infants received the vaccine within 24 hours and only 5.4% by seven days after 

delivery.64 These challenges are not unique to HepB-BD. A study in Kinshasa Province across health 

facilities highlighted significant challenges to the timely delivery of existing BD vaccines to newborns. 

Major determinants of the timely uptake of OPV0 and BCG included facility-level administration 

logistics, vaccine stockouts, and vaccine wariness and hesitation.100 The current DRC national 

immunization schedule defines timely delivery of OPV0 and BCG BD vaccines as within the first seven 

days of life. Yet, ongoing challenges continue to impede timely BD delivery. Given these challenges, to 

introduce HepB-BD to the immunization schedule, facilities will require vaccine delivery strategies to 

proactively address barriers to administering three BD vaccines in an infant’s first 24 hours of life. The 

DRC’s national immunization schedule currently awaits the introduction of HepB-BD; for the time being, 

the first round of HepB3 is provided at six weeks of age.101 In such contexts, identifying determinants of 

timely administration of current BD vaccines – especially BCG, which is administered by an injectable 

method like HepB-BD, rather than orally like OPV0 – can provide proximal and prospective insight into 

challenges to future timely HepB-BD uptake. 

In the present study, I employ the Andersen Behavioral Health Model (BHM), used in previous 

immunization systems research, to categorize and understand the determinants of vaccine uptake.36 The 

BHM addresses barriers to access and utilization at three levels: external environment, predisposing 

characteristics, and enabling resources, allowing me to investigate barriers to vaccine uptake at both the 

individual and facility levels. I must understand the determinants of infant receipt of timely vaccination to 

improve current and future BD immunization coverage. Therefore, I analyzed vital information about 

barriers and facilitators to the uptake of infant vaccines at multiple time points. To my knowledge, few 
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studies assess barriers to timely first-round immunization at both levels across multiple time points, and 

no study does so with the intent to improve future streamlined and timely uptake of HepB-BD. 

3.2 Material and methods  

3.2.1 Study design and setting   

The assessment leveraged de-identified survey data collected during a continuous quality 

improvement (CQI) initiative study conducted at 105 maternity centers throughout the Kinshasa Province, 

DRC. The parent study was designed to assess the impact of continuous quality improvement 

interventions on long-term outcomes of antiretroviral therapy among pregnant and breastfeeding women. 

Therefore, eligible participants living with HIV were enrolled anytime during pregnancy, after delivery, 

or during well-child visits at the select facilities.  

Mother-infant pairs were excluded from this analysis if the mother or infant died during the study 

period, or if the child was aborted during the study period. The original study sample included 2,875 

expectant mothers enrolled in the cohort study from 2016-2020 during antenatal care (ANC) or 

postpartum visits. A face-to-face interview was conducted with all enrolled participants at registration and 

subsequent visits at the following time points: delivery (for pre-delivery enrolees), six weeks, six months, 

12 months, 18-24 months, and 24+ months postpartum. The study staff collected information on the 

mother-infant pair at delivery. The infant's vaccination status was verified at each follow-up visit using 

vaccination cards and the vaccination registry in the clinic. Vaccine cards recorded the date of infant 

vaccines contemporaneously, so it was possible to calculate a precise number of days between the infant's 

birthday and vaccine date. Assessments about facility capacity and inventory were collected through 

interviews with facility managers and staff at each of the 105 facilities. Mothers were eligible for 

inclusion in this analysis if they were enrolled in the parent study.39 

3.2.2 Dependent variables  

The outcome measure of interest was infant vaccination status. I divided the outcome measure, 

BCG vaccine status, into four categories: within 24 hours of delivery, between one and seven days, or one 

week to 14 weeks; versus those who never received the BCG vaccine during the study period. The 14-
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week mark represents the moment of advised completion of an infant’s immunization schedule (Figure 

3.1). HBV status is divided into three categories: within six weeks, six to 14 weeks, and no uptake during 

the study period. The study team verified the vaccine status of all infants during verbal interviews with 

mothers and per review of immunization cards.  

3.2.3 Explanatory variables  

Covariates were selected based on existing literature about determinants of vaccine uptake at the 

community and facility levels.18,28,36 The framework for variable selection was based on Andersen’s BHM 

to examine factors associated with vaccine utilization. The explanatory variables fell under the three 

BHM categories. (1) The external environment included the WHO Service Availability and Readiness 

Assessment (SARA),102 the WHO immunization readiness assessment, facility size, ownership, and 

location – all assessed at the facility level. SARA was designed as a systematic survey to assess health 

facility service delivery, while the immunization service availability assessment was immunization 

service specific. (2) Predisposing characteristics included the infant’s birth order, mother’s age, marital 

status, and mother’s education level. (3) Enabling factors included the mother’s wealth index score and 

whether the mother traveled to the facility by foot or by transport. Table 3.1 includes more information 

about the covariates and their distributions. 

3.2.4 Statistical analysis 

Regression models. I used multivariate ordered logistic regressions to run two versions of my 

analysis. Model I examined current BCG BD uptake, while Model II examined current HepB3 vaccine 

uptake. With Model I, I examined determinants of current BD vaccines to anticipate barriers to future 

HepB-BD uptake. BCG uptake was the chosen proxy rather than OPV0 uptake because the injectable 

method of administration of the vaccine more closely approximated that of future HepB-BD than the 

orally administered polio vaccine. Model II measured determinants of the uptake of the first dose of 

HepB3, currently administered at six weeks of age in the DRC. 

Model fit statistics. Akaike’s Information Criterion (AIC) was used to compare alternative 

functional forms and select the final model. Various functional forms of the continuous variables, 
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including quadratic and categorical forms, were compared through an iterative approach. If a functional 

form was selected for one variable, it was retained for subsequent comparisons. Model fit was examined 

for both models, and the best functional forms with the minimum AIC were selected independently, see 

Appendix 3.1. Findings were reported in average marginal effects with delta-standard methods. 

Sensitivity analysis. Both human error by vaccine staff conducting the interviews and loss-to-

follow-up (LTFU) led to missing vaccine information across all time points for BCG status (missing, n = 

239; LTFU, n = 248) and HepB3 status (missing, n = 369; LTFU, n = 281). LTFU was only measured 

among the participants who had not yet vaccinated their infants. We conducted two sets of sensitivity 

analyses for each outcome variable, BCG and HepB3, (a total of four analyses) to assess the robustness of 

the results of a full-case analysis against the alternative scenarios, including those with all missing or 

LTFU-specific information. The first set of analyses was defined by increasing the sample size to include 

participants with missing vaccine information across all time points as ‘not vaccinated’ or as a distinct 

category. The second set of analyses included only the LTFU-specific observations as ‘not vaccinated’ or 

as a distinct category, see Appendices 3.2, 3.3 and 3.4.  I found that a model with LTFU weights had 

directionality and magnitude in accordance with the majority of the models included in both sets of 

sensitivity analyses and therefore reported adjusted results accounting for LTFU.   

3.3 Results  

3.3.1 Sample characteristics 

Between November 2016 and July 2020, the parent study enrolled 2,875 participants at 105 

facilities. Of the enrolled participants, 56 mothers died, and 172 infants died or were aborted during the 

study period and were thus excluded from the analysis. A total of 239 mother-infant pairs did not provide 

BCG vaccine data, and 369 did not provide HepB3 vaccine information across any of the six follow-up 

visits after enrollment; these pairs were excluded from the analysis. The final sample with complete 

information included 2,398 (BCG analysis) and 2,268 (HepB3 analysis) women-infant dyads. Complete 

sample characteristics aggregated by the moment of the first infant vaccine can be found in Table 3.2.  
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3.3.2 First-dose vaccination coverage and timeliness 

Of the participants with vaccine data, 82.6% received a BCG vaccine, and 68.4% received a 

HepB3 vaccine. Of those who received the BCG vaccine, 26.3% of the participants received it within 24 

hours, 43.5% received it between one and seven days, and 12.8% received it between one and 14 weeks. 

Of infants who received the first dose of HepB3 vaccine, 22.4% received it within six weeks, and 46% 

between six and 14 weeks of life. 

Predisposing characteristics. Overall, the mean age of the mothers was 31 years (S.D. = 6.099), 

and 1,705 (71.2%) mothers were married. Mothers had a median of four children (IQR: 2-5 children) and 

had 11 years of education (IQR: 9-12 years).  

Enabling factors. Of the total eligible sample, 262 (11.1%) women fell within the lowest wealth 

quartile versus 523 (21.8%) who fell within the highest. 1,558 (65%) of the women traveled to the facility 

by taxi (or other forms of transportation) rather than by foot. 

External environment. In terms of the external environment, overall, 1399 (58.3%) women sought 

care at health centers instead of hospitals, 1,349 (56.3%) women received care at a religiously-affiliated 

facility, and 1,457 (60.8%) women visited urban facilities. In addition, the median score for a mother’s 

facility where she sought care was 6.75 (IQR: 6.12-7.39) on the general readiness scale and 6.11 (IQR: 5-

6.67) on the immunization readiness scale. 

3.3.3 Model I. Determinants of the uptake of BCG BD vaccine  

Table 3 presents the results from the ordered logit analyses, which estimated how vaccine uptake 

at different time points was related to factors influencing the respondent at the predisposing, enabling, and 

external levels.  

 Predisposing factors. Every additional year of a mother’s education was associated with a greater 

rate of earlier vaccination. For instance, an additional year of education was associated with a 0.48 

percentage point increase in the probability that a mother would vaccinate her infant within 24 hours of 

delivery and a 0.52 percentage point decrease in the probability of never vaccinating her infant (p < 0.05).  
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Enabling factors.  Household wealth index scores within the second quantile (compared to the 

fourth, and highest, wealth quantile) were associated with a 7.0 percentage point decrease in probability 

of timely uptake (p < 0.001) and a 7.9 percentage point increase in the probability of never vaccinating 

their infant (p < 0.001), see Table 3.3.  

External environment. Higher general readiness scores were associated with timely uptake. A 

one-point increase in a facility’s general readiness score was associated with a 1.7 percentage point 

increase in the probability of vaccination within 24 hours (p < 0.01) and a 2.6 percentage point decrease 

in the probability of never vaccinating an infant (p < 0.01).  In addition, visiting religious-affiliated 

facilities compared to public facilities was significantly associated with receipt of timely BCG (4.2 

percentage point increase in vaccination by 24 hours) (p < 0.01) and a 4.9 percentage point decrease in 

never receiving it (p < 0.01). In addition, religious-affiliated facilities were associated with an 8 

percentage point decrease in the probability of vaccine uptake from one to seven days compared to private 

or other facilities (p < 0.001).  

3.3.4 Model II. Determinants of the uptake of HepB vaccine 

Similar to BCG vaccine uptake, factors that affected the timely uptake of the HepB3 vaccine 

varied across all three levels of the BHM.  

 Predisposing characteristics.  Within the study sample, every additional year increase in a 

mother’s age was associated with a 0.21 percentage point increase in the probability of an infant being 

vaccinated within six weeks and a 0.31 percentage point decrease in the probability of an infant not ever 

being vaccinated (p < 0.05). Every additional year of a mother’s educational attainment was associated 

with a 0.77 percentage point increase in the probability that she would vaccinate her infant within six 

weeks of delivery (p < 0.001) and a 1.2 percentage point decrease in the probability of never vaccinating 

her infant (p < 0.001). 

 Enabling factors. Household wealth index scores within the second quantile, compared to the 

fourth and highest wealth quantile, were associated with a 5.3 percentage point decrease in the probability 
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of taking up timely vaccines (p < 0.001) and an 8.2 percentage point increase in the probability of never 

vaccinating their infant (p < 0.001). Further, among the study sample, using a form of transportation other 

than walking to travel to the facility was associated with a 2.5 percentage point decrease in the probability 

of vaccination within six weeks (p < 0.05) and a 3.7 percentage point increase in no vaccination (p < 

0.05).  

 External environment. A one-point increase in a facility’s immunization readiness score was 

associated with a 5.3 percentage point increase in the probability of vaccination within 14 weeks (p < 

0.01). In addition, an additional point increase in a facility’s general readiness score was associated with a 

5.2 percentage point decrease in the probability of an infant never having been vaccinated (p < 0.001). 

Finally, visiting religious-affiliated facilities, compared to public facilities, was associated with an 8.9 

percentage point decrease in the probability of vaccine uptake at 6 weeks (p < 0.001).  

3.4 Discussion 

In this study, I investigated the factors associated with timely infant immunization in 105 

facilities in Kinshasa Province using a cohort of HIV-positive pregnant women and their infants. I 

observed similar immunization coverage for BCG (82.6%) and the first dose of HepB3 (68.4%) compared 

to the WHO/UNICEF estimates of national immunization coverage averaged from 2017-20 (84.5% and 

71.3%, respectively).103 

I employed the Andersen BHM to categorize factors that impacted vaccine uptake within three 

categories: predisposing characteristics (infant’s birth order, mother’s age, mother’s year of educational 

attainment, and her marital status), enabling factors (household wealth index and form of transportation to 

the facility), and external environment (general readiness, immunization readiness, type, ownership, and 

urban status of the facility where the mother-infant pair sought care). I observed a strong positive 

association of factors across all three categories with timely uptake of both vaccines, BCG and 

HepB3. My analyses highlight the importance of considering the effect of determinants at different levels 

and time intervals. The implication is that policymakers in the DRC can be more focused on 
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implementing vaccine uptake strategies depending on their target group. For example, I identified 

significant determinants of timely uptake of both BCG and HepB3 at the external environmental level, 

focusing on intervenable facility characteristics.  

Higher general readiness scores and attending a religiously affiliated facility were independently 

associated with both BCG and HepB3 timely uptake, a finding that aligns with previous studies 

highlighting vaccine storage and stockout challenges in the DRC.100,104 In prior work, lower general 

facility readiness scores have been reported as barriers to timely immunization.105 Therefore, new vaccine 

introduction strategies at the facility level should prioritize contributions to general readiness, such as 

workforce and operations, and immunization readiness, such as reliable availability of vaccines at each 

facility. Ensuring adequate supply prevents stockouts, which in turn prevents unnecessary/unproductive 

visits to a facility. This could also bring more equity as it reduces costs for families who live further away 

from the facility. 

In addition, visits to public facilities were negatively and independently associated with timely 

uptake of BCG compared with visits to religiously-affiliated facilities. In contrast, visits to private, non-

religious facilities, as compared to religious facilities, were positively associated with timely uptake of 

both BCG and HepB3. Previous studies on immunization uptake in SSA have cited a facility’s religious 

affiliation driving a mother’s choice to seek care there.100  In terms of private facilities, studies show that 

mothers visiting private facilities tend to be of higher income levels,106 a factor that was positively 

associated with timely vaccine uptake and may explain our findings. Future research could examine the 

reasons that vaccination rates are higher among those who select private facilities.  

Within the category of predisposing characteristics, I found that the mother's educational 

attainment and age at the time of enrollment were positively associated with the timely uptake of 

vaccines, which indicated that knowledge, awareness, and experience with preventative care were vital 

for timely vaccine uptake. A mother's education level is an established predictor of infant immunization 

in low- and middle-income countries 29,36,107,108 and education is a valuable solution to overcome 

challenges to vaccine uptake.80,109 Mothers primarily receive healthcare information from two sources: 
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health workers during ANC visits, and their families and communities. Previous studies have shown that 

knowledge about HBV risk and the vaccines’ protection is low among Congolese individuals,86,100 with 

one study finding a basic knowledge of HBV among only 33.2% of healthcare workers86 and another 

finding that only 31.2% (87/280) of pregnant knew how HBV was transmitted.110 To increase a mother’s 

knowledge, initiatives to disseminate vaccine knowledge could be targeted to the mother’s two primary 

sources of information, the facilities during ANC visits and their communities. In terms of the facility, 

training that includes vaccine information needs to be geared towards not only vaccine staff, but also the 

ANC staff who are disseminating information to pregnant women.100 At the community level, approaches 

to address the knowledge barrier could be targeted towards the mother’s complete social network of 

family and friends.86  

Household wealth status was positively associated with timely BCG vaccination, consistent with 

other studies.36,111,112 A possible explanation for this observation is the cost of the vaccinations. Although 

vaccinations are technically free in the DRC, facilities often require vaccination fees for a vaccine card 

and well-baby consultation. In addition, indirect costs such as transportation and income loss may act as 

economic burdens obstructing vaccine uptake.36,113 The economic burden was further substantiated by our 

finding that mothers were more likely to vaccinate their infants on time, or ever, if they lived within 

walking distance to the facility. This finding was confirmed by earlier studies in SSA that distance to 

facility, travel time, and need for transport were negatively associated with immunization uptake;36,107 one 

such study found that traveling a distance of over 30 minutes by foot compared to a shorter distance 

reduced vaccine uptake by one-third.107 These implications for the enabling factors require policy 

intervention to reduce the economic burden of infant vaccines, such as transparency and standardization 

of vaccine costs across facilities and incentives for mothers living beyond walking distance from 

facilities. 

A significant strength of this study was the aggregation of facility-level and individual-level 

longitudinal data across many facilities. Few studies have looked at a combination of the individual-level 

determinants of the mother-infant pair and the facility-level determinants of vaccine uptake. The study 
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employs a unique approach to controlling for confounding by using data from both the supply 

(environment) and demand (mother-infant pair) side. This study's access to longitudinal panel data of over 

2,000 women and inventory data about each of the study facilities allowed me to evaluate a 

comprehensive list of determinants across the BHM levels that determine timely uptake of vaccines. 

Beyond the unique challenge of administering the vaccine within 24 hours of birth, these determinants 

highlight the need for an implementation strategy to be rolled out alongside universal HepB. Previous 

studies demonstrate that timely uptake remains low in countries that have previously adopted HepB-BD 

because there is no clear guidance to overcome individual- and facility-level challenges.19,114 Our study's 

main policy implication was to highlight the barriers to current BD vaccines – and HepB3 vaccine – in a 

context that strives to include the HepB-BD vaccine in its national immunization schedule. Policymakers 

may use these findings as evidence when developing a future implementation strategy streamlining all 

three BD vaccines – HepB-BD, OPV0, and BCG – within the first 24 hours of life. Findings from this 

study can help national, sub-national, and facility-level stakeholders to strengthen the uptake of both BD 

vaccines and other available vaccines for infants across the DRC and SSA. 

Despite the study's strengths, it was not without limitations. Our assessment leveraged sample 

participants from a cohort of women already enrolled in an HIV continuous quality improvement study, 

which impacted the generalizability of this study. However, vaccine uptake in this population was similar 

to the national average, and factors influencing vaccine uptake were aligned with other infant 

immunization studies in the Congo and elsewhere in SSA.36,80,107–109,111,112,115 The measure of the outcome 

variables, vaccine uptake status and timing, may have suffered from recall bias because of the 

contemporaneous approach of capturing vaccine dates during study interviews. The study staff reviewed 

infants' vaccine records to correct any errors in logging the vaccine dates to help alleviate any errors. 

Another limitation of this study is that estimates are not causal but associations. In addition, only mothers 

recruited pre-delivery (approximately half of the sample) responded to a question regarding how many 

ANC visits they had attended because study staff dropped the question among mothers recruited post-

delivery. Finally, while the parent study did experience significant rates of LTFU, study staff followed up 
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with respondents to understand reasons for LTFU and recapture some of the data otherwise lost. I was 

able to weigh LTFU within the 'never vaccinated' rate to represent more accurate rates of failure to 

vaccinate.  

3.5 Conclusions  

My findings reveal the factors that most influence timely vaccine uptake of BCG and HepB3 

among a cohort of mother-infant pairs across 105 facilities in the Kinshasa Province. I found that higher 

educational attainment, age, and level of wealth among mothers were positively associated with timely 

vaccination. In addition, a mother’s proximity/ability to walk to a facility and her choice of facility 

impacted the status of her infant's vaccine uptake. A mother visiting a facility with higher general and 

immunization readiness and religious affiliation led to a higher probability of timely infant immunization. 

Policymakers can use these findings to develop implementation guidance to ameliorate the timely 

delivery of current BD vaccines and to anticipate potential factors that may impact the future distribution 

of HepB-BD in the DRC.   
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Figure 3.1 Current routine immunization schedule from birth to 14 weeks, DRC 2022 

 

 

 

 

 

 

 

 

  

 

  Age 

Vaccine Disease  Birth  6 weeks 10 weeks  14 weeks  

Bacille de Calmette 

et Guérin (BCG) 

vaccine  

Tuberculosis  

     

Oral Polio Vaccine 

(OPV) 
Poliomyelitis 

        

Pentavalent vaccine 

Diphtheria, Pertussis, 

Tetanus, H. influenza 

type b, Hepatitis B         

*grey cells indicate vaccination is currently available on the national immunization schedule at the indicated time point.  



  

 40 

Table 3.1 Explanatory variables for timely vaccine utilization, their operational definitions, and measures 

 

  Variable  Operational Definition  Measure Type  

Predisposing characteristics  

 Infant’s birth order  

Number of infants birthed by the mother before the index 

infant Continuous (children) 

 Mother’s age  Age at time of enrollment  Continuous (years)  

 Mother's education  Educational level of the mother at time of enrollment  Continuous (years)  

 Mother's marital status  

Marital status of mother is captured at enrollment divided into 

two categories, not married (separated, divorced, widowed, 

never married) or married 

Dichotomous  

0 = not married ;  

1 = married   

Enabling factors  

 Household wealth index  

Produced from existing variables (household assets 

ownership, household characteristics and access to utilities) 

from enrollment questionnaires through factor analysis using 

Principal Component Analysis (PCA) 

Categorical  

1 = low wealth ; 

2 = mid-low wealth ;  

3 = mid-high wealth ;  

4 = high wealth   

 Transport to facility  

Whether the mother traveled by foot or using transportation to 

the facility, captured at 6-week follow-up visit 

Dichotomous 

0 = walking ;  

1 = taxi or other  

External Environment      

 

General Service Readiness 

Assessment  

Produced from existing variables (basic amenities, basic 

equipment, infection prevention, and diagnostic capacity) 

from the facility inventory questionnaires through factor 

analysis using PCA Continuous (points)   

 

Immunization Services and 

Availability Assessment  

Produced from existing variables (staff guidelines, 

immunization equipment, medicine and commodities) from 

the facility inventory questionnaires also through factor 

analysis using PCA Continuous (points)  

 Facility type  

Health center or reference hospital, captured in facility 

inventory questionnaire 

Dichotomous 

0 = reference hospital ;  

1 = health center 

 Facility Ownership  

The gestational authority of the facility, captured in facility 

inventory questionnaire 

Categorical  

1 = public ;  

2 = religious-

affiliation ;  

3 = private & other  

 Location  

Urban versus rural/peri-urban status, captured in facility 

inventory questionnaire 

Dichotomous 

0 = rural/per-urban ;  

1 = urban 
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Table 3.2 Characteristics of mother-infant pairs and facilities visited stratified by BCG vaccination status 

 

  Overall  

Vaccinated within 

24 hours  

Vaccinated 

within 1 week  

Vaccinated with 

14 weeks  Not vaccinated  

  N = 2398 N = 630 N = 1044 N = 307 N = 417 

  No (%) No (%) No (%) No (%) No (%) 

Mother's marital 

status           

 Married 1705 (71.10) 452 (71.75) 753 (72.13) 207 (67.43) 293 (70.26) 

 Not married 691 (28.82) 178 (28.25) 290 (27.78) 99 (32.25) 124 (29.74) 

 Missing  2 (0.08) 0 (0) 1 (0.10) 1 (0.33) 0 (0) 

Household wealth 

index           

 Low wealth  262 (11.13) 86 (13.65) 106 (10.15) 33 (10.75) 42 (10.07) 

 Mid-low wealth  883 (36.82) 200 (31.75) 371 (35.54) 121 (39.41) 191 (45.80) 

 Mid-high wealth  725 (30.23) 194 (30.79) 325 (31.13) 93 (30.29) 113 (27.10) 

 High wealth  523 (21.81) 150 (23.81) 242 (23.18) 60 (19.54) 71 (17.03)  

Transport            

 Walking  839 (34.99) 215 (34.13) 322 (33.89) 363 (34.77) 114 (37.13) 

 Taxi and other  1558 (64.97) 415 (65.87) 628 (66.11)  680 (65.13) 193 (62.87) 

 Missing  1 (0.04) 0 (0) 0 (0) 1 (0.10) 0 (0) 

Facility type            

 Health center  1399 (58.34) 366 (58.10) 622 (59.58) 174 (56.68) 237 (56.83)  

 Reference hospital  999 (41.66) 264 (41.90) 422 (40.42)  133 (43.32)  180 (43.17)  

Facility ownership            

 Public  770 (32.11) 208 (33.11) 318 (30.46) 86 (28.01) 158 (37.89) 

 Religious-affiliation  1,349 (56.26) 338 (53.67) 599 (57.38) 100 (58.63) 232 (55.64) 

 Private & other  279 (11.63) 84 (13.22) 127 (12.16) 41 (13.36) 27 (6.47) 

Location            

 Urban  1457 (60.76) 397 (63.02) 635 (60.82) 183 (59.61) 242 (58.03) 

 Rural/peri-urban  941 (39.24) 233 (36.98) 409 (39.18) 124 (40.39) 175 (41.97) 

            

  M (SD) M (SD) M (SD) M (SD) M (SD) 

Infant's birth order  4.06 (2.20) 4.09 (2.16) 4.041 (2.16)  4.21 (2.38)  3.94 (2.21) 

Mother's education  10.6 (2.99) 10.700 (3.016) 10.74 (2.98)  10.438 (3.055)  10.25 (2.91) 

Mother's age 31.252 (6.099) 31.33 (6.063) 31.451 (6.042)  31.20 (6.19)  30.68 (6.21) 

General readiness  6.77 (0.91) 6.73 (0.88) 6.84 (0.90)  6.83 (0.89)  6.63 (1.00) 

General 

readiness##General 

readiness 46.72 (12.40) 46.07 (11.83) 47.59 (12.26)  47.46 (12.15)  44.98 (13.50) 

Immunization 

readiness  5.82 (1.52) 5.88 (1.50) 5.76 (1.54)  5.89 (1.51)  5.86 (1.49) 

 

 

 

 



  

 

Table 3.3 Ordered logistic regression model results examining predisposing, enabling, and external predictors of infant vaccine uptake at different 

time points  

   
Model I 

BCG Vaccine (birth-dose) 

 
Model II 

HepB3 Vaccine (6 weeks) 

Variable   

Vaccinated 

within 24 hours  

Vaccinated 

within 1 week  

Vaccinated 

with 14 weeks  Not vaccinated   

Vaccinated 

within 6 weeks  

Vaccinated 

within 14 

weeks  Not vaccinated 

Infant's birth order   0.0058 0.0018 -0.00128 -0.0064  0.0020 0.0010 -0.0030 

   (0.0040) (0.0013) (0.00087) (0.0044)  (0.0036) (0.0018) (0.0054) 

Mother's age  0.0018 0.00058 -0.00040 -0.0020  0.0021* 0.00106* -0.0031* 

   (0.0014) (0.00045) (0.00031) (0.0015)  (0.0012) (0.00065) (0.0019) 

Mother's education  0.0048* 0.00153* -0.00100* -0.0052*  0.0077*** 0.0040*** -0.0117*** 

   (0.0027) (0.00088) (0.00060) (0.0030)  (0.0024) (0.0012) (0.0035) 

Mother's marital status          

 Not married  0.0044 0.0014 -0.0010 -0.005  0.011 0.0053 -0.016 

   (0.017) (0.0051) (0.0037) (0.018)  (0.015) (0.0072) (0.022) 

Household wealth index          

 First   0.011 0.0014 -0.0025 -0.010  -0.024 -0.010 0.034 

   (0.031) (0.0041) (0.0074) (0.028)  (0.024) (0.011) (0.035) 

 Second  -0.070*** -0.0241*** 0.0151*** 0.079***  -0.053*** -0.0281*** 0.082*** 

   (0.020) (0.0069) (0.0048) (0.022)  (0.019) (0.0096) (0.028) 

 Third  -0.017 -0.0034 0.0039 0.016  -0.008 -0.0030 0.011 

   (0.022) (0.0043) (0.0050) (0.021)  (0.020) (0.0073) (0.027) 

Transport          

 Vehicle or other   -0.000 -0.0001 0.0001 0.000  -0.025* -0.0124* 0.037* 

   (0.016) (0.0049) (0.0034) (0.017)  (0.015) (0.0068) (0.021) 

General readiness   0.0166** 0.0122** -0.0029** -0.026**  0.0229*** 0.0291*** -0.052*** 

   (0.0071) (0.0050) (0.0013) (0.011)  (0.0061) (0.0062) (0.012) 

Immunization readiness   0.0022 0.0007 -0.0005 -0.0024  0.0103** 0.0053** -0.0156** 

   (0.0048) (0.0015) (0.0010) (0.0053)  (0.0046) (0.0024) (0.0069) 

Facility type           

 Reference hospital  -0.021 -0.0068 0.0046 0.023  0.001 0.0004 -0.001 

   (0.016) (0.0055) (0.0035) (0.018)  (0.015) (0.0077) (0.023) 

4
2
 



  

 

Facility ownership           

 Public   -0.042** -0.0165** 0.0088** 0.049**  -0.009 -0.0055 0.015 

   (0.017) (0.0076) (0.0035) (0.021)  (0.015) (0.0093) (0.025) 

 Private & other   0.070*** 0.0080*** -0.0159*** -0.062***  0.089*** 0.0243*** -0.114*** 

   (0.026) (0.0028) (0.0060) (0.021)  (0.024) (0.0050) (0.027) 

Location           

 Rural/peri-urban   -0.005 -0.0017 0.0012 0.006  -0.011 -0.0061 0.018 

   (0.016) (0.0051) (0.0035) (0.018)  (0.015) (0.0079) (0.022) 

* = statistically significant at p<0.05, **=statistically significant at p<0.01, ***= statistically significant at p<0.000 

    

4
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CHAPTER 4 : BARRIERS AND FACILITATORS TO TIMELY BIRH-DOSE VACCINES IN 

KINSHASA PROVINCE, THE DRC: A QUALITATIVE STUDY 

 

4.1 Background 

Infant immunization is an effective strategy for reducing infectious disease morbidity and 

mortality. Since the 1990s, annual infant mortality from vaccine-preventable infectious diseases has 

decreased from 14 million to five million due to worldwide efforts by national policymakers to enforce 

recommended vaccination schedules.116 In 2016, vaccine coverage across 152 high-burden countries for 

the first dose of Diphtheria Tetanus Toxoid and Pertussis (DTP) and measles-containing vaccine were 

94% and 93%, respectively. Coverage falls short, however, for widely implemented birth-dose (BD) 

vaccinations—Bacillus Calmette-Guerin (BCG) and the first oral polio dose (OPV0)—with BCG 

coverage at only 37% in the same 152 countries.117  While national policies have improved vaccine 

coverage, the next step is addressing the unique challenges of timely BD vaccine delivery. 

The hepatitis B vaccine is the first cancer-preventing vaccine,74 and is included in routine child 

immunization schedules globally—since the 1980s in high-income countries and 1997 in sub-Saharan 

Africa (SSA). The World Health Organization (WHO) recommended including the hepatitis B birth-dose 

vaccine (HepB-BD) in national guidelines in 2009. Historically, infants received the first dose of the 

vaccine at six weeks, which is too late to interrupt mother-to-child transmission (MTCT). If administered 

within 24 hours of delivery and followed by two or three additional doses, HepB-BD is >95% effective in 

preventing MTCT.8–10 Countries like Democratic Republic of the Congo (DRC) are moving to include 

HepB-BD in their national immunization schedule.74 However, without a clear implementation strategy, 

delivery of an additional BD only adds to the complexity of timely delivery.118 Therefore, as countries 

streamline universal HepB-BD with existing BD vaccines, it is critical to explore the unique determinants 

to delivering timely BD vaccines.  
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To our knowledge, no qualitative studies have reported on determinants of BD vaccine uptake in 

a low-resource setting. This study aims to support decision-makers by identifying barriers and facilitators 

of timely BD vaccine delivery in Kinshasa Province, DRC through interviews with individuals across the 

vaccine care continuum. 

4.2 Methods  

4.2.1 Study design, setting, and patient population  

We conducted semi-structured qualitative interviews in seven health facilities across Kinshasa 

Province, DRC. We purposefully sampled health facilities with maternity and vaccine wards. We chose 

the five most prominent facility types in the province—private, public, Catholic, Protestant, not-for-profit 

(NFP)—and selected a sample of seven facilities (Figure 4.1). Kinshasa Province is predominately urban, 

so we selected facilities accordingly - six urban and one rural of 983 facilities in the province.119 Since 

Catholicism is the primary religion in the DRC, which represents a significant provider of health services, 

we selected two Catholic facilities. The facilities ranged in size and therefore experienced a range in 

volume of monthly deliveries, from 40 to 300. Vaccines in DRC flow from external donors—the Vaccine 

Alliance (Gavi), the United National Children’s Fund (UNICEF), and the WHO—to the National 

Immunization Program (PEV) and the health zones, and finally to health facilities where vaccines reach 

the consumer—the mother-infant pair (Figure 4.2).120,121 We invited a sample of up to two expectant 

mothers and three facility informants from each facility to participate, in addition to vaccine officials at 

the health zone and national levels. Eligibility requirements included: age ≥18 years and understanding of 

either French or Lingala, the two local languages in Kinshasa.  

4.2.2 Data collection  

Interviews were conducted using two semi-structured interview guides with open-ended 

questions, available in French and Lingala. The interview guides were developed using existing relevant 

literature41,122–125 and reviewed and validated by the entire study team. To understand administrative 

barriers to HepB-BD, we interviewed decision-makers and/or providers (hereafter ‘informants’) from 

various levels of the health care continuum, including midwives, immunization staff, heads of maternity 
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and immunizations, and vaccine officials at the health zone and PEV. We interviewed primigravid (8) and 

multigravida (6) mothers to elicit perceptions about infant vaccination from new and experienced 

expectant mothers. The interviews were led by a bilingual (French/English) PhD candidate with education 

and experience interviewing study populations. Interviews were live translated from Lingala to French by 

a bilingual (French/Lingala) study team member with a medical doctorate and many years of experience 

interviewing study populations.  

Staff working the day of the facility visit and mothers presenting for routine antenatal care (ANC) 

were approached for enrollment. Interviews were conducted in-person, in private rooms, in French or in 

Lingala, and on the same day as study enrollment. Interviews were audio-recorded and lasted 15-60 

minutes. 

4.2.3 Data analysis and framework 

The audio-recorded interviews were transcribed and translated to English by a bilingual study 

member (AB); transcripts were then imported to MAXQDA2020 for coding and analysis. Deductive 

codes were generated using existing literature on vaccine uptake and administration barriers. Themes 

were established and harmonized through iterative analysis. AB coded and analyzed data alongside 

CEM.  AB and CEM reviewed the transcripts for patterns and major sources of saturation to organize the 

findings into major themes as they were received. Theme saturation was reached when codes or 

categories described a similar phenomenon on repeated occasions across multiple respondents.126 AB and 

CEM met regularly and compared and contrasted similarities and differences among the coded interviews. 

Finally, the study team reached consensus about what patterns of codes constituted a theme and the 

prevalence of the pattern required for saturation. 

The data analysis was guided by the Consolidated Framework for Implementation Research 

(CFIR). The CFIR organizes key barriers and facilitators into five domains—intervention characteristics, 

inner setting, outer setting, staff characteristics, and the implementation process—of 37 measurable 

constructs.127 Use of the CFIR framework allowed us to account for contextual factors.  
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4.2.4 Ethical considerations 

Informants and expectant mothers provided written, informed consent. All consented to the audio 

recording of interviews. Data were de-identified prior to analysis and were stored on a secure server with 

copies of the recordings. Institutional Review Boards at UNC-Chapel Hill and the Kinshasa School of 

Public Health approved the study protocol [UNC IRB 21-0014; KSPH IRB 0001 1-04101-00001365292-

20]. 

4.3 Findings  

We approached 32 participants (17 informants and 15 expectant mothers) and conducted semi-

structured interviews with 30 participants (16 informants and 14 expectant mothers) in June-July 2021 

(Table 4.1). One informant declined due to medical reasons, and one mother declined due to wait time. 

Interviewees were recruited from seven health facilities, two health zones, and PEV. Our analysis 

identified 13 constructs related to the success of timely and streamlined vaccines (Figure 4.3). We 

organized the sections by CFIR domains (Table 4.2) and include additional quotes corresponding to the 

domains (Appendix 4.1).     

4.3.1 Intervention characteristics 

Evidence strength and quality  

Many informants spoke to the effectiveness of the two existing BD vaccines, BCG and OPV0. In 

addition, many informants were aware of trials to pilot the HepB-BD vaccine in the DRC, such as a 

HepB-BD feasibility study conducted in Kinshasa-based maternity centers.11 Further, a few informants 

mentioned inclusion of HepB-BD in WHO recommendations.74    

Design quality and packaging  

A critical barrier to BD vaccinations raised by informants was the design quality and packaging 

of BCG vaccine. In the DRC, BCG is only available in 20-dose vials, and opened vials have a six-hour 

shelf life. National policy states that a vial should be opened only when 10-20 newborns are present. In 

the words of one informant: 
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“Yes…with the strategy, we need at least 20 newborns to open a vial, that’s why we ask that they 

come back on Wednesdays. We have records of all of the newborns born. We call them every 

Wednesday and tell them to come back to the health facility as not to give it to them too long 

after birth” Informant NFP 3.  

 

Further, a PEV informant described vaccine wastage as a provider-level performance gauge set by 

district-level health zones:   

“Beyond their day-to-day work, [the providers] have their performance metrics to consider and 

they don’t want to inflate their rate of vaccine loss” Informant PEV 1.  

 

Cost 

Informants reported that mothers must buy a vaccine card to track infant immunizations. The card 

price varied between facilities from 1 USD in a rural facility to 15 USD in a private facility. All 

primigravid mothers reported not knowing about a fee for the vaccine card prior to delivery. For example:  

“They will give us a card after we deliver…for the payment, they haven’t told us anything” 

Mother NFP 2.  

 

All facilities but one reported transferring multiple complicated births to other facilities each 

month. Those mothers would pay for a vaccine card and begin infant vaccination at the facility where 

they delivered, and often returned to their preferred facility to continue infant vaccine visits. When asked 

whether the health facility would accept vaccine cards from other facilities, every informant except for 

one at a public health facility responded to the contrary:  

“No, if she begins her infant's vaccine care elsewhere, and decides to come here to continue it, 

she must repurchase a card here [but vaccines will not be repeated].” Informant Catholic 4.  

 

4.3.2 Inner setting 

Structural characteristics  

Informants reported acquisition of vaccines in two ways: 1) daily retrieval by facility staff from 

vaccine storage at a health zone, and 2) storage at individual facilities in a solar fridge, provided through a 

selection process controlled by PEV and external donors. Facilities in the latter group may store monthly 

vaccine allotments for themselves and nearby facilities.  
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Four facility informants mentioned electricity outages posing a significant barrier to efficient 

vaccine storage; for example:  

“Now, vaccines are products that must be conserved in very specific conditions so that the 

antigen is active. If the required conditions are not reached, we stand the risk of providing 

placebo vaccines. So, even us here who have electricity, we realize that we stand the risk of 

experiencing electricity outages. These outages can alter the temperature at which the vaccines 

are kept” Informant Public 3.  

 

A solution suggested by three informants was regular supervision of the cold-chain temperature to ensure 

vaccine viability:  

“Every morning I am obligated to travel and verify the temperature at which the vaccines are 

being stored and to record it, and to make sure that the health workers in the facility are doing 

this” Informant Health Zone 1.  

A barrier to timely BD vaccination is that vaccines are stored in fridges near the vaccination ward 

of the facility, separate from the delivery/newborn wards. Six informants at the facility level reported a 

smaller fridge where vaccines may be kept near the delivery ward, but only three reported storing BD 

vaccines in these fridges. Informants reported a significant physical distance between the delivery and 

vaccination wards:  

“And for fridges... the maternity does not vaccinate, it is the vaccination nurse that oversees the 

number of children available for the vaccination…. the vaccines are kept in the fridge and the 

nurses are in charge of vaccinating” Informant Protestant 1.  

Implementation climate  

Mothers and informants expressed optimism for innovative vaccination techniques. Several 

informants shared exciting new approaches to increase vaccination rates and decrease loss-to-follow up, 

such as community health worker (CHW)128 outreach programs, mHealth solutions, malaria prevention 

incentives, and the expansion of rural health posts: 

“Every time now that a mother comes in to have their child vaccinated, we register the moms, we 

collect their telephone number and their address, so every time they have an appointment coming 

up, they will receive a text message reminder of their appointment. This way, you will not be 

distracted and remember your date. Since we started this study, I would estimate though that we 

have decreased the loss to follow-up rate though, from 21% to 16-18%” Informant Public 3.  
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Learning climate  

Some informants expressed a need for procedural training of staff across disciplines. Often 

midwives who care for infants in the first days of life do not receive guidance about vaccine 

administration. An informant suggested: 

“When we organize trainings or briefings about vaccination, we target vaccine providers from 

health facilities. We do not often see the midwives, even though they are the door for infants to 

enter into the [vaccine] system. So, it is really important to provide them too with briefings or 

trainings” Informant PEV 1.  

4.3.3 Process of implementation 

Planning 

Many informants mentioned national immunization guidelines directing decision-making 

processes, but some provided inconsistent reports on several key aspects. For example, many informants 

referred to national immunization guidelines directing immunization policy, but some incorrectly 

interpreted these guidelines.  When discussing BCG vials, one informant stated: 

“We are not obliged to vaccinate infants unless there are 15 of them. If 3 or 5 are born, then we 

do not vaccinate them" Informant Catholic 1. 

While another stated:  

“The ideal is 20. But they have authorized us to provide the vaccine when there are 10 infants. 

So, when we have 10 infants, we administer 10 and lose the other 10 [doses]” Informant Private 

1. 

Clearer guidelines are needed to achieve timely and streamlined BCG, and ultimately HepB-BD, 

vaccine uptake.  

Executing  

A common barrier was the stockout of medicines, especially BCG vaccines. Regular stockouts of 

BD vaccines hinder timely vaccine uptake. All informants and many mothers mentioned stockouts: 

“There’s a problem with the BCG. There aren’t enough vaccines. Women who deliver here 

sometimes have to wait one month [for their infant] to receive the vaccine” Mother Private 2.  

Informants described a nationwide stockout of BCG from May-July 2021. Stockouts are 

unpredictable, so facilities need to ensure adequate supplies. 
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External change agents  

A few informants mentioned donors such as Gavi and UNICEF as providers of vaccines and solar 

fridges. For example, the health zone informant said:  

“UNICEF provided us with nine refrigerators—seven fridges in the facilities and two here in the 

health zone. They provided the new fridges in March” Informant Health Zone 1. 

4.3.4 Characteristics of informants 

Knowledge and beliefs about the intervention 

Strong informant support for timely BCG and OPV0 vaccines was due to respect for PEV BD 

mandates. Many informants would welcome HepB-BD if research and policymakers supported it: 

“They told us that we should introduce that [HepB-BD] at birth. And we await the period that we 

begin introducing it. Because we were well informed by PEV that there will be an introduction 

but until today, nothing” Informant Health Zone 2. 

Self-efficacy 

During ANC visits, midwives focused more on maternal care than on infant vaccination. As a 

result, provider willingness to communicate with mothers about BD vaccines was low. Most providers 

expressed vaccine knowledge and confirmed dissemination to mothers during ANC visits, but none of the 

mothers supported these claims. Mothers only reported education about receiving tetanus vaccine 

themselves during pregnancy. One mother stated:  

“What is important is to help us understand. During the visits, [the midwives] need to go into 

more detail because here we are in the dark [about vaccines/diseases]” Mother Catholic 1.   

4.3.5 Outer setting 

External policy 

All informants were aware of national guidelines to provide BCG and OPV0 at birth. All facility-

level informants also stated willingness to accept inclusion of HepB-BD in the immunization schedule if 

PEV mandated it.   

Mothers’ needs & resources  

Choice of health facility. Vaccine cost and availability played a minimal role in mothers’ choice 

of facility.  Many, even experienced, mothers did not know the cost of vaccine care and only vaguely 
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knew which facilities offered vaccines. Instead, mothers revealed that their choice of a health facility was 

based on three factors: quality of care provided, distance to the facility, and recommendations from their 

family/community:  

“[Seeking care at this facility] was my mom’s advice. My mom delivered here, and my big sister 

delivered here too. My mom told me that there is good care for the sick and a good quality of 

health here” Mother Catholic 4.  

Mothers mentioned distance to a delivery facility influencing their decision in two ways. They 

either chose the closest and most convenient facility, or a farther away but ‘higher quality’ facility (and 

may continue infant immunizations at a closer facility).  

Many informants agreed with the first two motives—the quality of the facility and distance— in 

mothers’ choice of facility.  One informant cited another factor associated with facility choice: affiliation 

with a community and/or religion.  

“What motivates here is distance, that is an aspect but not the only aspect. The second aspect is 

partnership. Say the partnership to a community, or perhaps to a religion. You will see that a 

Catholic would like to visit a Catholic facility. The third is the perception by the community of 

the quality of service by the health facility… a woman would say that she wants to go in this 

facility because it is clean, because it is presentable, it is a bit of that” Informant PEV 1.  

Knowledge about vaccines and diseases they prevent. Only five of 16 expectant mothers stated 

having knowledge of HBV. Mothers who indicated having knowledge about HBV understood it only as a 

disease and were unfamiliar with prevention measures. Further, one mother believed it to be a disease that 

mainly afflicts infants:  

“I don’t know much [about HBV], but I’ve heard it talked about. It is more the children who 

suffer” Mother NFP 1.  

Similarly, mothers generally knew little about infant vaccines. Most primigravid and multigravida 

mothers could not provide details about any vaccines received during infants’ routine vaccine visits. 

Experienced mothers could name BCG or demonstrate where infants received the vaccines on the body 

but could not explain which diseases were prevented by specific vaccines:  

“Kids receive vaccines. I don’t know the names of the vaccines, but one is given orally and the 

other in the arm” Mother Public 2.  
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When provided the chance to ask questions, many mothers asked for more information about 

HBV, the risk it poses to their babies, and prevention methods, suggesting openness to vaccine education: 

“I want to know what hepatitis B is and more about the vaccines” Mother Protestant 1.  

Birth-dose vaccine acceptance. Every mother expressed comfort with the current immunization 

schedule, and vaccinating their newborns within 24 hours of delivery. None of the mothers reported 

hesitancy about vaccines for their infants. When prompted, a mother responded:  

“Yes, I would be very comfortable with [my child receiving a BD vaccine] because this vaccine 

will give my child force and strength. If there is a disease that attacks my child, they will be 

protected” Mother Public 2.  

While the mothers did not express vaccine hesitancy themselves, seven mothers reported other 

family or community members expressing hesitancy:  

“My maternal aunt refused vaccines for her kids. She thought that vaccines are bad for kids” 

Mother Catholic 4.  

In addition, while the primary focus of our exploration was to understand facility-level vaccine 

hesitancy, a comment by a health zone-level informant in relation to community uptake of vaccines 

offered during mass vaccine campaigns was a striking indicator of community level vaccine hesitancy 

that mothers inevitably experience:  

“Vaccines remain until now the best method for prevention. But the quality suffers because there 

are too many speculations, it is perhaps you—the whites—who are putting confusion into the 

heads of the blacks.” Informant, Health Zone 2.  

The informant believed that fake information and media arriving from exogenous sources are a 

serious risk to vaccine uptake across the DRC. He stated that this was evident by the consistent decrease 

in vaccine uptake during annual mass campaigns in the last few years.  

4.4. Discussion  

This study is one of the first to identify determinants of HepB-BD vaccine uptake reported 

through interviews with informants and expectant mothers. Applying the CFIR domains, we found 

significant barriers to timely BD vaccines in Kinshasa, DRC, including multi-dose vaccine vials which 

determined when facility staff could vaccinate newborns; logistical concerns with regular national vaccine 
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stockouts and storage issues; complex and unsynchronized vaccine fees across facilities; inadequate 

communication across delivery and vaccination wards; and limited and at times incorrect understanding 

of vaccines among mothers and other community members. 

Many informants and mothers expressed a desire for change, progress, and learning, but within a 

top-down system in DRC, dissemination of HepB-BD and streamlining guidelines must begin at the 

national level. A study of five SSA countries that introduced HepB-BD found the weakness of national 

policies and lack of written guidelines to deliver timely HepB-BD a significant barrier.19 Informants 

confirmed their willingness to adapt BD vaccine initiatives, if supported by research and policymakers. 

We recommend harnessing that enthusiasm by developing clear guidelines for HepB-BD implementation 

at each level and conducting multiple trainings across the healthcare delivery spectrum, beginning at the 

level of national decision-makers and external funders and continuing to midwives and staff who would 

administer vaccines.  

Packaging of BCG vials has implications for streamlining BD vaccines. The DRC receives 

support from Gavi, which requests that countries reduce their wastage to 15% (3 doses) for every 20-dose 

BCG vial.129 It is therefore standard across SSA facilities to conduct daily to monthly batching of doses, 

depending on the volume of births in the facility.130 The low volume of deliveries at rural or smaller 

facilities poses a critical barrier to BCG vaccination. Like HBV, BCG is ideally administered within the 

24-hour window following delivery, with reductions of neonatal mortality by more than 40% compared to 

outside the 24-hour window.131,132 The balance between reducing wastage and increasing essential 

coverage is a barrier to BCG coverage.130,133,134 A solution to reducing wastage is to make lower dosage 

vials available. In Zambia, facilities using 5-dose vials had 47% lower waste than those using 10-dose 

vials.130 While HepB-BD is typically offered in a 10-dose vial, HepB-BD lasts up to one month after the 

vial is opened (unlike BCG, which only lasts 6 hours).74 However, if facilities hope to streamline the 

delivery of all BD vaccines and discontinue the newborn-batching approach, the size of BCG vials must 

be revisited.   
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Storage across and within facilities was a significant barrier within the inner setting domain. If a 

facility did not have capacity to store vaccines, staff traveled daily to collect vaccines. In addition, the 

limited availability of other resources, such as fuel and vehicles, was a common barrier to collecting off-

site vaccines. When facilities had vaccines on-site, cold chain temperature surveillance posed a threat to 

the effectiveness of the BD vaccines.118 In addition, some informants reported only storing BD vaccines 

in the primary vaccine fridge, and not near the delivery ward. Midwives reported not having access to the 

fridge and needing to coordinate vaccine administration with vaccine staff. These administrative barriers 

can cause further delays in the timeliness of the BD vaccines. The WHO recommends storing HepB-BD 

in the delivery ward to facilitate timely vaccination, especially if the storage ward requires special access 

permission—which was often the case in the study facilities.74 We recommend clear guidance for 

facilities in line with these recommendations on the adequate storage of vaccines.  

Gavi and national-level co-financing cover the cost of infant vaccinations and staff administration 

fees in DRC.135 Despite this financing, mothers have to pay prohibitive fees for services.29 To improve 

vaccine access , WHO recommends that HepB-BD (and other vaccines) be supplied to facilities at no cost 

and that facilities should not charge families for vaccine administration.74 Therefore, we recommend 

national policy mandating free vaccine services for mothers. At the same time, national programs and 

their partners should appropriately compensate health facilities for their efforts.  

We endorse training facility staff (midwives and vaccine staff) and education for mothers about 

BD vaccines. Informants reported providing thorough education to mothers during ANC visits, though 

most mothers could not name infant vaccines. We recommend more explicit guidance and educational 

material to facilitate vaccine communication pre-delivery. The provision of communication tool-based 

training for health workers has been shown to have a positive impact on vaccine uptake.136,137 Options 

may include employing audio-visual educational materials,138 or utilizing social workers instead of 

midwives to present visual aid tools to parents.139 Improving mothers’ knowledge will help combat 

vaccine hesitancy and increase mothers’ understanding of the benefits of timely and complete 

vaccination. Midwives should also receive training on vaccine delivery to streamline BD administration.  
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The outer setting factors of CFIR, such as mothers’ socio-demographic factors, attitudes, and 

knowledge about vaccines on health-seeking behavior, are essential when considering BD vaccines. 

These factors influence the final link in the vaccine distribution process, consumer uptake. The literature 

suggests that the strongest predictor of not receiving timely BD vaccines is the cost of vaccines,29 and we 

thus expected vaccine fees to influence a mother’s health-seeking behavior. However, we found that 

mothers knew little about cost and availability, and instead based decisions about which facilities to 

attend on the facility’s quality of care, distance from home, and recommendations by family and friends. 

In addition, contrary to national evidence suggesting a rise in vaccine hesitancy,140 our findings indicated 

that, mothers were comfortable vaccinating their newborns more often than not. One facility informant 

suggested that vaccine hesitancy is not a problem upon initial delivery, but that hesitancy is fostered once 

the mother-infant pair leaves the facility and is influenced by community-level hesitancy. Increasing 

maternal health literacy can combat vaccine hesitancy at the individual and community levels to increase 

vaccine coverage.141 Sensitization campaigns through social media, mass media, or CHWs should target 

not only mothers, but also community members.136 

4.4.1 Limitations  

Our study has a few limitations to note. First, as a typically sized qualitative study, a sample of 16 

informants and 14 expectant mothers within a large urban area may not capture all viewpoints. We 

iteratively reviewed transcripts to ensure that we reached thematic saturation, which is a more valuable 

measure than sample size in the realm of qualitative research. Secondly, we recruited all mothers from 

ANC visits, and therefore the participants are predisposed to maternal and child healthcare—which 

includes immunization care—compared to mothers who deliver at home or who do not seek antenatal 

care. As homebirths are no longer legal in the DRC and an estimated 80% of births occur in facilities, this 

sample aligns with the setting of future HepB-BD implementation. Third, all participants were recruited 

in a predominately urban setting, and therefore the findings may be less generalizable to rural settings. 

Finally, some phrasing may have been lost in translation due multiple languages; this was countered by 
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the expertise of natively bilingual investigators who administered, interpreted, and analyzed the 

interviews.  

4.5 Conclusions  

Using the CFIR framework, this study integrates perspectives from facility informants and 

expectant mothers to inform future national policy and implementation of the HepB-BD in DRC. These 

stakeholder-driven findings should guide the streamlining of timely BD vaccinations upon HepB-BD 

implementation.  
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Figure 4.1 Participant sampling by health facility type 
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 Figure 4.2 Illustration depicting hypothetical HepB-BD vaccine distribution system  

  

*Manufacturer varies based on specific context and doses in vial (1-10 for HepB-BD)  

**Solar power fridges provided by UNICEF and GAVI 
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Figure 4.3 CFIR constructs specific to timely delivery of streamlined birth-dose vaccines 
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Table 4.1 Characteristics of study participants 

 

 Informants  N 

Location   

 Public Facility 4 

 Catholic Facility 4 

 Protestant Facility 2 

 Not-for-profit Facility 2 

 Health Zone  2 

 Private Facility 1 

 PEV 1 

Region  

 Urban  12 

 NA 3 

 Rural  2 

Occupation  

 Immunization Staff 5 

 Midwife 3 

 Head Nun/of Nursing/Midwives 3 

 Head of Vaccine Staff 2 

 Head of Vaccine Zone 2 

 Head of Facility  1 

 Head of National Vaccine  1 

 Mothers  N 

Location   

 Public Facility 4 

 Catholic Facility 4 

 Private Facility 2 

 Protestant Facility 2 

 Not-for-profit Facility 2 

Region  

 Urban  12 

 Rural  2 

First Pregnancy   

 Yes 8 

 No 6 
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Table 4.2 Facilitator and barriers to timely and streamlined BD vaccines presented within the CFIR 

construct 

 

  CFIR construct  Facilitators  Barriers 

INTERVENTION CHARACTERISTICS - key attributes that influence the success of the intervention 

 

Evidence strength & 

quality  Evidence based effectiveness of BD vaccines    

  Advocacy by global players, such as WHO   

 
Design quality & 

packaging  

HepB-BD multi-dose vials viable  < 28 days after 

opening  1-10 doses packaging options of HepB-BD 

   
BCG's 20-dose vials viable < 6 hours after 

opening  

 Cost  BD vaccines free-of-charge to facilities  

Facilities require mothers to pay fee for vaccines 

(vaccine card) 

   
Infants' vaccine cards rarely accepted across 

facilities  

INNER SETTING - attributes that interact with the facility 

 Structural characteristics  

Many facilities reported small fridges near maternity 

ward   

BD vaccines often kept in immunization ward 

and not near the maternity ward  

  Some  reported regular cold-chain supervision  

Some small fridges were not used for BD 

vaccines/lacked space  

  
Some facilities have solar power fridges to maintain 

cold chain in case of electricity outage  

Electricity outages pose risk to the cold-chain 

temperature  

   
Many facilities must retrieve BD vaccines daily 

at nearby reference facility 

 Implementation climate  

Mothers and informants expressed optimism for BD 

innovation   

 Learning climate   Need for BD vaccine training across disciplines  

PROCESS OF IMPLEMENTATION - attributes that impact process  

 Planning  

Plans for  timely and streamlined BDs in the DRC 

underway  

Clearer facility guidance on timely & streamlined 

BDs required  
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 Executing  Regular national stockouts of BCG vaccine  

 External change agents  Donors help cover the cost of BD vaccines  

 

CHARACTERISTICS OF THE INFORMANTS - attributes rooted in the actions and behaviors of individuals 

 

Knowledge & beliefs about 

the intervention  

Informants support BD vaccines if PEV- and 

research-backed   

 Self-efficacy   

Need for stronger willingness by informants to 

communicate BD vaccine information to mothers  

OUTER SETTING - exogenous attributes that influence the intervention 

 External policy 

Health system top-down -  informants would accept 

changes made to the national immunization 

schedule   

 Patient needs & resources  

Mothers sought information about HBV and other 

diseases  

Vaccine availability did not influence mother's 

choice of facility  

  
Mothers were comfortable vaccinating newborns 

within 24-hours of delivery  

Most mothers were not aware of risk, 

transmission, or of vaccine-preventable diseases  

    

Mothers did not report experiencing vaccine 

hesitancy themselves  

Mothers reported vaccine hesitancy within their 

communities  
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CHAPTER 5 : USING INTERVENTION MAPPING TO FACILITATE THE ADOPTION AND 

IMPLEMENTATION OF TIMELY BIRTH-DOSE VACCINES IN KINSHASA PROVINCE, THE 

DEMOCRATIC REPUBLIC OF THE CONGO   

 

5.1 Background  

Birth-dose vaccines, such as  the first oral polio dose (OPV0) and Bacillus Calmette- Guerin 

(BCG), play a critical role in protecting infants from life-threatening diseases and prevent severe 

morbidity for millions of children every year.142–144 Likewise, hepatitis B vaccine (HepB-BD) has been 

shown to dramatically reduce mother-to-child transmission of hepatitis B virus if administered within 24 

hours of an infant’s birth (birth-dose), followed by the recommended subsequent doses.97 This evidence 

led the WHO to recommend since 2009 that countries adopt the universal birth-dose vaccine, irrespective 

of maternal HBV serostatus.97,145  

Despite the policy recommendation and effectiveness of administering timely HepB-BD to 

newborns to prevent mother-to-child hepatitis B transmission, timely HepB-BD implementation poses 

programmatic challenges. While 14 of 48 countries in SSA have introduced HepB-BD to their national 

immunization schedule,47 timely uptake has remained strikingly low across the board. A 2022 study in 

Nigeria found that among the study sample, although 91% of infants received HepB-BD, only 33% 

received the vaccine within 24 hours of delivery.146 A meta-analysis of 31 studies conducted in SSA 

found that the pooled rate of uptake of HepB-BD in the first 24 hours after delivery was 1.3%.77 Even in 

high-income settings such as the United States, where HepB-BD was introduced in 1991, the complex 

challenge of timely delivery of HepB-BD led to high rates of delayed administration. A 2020 study in the 

US testing an intervention to improve timely administration through strategies such as staff education and 

guideline enforcement improved timely uptake from 40% to 92% of infants receiving HepB-BD.147 As 

more SSA countries adopt the new birth-dose vaccine to their immunization schedules, the unique 
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challenges demonstrated by these anecdotes illustrate that implementation strategies are critical to 

introduction in a new context. A systematically developed implementation strategy—VANISH-BD 

(Vaccination of Newborns – Innovative Strategies to Hasten Birth-Dose vaccines’ delivery)—will 

facilitate the adoption and implementation of timely birth-dose vaccine uptake.  

I used intervention mapping (IM) to develop an evidence-based and theory-driven 

implementation strategy to facilitate the streamlined uptake of timely birth-dose vaccines. IM is a 

grounded approach that informs the use of implementation strategies to support the programmatic 

delivery of a health service intervention, further described below. Here I document the development of 

VANISH-BD, an implementation strategy to streamline birth-dose vaccine delivery in a timely manner 

using an IM approach. While I tailored the intervention development process to a DRC setting, my 

objective is to evaluate the implementation strategy’s feasibility so that other researchers may adapt 

VANISH-BD to improve timely birth-dose vaccine uptake in other settings. 

5.2 Methods 

5.2.1 Setting 

The intervention mapping process was set in Kinshasa Province, the DRC, a vast area with an 

estimated 15 million inhabitants.148  The province encompasses urban, peri-urban, and rural areas, is one 

of the world’s fastest-growing megacities, and is a contender as the most populous metropolitan area in 

Africa. Kinshasa Province is divided into 35 health zones with one reference hospital each; the number of 

facilities varies based on the size of the health zone.149 The predominant facility ownerships in the DRC 

are religious, private, for-profit, and public.149 In the DRC, the national vaccine program  (Programme 

Élargi de Vaccination; PEV) selects facilities to provide vaccine services based on quality, and the 

number of individuals served rather than channeling vaccines only through publicly-owned facilities. For 

example, PEV may select a religious-based facility that reaches ample constituents to provide vaccination 

despite it not being government operated.  Currently, PEV recommends two vaccines at birth, OPV0 and 

BCG. OPV0 is followed by additional doses at 6, 10, and 14 weeks of age, which are the same time 

points at which the pentavalent vaccine (which contains HepB3) is recommended. The final vaccine-
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related setting consideration is that community health workers, employed at the health zone level, conduct 

vaccine outreach to improve uptake.  

This study reports on the process of developing a theory-driven implementation strategy to 

improve the timely uptake of birth-dose vaccines in Kinshasa Province by using preliminary findings 

from this particular setting. A future study will evaluate the feasibility of VANISH-BD—an 

implementation strategy to improve timely and streamlined HepB-BD vaccine uptake developed using an 

IM approach – so that it can be scaled up or adapted by implementers in other similar settings.  

5.2.2 Intervention mapping  

Intervention mapping is a systematic approach that outlines a six-step process, using evidence and 

theory to introduce interventions and develop related implementation strategies for addressing health 

problems. Researchers and implementers have used intervention mapping in studies globally—and in sub-

Saharan Africa specifically—to develop implementation strategies for introducing health interventions 

ranging from cancer management,150 malaria elimination,151 and improving antenatal care.152 However, to 

our knowledge, studies have yet to employ an intervention mapping approach to developing an 

implementation strategy to improve the timely uptake of streamlined birth-dose vaccines. 

IM is an iterative and cumulative process that uses outputs from previous steps to inform subsequent steps 

in the implementation process. The six steps of the IM process include: 

(1) A needs assessment and logic model of the problem,  

(2) Development of performance and change objectives,  

(3) Selection of theory-based methods and strategies, 

(4) Development of program components and materials,  

(5) Development of the implementation and adoption plan, and  

(6) Development of the evaluation plan.  

Step 1 begins with an initial needs assessment focusing on the analysis of existing factors – both barriers 

and facilitators – related to the health problem. The analysis guides the development of a logic model of 

the problem. Step 2 integrates the findings from the needs assessment to select a target population, target 

performance and change objectives. Step 3 requires selecting theory-based methods and practical 
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strategies used in step 4 to design the intervention program and materials. Step 5 concentrates on program 

adoption and implementation, and step 6 generates the instruments to evaluate the intervention.153  

An advantage of the IM process is its grounding in conceptual models, behavioral theory, and 

engagement with key stakeholders and community members to develop context-appropriate interventions. 

Community-based participatory research (CBPR) is an approach that ensures the use of bi-directional 

learning efforts to understand and improve intervention strategies.154 CBPR provides a link through which 

evidence-based research, community members, and leaders can combine to develop sustainable and 

context-specific interventions. IM emphasizes applying CBPR principles by engaging community 

stakeholders throughout the intervention’s development, implementation, and evaluation. 

5.3 Results 

5.3.1 Step 1. Needs assessment  

In this step, I conducted formative research to define the priority population and environmental 

change agents using a literature review and qualitative and quantitative research approaches. 

Literature review 

Our assessment began with a literature review of barriers and facilitators to the timely uptake of 

HepB-BD in sub-Saharan Africa to review lessons learned from other similar contexts.118The review 

consisted of 49 articles and highlighted the need for a multi-level initiative to target factors impacting 

timely birth-dose vaccine uptake at the policy, facility, and community levels. The review also identified 

research supporting streamlined efforts of HepB-BD, polio, and BCG birth dose vaccines to improve 

timely uptake. At the time of the review’s publication, four SSA-based studies assessed the effect of 

streamlined vaccines outside the 24-hour window. However, no study had evaluated the effect of 

streamlining the three vaccines at birth.77 The WHO confirms that the three vaccines do not interfere with 

one another’s immune response, and should be administered at birth.74 Therefore, timely, streamlined 

birth-dose vaccines are a proven approach to improving infant health outcomes. 
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Qualitative research  

I conducted interviews with expectant mothers and informants at the health facility, health zone, 

and national level (n = 30) across Kinshasa Province.100 These interviews explored determinants to the 

uptake of currently available birth-dose vaccines – OPV0 and BCG – and perceived barriers to future 

uptake of HepB-BD vaccine from various perspectives. I conducted the interviews in seven health 

facilities, two health zone administration offices, and the national PEV offices. Facility staff working the 

day of and mothers visiting the center for a prenatal visit were approached and recruited for the study. 

Findings from this study highlighted significant barriers to the uptake of birth dose vaccines, including 

regular stockouts and lack of storage capacity, inconsistent vaccine fees across facilities, lack of 

communication between delivery and vaccine departments, and limited understanding of vaccines among 

mothers and communities.100 

Quantitative research  

I conducted regression analyses leveraging longitudinal data from a continuous quality 

improvement study (NCT03048669) to assess the barriers to the timely administration of currently 

available birth-dose vaccines, OPV0 and BCG.155 I also evaluated the first dose of the pentavalent vaccine 

(including HBV) at six weeks. The study sample spanned 105 health clinics (currently unpublished). 

From the total study sample of 2,800 women, the sub-study included 2,398 eligible mother-infant dyads. 

The sub-study exclusion criteria included missing data about the infant’s vaccine uptake, death of the 

mother or infant, and loss of follow-up before the study team could capture vaccination information.  The 

longitudinal data analyzed the impact of factors such as a mother’s socio-demographics and a health 

facility’s general readiness score on an infant’s timely receipt of vaccines. At the individual level, results 

showed that a mother’s education, wealth, and proximity to a facility influenced the timely uptake of 

vaccines. A mother visiting a facility with religious affiliation and high general and immunization-

specific readiness also impacted the timely uptake of vaccines. 
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Conceptual model  

The PRECEDE (Predisposing, Reinforcing, and Enabling Constructs in 

Educational/Environmental Diagnosis and Evaluation) model guided our first step of IM. PRECEDE is a 

comprehensive structure often used in IM research to evaluate health needs to guide the design and 

implementation of health interventions.156 PRECEDE categorizes factors influencing the health problem 

using three levels:  individual (predisposing), interpersonal (enabling), and structural/ policy (reinforcing) 

factors inherent in health behaviors and interventions. Findings from the three parts of the needs 

assessment were categorized using the PRECEDE model in Table 5.1.  

5.3.2 Step 2. Performance and change objectives 

In the second step, I employed the main findings from the needs assessment to define birth-dose 

vaccine uptake behaviors for facility staff and mothers, defined our study objectives, described 

determinants of the identified behaviors, and developed matrices of change.  

Our ultimate objective was to share findings with the national government to support modifying 

the national immunization policy and administration guidelines surrounding newborn immunization in 

Kinshasa Province, the DRC. Therefore, in this step, I aimed to develop, implement, and examine the 

feasibility of an intervention streamlining birth-dose vaccines, including HepB-BD, OPV0 and BCG, 

within 24 hours of delivery for newborns in Kinshasa. I achieved my objective by using a two-pronged 

approach targeting facilities and leveraging community outreach.  

Change matrices help researchers determine the factors that must change to bring about each 

performance objective.15 Using the findings from the needs assessment, I produced change matrices that 

combined factors likely to be associated with the achievement of our listed objectives. My change 

matrices included both performance objectives and the determinants of achieving each objective. I 

divided the matrices into two target groups, the adopters (Appendix 5.1a) –decision-makers at the health 

zone and facility levels, and the implementers (Appendix 5.12b) – health staff at the facility and 

community levels. Determinants included beliefs, behaviors, and expectations specific to the roles of 
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adopters and implementers. Any barrier determined through our needs assessment was therefore 

transformed into a change objective to achieve our desired outcome.15,151  

To define the change objectives, I reported outcomes from needs assessment findings to 

community members. I held an open forum with health staff at the health zone and facility levels to elicit 

feedback and discuss reasonable change objectives. Each of the three sessions included approximately 

five participants and five study staff. Among the participants were a facility director, heads of 

vaccination, antenatal and maternity divisions, and a health zone representative. Sessions included 

dissemination of findings from the needs assessment, accompanied by an informative handout 

highlighting the critical determinants to timely birth-dose vaccine uptake. I then held group discussions to 

inform decisions on desired project outcomes for behavior change.  

5.3.3 Step 3. Select theory-based methods and strategies  

The objective of step 3 was to identify specific strategies to improve the determinants of success 

described in step 2. I therefore identified theoretical concepts and practical applications to guide the 

intervention’s implementation. I identified methods for changing determinants from those outlined in step 

2 and selected delivery strategies (Appendix 5.2). The community and health staff required sustained 

behavior change to improve timely birth-dose vaccine uptake. Therefore, I chose two relevant theories, 

the Theory of Planned Behavior 157 and the Social Cognitive Theory,158,159 both widely employed to 

predict and explain health behavior in health-related interventions. The Theory of Planned Behavior states 

that behavior depends on an individual's motivation and ability to control behavior. The theory is 

categorized into three types of beliefs – behavioral, normative, and control.157 The SCT suggests that 

bidirectional interaction between an individual and their behavior and environment leads to behavior 

change. The key components which impact behavior highlighted by the SCT include self-efficacy, 

behavioral capability, expectations, self-control, observational learning, and reinforcements.158,159 

Therefore, while I used the SCT to frame the macro-level factors influencing timely birth-dose vaccine 

uptake, the Theory of Planned Behavior focused on the micro-level components influencing the 
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individual's health behavior. Combining the two theories, I could predict and explain health behavior at 

various levels. 

Using both theories, I successfully organized key determinants of behavior change and theory-

based methods with practical application of behavior change techniques to overcome targeted barriers 

(Appendix 5.3). Using the theoretical frameworks, I grouped my strategies into three levels to impact 

sustained behavioral change: increasing knowledge, increasing self-efficacy, and changing outcome 

expectations. I employed the theory-based methods and linked each to practical application within the 

intervention’s context.    

Translating methods into applications required a sufficient understanding of the theory behind the 

method, leading to the theoretical change process. I constructed a logic model illustrating the potential 

relationships between theory and evidence-based methods and how they influenced determinants and 

outcomes (Figure 5.1). This model underpinned the intervention's planning, implementation, and 

evaluation. 

5.3.4. Step 4. Develop the intervention  

The next task for developing the intervention was to design educational and training materials and 

associated protocols for use by other policymakers and implementers aspiring to improve the uptake of 

timely and streamlined birth-dose vaccines. I assessed the existing resources at the facility and health 

zone levels, and examined how those resources, modified versions of the resources, or new assets could 

address our named program objectives. Based on the findings from the needs assessment, two program 

components were deemed important. First, a need to focus on behavioral aspects through individual and 

community awareness. Second, more buy-in from and guidance at the facility level are necessary to 

sustain a streamlined birth-dose vaccine approach. I employed implementation strategies to address the 

two components, including developing adopter and implementer relationships, identification of 

intervention champions, training sessions, and modification of educational materials, guidelines, and 

protocols (VANISH-BD). The two overarching components – updating material for individual and 

community awareness and training champions to ensure sustainability – are discussed below.  
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Updated material for individual and community awareness  

Other relevant research and the needs assessment informed VANISH-BD’s components for 

achieving specified program objectives. Our assessment found that mothers received little to no 

information about childhood vaccines during ANC visits, a missed opportunity to disseminate vaccine 

knowledge. In addition, the information shared varied across facilities, with no clear guidance on timely 

birth-dose vaccine uptake. Therefore, I developed new educational posters and scripts to be used by ANC 

staff to educate mothers about the risks of hepatitis B, polio, and tuberculosis and the benefits of the 

vaccines to prevent these diseases (Appendix 5.4a., 5.4b. and 5.4c). In addition, my research suggested 

that the community plays a significant role in a mother’s decision to vaccinate her infant. Therefore, I 

sought to leverage CHWs to partner with community leaders – through churches and schools – to further 

disseminate information about newborn vaccines. I developed specific guidelines and educational 

materials for this purpose (Appendix 5.5a and 5.5b). Finally, I found the following: only vaccine ward 

staff were administering the birth-dose vaccines, current guidelines did not ensure that delivery and 

vaccine ward staff communicate when newborns are born, and fridges in the maternity ward do not stock 

birth-dose vaccines. Each of these factors inhibited the timely uptake of streamlined birth-dose vaccines. 

Therefore, I developed updated protocols for birth-dose vaccine administration and a checklist outlining 

the guidelines for timely vaccine uptake to be administered by maternity ward staff for each newborn. All 

materials were translated into local languages and dialects and used pictures when possible to reach 

illiterate audiences.  

Training champions to ensure a sustained initiative  

In order to introduce a feasible and sustainable implementation strategy, our suggestion was to 

train community health workers and staff in the vaccine and delivery wards as champions to implement 

VANISH-BD in order to ensure that other health staff adhere to the initiative. The use of champions 

served three purposes: (1) to ensure day-to-day activities are maintained, (2) to hold recurring meetings 

with champions for continuous learning, and (3) to provide training to staff and incite buy-in to ensure the 

sustainability of VANISH-BD. Available evidence suggests that champions are facilitators of successful 
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change efforts and are crucial to practical implementation in health care.160 Training, empowering, and 

leveraging champions is commonplace when implementing programs across global health systems. 

However, to date, most published research leveraging change champions is based on western research 

with scarce LMIC-based literature available.  

The intervention planning group developed a two-day baseline training for champions and an 

additional two-days led by champions for relevant health staff. The training, which we will roll out during 

the trial phase, will consist of the study staff attending two days of onsite practice. The onsite practice will 

involve study staff visiting the facilities and supervising the implementation of VANISH-BD (Appendix 

5.6).  

In the future, every month during the study, the three levels of champions will then meet with 

study staff to debrief about challenges encountered and brainstorm potential solutions going forward. The 

champions will play a critical role during the study to help flesh out issues related to the implementation 

strategy. This step will ensure that the final implementation package, VANISH-BD, and associated 

training and education material and guidelines are field-tested, and feasibility verified for scale-up or use 

in other settings.  

5.3.5 Step 5. Develop the implementation plan 

Step 5 focused on developing an implementation plan to ensure the successful adoption and 

implementation of VANISH-BD across all study facilities. The objective was to implement the complete 

intervention in all facilities and achieve sustainability through the maintenance of champions and training. 

From this study’s formative needs assessment step, and in response to the need for timely and streamlined 

birth-dose vaccines, I produced VANISH-BD’s intervention plan and materials for all of these strategies 

(Table 5.2). The intervention plan has been discussed, and the adoption and implementation of VANISH-

BD assured by leadership at the health zone and facility levels.  

5.3.6 Step 6. Develop the evaluation plan  

The final step was developing an evaluation plan, which ensured intervention feasibility 

measurement spanning the lifecycle of its implementation. During the future study, a continuous 
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evaluation will allow opportunities to amend the intervention and improve its adoption, impact, and 

sustainability. The evaluation plan will be finalized as part of the completed future study, but I present an 

overview below.   

Study design and timing  

I will evaluate the feasibility of VANISH-BD through a cluster-randomized controlled trial in 

Kinshasa Province, DRC, in 12 facilities. I will expose the treatment arm to VANISH-BD, and the control 

arm will receive the HepB-BD vaccine without the implementation package. The treatment and control 

facilities will be located in non-contingent catchment areas to ensure that community dissemination does 

not spill over to the control facility territory and to limit heterogeneity among the selected facilities.161 I 

will organize an awareness session to inform the facility staff in the control arm that newborns will 

receive HepB-BD. I will divide the study period into two phases: a 12-month intervention and a three-

month post-intervention follow-up phase. The 12-month intervention period of VANISH-BD will provide 

enough time for staggered facility roll-out, follow-up of enrolled mother-infant dyads, and time to deliver 

and follow the EPI schedule through 14 weeks. I will use the three-month post-intervention phase to clean 

and analyze study findings. 

Outcomes 

The primary outcome will be the proportion of newborns in facilities receiving timely birth-dose 

vaccines (within 24 hours of delivery) of all three vaccines, HepB-BD, OPV0, and BCG. The secondary 

outcome will be the number of children receiving a complete EPI schedule by 14 weeks of age. Both 

outcomes will be measured using birth and vaccine records at the facility and health zone levels. Health 

zone CHWs will help track down mother-infant dyads that leave or move from study facilities before 

completing their EPI schedule.  A final outcome will be vaccine awareness and perceived benefit among 

health staff and mothers in the treatment and control groups. Awareness and perceived benefit will be 

measured using baseline and end-line questionnaires. The study staff will conduct a quarterly review of 

VANISH-BD’s implementation and will make necessary adjustments to the study’s approach. 
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5.4. Discussion  

In this paper, I presented an intervention mapping approach to develop VANISH-BD, a strategy 

targeting health staff to equip them with the necessary tools to increase the uptake of timely birth-dose 

vaccines for newborns. VANISH-BD addresses the barriers to vaccine uptake using theory-based 

behavior change techniques to achieve the desired behavior outcome in health staff, mothers, and the 

community. In the future, I will conduct a randomized controlled trial to assess the feasibility of 

VANISH-BD. While this initiative was developed specific to the DRC, I intend for VANISH-BD to be 

adapted and used in other contexts. 

Our initiative was based on formative research to define the priority population and 

environmental change agents using a literature review as well as qualitative and quantitative research. I 

categorized our assessment using the PRECEDE model to understand the individual, interpersonal, and 

environmental components that impact health behavior influencing the uptake of birth-dose vaccines. The 

needs assessment highlighted significant barriers at the individual level, such as lack of vaccine 

knowledge among mothers and health staff; at the interpersonal level, such as a lack of communication 

between EPI and maternity staff; and at the environmental level, such as an absence of consistent 

guidance about birth-dose vaccines across facilities.   

Among our most significant challenges was the scarce literature on implementation strategies for 

effective rollout of timely HepB-BD in similar SSA settings. This gap in the literature pushed me to 

employ the IM approach to develop this initiative based on a needs assessment conducted in the DRC and 

to report on the findings so that other researchers and implementers may use the implementation strategy, 

VANISH-BD, in other vaccine uptake research. Through our decision to use an IM approach that is 

grounded in theory and evidence, I can proactively address multilevel barriers to timely streamlined BD 

vaccine uptake. As such, our intervention focuses on updating materials for individual and community 

awareness and training champions to foster internal ownership and leadership of VANISH-BD and, 

ultimately, its sustainability. Maternal education has been shown to positively contribute to child health 

and associated immunization service uptake.162,163 A meta-analysis found that education about 
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vaccinations through counseling sessions and printable information materials increased overall 

vaccination coverage by 19%.164 In the same meta-analysis, interventions for providers, such as training 

for health staff and reminders for end-users, were shown to improve vaccine coverage by 13%.164 Finally,  

leveraging CHWs to engage and educate community and religious leaders is a commonly employed 

approach to increase vaccine uptake through information campaigns.165–167 Given the unique challenge of 

administering the HepB-BD within the short window after birth, an intervention leveraging all of these 

evidence-based approaches has the best likelihood of increasing the uptake of timely birth-dose vaccines. 

Our study's primary limitation is that scarce research exists on the novel approach of streamlining 

birth-dose vaccines within 24 hours of delivery. Our literature review found that despite WHO's 

recommendation of streamlined timely birth-dose vaccines, research studies applying this approach had 

yet to be conducted in SSA. However, this gap in the literature propelled me to develop VANISH-BD, an 

implementation strategy to improve the uptake of timely BD vaccines, so that future researchers and 

implementers may use our evidence-based approach in other settings.     

5.4.1 Next steps 

I will conduct an RCT to objectively assess VANISH-BD’s feasibility and effect on the uptake of 

timely and streamlined BD vaccines for infants in Kinshasa Province, the DRC. The long-term objective 

is to (1) integrate this strategy alongside the roll-out of HepB-BD across the DRC to proactively improve 

timely HepB-BD and (2) improve the timely delivery of currently available OPV0 and BCG BD vaccines. 

Findings from this study can be used by policymakers in the DRC when developing an approach to revise 

the DRC national PEV schedule to include HepB-BD. 

5.5 Conclusions 

This study reports on developing VANISH-BD, an implementation strategy to improve the 

uptake of streamlined birth-dose vaccines within 24 hours of delivery. I developed VANISH-BD using an 

intervention mapping approach to ensure that it was grounded in theory. The intervention is contextually 

relevant, locally produced, sustainable, and designed to improve timely birth-dose vaccine uptake in the 

DRC. By providing a detailed, stepwise description of the intervention development process, other 
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researchers and implementers may use the findings to adopt the implementation strategy in other relevant 

settings to facilitate HepB-BD introduction and improve the uptake of streamlined birth-dose vaccines at 

the facility level.  
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Figure 5.1 Theory-driven logic of solution model for vaccine uptake  
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Table 5.1 Preliminary findings from need assessment 

  

PRECEDE Construct  Preliminary Findings Source  

Individual  

(Predisposing)  

Facilitators  

Motivation to keep infant safe and protected  Qual  

More vaccine knowledge with more mature age and 

education 

Qual & 

Quant  

Knowledge that vaccines can protect against seasonal 

diseases  Qual  

Barriers  

Low socioeconomic status of mother Quant 

Lack of knowledge about disease prevalence and vaccine 

benefits  Qual  

Delay seeking birth-dose vaccines  Quant 

Residing further than walking distance from a facility  Quant 

Interpersonal  

(Reinforcing)  

Facilitators  

Opportunity exists to disseminate vaccine knowledge during 

ANC visits among mothers who seek antenatal care Qual  

Opportunity exists to disseminate vaccine education to 

community by leveraging CHWs  Qual  

Physical space for posters and guidance in facilities  Qual  

Barriers  

Collaboration and communication between midwives and 

vaccine staff  Qual  

Influence on vaccine hesitancy from families and friends 

(community)  Qual  

Clarity of vaccine education disseminated to mothers during 

ANC visits  Qual  

Organizational  

(Enabling)  

Facilitators  

Existing guidelines and workflows in place for vaccine 

distribution  

Qual & 

Quant  

Free vaccine services at public facilities  Qual  

Discussions at national level to include HepB-BD to national 

immunization schedule  Qual  

Barriers  

Absence of guidelines about streamlining timely birth-dose 

vaccines across facilities  

Qual & 

Quant  

Varying vaccine fees across facilities  Qual  

Stockouts of vaccines Qual  

Absence of storage for birth-dose vaccines in delivery ward  Qual  

Absence of HepB-BD on national immunization schedule  

Qual & 

Quant  
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Table 5.2 Specific implementation plans and materials for streamlining timely birth-dose vaccines 

 

Implementation Strategy  Implementation Plan 

 

Facility based education • Development and dissemination of single-page 

infographic about HepB-BD for use during antenatal visits 

and at delivery by health staff to educate mothers and 

families about HBV risk and HepB-BD benefit.   
• Development and dissemination of educational posters 

about HepB-BD and other BD vaccines to be hung in 

facilities  

 

Educational outreach program  • Creation of a community outreach initiative in schools 

and churches   

• Leverage CHWs to educate the community on HBV and 

other vaccine preventable diseases (tuberculosis and polio) 

 

Champion approach  • Training of champions in the vaccine ward, the delivery 

ward, and community health workers   

• Champion supervision at the onset of the study  

 

Champion learning collaborative  • Monthly joint meetings via a WhatsApp platform of each 

champion team to share experiences with the study and 

discuss challenges and solutions.  

Written clinical guidelines  • Dissemination across all study facilities of written 

guidelines for the introduction of HepB-BD alongside 

streamlined OPV0 and BCG  

  



  

 81 

 

CHAPTER 6 : CONCLUSION   

 
6.1 Overview 

Across sub-Saharan Africa (SSA), hepatitis B virus (HBV) prevalence is higher than anticipated, 

despite the widespread vaccination. The primary prevention tool is the three-dose HBV vaccine (HepB3), 

which has been available globally since 1982,16 but only in the DRC since 2007.  Likewise, the burden of 

infectious diseases such as tuberculosis, for which there is an established birth-dose vaccine, remains 

strikingly high in SSA.168 This research advances our knowledge about the unique challenges to 

childhood vaccination uptake at the various socio-ecological levels, such as individual, facility, and 

national levels. My findings highlight the complexities of vaccine distribution systems and the 

comprehensive and detailed approaches to overcome these distribution challenges using methods such as 

implementation mapping guided by needs assessment and theory. This dissertation's findings are relevant 

to policymakers and implementers who aim to 1) better understand the unique determinants that impact 

timely birth-dose vaccine uptake and 2) introduce the HepB-BD vaccine to new contexts.  

Here, I combined a scoping review of the literature, semi-structured interviews with expectant 

mothers and informants from the vaccine distribution system, and data analyses encompassing facility 

administration and individual care-seeking in order to provide a needs assessment of the birth-dose 

vaccine landscape. The needs assessment then played an integral role in an intervention mapping 

approach to develop an evidence- and theory-based approach to administering timely and streamlined 

vaccines. This study filled a gap in the current evidence in the following ways: Chapter 2 provided a 

literature review of determinants of HepB-BD uptake in SSA at three socio-ecological levels: national, 

facility, and community; Chapter 3 measured multi-level determinants of timely birth-dose vaccine by 

using a unique data source that combined longitudinal mother-infant dyad and facility inventory data; 
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Chapter 4 explored individual testimonies of the barriers and facilitators to infant vaccine uptake across 

the health system continuum; and Chapter 5 described the development of an implementation approach 

for introducing timely and streamlined birth-dose vaccines (OPV0, BCG, and HepB-BD) across maternity 

centers by employing an intervention mapping approach. To my knowledge, this was the first study of 

infant vaccine uptake that used an in-depth needs assessment, combining various methods, to proactively 

suggest an approach to overcoming wide-spanning and context-specific determinants across the socio-

ecological levels.   

The results of this study provided insight into vaccine distribution services in 105 maternity 

centers across Kinshasa Province, the DRC. Its focus on timely vaccine distribution and administration 

was timely and essential given the current worldwide epidemic and its impact on routine 

immunizations.4,162,169 It is cited that the COVID-19 pandemic had disastrous effects on the uptake of 

childhood vaccines: in 2020, 17 million children globally did not receive any vaccines170 and the rate of 

uptake for the first dose of the pentavalent vaccine (including HBV) declined by 41 % in SSA.171 This 

underscored the imperative to better understand the complex determinants interplaying at all societal 

levels to disrupt timely vaccine and, more importantly, birth-dose vaccine uptake. Ultimately, this 

research contributed to the improvement of infant health outcomes against vaccine-preventable diseases 

by underscoring the unique vaccine confidence, immunization system management and administration, 

and access barriers that prevent infants in Kinshasa Province from receiving timely immunizations. This 

study provided context-specific and evidence-based solutions to overcoming these obstacles. 

6.2 Summary of studies  

 The overarching goal of this research was to contribute to improved infant and population health 

by advancing understanding of the determinants and effects of timely infant vaccines; this dissertation 

work culminated in an implementation strategy for integrating a new vaccine – HepB-BD – while also 

improving the timely uptake of current birth-dose vaccines – OPV0 and BCG—in the DRC. I conducted 

four studies to meet this objective. My studies leveraged data and existing infrastructure across health 
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facilities in Kinshasa Province established by a DRC-based team and facilitated by faculty at UNC-

Chapel Hill and Albert Einstein School of Medicine.  

           In the first study, I took a higher-level approach to explore existing challenges and real-world case 

studies of implementation challenges to introducing HepB-BD to new sub-Saharan African contexts by 

conducting a systematic literature review of published literature. I described barriers to the uptake of 

HepB-BD in SSA at the policy, facility, and community levels and proposed solutions relevant to 

stakeholders wishing to introduce HepB-BD to a new context. I highlighted the importance and challenge 

of reaching infants born outside of healthcare facilities (i.e., home deliveries) with HepB-BD in 

partnership with community health workers. I also discussed the critical role of maternal education and 

community engagement in future HepB-BD scale-up efforts. 

           The second study used two ordered regression models to assess barriers to and determinants of 

timely BCG and the first round of hepatitis B (HepB3) immunization across multiple time points using 

the Andersen Behavioral Model. Between 2016 and 2020, 1,981 infants (82.6%) received the BCG 

vaccine, and 1,551 (68.4%) received the first HepB3 vaccine. The distribution of timing of BCG uptake 

was as follows: 26.3% received BCG within 24 hours, 43.5% between one and seven days, and the 

remaining 12.8% between one and 14 weeks. Of infants who received the HepB3 vaccine, 22.4% 

received the first dose within six weeks, and 46% between six and 14 weeks. Many factors were 

positively associated with BCG uptake, including higher maternal education, household wealth, higher 

facility general readiness scores, and religious-affiliated facility ownership. The factors influencing 

HepB3 uptake included older maternal age, higher education level, household wealth, transport by taxi to 

a facility, higher facility general and immunization readiness scores, and religious-affiliated facility 

ownership. These findings suggest that investments to strengthen the vaccine delivery system might 

improve timely vaccine uptake and equity in vaccine coverage. 

           In the third study, I conducted semi-structured interviews in seven health facilities across Kinshasa 

Province from June to July 2021. The Consolidated Framework for Implementation Research (CFIR) 

guided my data analysis and I identified 13 constructs (2-3 per domain) related to the success of timely 
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and streamlined BD vaccines. I found significant barriers within and across each domain; most notably, 

the multi-dose vials of existing BD vaccines determining when facility staff could vaccinate newborns, 

often resulting in untimely vaccinations; logistical concerns with regular national vaccine stockouts and 

ability to store vaccines; complex and unsynchronized vaccine fees across facilities; inadequate 

communication across delivery and vaccination wards; and limited and at times incorrect understanding 

of vaccines among mothers and other community members.  

           In my fourth and final study, I employed an intervention mapping approach, using findings from 

my precursory chapters, to introduce HepB-BD and improve timely uptake of all birth-dose vaccines in 

Kinshasa Province. I described the development of the implementation strategy using intervention 

mapping, an evidence-based and theory-driven approach. I reported on the development of my 

intervention, beginning with the needs assessment based in Kinshasa Province, DRC, informing step 1 of 

intervention mapping. The intervention was contextually relevant, locally produced, sustainable, and 

designed to improve timely birth-dose vaccine uptake in the DRC. I intended to inform future 

implementers about improving timely and streamlined birth-dose vaccine uptake and for VANISH-BD to 

be adapted for similar contexts. 

           In sum, my findings presented unique determinants to timely vaccine uptake based on evidence 

from other countries, secondary data from a large-scale longitudinal study, and semi-structured interviews 

across the health system. The study also leverages an evidence-based and theory-driven approach, 

intervention mapping, to develop an implementation strategy to streamline timely birth-dose vaccines 

across maternity centers in the DRC. The process and results of this research highlight the need for more 

comprehensive, multi-dimensional, and context-specific approaches for improving vaccine distribution 

systems and introducing HepB-BD to new low-resource contexts.  

6.3 Limitations  

The studies described in the dissertation do have several limitations. First, the evidence review 

conducted during Chapter 2 and referenced throughout the dissertation studies is grounded in only a few 

examples of successful HepB-BD introduction in SSA.19,66,68 The scarce literature, paucity of African 
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countries (13/48) that have introduced HepB-BD to date, and the poor uptake of the birth-dose vaccine 

where it has been introduced drove our DRC-based team to devise an implementation strategy to 

proactively improve timely HepB-BD uptake  prior to its introduction.  

Next, I collected data from participants during ANC care in a predominately urban setting. These 

expectant mothers are predisposed to maternal and child healthcare—including immunization care—

compared to mothers who deliver at home or those who do not seek antenatal care. The findings, 

therefore, may be less generalizable to rural settings. 

In addition, my assessment in Chapter 3 leveraged sample participants from a cohort of women 

already enrolled in an HIV continuous quality improvement study, which impacted the generalizability of 

this study. However, vaccine uptake in this population was similar to the national average, and factors 

influencing vaccine uptake were aligned with other infant immunization studies in the Congo and 

elsewhere in SSA.36,80,107–109,111,112,115 The measure of vaccine uptake status and timing may have suffered 

from recall bias because of the contemporaneous approach of capturing vaccine dates during study 

interviews. The study staff reviewed infants' vaccine records to correct any errors in logging the vaccine 

dates to help alleviate any errors. Another limitation of the assessment detailed in Chapter 2 is that I could 

not infer causal estimates and instead presented associations. Finally, while the parent study did 

experience significant rates of LTFU, study staff followed up with respondents to understand the reasons 

for LTFU and recaptured some of the data that otherwise would have been lost. A weighted analysis 

including LTFU within the 'never vaccinated' category allowed me to calculate more accurate rates of 

failure to vaccinate.  

The study described in Chapter 4 had a small sample size of 16 informants and 14 expectant 

mothers, which limited perspectives to those in Kinshasa's urban metropolis. However, I iteratively 

reviewed transcripts to reach thematic saturation. In addition, some phrasing may have been lost in 

translation due to multiple languages – Lingala, French, and English. This was countered by the expertise 

of natively bilingual investigators who administered, interpreted, and analyzed the interviews.  



  

 86 

Finally, Chapter 5 focuses on the process of intervention mapping to develop an implementation 

strategy; therefore, the intervention has yet to be tested. However, the needs assessment, collaboration 

with national, facility, and community stakeholders, and evidence-based approaches in developing the 

intervention ensured that this intervention was context-specific and sustainable. 

6.4 Implications for research  

This research has important implications for research. First, in Chapter 2 I summarized research 

findings across various sub-Saharan African settings and developed a comprehensive list of solutions for 

overcoming barriers to HepB-BD uptake. Specifically, the review highlighted the scarce literature 

addressing the complexities of rural at-home births in many African settings. This is the first known 

review to provide future researchers and implementers with a blueprint for introducing the HepB-BD.  

Chapter 3 evaluated the determinants of uptake of infant vaccines at different time intervals using 

ordered logit regression models. Data on timing of vaccine uptake for over 2,000 mother-infant dyads 

were available through a large-scale continuous quality improvement initiative across 105 maternity 

clinics in Kinshasa Province, the DRC. This study was unique due to the wealth of relevant data available 

at the mother-infant level and at the facility inventory and staffing levels. In addition, to my knowledge, 

this was the first study to use the employed method to highlight the unique determinants at various time 

intervals. Model I reported on determinants of BCG uptake within 24 hours of delivery, between one and 

seven days, or one week to 14 weeks; versus those who never received the BCG vaccine during the study 

period. Model II reported on uptake of HepB3 within six weeks, and at six to 14 weeks, compared to no 

uptake during the study period. These findings can be used to address specific determinants for targeted 

timing of uptake.  

In Chapter 4, I addressed a research gap by reporting on the first qualitative studies that reported 

on determinants of BD vaccine uptake in a low-resource setting. While other research reported barriers 

and facilitators to infant vaccines, ours was the first to examine the unique challenges of introducing time-

sensitive birth-dose vaccines. Further, my research was novel in combining results from testimonies of 

informants across the vaccine care continuum, from the national EPI schedule, through health zones, and 
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within various facility wards. In addition, I interviewed expectant mothers after finding that their voices 

and testimonies are often overlooked in related research in low-resource settings.  

Finally, the research in Chapter 5 addresses the call to use evidence-based approaches and theory 

to underpin an intervention mapping approach for developing an implementation strategy to improve the 

timely uptake of streamlined birth-dose vaccines. 

6.5 Implications for practice  

In addition to contributing to the research in this field, the dissertation research results also have 

many practical applications. First, the results of these studies are drawn from real-world situations where 

teams are working to vaccinate infants and reduce infant morbidity and mortality. The findings can be 

used to identify solutions to common barriers to timely infant vaccines in the DRC and other similar 

settings. For instance, I identified significant determinants of timely uptake of both BCG and HepB3 at 

the external environmental level, focusing on intervenable facility characteristics. I found that infants are 

not receiving their birth-dose vaccines before they initially leave maternity centers due in part to a lack of 

communication between the maternity and EPI wards. Maternity wards do not have the ability to 

administer or store vaccines in their part of the maternity center. Therefore, when a mother-infant dyad 

leaves the facility, they are asked to return days later and visit the EPI ward. By improving inter-health 

staff communication, empowering the maternity staff to administer vaccines, and stocking birth-dose 

vaccines in already available refrigerators in the maternity ward, timely birth-dose vaccine uptake can be 

achieved in real-world settings in the DRC and elsewhere. In addition, these solutions culminated into an 

implementation strategy that may be uses by ministries of health in countries intending to introduce 

HepB-BD and improve timely and streamlined birth-dose vaccines. 

6.6 Future directions 

This research adds to the growing evidence base on the best practices for implementing evidence-

based and context-specific interventions to improve health outcomes in low-resource settings. A few 

critical areas may be explored to continue contributing to this field of research. First, and critically, the 

implementation strategy developed in Chapter 5 should be piloted across facilities in Kinshasa Province, 
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the DRC. I intend to conduct an RCT to objectively assess the intervention's effect – comparing  

treatment clinics receiving the implementation strategy to control clinics that do not – on the uptake of 

timely and streamlined BD vaccines for infants in Kinshasa Province. The long-term objective is to (1) 

integrate this strategy alongside the future roll-out of HepB-BD across the DRC to proactively improve 

timely HepB-BD uptake, and (2) improve the timely delivery of already available BD vaccines, OPV0 

and BCG. Findings from this study can be used by policymakers in the DRC when developing an 

approach to revising the DRC national EPI schedule to include HepB-BD. 

Second, researchers can continue to study the determinants of timely birth-dose vaccine uptake. 

While Chapter 3 identified determinants of BCG uptake, I could not investigate the determinants of 

uptake of HepB-BD because the DRC has yet to introduce the vaccine. Future research may be conducted 

in similar contexts that have already introduced HepB-BD, using the same ordered logit regression 

approach to highlight determinants at various time points. Otherwise, a follow-up study re-examining 

determinants of HepB-BD in Kinshasa Province may be conducted as part of a pilot study introducing 

this vaccine.  

Finally, literature both about reaching rural, hard-to-reach home births and about the mother's 

involvement is scarce within the vaccine uptake research field in SSA. In the DRC, this dissertation 

research--identifying determinants of timely vaccine uptake at the facility level and developing an 

implementation strategy to be utilized throughout facilities--may be used as a gateway to begin 

conversations with policymakers about reaching at-home deliveries with birth-dose vaccines and 

improving rural infant health outcomes. Future research may include testing and leveraging evidence-

based innovations already identified in SEA,3,45,67,79 such as OOC vaccines and mHealth innovations, to 

improve vaccine reach to home births. There is also a need for more research incorporating the mother's 

perspective and role in timely vaccine uptake. Although SSA countries acknowledge the need for buy-in 

for HepB-BD at the political and facility levels, health officials and researchers continuously understate 

the mother's and community’s role in HepB-BD implementation approaches. Crowd-sourcing is a 
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potential solution that would incorporate the voices of all stakeholders, from political players to 

mothers/caregivers, in a context-specific strategy to introduce timely HepB-BD.172–174   

6.7 Concluding remarks   

 I leveraged multiple methods to identify challenges to introducing timely birth-dose vaccines, 

especially HepB-BD, in the DRC and throughout SSA. I then used the needs assessment to develop a 

proposed implementation approach to improving timely, streamlined birth-dose vaccines. An intervention 

mapping approach underpinned my needs assessment. I examined barriers to uptake related to the 

individual – vaccine confidence and knowledge; facility – administration barriers such as lack of 

communication between vaccine and maternity wards; and national – updating the EPI schedule and 

improving guidelines for timely birth-dose vaccine uptake—levels. This method allowed me to develop 

an implementation approach targeting every level of the socio-ecological model. Attention to the multi-

level implementation determination of timely birth-dose vaccine uptake is critical to introducing and 

accelerating uptake in new contexts such as the DRC. Providing an intervention tool kit that will be 

piloted and adapted to similar contexts can help future implementers and policymakers in their efforts to 

improve childhood health outcomes against preventable diseases. 

 



  

APPENDIX 3.1 MODEL I AND MODEL II SPECIFICATIONS 

 

 

Model I AIC 

AIC 

[weighted] Variable  

   

Birth 

order Age Education Marital  

Wealth 

Index Transport 

Facility 

Readiness 

Immunization 

Readiness 

Facility 

type  Ownership  Urban  

Model I.A  5107.446 6982.055 Linear Linear  Categorical  Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 

Model I.B 5108.343 6981.075 Quadratic  Linear  Categorical  Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 

Model I.C 5109.336 6983.984 Linear Quadratic  Categorical  Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 

Model I.D 4951.815 6977.715 Linear Linear  Linear Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 

Model I.E 4953.564 6978.56 Linear Linear  Quadratic Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 

Model I.F 4954.756 6988.408 Linear Linear  Linear Binary  Categorical  Binary  Linear Linear Binary  Categorical  Binary 

Model I.G 4951.641 6989.533 Linear Linear  Linear Binary  Categorical  Binary  Linear Categorical  Binary  Categorical  Binary 

Model I.H 4954.647 6977.053 Linear Linear  Linear Binary  Categorical  Binary  Categorical  Linear Binary  Categorical  Binary 

Model I.I 4956.521 6987.418 Linear Linear  Quadratic Binary  Categorical  Binary  Linear Linear Binary  Categorical  Binary 

Model I.J 4954.847 6990.344 Quadratic  Linear  Linear Binary  Categorical  Binary  Linear Linear Binary  Categorical  Binary 

Model I.K 4956.742 6989.289 Linear Quadratic  Linear Binary  Categorical  Binary  Linear Linear Binary  Categorical  Binary 

Model I.L 4952.726 6969.91 Linear Linear  Linear Binary  Categorical  Binary  Quadratic  Linear Binary  Categorical  Binary 

Model 1.M 4956.376 6990.264 Linear Linear  Linear Binary  Categorical  Binary  Linear Quadratic  Binary  Categorical  Binary 

Model 1.N 4954.624 6971.812 Linear Linear  Linear Binary  Categorical  Binary  Quadratic  Quadratic  Binary  Categorical  Binary 

Model II AIC 

AIC 

[weighted] Variable 

   

Birth 

order Age Education Marital  

Wealth 

Index Transport 

Facility 

Readiness 

Immunization 

Readiness 

Facility 

type  Ownership  Urban  

Model II.A  4006.155 5373.696 Linear Linear  Categorical  Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 

Model II.B 4008.155 5375.517 Quadratic  Linear  Categorical  Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 

Model II.C 4007.579 5374.651 Linear Quadratic  Categorical  Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 

Model II.D 3882.626 5365.971 Linear Linear  Linear Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 

Model II.E 3883.884 5367.922 Linear Linear  Quadratic Binary  Categorical  Binary  Categorical  Categorical  Binary  Categorical  Binary 
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Model II.F 3882.698 5386.044 Linear Linear  Linear Binary  Categorical  Binary  Linear Linear Binary  Categorical  Binary 

Model II.G 3885.882 5387.82 Linear Linear  Linear Binary  Categorical  Binary  Linear Categorical  Binary  Categorical  Binary 

Model II.H 3880.814 5366.406 Linear Linear  Linear Binary  Categorical  Binary  Categorical  Linear Binary  Categorical  Binary 

Model II.I 3883.904 5387.984 Linear Linear  Quadratic Binary  Categorical  Binary  Linear Linear Binary  Categorical  Binary 

Model II.J 3884.537 5387.841 Quadratic  Linear  Linear Binary  Categorical  Binary  Linear Linear Binary  Categorical  Binary 

Model II.K 3884.528 5387.187 Linear Quadratic  Linear Binary  Categorical  Binary  Linear Linear Binary  Categorical  Binary 

Model II.L 3874.183 5352.979 Linear Linear  Linear Binary  Categorical  Binary  Quadratic  Linear Binary  Categorical  Binary 

Model II.M 3882.259 5384.918 Linear Linear  Linear Binary  Categorical  Binary  Linear Quadratic  Binary  Categorical  Binary 

Model II.N 3875.091 5354.367 Linear Linear  Linear Binary  Categorical  Binary  Quadratic  Quadratic  Binary  Categorical  Binary 
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APPENDIX 3.2 MODEL I SENSITIVITY ANALYIS 

 

 

Variables  

Model 1. 

Complete Case 

Model 2. 

Missing added 

as new 

category  

Model 3. 

Missingness 

added to 'not 

vaccinated'  

Model 4. LTFU 

added as 

category  

Model 5. 

LTFU added 

with never  

BIRTH ORDER     
 

First 24 hours -0.0033731 0.0027309 0.0021107 0.0025946 0.0019172 

1-7 days 0.0004969 0.000818 0.0006313 0.0003131 0.0002296 

1-14 weeks 0.0016023 -0.0006384 -0.0004944 -0.0008616 -0.0006378 

Not vaccinated 0.0012738 -0.0005758 -0.0022477 -0.0007775 -0.001509 

Missing/LTFU  -0.0023347  -0.0012686  
  

   
 

AGE   
 

 
 

First 24 hours 0.0014175 .0027825* .0028184* 0.0019638 0.0020484 

1-7 days -0.0002088 .0008335* .000843* 0.000237 0.0002453 

1-14 weeks -0.0006734 -.0006505* -.0006601* -0.0006521 -0.0006814 

Not vaccinated -0.0005353 -.0005866* -.0030013* -0.0005885 -0.0016123 

Missing/LTFU  -.0023788*  -0.0009602  
  

    

EDUCATION   
 

 
 

First 24 hours 0.0034582 .0063704** .0063193** 0.0043431 0.0043906 

1-7 days -0.0005095 .0019082** .0018902* 0.0005241 0.0005259 

1-14 weeks -0.0016427 -.0014892** -.0014801** -0.0014422 -0.0014606 

Not vaccinated -0.001306 -.0013431** -.0067294** -0.0013015 -0.0034559 

Missing/LTFU  -.0054463**  -0.0021236  
  

   
 

MARITAL STATUS 

Not married  
  

 

 

 

First 24 hours -0.0059991 -0.0017877 -0.0004628 0.002087 0.002614 

1-7 days 0.0008531 -0.0005394 -0.0001387 0.0002472 0.0003058 

1-14 weeks 0.0028629 0.0004178 0.0001084 -0.0006925 -0.0008688 

Not vaccinated 0.0022831 0.0003773 0.0004931 -0.0006241 -0.0020511 

Missing/LTFU  0.0015319  -0.0010175  
   

 
 

 
WEALTH INDEX  

First 
  

 

 

 

First 24 hours 0.015381 0.0270879 0.024699 0.0097373 0.0090706 

1-7 days -0.0041569 0.0034551 0.00312 -0.0003789 -0.0003613 

1-14 weeks -0.0064872 -0.0065663 -0.0059994 -0.0030923 -0.0028834 
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Not vaccinated -0.0047368 -0.0052484 -0.0218197 -0.0025059 -0.0058259 

Missing/LTFU  -0.0187282  -0.0037602  
  

   
 

WEALTH INDEX  

Second 
  

 

 

 

First 24 hours -.0537647* -.0462165* -.0481882** -.0659091** -.0657557** 

1-7 days 0.0077531 -.0146267** -.0151531** -.0091006* -.008876* 

1-14 weeks .0256595* .0108705* .0113637** .0221761** .0221457** 

Not vaccinated .0203521* .009871* .0519776** .020087** .052486*** 

Missing/LTFU  .0401017** 
 

.0327466*** 
 

  
    

WEALTH INDEX  

Third 
  

 

 

 

First 24 hours -0.0283561 -0.0217927 -0.0229156 -0.023584 -0.0246406 

1-7 days 0.0055372 -0.005379 -0.005556 -0.0007491 -0.0007827 

1-14 weeks 0.0129183 0.005228 0.005513 0.0077121 0.0080694 

Not vaccinated 0.0099006 0.0045148 0.0229585 0.0065224 0.0173539 

Missing/LTFU  0.0174289  0.0100987  
  

    
TRANSPORT  

Vehicle 
  

 

 

 

First 24 hours 0.0054138 0.0043194 0.00267 -0.000414 -0.0007484 

1-7 days -0.0007799 0.0013102 0.0008049 -0.0000498 -0.0000892 

1-14 weeks -0.0025794 -0.0010095 -0.0006252 0.0001375 0.0002489 

Not vaccinated -0.0020545 -0.0009126 -0.0028497 0.000124 0.0005887 

Missing/LTFU  -0.0037075  0.0002023  
  

    
GENERAL 

READINESS 

First 

  

 

 

 

First 24 hours -0.0139017 -.0615027*** -.0603473*** -.0641045** -.0611563** 

1-7 days 0.0025168 -.0229962** -.0220538** -0.0118278 -0.0106927 

1-14 weeks 0.0064095 .0139956*** .0137981*** .0215785** .0205858** 

Not vaccinated 0.0049755 .0133493** .068603** .0202773** .0512632** 

Missing/LTFU  .0571539**  .0340765**  
  

    
GENERAL 

READINESS 

Second 

  

 

 

 

First 24 hours -0.0306592 -0.0171755 -0.0193944 -0.0204916 -0.0219803 

1-7 days 0.0045348 -0.004181 -0.0047563 -0.0014292 -0.0015881 

1-14 weeks 0.0145671 0.0040938 0.0046242 0.0067364 0.0072391 

Not vaccinated 0.0115574 0.0035403 0.0195265 0.0058693 0.0163293 
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Missing/LTFU  0.0137225  0.0093151  
  

    
IMMUNIZATION 

READINESS 

Second 

  

 

 

 

First 24 hours .0466859* 0.014414 0.0152596 0.0257985 0.027133 

1-7 days -0.0089715 0.0042314 0.0044629 0.0025272 0.0026025 

1-14 weeks -.0213178* -0.0033723 -0.0035779 -0.0084976 -0.0089519 

Not vaccinated -.0163965* -0.0030297 -0.0161446 -0.007572 -0.0207836 

Missing/LTFU  -0.0122434  -0.012256  
  

    
IMMUNIZATION 

READINESS 

Third 

  

 

 

 

First 24 hours -0.0109091 0.0080171 0.008158 0.0012864 0.0012641 

1-7 days 0.0008441 0.002495 0.0025457 0.0002037 0.0002019 

1-14 weeks 0.0055143 -0.0018667 -0.0019027 -0.0004302 -0.0004239 

Not vaccinated 0.0045506 -0.0016982 -0.008801 -0.000398 -0.0010421 

Missing/LTFU  -0.0069472  -0.0006619  
  

   
 

FACILITY TYPE 

Ref. Hospital 
  

 

 

 

First 24 hours 0.0071325 -0.0184938 -0.0192418 -0.0019866 -0.0023708 

1-7 days -0.0010661 -0.0056884 -0.0059175 -0.0002413 -0.0002863 

1-14 weeks -0.0033808 0.0043133 0.0044968 0.0006598 0.0007889 

Not vaccinated -0.0026856 0.0039126 0.0206625 0.0005957 0.0018682 

Missing/LTFU  0.0159562  0.0009724  
  

    
FACILITY 

OWNERSHIP 

Public  

  

 

 

 

First 24 hours 0.0217726 -.0320774* -.0291441* -0.0210431 -0.0182998 

1-7 days -0.0030966 -.0117456* -0.010612 -0.0037415 -0.0031937 

1-14 weeks -0.0104026 .0073729* .006717* 0.0071001 0.0061839 

Not vaccinated -0.0082733 .0069654* 0.0330391 0.0066228 0.0153096 

Missing/LTFU  .0294847*  0.0110617  
  

    
FACILITY 

OWNERSHIP 

Private & Other 

  

 

 

 

First 24 hours 0.0478506 .0539294* .0564223* .0684677* .0688202** 

1-7 days -0.00911 .0076499** .0079964** -0.0017608 -0.0016091 

1-14 weeks -0.0218565 -.0129513* -.0135605* -.0216198** -.0217876** 

Not vaccinated -0.0168841 -.0104933* -.0508582** -.0178358** -.0454235** 
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Missing/LTFU  -.0381348*  -.0272512**  
  

   
 

LOCATION 

Rural/peri-urban 
  

 

 

 

First 24 hours -0.0059178 0.0006098 0.0009104 -0.0108173 -0.009731 

1-7 days 0.0008563 0.0001824 0.0002718 -0.0013714 -0.0012188 

1-14 weeks 0.002818 -0.0001426 -0.0002133 0.0036016 0.0032447 

Not vaccinated 0.0022434 -0.0001285 -0.000969 0.0032595 0.0077051 

Missing/LTFU  -0.0005211  0.0053277  
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APPENDIX 3.3 MODEL II SENSITIVITY ANALYSES 

 

 

Variables  

Model 1. 

Complete case 

Model 2. 

Missing 

added as new 

category  

Model 3. 

Missingness 

added to 'not 

vaccinated'  

Model 4. 

LTFU 

included as 

new category  

Model 5. LTFU 

added to 'not 

vaccinated' 

BIRTH ORDER  
 

 
 

 
Within 6 weeks -0.0079183 0.0008473 -0.001527 0.0001156 -0.0020868 

6-14 weeks 0.0012064 0.0004546 -0.0008181 0.0000265 -0.0004796 

Not vaccinated 0.0067118 -0.0002682 0.0023451 -0.0000695 0.0025664 

Missing/LTFU  -0.0010337  -0.0000726  
 

     
AGE  

 
 

 
 

Within 6 weeks 0.0021278 .0033554** .0034782** 0.0021339 0.0023531 

6-14 weeks -0.0003242 .0018005** .0018635** 0.0004892 0.0005408 

Not vaccinated -0.0018036 -.001062** -.0053417** -0.0012824 -0.0028938 

Missing/LTFU  -.0040939**  -0.0013407  
 

     
EDUCATION  

 
 

 
 

Within 6 weeks .0089197** .0085256*** .0087671*** .007631** .0082366** 

6-14 weeks -.001359* .0045749*** .004697*** .0017495** .001893** 

Not vaccinated -.0075607** -.0026984*** -.0134641*** -.0045859** -.0101296** 

Missing/LTFU  -.010402***  -.0047945**  
 

     
MARITAL STATUS 

Not married  

 

 

 

 
Within 6 weeks 0.0014727 0.002642 0.0031351 0.0121547 0.0109403 

6-14 weeks -0.0002265 0.0014057 0.0016629 0.0025827 0.0023494 

Not vaccinated -0.0012462 -0.0008367 -0.004798 -0.0072436 -0.0132896 

Missing/LTFU  -0.003211  -0.0074938  
 

     

WEALTH INDEX  

First 
 

 

 

 

 
Within 6 weeks -0.0410075 -0.000012 -0.0018403 -0.0395753 -0.0397927 

6-14 weeks 0.0074433 -5.29E-06 -0.0007904 -0.0062774 -0.0064248 

Not vaccinated 0.0335641 3.94E-06 0.0026308 0.0232056 0.0462176 

Missing/LTFU  0.0000134  0.0226471  
 

     

WEALTH INDEX  

Second 
 

 

 

 

 
Within 6 weeks -0.0390085 -0.02981 -.0326354* -.0587984** -.0557818** 

6-14 weeks 0.0072616 -.0164845* -.0177915* -.0130326** -.0119052** 

Not vaccinated 0.0317469 0.0094719 .0504269* .0355003** .067687** 
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Missing/LTFU  0.0368226  .0363307**  
 

     

WEALTH INDEX  

Third 
 

 

 

 

 
Within 6 weeks -0.0277191 -0.0083576 -0.0123407 -0.0188254 -0.0217657 

6-14 weeks 0.0058604 -0.0039281 -0.005762 -0.0018364 -0.0023508 

Not vaccinated 0.0218587 0.0027198 0.0181027 0.0106847 0.0241164 

Missing/LTFU  0.0095659  0.0099771  
 

     
TRANSPORT  

Vehicle  

 

 

 

 
Within 6 weeks -.038293* -0.0078994 -0.0144497 -0.0231418 -0.0259346 

6-14 weeks 0.0068292 -0.0041639 -0.0074966 -0.0047992 -0.0053285 

Not vaccinated .0314638* 0.0025031 0.0219464 0.0137634 0.0312631 

Missing/LTFU  0.0095602  0.0141776  
 

     

GENERAL 

READINESS 
 

 

 

 

 
Within 6 weeks 0.0143867 .0238745*** .0229138*** .030559*** .026866*** 

6-14 weeks -0.0021919 .0128112*** .0122762*** .0070059*** .0061744** 

Not vaccinated -0.0121948 -.0075565*** -.0351899*** -.0183647*** -.0330404*** 

Missing/LTFU  -.0291292***  -.0192002***  
 

     

IMMUNIZATION 

READINESS 
 

 

 

 

 
Within 6 weeks .0158745** 0.0005165 0.0027069 0.0077972 .0095666* 

6-14 weeks -.0024186* 0.0002771 0.0014502 0.0017876 0.0021986 

Not vaccinated -.0134559** -0.0001635 -0.0041571 -0.0046858 -.0117652* 

Missing/LTFU  -0.0006301  -0.004899  
 

     
FACILITY TYPE 

Ref. Hospital  

 

 

 

 
Within 6 weeks .0362868* 0.0175745 0.0207477 .0331854* .0354111* 

6-14 weeks -0.0058977 0.0092499 0.0108599 .0070907* .0075509* 

Not vaccinated -.0303891* -0.0055757 -0.0316076 -.0197962* -.0429619* 

Missing/LTFU  -0.0212487  -.0204799*  
 

     
FACILITY 

OWNERSHIP 

Public  

 

 

 

 
Within 6 weeks .0609376** -0.0107022 0.0031047 0.0097694 0.0205076 

6-14 weeks -0.0096336 -0.0063712 0.0018327 0.0027207 0.0055734 

Not vaccinated -.0513041** 0.0033442 -0.0049373 -0.0060334 -0.0260811 

Missing/LTFU  0.0137292  -0.0064567  
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FACILITY 

OWNERSHIP 

Private & Other  

 

 

 

 
Within 6 weeks .093413** .0488338* .0657572** .0843308*** .0911123*** 

6-14 weeks -.0207703* .0186441** .0244596*** 0.0058462 0.0069159 

Not vaccinated -.0726427*** -.0159671* -.0902167*** -.0466218*** -.0980282*** 

Missing/LTFU  -.0515108**  -.0435552***  
 

     
LOCATION 

Rural/peri-urban  

 

 

 

 
Within 6 weeks -.0376704* -0.0095144 -0.01891 -0.0276105 -.0333973* 

6-14 weeks 0.0049858 -0.0052003 -0.0105321 -0.0069689 -0.0086272 

Not vaccinated .0326846* 0.0030123 0.0294421 0.016876 .0420245* 

Missing/LTFU  0.0117025  0.0177034  
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APPENDIX 3.4 CQI LTFU SUB-STUDY RESULTS 

 

 

 

 

 

 

 

 

Reason for LTFU  N       

Voluntary withdrawal  51    

Official transfer 26    

Voluntary transfer  78    

Dead 12    

True LTFU  150    

Travel 23    

Refused interview 15    

Still in care  97    

Resumed care after withdrawal 21    

    

Model 

I 

Model 

II Weight 

LTFU - not vaccinated  216 115 129  = .4547 

LTFU -  total  475 248 281 46% 
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APPENDIX 4.1 THEMES AND REPRESENTATIVE QUOTES 

   

INTERVENTION CHARACTERISTICS    

Evidence strength and quality   

 

"I know that in our [DRC] immunization schedule, [HepB-BD] is not a vaccination that exists. If we were able to 

administer birthdose vaccine here [alluding to AVERT study], it is because a study was done here. But the others 

[facilities], so that they accept, they will need to have information and formation." 

Informant 

Catholic 2 

 

"I think that .. ahhh. That the study is shared. We are waiting for the findings from your first study, it will be very 

interesting. That way we can begin to share the message and there will be no fears or worries among the population. 

Because there are already vaccines given at birth, so this will be welcome given the study results." 

Informant 

Protestant 1 

Design quality and packaging   

 

"Yes… with the strategy, we need at least 20 newborns to open a vial, that’s why we ask that they come back on 

Wednesdays. We have records of all of the newborns born. We call them every Wednesday and tell them to come back to 

the health facility as to not give it to them too long after birth." 

Informant 

NFP 3 

 

"They find it bad to open a vial of 20 doses to simply vaccinate seven children. So, the rest of the doses must be thrown 

away is a loss... vaccines are.. are.. are.. an important antigen, we cannot vaccinate 7 kids and lose 13 doses. It’s a loss." 

Informant 

Public 3 

 

“Beyond their day-to-day work [the providers] have their performance metrics to consider and they don’t want to inflate 

their rate of vaccine loss”  

Informant 

PEV 1 

Cost   

 “They will give us a card after we deliver the payment, they haven’t told us anything”  

Mother NFP 

2 

 

“No, if she begins her infant's vaccine care elsewhere, and decides to come here to continue it, she must repurchase a 

card here[but vaccines will not be repeated]”  

Informant 

Catholic 4 

INNTER SETTING    

Structural characteristics   

 
"But those who do not have refrigerators, the vaccines are kept at a site like [a reference hospital] where they keep their 

vaccines and come and pick them up as needed. But us here, we have a fridge and so our delivery is monthly"  

Informant 

Protestant 1 

 

"Now, vaccines are products that must be conserved in very specific conditions so that the antigen is active. If the 

required conditions are not reached, we stand the risk of providing placebo vaccines. So, even us here who have 
electricity, we realize that we stand the risk of experiencing electricity outages. These outages can alter the temperature 

at which the vaccines are kept."  

Informant 

Public 3 

 

"First, we have a cold chain here where we can keep vaccines in the condition that they require. And we have a system of 
solar energy, we also have a temperature flier on the fridge, every morning we evaluate the fridges temperature and 

record it."  

Informant 

Public 3 

 

"Every morning I am obligated to travel and verify the temperature at which the vaccines are being stored and to record 

it, and to make sure that the health workers in the facility are doing this."  

Informant 
Health Zone 

1 

 

"And for fridges... the maternity does not vaccinate, it is the vaccination nurse that oversees the number of children 

available for the vaccination…. the vaccines are kept in the fridge and the nurses are in charge of vaccinating."  

Informant 

Protestant 1 

Implementation climate  

 
"Generally, once we see that a child did not come into be vaccinated, the CHWs go that day to retrieve the child the next 

day to have them vaccinated." 

Informant 

Protestant 1 
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"Every time now that a mother comes in to have their child vaccinated, we register the moms, we collect their telephone 
number and their address, so every time they have an appointment coming up, they will receive a text message reminder 

of their appointment. This way you will not be distracted and remember your date. Since we started this study, I would 

estimate though that we have decreased the lost to follow up rate though, from 21% to 16-18%." 

Informant 

Public 3 

Learning climate   

 

"When we organize trainings or briefings about vaccination, we target vaccine providers from health facilities. We do not 

often see the midwives, even though they are the door for infants to enter into the [vaccine] system. So, it is really 

important to provide them too with briefings or trainings." 

Informant 

PEV 1 

PROCESS OF IMPLEMENTATION   

Planning   

 

"Yes.  We are not obliged to vaccinate infants unless there are 15 of them. If 3 or 5 are born, then we do not vaccinate 
them." 

So if there are fewer than 10 infants born, then you do not open the vial? 

"No." 

Informant 

Catholic 1  

 

"The ideal is 20 [infants]. But they have authorized us to provide the vaccine when there are 10 infants. So, when we 

have 10 infants, we administer 10 and lose the other 10." 

Informant 

Private 1  

Executing   

 "The moms would call and call.. where’s the BCG. It was a national stockout." 

Informant 

NFP 1 

 

"There’s a problem with the BCG. There aren’t enough vaccines. Women who deliver here sometimes have to wait one 

month [for their infant] to receive the vaccine." 

Mother 

Private 2 

External change agents   

 
“UNICEF provided us with nine refrigerators—seven fridges in the facilities and two here in the health zone. They 

provided the new fridges in March.” 

Informant 

Health Zone 

1 

CHARACTERISTICS OF INFORMANTS    

Knowledge and  beliefs about the intervention  

 
“They told us that we should introduce that [HepB-BD] at birth. And we await the period that we begin introducing it. 
Because we were well informed by PEV that there will be an introduction but until today, nothing.”  

Informant 

Health Zone 
2 

Self-efficacy  

  
"What is important is to help us understand. During the visits, [the midwives] need to go into more detail because here 
we are in the dark [about vaccines/diseases]." 

Mother 
Catholic 1 

OUTER SETTING    

External policy   

 "If the protocol from PEV changes, then we will change. We will adapt." 

Informant 

Catholic 1  

Mothers' needs and  resources   

Choice of health facility  

 
 

".. The staff here are serious about their work and they take good care of the sick." 

Mother NFP 

2 

 

“[Seeking care at this facility was my mom’s advice. My mom delivered here, and my big sister delivered here too. My 

mom told me that there is good care for the sick and a good quality of health here" 

Mother 

Catholic 4 

 "My older sister delivered here and had good memories, so she recommended I come here." 

Mother 

Private 1 

 

 

"Members of my family delivered here and told me that they had a good experience." 

Mother 

Catholic 1 
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Do you expect to follow care at this facility all the way through your infant's routine vaccine care? 

"No." 
Why? 

"The distance." 

You live far away? 

"Yes and I will deliver here but follow care closer to home."  

Mother 

Catholic 4 

 

“What motivates here is distance, that is an aspect but not the only aspect. The second aspect is partnership. Say the 

partnership to a community, or perhaps to a religion. You will see that a Catholic would like to visit a Catholic facility.. 

The third is the perception by the community of the quality of service by the health facility… a women would say that 

she wants to go in this facility because it is clean, because it is presentable, it is a bit of that”  

Informant 

PEV 1 

Knowledge about vaccines   

 "I don’t know much [about HBV] but I’ve heard it talked about. Its more the children who suffer [from HBV]"  

Mother NFP 

1 

 "Kids receive vaccines. I don’t know the names of the vaccines, but one is given orally and the other in the arm.” 

Mother 

Public 2 

 "My maternal aunt refused vaccines for her kids. She thought that vaccines are bad for kids" 

 

Mother 

Catholic 4 

 

 
 

In your community, have you noticed any vaccine hesitation? 

"The majority of my community." 

 

“Vaccines remain until now the best method for prevention. But the quality suffers because there are too many 
speculations, it is perhaps you—the whites—who are putting confusion into the heads of the blacks.”  

Mother 

Catholic 3 
 

 

 

Informant 

Health Zone 
2 

Birth-dose vaccine acceptance  

 
"Yes, I would be very comfortable with it because this vaccine will give my child force and strength. If there is a disease 
that attacks my child, they will be protected" 

Mother 
Public 2 

  
"Because [the vaccines] protect the baby against diseases and epidemics. When the epidemic arrives, the baby has the 
protection necessary to be safe against the epidemic." 

Mother NFP 
3 

 

 



  

 

APPENDIX 5.1A MATRIX OF CHANGE FOR ADOPTERS 

 

 
    Determinants 

Target : role  Performance 

objectives  

Knowledge  Skills & Self-efficacy  Outcome expectations Normative beliefs  

Health zone & facility 

decision-maker and 

leaders : adopter  

PO1. Agree to 

participate in the study  

K1.a. Describe the 

components of the 

study 

SSE1.a. Expresses 

confidence in the ability 

to do what is expected 

of the study 

OE.1.a. Expect that the 

study intervention 

development partners 

will provide support 

with program 

implementation and 

resources 

NB.1. Express belief 

that other facilities like 

theirs are agreeing to 

implement the study  

  K1.b. Describe the rates 

of timely birthdose 

vaccine uptake and 

HBV prevalence as 

problems that need to 

be addressed 

SSE1.b. Perceives that 

the facility is capable of 

change  

OE1.b. Expect this 

program will provide 

streamlined/timely 

birth-dose vaccine 

uptake  

  

    SSE1.c. Describes the 

facility as ready and 

able for change  

    

PO2. Agree to expand 

vaccine services to 

include HepB-BD 

K2.a. Express the 

unmet vaccine need 

among infants  

SSE2.a. Express 

confidence in ability to 

work with partners and 

decision-makers to 

expand birth-dose 

vaccine service.  

OE2.a. Expect that 

expanded birth-dose 

vaccine services will 

decrease infant 

morbidity and mortality 

rates  

NB2.a. Express belief 

that other facilities are 

agreeing to expand 

birth-dose vaccine 

services  

  K2.b. Describe the 

steps needed to expand 

birth-dose vaccine 

services  

SSE2.b. Express 

confidence in facility's 

ability to arrange 

workflow to 

incorporate study 

  NB2.b. Express belief 

that leaders and 

decision-makers will 

encourage expansion  

PO3. Agree to 

participate in evaluation  

K3.a. Describe the 

expected outcomes of 

the study 

SSE3.a. Express 

confidence in ability to 

create records for 

evaluation 

OE3.a. Expect the 

evaluation will add 

value to facility 

reporting  

NB3. Express belief 

that other facilities in 

the study will 

participate in the 

evaluation 

1
0
3
 



  

 

  K3.b. Describe the 

procedures for 

participating in the 

evaluation  

SSE3.b. Believe facility 

is a learning 

environment  

OE3.b. Expect that 

evaluation results will 

add value and status as 

compared to other 

competing facilities  

  

      OE3.c. Believe 

evaluation results will 

help facility support 

program and garner 

future funding  

  

PO4. Provide a 

program champion for 

the study  

K4. Explain the 

responsibilities of the 

program champions in 

study  

SSE4. Express 

confidence in the ability 

to recruit a program 

champion from each 

sub-group (midwives, 

vaccine staff, CHW)  

OE4. Expect the 

program champion will 

enable the study to be 

implemented and 

maintained  

NB4. Lists other clinics 

like theirs that use 

champions to assist in 

practice change 

PO5. Assure procedures 

are in place for study 

implementation  

K5. Describe process 

for ensuring study 

implementation 

procedures  

SSE5. Demonstrate 

administrative ability to 

facilitate study 

implementation 

procedures  

OE5. Expect that 

workflow procedures 

will improve staff 

engagement and 

efficiency 

NB5. Express belief 

that other facilities in 

the study are also 

following 

implementation 

procedures  

PO6. Oversee that 

procedures remain in 

place for sustained 

study implementation 

and workflow 

procedures  

K6. Describe steps to 

assure sustained study 

implementation 

workflow and 

procedures  

SSE.6. Demonstrate 

administrative ability to 

maintain ongoing 

program 

implementation  

OE6. Expect that 

sustained workflow 

procedures will 

improve sustained 

study implementation  

NB6. Express belief 

that sustaining the study 

is good for the facility 

1
0
4
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APPENDIX 5.3A EDUCATIONAL MATERIAL: HEPATITIS B POSTER 
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APPENDIX 5.3B EDUCATIONAL MATERIAL: BIRTH-DOSE VACCINES POSTER 
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APPENDIX 5.3C EDUCATIONAL MATERIAL: HEPB-BD INFORMATIONAL GUIDE 

 
 

Hepatitis B birth-dose vaccine informational guide 

This guide summarizes the risk of hepatitis B transmission from mother to child and the benefits of the 

hepatitis B birth-dose (HepB-BD) vaccine. It provides direction for properly administering, storing, and 

managing HepB-BD. Information about the disease and the vaccine should guide responses to any questions 

that new mothers, fathers, and other family members may have about HepB-BD. 

Amendment to the EPI schedule  

The new approach will deliver streamlined HepB-BD alongside the standard OPV0 and BCG birth-dose 

vaccines to newborns within the first 24 hours of delivery. The below EPI schedule demonstrates the change 

to the EPI schedule, highlighted in yellow. 

What is hepatitis B? 

Hepatitis B is a virus that affects the liver. It is known as a ‘silent epidemic’ because many people who are 

infected are unaware because they do not experience symptoms until later in life (decades later) when they 

experience inflammation of the liver, cirrhosis (severe liver disease), and cancer of the liver. The Hepatitis 

B virus can even lead to death. Newborns and infants are at much higher risk of chronic hepatitis B virus if 

exposed to the disease. 

How is hepatitis B spread? 

Hepatitis B is 100 times more infectious than HIV and is also spread through contact with blood and other 

body fluids. Below is a list of ways that hepatitis B is spread: 

 

From mother to 

baby 

 

By sharing razors 

and needles 

 

Through unprotected 

sex with an infected 

person 

 

Through unsafe 

injections and 

transfusions   

Through tattoos 

and scarification  

  

Hepatitis B is not spread through the air, water, or by food.  

 

  Age 

Vaccine Disease  Birth   

6 

weeks 

10 

weeks  

14 

weeks  

Bacille de Calmette et 

Guérin (BCG) vaccine  
Tuberculosis  

     

Oral Polio Vaccine (OPV) Poliomyelitis 
        

Hepatitis B Birth-Dose 

(HepB-BD) vaccine 
Hepatitis B  

    

Pentavalent vaccine 
Diphtheria, Pertussis, Tetanus, H. 

influenza type b, Hepatitis B         
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Is there a cure for hepatitis B? 

There is currently no cure available for hepatitis B, but treatment with Tenofovir can manage a flare-up of 

the disease. Vaccines to protect your baby against hepatitis B are the surest way to protect your newborn 

against hepatitis B. 

Why is HepB-BD so important? 

Currently, the national immunization schedule begins vaccination against hepatitis B at six weeks of age. 

The WHO now recommends that HepB-BD be administered within the first 24 hours of a newborn's 

life, followed by additional doses at 6, 10, and 14 weeks. Timely administration of HepB-BD prevents 

mother-to-child transmission of hepatitis B and induces immunity to the hepatitis B virus. 

Why is the timing of HepB-BD so important? 

An infant should receive the HepB-BD within the first 24 hours of life so that a mom does not pass on 

hepatitis B to her newborn. Because hepatitis B is highly transmissible, a baby receiving HepB-BD within 

24 hours of birth also protects them from potential exposure in their homes and communities during their 

first six weeks of life before they receive the next round of the hepatitis B vaccine 

 

Administering HepB-BD as early as possible is critical for protecting a newborn against hepatitis B. 

What are the potential side-effects of HepB-BD? 

Side effect  Defined How frequent? 

 

The most common side-effect to the vaccine is 

redness and swelling where the vaccine was 

injected. 

Occurs in 1 in every 11 infants 

vaccinated lasting between 1 and 3 

days.   

 

Less commonly, a fever may occur after the 

vaccine is administered.  

Occurs in 1 in ever 14 infants 

vaccinated.  

 

More serious allergic reactions, which cause 

hives and difficulty breathing, are rare.  

Occurs in only 1 in every 600,000 

infants vaccinated.  

 

Nonetheless, an EpiPen should be 

kept nearby when injecting an 

infant.  

Are there reasons why an infant should not receive HepB-BD? 

Unlike other vaccinations, there are no contraindications for administering HepB-BD within the first 24 

hours of delivery. There are also no contraindications for administering all three BD vaccines (HepB-BD, 

OPV0, and BCG) at the same time.  

Low birthweight, premature delivery, Caesarian sections, and HIV infections are not reasons a newborn 

should not receive the hepatitis B vaccine. The only case in which an infant should delay receiving HepB-

BD is if it would interfere with the treatment of urgent neonatal care. In such cases, the infant should receive 

HepB-BD once they are stable. 
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APPENDIX 5.4 TRAINING MATERIAL  



 

 

APPENDIX 5.5A NEWBORN VACCINE CHECKLIST   

 

Newborn BD vaccine checklist               

Date:                

Mother's name:                

Mother's PID:                

Infant's name:                

Infants birthday:                                

No Directive Responsible   Completed Completed by   Notes  

BD administration 

1.01 

Ask the mother 

and family if 

they have 

questions, 

respond to all 

questions using 

HepB-BD guide Midwife □ Y □ N 

Name: 

Position:  □ 

Mother 

asked 

questions  □ 

Family 

asked 

questions  □ 

No 

questions     

1.02 

Administer 

HepB-BD in left 

thigh  Midwife*  □ Y □ N 

Name: 

Position:  □ < 24 hrs  □ 

> = 24 

hours  □ 

Other: _ 

days □ NA   

1.03 

Administer BCG 

in upper left arm  Midwife, not EPI staff □ Y □ N 

Name: 

Position:  □ < 24 hrs  □ 

> = 24 

hours  □ 

Other: _ 

days □ NA   

1.04 

Administer polio 

0 orally  Midwife, not EPI staff □ Y □ N 

Name: 

Position:  □ < 24 hrs  □ 

> = 24 

hours  □ 

Other: _ 

days □ NA   

1.05 

All injection 

equipment is 

safely disposed 

of  Midwife □ Y □ N 

Name: 

Position:                    

1.06 

Monitor 

newborn for 

adverse side-

effects Midwife □ Y □ N 

Name: 

Position:  □ 

Redness 

or 

swelling □ Fever □ 

Other: 

_____ □ 

No 

side 

effects   

Date recording & reporting  

1
1
6
 



 

 

2.01 

Shared infant 

records with EPI 

staff Midwife □ Y □ N 

Name: 

Position:           

2.02 

Recorded infant 

BD information 

in database EPI staff  □ Y □ N 

Name: 

Position:                    

2.03 

Mother is given 

an at home 

based record 

(vaccination 

card) before 

leaving the 

facility   EPI staff  □ Y □ N 

Name: 

Position:                    

2.04 

Mother is 

notified of 

follow-up EPI 

visit date before 

leaving EPI staff  □ Y □ N 

Name: 

Position:                    

 

 

 

 

 

 

 

 

 

 

 

 

1
1
7
 



 

 

APPENDIX 5.5B CHAMPION SUPERVISION CHECKLIST 

  

1
1
8
 



 

 

1
1
9
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1
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