Appendix

Table of Contents

1. Literature review of yellow fever outbreaks
Figure S1. Flow diagram of literature review
Table S1. Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist
Table S2: Exclusion criteria


2. Vaccination rate estimation and variance estimate
Table S3. Yellow fever reactive vaccination campaigns in Africa (2010-2025) included in the analysis 

3. Case fatality ratio and variance estimate




1.  Literature review of yellow fever outbreaks

Figure S1. Flow diagram of literature review
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1. Institutional Repository for Information Sharing (IRIS) (n=502), Weekly Epidemiological Record (WER) (n=31), Disease Outbreak News (DON) (n=49), Yellow Fever (n=1)

Figure S1: Flow diagram of inclusion/exclusion process of 3,111 identified records. Down arrows and the corresponding boxes indicate records that moved on to the next step of literature review while boxes on the right indicate number and rationale for record exclusion at each step. 

Table S1. Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist1
	SECTION
	ITEM
	PRISMA-ScR CHECKLIST ITEM
	REPORTED ON PAGE #

	TITLE

	Title
	1
	Identify the report as a scoping review.
	1

	ABSTRACT

	Structured summary
	2
	Provide a structured summary that includes (as applicable): background, objectives, eligibility criteria, sources of evidence, charting methods, results, and conclusions that relate to the review questions and objectives.
	2

	INTRODUCTION

	Rationale
	3
	Describe the rationale for the review in the context of what is already known. Explain why the review questions/objectives lend themselves to a scoping review approach.
	3

	Objectives
	4
	Provide an explicit statement of the questions and objectives being addressed with reference to their key elements (e.g., population or participants, concepts, and context) or other relevant key elements used to conceptualize the review questions and/or objectives.
	3

	METHODS

	Protocol and registration
	5
	Indicate whether a review protocol exists; state if and where it can be accessed (e.g., a Web address); and if available, provide registration information, including the registration number.
	4

	Eligibility criteria
	6
	Specify characteristics of the sources of evidence used as eligibility criteria (e.g., years considered, language, and publication status), and provide a rationale.
	Appendix page 6

	Information sources*
	7
	Describe all information sources in the search (e.g., databases with dates of coverage and contact with authors to identify additional sources), as well as the date the most recent search was executed.
	Appendix page 

	Search
	8
	Present the full electronic search strategy for at least 1 database, including any limits used, such that it could be repeated.
	Appendix page 3-4

	Selection of sources of evidence†
	9
	State the process for selecting sources of evidence (i.e., screening and eligibility) included in the scoping review.
	Page 3-4

	Data charting process‡
	10
	Describe the methods of charting data from the included sources of evidence (e.g., calibrated forms or forms that have been tested by the team before their use, and whether data charting was done independently or in duplicate) and any processes for obtaining and confirming data from investigators.
	Page 4 and Appendix page 4 

	Data items
	11
	List and define all variables for which data were sought and any assumptions and simplifications made.
	Appendix page 3 and github 

	Critical appraisal of individual sources of evidence§
	12
	If done, provide a rationale for conducting a critical appraisal of included sources of evidence; describe the methods used and how this information was used in any data synthesis (if appropriate).
	NA

	Synthesis of results
	13
	Describe the methods of handling and summarizing the data that were charted.
	Page 5

	RESULTS

	Selection of sources of evidence
	14
	Give numbers of sources of evidence screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally using a flow diagram.
	Appendix page 2

	Characteristics of sources of evidence
	15
	For each source of evidence, present characteristics for which data were charted and provide the citations.
	Available in github and page 6-7 in the appendix

	Critical appraisal within sources of evidence
	16
	If done, present data on critical appraisal of included sources of evidence (see item 12).
	NA

	Results of individual sources of evidence
	17
	For each included source of evidence, present the relevant data that were charted that relate to the review questions and objectives.
	Available in github and page 6-7 in the appendix

	Synthesis of results
	18
	Summarize and/or present the charting results as they relate to the review questions and objectives.
	Pages 5-9

	DISCUSSION

	Summary of evidence
	19
	Summarize the main results (including an overview of concepts, themes, and types of evidence available), link to the review questions and objectives, and consider the relevance to key groups.
	9-11

	Limitations
	20
	Discuss the limitations of the scoping review process.
	9-11

	Conclusions
	21
	Provide a general interpretation of the results with respect to the review questions and objectives, as well as potential implications and/or next steps.
	Page 11

	FUNDING

	Funding
	22
	Describe sources of funding for the included sources of evidence, as well as sources of funding for the scoping review. Describe the role of the funders of the scoping review.
	Page 11


JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews.
* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media platforms, and Web sites.
† A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., quantitative and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping review as opposed to only studies. This is not to be confused with information sources (see first footnote).
‡ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the process of data extraction in a scoping review as data charting.
§ The process of systematically examining research evidence to assess its validity, results, and relevance before using it to inform a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable to systematic reviews of interventions) to include and acknowledge the various sources of evidence that may be used in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, and policy document).







Table S2: Exclusion criteria
	Exclusion 

	Not in English

	Published/issued outside of 2010 to 2025

	A preprint

	Not centered in African country or region

	Not most recent available case information

	Not most up-to-date available version of report or document 

	Secondary synthesis; primary sources available 

	No relevant informationa

	Case information not linked to reactive vaccination

	Reactive vaccination information not linked to complete vaccination informationb

	Duplicate information


a. Relevant case information includes case counts, death counts, index case dates, first case confirmation dates, outbreak/case notification dates, outbreak declaration dates, reactive vaccination start and end dates, target population, and vaccinated population. 
b. Complete reactive vaccination information includes start date, end date, and any combination of percentage vaccinated, target population, and vaccinated population so the other variable can be solved for. 

A review of grey and traditional literature was performed between the months of August and March 2026. The most recent search was March 25th, 2026 for PubMed and December 31st, 2025 for the other databases. Literature sources included the ReliefWeb database, Nigeria Centre for Disease Control and Prevention (NCDC) situation reports, PubMed and various World Health Organization (WHO) sources including the Institutional Repository for Information Sharing (IRIS) database, Weekly Epidemiological Records (WER), Disease Outbreak news (DON), and yellow fever International Coordinating Group (ICG) dashboard. PubMed was utilized to find peer-reviewed papers NCDC, WHO databases, and ReliefWeb were utilized for grey literature. Grey literature included government and Non-government organization (NGO) press reports, government and NGO situation reports, news articles, and information dashboards (Power BI, Tableau, etc.). We used three additional data sources to fill in missing YF outbreak and RVC data found outside of the original search, a social media post on X (formerly Twitter), a conference paper from ResearchGate, and unpublished 2021 Ghana YF outbreak data. 
From each data source examined for eligibility, we recorded the dates of index case symptom onset, index case presentation, case confirmation, WHO outbreak notification/declaration, RVCs, and number of cases/deaths when available. All search methods were done in accordance with the exclusion criteria seen in Table S2. For all databases, results were filtered for publication between 2010 and 2025. For ReliefWeb and WHO databases, “yellow fever” was used as the search query. For ReliefWeb, results were additionally filtered for epidemic disaster types and any African country. For the WHO IRIS database, yellow fever was used as the search query and results were additionally filtered for documents published by the WHO Regional Office for Africa. For DON, “yellow fever” was used as the search query and results were filtered for all African countries and regions. For WER, “yellow fever” was used as the search query. The following search query was used for PubMed: ("yellow fever" OR "YF") AND ("outbreak" OR "epidemic" OR "outbreaks" ) AND (Africa OR Algeria OR Angola OR Benin OR Botswana OR Burkina Faso OR Burundi OR Cabo Verde OR Cameroon OR "Central African Republic" OR Chad OR Comoros OR "Democratic Republic of the Congo" OR "DRC" OR "The Congo" OR "Congo" OR "Republic of the Congo" OR "Cote d’Ivoire" OR Djibouti OR Egypt OR "Equatorial Guinea" OR Eritrea OR Eswatini OR Ethiopia OR Gabon OR Gambia OR Ghana OR Guinea OR Guinea-Bissau OR Kenya OR Lesotho OR Liberia OR Libya OR Madagascar OR Malawi OR Mali OR Mauritania OR Mauritius OR Morocco OR Mozambique OR Namibia OR Niger OR Nigeria OR Rwanda OR "Sao Tome and Principe" OR Senegal OR Seychelles OR Sierra Leone OR Somalia OR "South Africa" OR "South Sudan" OR Sudan OR Tanzania OR Togo OR Tunisia OR Uganda OR Zambia OR Zimbabwe). Results for PubMed were filtered to exclude preprints and articles published before 2010 and after 2025. All titles and abstracts were screened for eligibility based on content, primary language, and accessibility. If abstracts were not available, documents were downloaded, and the “finder” feature was used to search for “yellow fever” or “yellow” within documents to determine eligibility. 

See Figure S1 for breakdown of literature review. For each document, a spreadsheet in Microsoft Excel was used to record relevant information. The data fields used for the data extraction can be found in the “YF_RVC.xlsx” and “YF_outbreaks.xlsx” files in the linked GitHub repository (https://github.com/CarlosZHaring/Yellow-Fever-Outbreaks-and-Reactive-Vaccination-in-Africa-2010-2025-A-Scoping-Review-and-Analysis.git). After independent data charting, entries and the associated data were grouped together into csv files based on the country and year of the YF outbreak or RVC found in the document using Python (3.13.5). The data from each country and year csv file was synthesized together to create the data profile for each respective YF outbreak or RVC. Sources that did not contribute to a data profile were excluded for one of the reasons listed in the exclusion criteria (Appendix Table S1). 


2. Vaccination rate estimation and variance estimate
	Data analysis was done in R (version 4.5.1). We recorded the start date (), end date  target population (), percentage covered (), vaccinated population (), geographic locations, and method of coverage measurement. The coverage measurement was defined as either administrative coverage, post-vaccination coverage survey, or independent monitoring. If the coverage measurement method was not found, they were classified as administrative. If identical vaccination campaigns had post-vaccination coverage survey data or independent monitoring data was used instead of administrative data if available. No vaccination campaign had both post-vaccination data or independent monitoring data. , , and  where calculated with Equation 1, Equation 2, and Equation 3 respectively, when applicable. 


Equation 1.  The percentage of target population covered () when the vaccinated population   and target population  was known.


Equation 2. The calculated vaccinated population  when there was no  available using the target population covered () and the target population target population .


Equation 3. The calculated target population  when there was no  available using the target population covered () and the vaccinated population .

We grouped vaccination campaigns into unified campaigns based, geographic, temporal, and epidemiological context and calculated pooled coverage () for each of the complete campaigns with Equation 4 . The duration of each group campaign () was calculated with Equation 5. Using  and , we calculated the pooled vaccination rate () using Equation 6. Overall,  for pre-Angola/DRC and post-Angola/DRC, and each vaccination campaign was calculated for analysis. The respective variance for each  were calculated using Equation 7.



Equation 4. The pooled coverage for each of the complete campaigns () was calculated with the target population and the  vaccinated population  of the  portions of the campaign.



Equation 5. The calculated duration of each campaign () the latest end time () and earliest start time () for each of the vaccination campaigns.


Equation 6. The calculated vaccination rate () using the pooled coverage  and duration () for the  vaccination campaigns. 


Equation 7. The approximated variance of the vaccination rate using the 2nd degree Taylor approximation for a ratio estimate.2 The approximation is calculated with the sample covariance among the coverage and campaign duration , the sample variance of the campaign duration , the sample variance of the campaign coverage , the sample mean of the campaign duration (, and the vaccination rate ().











Table S3: Yellow fever reactive vaccination campaigns in Africa (2010-2025)
	Country
	Start date
	End date
	Target Population
	Coverage
	Vaccination rate (% per day)
	RVCa Data
Sources
	Outbreak Data Sources

	Uganda
	2011-01-20
	2011-01-25
	905,618
	84.9%
	14.2%
	3,4
	3,5

	Sierra Leone
	2011-01-17
	[bookmark: _heading=h.co6om96ynu04]Unknown
	
	5

	Ghana
	2011-11-22
	2011-11-28
	235,082
	82.3%
	11.8%
	7,8
	7,9–11

	Cameroon
	2012-01-23
	2012-01-29
	1,170,258
	93.9%
	13.4%
	8
	12

	Chad
	2013-02-22
	2013-03-02
	1,017,295
	97.4%
	10.8%
	8,13
	 

	Sudan
	2012-11-20
	Unknown
	
	13,14

	DRCb
	2013-06-20
	2013-06-24
	503,426
	102.0%
	20.4%
	15
	14,15

	Cameroon
	2013-08-27
	2013-09-01
	663,900
	94.0%
	15.7%
	15
	15

	Cameroon
	2014-01-03
	2014-01-09
	245,716
	101.8%
	14.6%
	15
	15

	DRC
	2014-05-20
	2014-05-24
	504,394
	105.0%
	21.0%
	18
	18,19

	Angola
	2016-02-02
	2016-04-30
	6,583,216
	88.4%
	1.0%
	20,21
	22,23

	Uganda
	2016-05-19
	2016-06-07
	668,236
	93.9%
	4.7%
	24,25
	

	DRC
	2016-05-26
	2016-06-04
	3,955,467
	106.8%
	10.7%
	26
	

	Nigeria
	2017-12-01
	2017-12-10
	1,563,005
	80.0%
	8.0%
	27,28
	27,29,30

	Nigeria
	2018-03-10
	2018-03-19
	1,933,644
	88.8%
	8.9%
	28,31
	

	Nigeria
	2018-03-19
	2018-03-28
	1,343,413
	91.0%
	9.1%
	28,31
	

	Nigeria
	2018-08-09
	2018-08-18
	208,285
	74.0%
	7.4%
	28,32
	

	Congo
	2018-09-26
	Unknown
	
	31–33

	Ethiopia
	2018-10-13
	2018-10-19
	31,365
	99.2%
	14.2%
	36,37
	36–38

	Ethiopia
	2018-11-16
	2018-11-23
	1,307,908
	102.7%
	12.8%
	39
	

	Nigeria
	2018-12-18
	2018-12-24
	1,444,149
	120.1%
	17.2%
	40
	

	South Sudan
	2019-03-25
	2019-03-29
	19,578
	102.0%
	20.4%
	41,42
	43,44

	[bookmark: _heading=h.o23wm3eg1av1]Nigeria
	2019-09-07
	2019-09-19
	1,529,111
	73.1%
	5.6%
	28,45–47
	

	Ethiopia
	2020-03-26
	Unknown
	
	42–44

	Togo
	2020-05-14
	Unknown
	
	45,46

	South Sudan
	2020-10-23
	2020-10-27
	704,005
	97.5%
	19.5%
	48,53,54
	

	Nigeria
	2020-11-10
	Unknown
	
	49–51

	Senegal
	2021-02-15
	Unknown
	
	48,52,53

	[bookmark: _heading=h.fbaktrq3adk4]Ghana
	2021-12-17
	2021-12-21
	568,467
	94.2%
	18.8%
	60
	11,61

	[bookmark: _heading=h.7sqwbo68njj5]Chad
	2022-01-19
	2022-01-30
	1,117,848
	107.0%
	8.9%
	62,63
	

	[bookmark: _heading=h.gjwpaoc1t2dp]Ghana
	2022-02-26
	2022-03-02
	603,394
	89.3%
	17.9%
	60,64
	11,61

	Kenya
	2022-07-23
	2022-08-01
	1,422,600
	51.6%
	5.2%
	65–67
	

	CARc
	2022-11-02
	2022-11-19
	345,920
	101.7%
	5.7%
	68,69
	

	South Sudan
	2024-02-13
	2024-02-21
	406,699
	70.8%
	7.9%
	70–72
	70,73,74

	South Sudan
	2024-03-19
	2024-03-30
	201,570
	88.2%
	7.4%
	70
	


a. Reactive Vaccination Campaign
b. Democratic Republic of the Congo
c. Central African Republic

3: Case fatality ratio and variance estimate
The overall and period specific case fatality ratios (CFR) and their variances were calculated with Equation 8 and Equation 9 respectively.


Equation 8. The calculated case fatality ratio (CFR) using total deaths (α) and the total reported cases (β) for the n outbreaks.




Equation 9. The approximated variance of the case fatality ratio (CFR) using the 2nd degree Taylor approximation for a ratio estimate. The approximation is calculated with the sample covariance between total reported cases and deaths , the sample variance of total reported cases, the sample variance of total reported deaths , the sample mean of the total cases ( and the CFR.
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