Supplementary Material
Supplementary Table S0: Data quality assessment of the analytical dataset prior to statistical analysis.
	Data-quality indicator
	Result
	Status

	Total imported records
	847
	Information

	Duplicate child IDs
	0
	Pass

	Missing child IDs
	0
	Pass

	Missing age
	0
	Pass

	Missing sex
	0
	Pass

	Missing district
	0
	Pass

	Missing region
	0
	Pass

	Penta3 received without DTP1
	0
	Pass

	Zero-dose inconsistent with DTP1
	0
	Pass

	Invalid binary values
	0
	Pass
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Supplementary Figure S1: Triangular heatmap of phi correlation coefficients among operational determinants associated with zero-dose status in the Central African Republic. 
Values within cells represent pairwise phi correlation coefficients between binary operational determinants. Overall, correlations were low, indicating limited multicollinearity among explanatory variables included in the multivariable modified Poisson regression model.
Supplementary Table S1: Pairwise phi correlation matrix of operational determinants included in the multivariable modified Poisson regression model.
	
	Distance to vaccination site >5 km
	Geographically inaccessible area
	Child or caregiver absent
	Caregiver too busy
	Vaccination schedule not known
	Family problem or maternal illness
	Sick child not brought
	Exposure to vaccination rumours
	Vaccination refusal or mistrust
	Vaccination session cancelled
	Vaccination team absent
	Vaccine stock-out reported
	Cold-chain interruption
	Gap in trained vaccination staff
	Vaccination card available
	Vaccinated but not recorded
	Nomadic population
	Mining settlement

	Distance to vaccination site >5 km
	1
	0.36
	0.13
	0.07
	0.35
	-0.03
	-0.03
	0.05
	-0.01
	0.21
	0.07
	0
	0.06
	0.02
	-0.08
	0.07
	0.06
	0.08

	Geographically inaccessible area
	0.36
	1
	0.07
	0.03
	0.19
	-0.01
	-0.04
	0.04
	-0.01
	0.25
	0.06
	0.1
	0.11
	0.07
	-0.1
	0.07
	0.05
	0.02

	Child or caregiver absent
	0.13
	0.07
	1
	0.05
	0.17
	0.09
	-0.01
	0
	-0.03
	0.09
	-0.03
	0.08
	0.02
	0.08
	-0.07
	0.04
	0.02
	-0.01

	Caregiver too busy
	0.07
	0.03
	0.05
	1
	0.03
	0.02
	-0.02
	-0.05
	-0.03
	-0.01
	0.08
	0.01
	-0.05
	-0.02
	0.05
	0
	0.07
	0.01

	Vaccination schedule not known
	0.35
	0.19
	0.17
	0.03
	1
	0.15
	0.07
	0.02
	-0.04
	0.17
	0.03
	0.02
	0.04
	0.04
	-0.13
	0.13
	0.1
	0.12

	Family problem or maternal illness
	-0.03
	-0.01
	0.09
	0.02
	0.15
	1
	0.03
	0.01
	0.03
	0.01
	0.02
	0.01
	0.02
	-0.06
	-0.01
	-0.02
	0.06
	-0.02

	Sick child not brought
	-0.03
	-0.04
	-0.01
	-0.02
	0.07
	0.03
	1
	-0.01
	0.01
	-0.04
	-0.04
	0.02
	0.08
	0.03
	0.06
	0.03
	0.03
	0.08

	Exposure to vaccination rumours
	0.05
	0.04
	0
	-0.05
	0.02
	0.01
	-0.01
	1
	0.03
	0.05
	0.04
	0
	0.03
	0.03
	0
	-0.02
	0.02
	-0.04

	Vaccination refusal or mistrust
	-0.01
	-0.01
	-0.03
	-0.03
	-0.04
	0.03
	0.01
	0.03
	1
	-0.01
	0.04
	-0.01
	-0.01
	-0.03
	0
	-0.02
	-0.01
	0.01

	Vaccination session cancelled
	0.21
	0.25
	0.09
	-0.01
	0.17
	0.01
	-0.04
	0.05
	-0.01
	1
	0.12
	0.18
	0.1
	0.08
	-0.1
	0.12
	0.07
	0.05

	Vaccination team absent
	0.07
	0.06
	-0.03
	0.08
	0.03
	0.02
	-0.04
	0.04
	0.04
	0.12
	1
	0.01
	0.01
	0.06
	0.02
	0.01
	0
	0.07

	Vaccine stock-out reported
	0
	0.1
	0.08
	0.01
	0.02
	0.01
	0.02
	0
	-0.01
	0.18
	0.01
	1
	0.22
	0.11
	-0.1
	-0.01
	-0.01
	0.03

	Cold-chain interruption
	0.06
	0.11
	0.02
	-0.05
	0.04
	0.02
	0.08
	0.03
	-0.01
	0.1
	0.01
	0.22
	1
	-0.03
	-0.04
	0.04
	0.01
	0.09

	Gap in trained vaccination staff
	0.02
	0.07
	0.08
	-0.02
	0.04
	-0.06
	0.03
	0.03
	-0.03
	0.08
	0.06
	0.11
	-0.03
	1
	-0.08
	-0.03
	-0.05
	0.01

	Vaccination card available
	-0.08
	-0.1
	-0.07
	0.05
	-0.13
	-0.01
	0.06
	0
	0
	-0.1
	0.02
	-0.1
	-0.04
	-0.08
	1
	-0.04
	-0.04
	0.03

	Vaccinated but not recorded
	0.07
	0.07
	0.04
	0
	0.13
	-0.02
	0.03
	-0.02
	-0.02
	0.12
	0.01
	-0.01
	0.04
	-0.03
	-0.04
	1
	0.09
	-0.04

	Nomadic population
	0.06
	0.05
	0.02
	0.07
	0.1
	0.06
	0.03
	0.02
	-0.01
	0.07
	0
	-0.01
	0.01
	-0.05
	-0.04
	0.09
	1
	0.07

	Mining settlement
	0.08
	0.02
	-0.01
	0.01
	0.12
	-0.02
	0.08
	-0.04
	0.01
	0.05
	0.07
	0.03
	0.09
	0.01
	0.03
	-0.04
	0.07
	1


Values represent phi correlation coefficients between binary operational determinants. Overall, low to moderate correlations suggest limited multicollinearity among explanatory variables.

Appendix 1: Variable Dictionary
	Variable Name
	Type
	Definition
	Coding / Values

	child_id
	String
	Unique child identifier used for analysis.
	Alphanumeric (e.g., CAR0001)

	region
	Categorical
	Health region of residence.
	RS1-RS7

	district
	Categorical
	Health district where the child resides or was identified.
	District name

	village_site
	Categorical
	Village, camp, settlement, mining site, or urban neighborhood where the child was identified.
	Text

	community_type
	Categorical
	Type of community where the child resides.
	Urban, Peri-urban, Rural, Remote rural, Nomadic, Mining, Fishing/Riverine, IDP, Aka community

	age_months
	Numeric
	Age of child in completed months at time of observation.
	0-59 months

	sex
	Categorical
	Sex of the child.
	Male, Female

	zero_dose
	Binary
	Child has not received the first dose of Pentavalent vaccine (DTP1). Primary outcome variable.
	1 = Yes, 0 = No

	DTP1_received
	Binary
	Child received at least one dose of Pentavalent vaccine.
	1 = Yes, 0 = No

	penta3_received
	Binary
	Child received the third dose of Pentavalent vaccine.
	1 = Yes, 0 = No

	distance_gt5km
	Binary
	Household located more than 5 km from the nearest vaccination service delivery point.
	1 = Yes, 0 = No

	caregiver_absent
	Binary
	Child or caregiver was absent during vaccination session, outreach activity, or home visit.
	1 = Yes, 0 = No

	caregiver_busy
	Binary
	Caregiver reported lack of time or competing priorities preventing attendance at vaccination services.
	1 = Yes, 0 = No

	unaware_schedule
	Binary
	Caregiver did not know the vaccination schedule or vaccination date.
	1 = Yes, 0 = No

	family_problem_mother_illness
	Binary
	Family constraints or illness of mother/caregiver prevented vaccination.
	1 = Yes, 0 = No

	child_sick_not_brought
	Binary
	Child was reportedly sick and therefore not brought for vaccination.
	1 = Yes, 0 = No

	rumor_exposure
	Binary
	Caregiver exposed to rumors, misinformation, or negative messages about vaccination.
	1 = Yes, 0 = No

	refusal_or_mistrust
	Binary
	Vaccination refusal or mistrust toward vaccination services reported.
	1 = Yes, 0 = No

	session_cancelled
	Binary
	Planned vaccination session was cancelled or not conducted.
	1 = Yes, 0 = No

	team_absent
	Binary
	Vaccination team failed to reach the community or was unavailable.
	1 = Yes, 0 = No

	stockout_reported
	Binary
	Vaccine stock-out reported in the health facility or outreach service.
	1 = Yes, 0 = No

	cold_chain_interruption
	Binary
	Cold chain interruption affecting vaccine availability or quality reported.
	1 = Yes, 0 = No

	trained_staff_gap
	Binary
	Lack of trained vaccination personnel identified.
	1 = Yes, 0 = No

	card_available
	Binary
	Child vaccination card available at time of assessment.
	1 = Yes, 0 = No

	vaccinated_not_recorded
	Binary
	Child reportedly vaccinated but does not recorded on card and/or register.
	1 = Yes, 0 = No

	nomadic_population
	Binary
	Child belongs to a nomadic or highly mobile population group (e.g., Peuhl communities).
	1 = Yes, 0 = No

	mining_settlement
	Binary
	Child resides in a mining settlement or mining camp.
	1 = Yes, 0 = No

	inaccessible_area
	Binary
	Community affected by physical, seasonal, geographic, or security-related barriers to access.
	1 = Yes, 0 = No

	dhis2_no_child_tracking
	Binary
	Child-level follow-up not possible because routine reporting relies on aggregate DHIS2 data without individual tracking.
	1 = Yes, 0 = No

	determinant_category
	Categorical
	Broad category of determinant associated with missed vaccination.
	Geographic access; Service delivery; Information system; Demand/community; Access/availability; None

	primary_determinant
	Categorical
	Main reason or determinant assigned to explain missed vaccination for the observation.
	Text

	source_information
	Categorical
	Primary source from which information was obtained.
	ECV; ASC; World Vision/CSO; PIRI Supervisor; MCD Review; Other

	reporting_period
	Categorical
	Programmatic activity or reporting cycle during which the observation was collected.
	PIRI1; PIRI2; PIRI3; BCU; NID-Measles-VitA Integrated Campaign; Follow-up

	observation_date
	Date
	Date on which the observation, interview, supervision finding, or report was recorded.
	YYYY-MM-DD



Appendix 2: District-level distribution of zero-dose children and predominant operational determinants across health districts in the Central African Republic.
	Region
	District
	Children analyzed
	Zero dose children
	Main determinant
	Main source
	Zero dose prevalence (%)

	RS1
	Mbaiki
	42
	33
	Vaccination card unavailable/lost
	CSO/World Vision report
	78.6

	RS1
	Bossembele
	19
	9
	Vaccination card unavailable/lost
	CSO/World Vision report
	47.4

	RS1
	Bimbo
	57
	10
	Vaccination card unavailable/lost
	CSO/World Vision report
	17.5

	RS1
	Boda
	34
	4
	None identified
	CSO/World Vision report
	11.8

	RS1
	Begoua
	9
	0
	None identified
	ASC report
	0

	RS2
	Baboua-Abba
	31
	31
	Vaccination card unavailable/lost
	MCD review meeting
	100

	RS2
	Gamboula
	25
	25
	Vaccination card unavailable/lost
	MCD review meeting
	100

	RS2
	Berberati
	32
	25
	Vaccination card unavailable/lost
	CSO/World Vision report
	78.1

	RS2
	Sangha-Mbaere
	19
	11
	Vaccination card unavailable/lost
	CSO/World Vision report
	57.9

	RS2
	Carnot-Gadzi
	44
	23
	Vaccination card unavailable/lost
	PIRI supervisor report
	52.3

	RS2
	Bouar-Baoro
	48
	12
	Vaccination card unavailable/lost
	CSO/World Vision report
	25

	RS3
	Paoua
	12
	12
	Vaccination card unavailable/lost
	ASC report
	100

	RS3
	Ngaoundaye
	13
	9
	Vaccination card unavailable/lost
	ASC report
	69.2

	RS3
	Bozoum-Bossemptele
	20
	9
	Vaccination card unavailable/lost
	ASC report
	45

	RS3
	Batangafo
	44
	11
	None identified
	PIRI supervisor report
	25

	RS3
	Bouca
	10
	2
	Vaccine stock-out reported
	ASC report
	20

	RS3
	Bossangoa
	37
	6
	None identified
	PIRI supervisor report
	16.2

	RS3
	Bocaranga-Koui
	37
	4
	None identified
	PIRI supervisor report
	10.8

	RS3
	Nangha-Boguila
	10
	0
	Distance to vaccination site >5 km
	ECV survey
	0

	RS4
	Bambari
	35
	8
	Vaccination card unavailable/lost
	PIRI supervisor report
	22.9

	RS4
	Kemo
	6
	0
	None identified
	MCD review meeting
	0

	RS4
	Kouango-Grimari
	21
	0
	None identified
	ASC report
	0

	RS4
	Nana-Gribizi
	7
	0
	None identified
	ASC report
	0

	RS5
	Bamingui-Bangoram
	3
	1
	Vaccination schedule not known
	ASC report
	33.3

	RS5
	Haute-Kotto
	5
	0
	Distance to vaccination site >5 km
	ASC report
	0

	RS5
	Vakaga
	4
	0
	Caregiver too busy
	MCD review meeting
	0

	RS6
	Haut-Mbomou
	22
	19
	Vaccination card unavailable/lost
	ASC report
	86.4

	RS6
	Mobaye-Zangba
	35
	28
	Vaccination card unavailable/lost
	CSO/World Vision report
	80

	RS6
	Alindao-Mingala
	31
	23
	Vaccination card unavailable/lost
	CSO/World Vision report
	74.2

	RS6
	Ouango-Gambo
	22
	16
	Vaccination card unavailable/lost
	ASC report
	72.7

	RS6
	Kembe-Satema
	44
	17
	Vaccination card unavailable/lost
	CSO/World Vision report
	38.6

	RS6
	Bangassou
	37
	12
	Vaccination card unavailable/lost
	CSO/World Vision report
	32.4

	RS7
	Bangui 2
	14
	4
	Distance to vaccination site >5 km
	CSO/World Vision report
	28.6

	RS7
	Bangui 1
	5
	0
	None identified
	ASC report
	0

	RS7
	Bangui 3
	13
	0
	None identified
	MCD review meeting
	0



Supplementary Figure S2: Proposed BCU Institutionalization Roadmap in CAR.
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