Appendix A: Systematic Review Protocol
Background
Routine childhood immunization is one of the most effective and cost-effective public health interventions. However, many children in low and middle-income countries (LMICs) remain unimmunized. Coverage with three doses of the diphtheria-tetanus-pertussis vaccine (DTP) ranges from 75% to 96%.(1) In addition to vaccine coverage, vaccine effectiveness stands as a major barrier to immunization. Effectiveness of measles vaccination for example may be as low as 66% in some LMICs.(2) In order to address the reasons for non-vaccination and vaccine failure in LMICs, they must first be understood.
Despite extensive effort on the part of major global health institutions including Gavi, the Vaccine Alliance, to understand the determinants of vaccination in LMICs, information gaps remain. Numerous research studies have been conducted to quantify and/or describe the major determinants and barriers to vaccination, but fewer have been conducted to understand determinants of effectiveness. Although some systematic reviews have been conducted to bring together studies on coverage determinants(3) or to bring together studies on effectiveness determinants(4), none, to our knowledge, have reviewed both coverage and effectiveness together, termed effective coverage. Furthermore, few studies have attempted to synthesize the broad determinants information found in the literature into a comprehensive, testable framework. To our knowledge, the only systematic reviews which have developed conceptual frameworks of determinants have focused solely on coverage (not effectiveness), and have been based on an incomplete subset of the whole body of literature on the topic.(5–7)
Review Questions
This review seeks to establish, through the available literature, a comprehensive framework of determinants of effective coverage of vaccines, and to facilitate future studies on the same topic. The specific review questions to be addressed are:
1. What is the complete list of studies which contribute evidence about effective coverage determinants?
2. What is the complete list of determinants of effective coverage represented in the literature?
3. How, according to the literature, are effective coverage determinants hypothesized to relate to each other, and how are they hypothesized to lead to/impede immunization?
Inclusion Criteria
Types of studies
This review will include any observational, experimental, or quasi-experimental study that supplies quantitative or qualitative evidence supporting the existence of at least one determinant of effective coverage of childhood vaccines. It will be limited to English language studies only.
Studies excluded
This review will exclude studies that do not include evidence related to childhood vaccines (e.g. adult vaccines or animal vaccines). It will exclude studies in which the primary goal was to a) assess the level or trend of vaccine coverage, b) assess the safety, efficacy, health impact or cost-effectiveness of vaccines or c) assess vaccine coverage in a highly-specific subpopulation (e.g. HIV-infected children in a particular community).
Types of outcome measure
This review will include studies which seek determinants of vaccine coverage, vaccine effectiveness, or determinants of other determinants of immunization (e.g. determinants of maternal attitudes toward vaccination).
Search Strategy
The search strategy will focus primarily on electronic databases:
1. Google Scholar
2. PubMed
3. Vaccine-specific and/or systematic review-specific databases (e.g. healthsystemsevidence.org)
An unstructured, preliminary review has already been conducted to assist the development of search terms. Search terms will be prioritized by expected novelty of results. Google scholar and PubMed search results terms will be systematically examined and every possibly-relevant search result will be compiled into a database. “Possibly-relevant” is defined as potentially meeting the inclusion criteria based on the title alone. Duplicate results will be tracked, and a stopping rule will be used to determine when no/few new articles are being discovered.
Once it has been determined that all possibly-relevant articles have been identified, vaccine-specific and systematic review-specific databases will be screened in their entirety to ensure completeness of the citation database. The references of any systematic review identified through this search process will be screened in their entirety.
Possibly-relevant studies that may meet inclusion criteria will be examined by their title and abstract for final determination about inclusion.
Critical Appraisal
Identified studies that meet the inclusion criteria will be systematically assessed for their relevance to the study’s aims. Each study will be given a relevance score based on its comprehensiveness, emphasis, geography, novelty and outcomes explored. These categories will be assessed based on abstracts. 
Data will be systematically extracted from the full text of a subset of articles in descending order of relevance. No pre-determined sample size for the subset of articles will be set, rather full text data extraction will continue until a subjective level of saturation has been reached, i.e. no new information is being gleaned from data extraction.
Extracted data will be compiled into a database, including geography, study design, study population, vaccine antigens included in the study, outcomes examined, the complete list of determinants supported by the study, major themes used to describe determinants, and any description of the relationships between determinants and immunization. 
Data Synthesis
Qualitative synthesis techniques will be used to formulate a conceptual framework from the extracted data and the content of the articles examined. We will follow guidelines of critical interpretive synthesis based on Dixon-Woods et al. (2006)(8) and thematic analysis based on May et al. (2001)(9)
A summary of the extracted data itself will also be provided to ensure transparency into the synthesis, and enable future researchers to formulate alternative conceptual frameworks.
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