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	Item No.
	Recommendation
	Page 
No.
	Relevant text from manuscript

	[bookmark: bold5][bookmark: italic6]Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	1
	A Multiple Case Study Analysis using Consolidated Framework of Implementation Research

	[bookmark: bold6][bookmark: italic7]
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	1-2
	We conducted 277 key informant interviews and focus group discussions with public health leaders at regional, district, local and community levels in Nepal, Senegal, and Zambia. We used thematic analysis grounded on Consolidated Framework for Implementation Research to identify key facilitators and barriers to immunization program. The common facilitators to program implementation across the three countries were CFIR inner setting constructs of networks and communication, goals and feedback, relative priority and readiness for implementation. Outer setting constructs were cosmopolitanism and external policies and mandates. Common barriers were incentives and rewards, available resources, access to knowledge and information and patients needs and resources.

	[bookmark: bold7][bookmark: italic8]Introduction
	

	[bookmark: bold8][bookmark: italic9][bookmark: bold9][bookmark: italic10]Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	1-3
	Vaccination averts an estimated 4-5 million deaths annually, and children have benefited from this protection against communicable diseases. Several countries within Africa and South East Asia have outperformed their peers with significant increases in routine immunization coverage since 2000- including Nepal, Senegal, and Zambia. Understanding of what works- facilitators can inform effective strategies to increase childhood immunization. Consolidated Framework for Implementation Research (CFIR) describes the context in which implementation and programs are delivered, and can explain important factors related to the results of program delivery. Studies have used CFIR to explain facilitators and barriers to implementation that impacted intervention effectiveness for vaccination initiatives.

	[bookmark: bold10][bookmark: italic11]Objectives
	3
	State specific objectives, including any prespecified hypotheses
	3
	Identify common interventions, and the critical facilitators and barriers to implementation using CFIR framework that contributed to exemplary growth in routine early childhood vaccine coverage in Nepal, Senegal, and Zambia

	[bookmark: bold11][bookmark: italic12]Methods
	

	[bookmark: bold12][bookmark: italic13]Study design
	4
	Present key elements of study design early in the paper
	3
	The Exemplars in Vaccine Delivery research project focussed on how Nepal, Senegal, and Zambia succeeded in achieving catalytic growth in childhood routine immunization coverage from 2000-2019. We used multi case study design to explore critical determinants to implementation of the national immunization programs by applying CFIR. We focused on the relevance of inner and outer settings among the domains of CFIR framework. The specific research questions for this paper were 1) What are the key interventions strategies employed by the national vaccination programs? and 2) What are the facilitators and barriers related to the implementation of the vaccine program?

	[bookmark: bold13][bookmark: italic14]Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	5
	We selected three provinces within Nepal, Senegal, and Zambia, while considering population density, vaccination coverage, and contextual factors [17]. Qualitative data were collected between August 2019 and April 2021. Data were collected by the Center for Family Health Research in Zambia (CFHRZ), Center for Molecular Dynamics Nepal (CMDN) in Nepal, Institute de Recherche en Santé de Surveillance Epidémiologique et de Formation (IRESSEF) in Senegal, and the Emory University research team. We have cited our protocol paper with more information.

	Participants
	6
	(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants
	5
	The participants included the Ministry of Health staff, key partners, public health officers, local organizations, and community members.

	[bookmark: bold14][bookmark: italic15]
	
	(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case
	
	N/A

	[bookmark: bold16][bookmark: italic17]Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	
	N/A

	[bookmark: bold17][bookmark: italic18][bookmark: bold18][bookmark: italic19]Data sources/ measurement
	[bookmark: bold19]8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	
	N/A

	[bookmark: bold20][bookmark: italic20]Bias
	9
	Describe any efforts to address potential sources of bias
	6
	Topic guide questions were open ended. All interview guides were translated into local languages. Topic guides were piloted before use and adjusted iteratively. Key informant interviews and focus group discussions were audio recorded and recording transcribed verbatim to local language and then translated to English. Data were reviewed by more than one person in the team. We used the visual tool in MAxQDA2020 to detect the frequency of codes to select the major CFIR constructs within the inner and outer settings of our analysis

	[bookmark: bold21][bookmark: italic21]Study size
	10
	Explain how the study size was arrived at
	6
	Participants were categorized based on their role: Ministry at the national level, ministry at the subnational level, partners, local implementers and community members. We have cited our protocol paper withal the information on how we arrived at the study size


[bookmark: bold22][bookmark: italic22]Continued on next page 

	[bookmark: bold23][bookmark: italic23]Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	
	N/A

	[bookmark: italic24][bookmark: italic25]Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
	
	N/A

	[bookmark: bold24][bookmark: italic26]
	
	(b) Describe any methods used to examine subgroups and interactions
	
	N/A

	[bookmark: bold25][bookmark: italic27]
	
	(c) Explain how missing data were addressed
	
	N/A

	[bookmark: bold26][bookmark: italic28]
	
	(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
	
	N/A

	[bookmark: bold27][bookmark: italic29]
	
	(e) Describe any sensitivity analyses
	
	N/A

	Results

	[bookmark: bold29][bookmark: italic31]Participants
	[bookmark: bold30]13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
	8
	278 individuals were involved in the study. See table 2 for more details

	[bookmark: bold31][bookmark: italic32]
	
	(b) Give reasons for non-participation at each stage
	
	N/A

	[bookmark: bold32][bookmark: italic33]
	
	[bookmark: OLE_LINK4](c) Consider use of a flow diagram
	8
	Table 2

	[bookmark: bold33][bookmark: italic34][bookmark: bold34][bookmark: italic35]Descriptive data
	[bookmark: bold35]14*
	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders
	7-13
	Table 3 outlines key interventions, programs, and policies across all three countries, organized by level of implementation. At the national level, the most commonly implemented interventions across the three countries were the introduction of new vaccines, presence of a national immunization technical advisory board, expansion of health posts, and media campaigns. At the subnational level, all countries reported use of the Reaching Every District (RED) initiative, micro-planning, expansion of the vaccine cold chain, community health worker training, monitoring and evaluation meetings, and vaccination campaigns. At the local level, all employed community health workers, outreach efforts for vaccine promotion, media outreach, micro-planning, defaulter tracing, community and religious leadership engagement, and education of grandparents and/or parents using community groups. 
Several CFIR constructs were integral to the implementation of immunization programs across the three countries. The CFIR Inner Setting constructs of networks and communication, implementation climate, which includes: relative priority, incentives and rewards, goals and feedback, and readiness for implementation, including available resources and access to knowledge were facilitators to vaccine delivery. However, incentives and rewards, available resources, access to knowledge and information, and patients needs and resources constructs were also barriers to implementation of immunization at the local and community level.  See Table 4 

	[bookmark: bold36][bookmark: italic36]
	
	(b) Indicate number of participants with missing data for each variable of interest
	
	N/A

	[bookmark: bold37][bookmark: italic37]
	
	(c) Cohort study—Summarise follow-up time (eg, average and total amount)
	
	N/A

	[bookmark: bold38][bookmark: italic38]Outcome data
	[bookmark: bold39]15*
	Cohort study—Report numbers of outcome events or summary measures over time
	
	N/A

	
	
	Case-control study—Report numbers in each exposure category, or summary measures of exposure
	
	N/A

	
	
	Cross-sectional study—Report numbers of outcome events or summary measures
	
	N/A

	[bookmark: italic40][bookmark: bold41]Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	
	N/A

	[bookmark: italic41][bookmark: bold42]
	
	(b) Report category boundaries when continuous variables were categorized
	
	N/A

	[bookmark: italic42][bookmark: bold43]
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	
	N/A


[bookmark: italic43][bookmark: bold44]Continued on next page 

	Other analyses
	17
	Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
	6
	Key informant interviews and focus group discussions were audio recorded. Recordings were transcribed verbatim into the language of the original audio recording, and then translated into English. When audio recordings were in English, the recordings were transcribed directly. We created a codebook that was iteratively improved based on the emerging themes. Codes were deductive based on CFIR constructs and open-ended questions.  Participants were categorized based their role: 1) Ministry at the national level, 2) Ministry at the subnational level, 3) Partners, 4) Local implementers, and 5) Community members. Transcripts were coded and analysed using MaxQDA2020 software (Berlin, Germany). We used the visual tool in MaxQDA to detect the frequency of codes to select the major CFIR constructs within the inner and outer settings for this analysis. For each theme, we described the valence of the construct to vaccination coverage success: positive influence on implementation, negative, or mixed. At the individual transcript level, valence was determined by interviewees’ accounts related to the specific construct (e.g., available resources, external mandates, etc.). At the case level, we considered whether the interviewees agreed with each other in terms of the constructs’ influence on vaccination. Finally, we assigned an overall valence across the interviewee categories for constructs using methods recommended by others.

	[bookmark: italic44][bookmark: bold45]Discussion

	[bookmark: italic45][bookmark: bold46]Key results
	18
	Summarise key results with reference to study objectives
	26-28
	Our findings describe how Nepal, Senegal and Zambia achieved high routine immunization coverage through investigating facilitators and barriers to program implementation and how they relate to CFIR constructs.  CFIR constructs were critical to understanding the success of these countries in increasing childhood immunization. Although there is no “silver bullet” intervention to enhance early childhood vaccination, our findings point to critical facilitators that exist at national, sub-national, and local levels of vaccine delivery. The application of the CFIR model enabled a comprehensive assessment of implementation context; the use of this framework to assess vaccination programming could be expanded to support adaptation of successful implementation strategies and factors for other countries. 

	[bookmark: italic46][bookmark: bold47]Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	29
	[bookmark: _Int_eIPQCz3Y]This study has several limitations. The data collection instruments focused on the factors that drove catalytic change and did not elicit policies or interventions that were unsuccessful. We focused on the CFIR constructs and sub-constructs of inner and outer setting post-implementation for the majority of this analysis; recall of activities may be more valid with data collection occurring during vaccine program implementation. The CFIR framework has been updated; future research could explore how other domains of CFIR (e.g., individual, process) and new constructs (e.g., critical incidents, local conditions, etc.) contributed to successful immunization program and outcomes such as sustainment of effective intervention strategies employed by these countries [39]. Using qualitative methods to understand historical events was challenging; interviewees often spoke about current experiences rather than discussing historical factors. However, research assistants probed respondents to reflect on longitudinal changes in the immunization program

	[bookmark: italic47][bookmark: bold48]Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	29-30
	This study presents the opportunity to explore implementation science determinants that were critical in to the successful implementation of childhood vaccination programming in three countries with high immunization coverage. CFIR’s comprehensive and multifaceted domains help capture the complexities of multilevel interventions to increase childhood vaccination. The use of CFIR helps inform why these countries have high vaccination coverage by describing facilitators and barriers to implementing immunization programming at the national, regional, and local/community level. We identified facilitators such as communication of goals and feedback, offering of incentives at multiple levels, training staff central to vaccination education, providing resources to support the program, and maintaining key partnerships. Public health and governmental staff may bolster direct resources to support the immunization infrastructure, communications, collaborations and incentives to improve vaccination.  This study identifies a wide range of facilitators and barriers to implementation of vaccine programs across Nepal, Senegal, and Zambia which contributes to the limited literature on implementation research in global vaccination

	[bookmark: italic48][bookmark: bold49]Generalisability
	21
	Discuss the generalisability (external validity) of the study results
	
	This study results can be generalized to other similar settings. The healthcare system is guided by global guidelines (WHO, GAVI, UNICEF) implemented by most member states. To generalize these results, the researcher needs a clear understanding of the situation, culture, norms, beliefs, barriers of the population of study.  Our study provided the contextual factors that influenced the vaccine delivery, organized by CFIR constructs which have been applied in other studies. All data are within the paper and its supporting information files.	Comment by Ogutu, Emily: Not sure if we need this sentence

	[bookmark: italic49][bookmark: bold50]Other information
	

	[bookmark: italic50][bookmark: bold51]Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
	31
	[bookmark: _Hlk131168406]This work was supported by the Bill & Melinda Gates Foundation, Seattle, WA (OPP1195041) with a planning grant from Gates Ventures, LLC, Kirkland, WA. Bill and Melinda Gates Foundation and Gates Ventures were engaged in the project process, provided context, when necessary, but all research activities and publications are solely those of the authors.




*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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