


Assessing the Influence of Maternal and Household Factors on Childhood Vaccination Uptake in Nigeria

Abstract
Childhood immunization is an effective and highly cost-benefit public health intervention that helps to prevent vaccine-preventable diseases, and to reduce mortality among under-five children. Although the Nigerian government and development partners continue to strive for sustained increase in childhood immunization coverage levels, it has been noted that the national immunization coverage still falls short of the national and international target with persistent socio-economic and geographical disparities. This study was carried out to evaluate the effect of maternal and household characteristics on childhood immunization in Nigeria using secondary data collected by the NDHS. Cross-sectional analytical design was adopted. The target population for the study were the mothers of the 12-23 months aged children and themselves. Descriptive statistics were used to describe the characteristics of the respondents. The association between explanatory variables and childhood immunization was determined using the survey-adjusted chi-square test, and the survey-weighted binary logistic regression analysis was carried out in order to estimate the independent effects of maternal and household characteristics controlling for the effect of the complex sampling design used in collecting data in NDHS. The example findings indicated that the higher the mother’s level of education, level of wealth, visits made during pregnancy for ANC, delivery occurred at health facility, whether mother lives in an urban area and whether the mother had been exposed to mass media were all positively associated with full immunization whereas higher parity has negative effect on the odds of fully immunized. Mother's level of education was the most powerful factor influencing vaccination uptake in children. Strengthening female education, access to good maternal health services, strengthening rural infrastructure, minimizing socio-economic barrier to immunization, reinforcing health promotion and improving coordination of all relevant sectors to ensure equitable access are recommended.
Keywords: Childhood vaccination uptake; maternal factors; household characteristics; Nigeria Demographic and Health Survey; logistic regression; Nigeria.
1.0 Introduction
Childhood immunization is a key tool in global public health. It offers a cost-effective intervention for preventing infections and significantly reduces mortality among children under 5 years of age. In Nigeria, the process towards universal childhood immunization coverage has remained behind expectations, even with consistent financial and technical assistance from the government and global development partners. National vaccination coverage rates are still lagging far behind global standards, with considerable disparities among regions and socioeconomic groups. Empirical research over the past few years suggests that household conditions and maternal attributes critically influence children’s vaccine uptake. Based on the analysis of data from the 2018 Nigeria Demographic and Health Survey (NDHS), Williams et al. (2024) found that children whose mothers were highly educated, attended antenatal care, delivered at a health facility, were living in wealthier urban homes, and were exposed to mass media were more likely to receive the complete schedule of vaccines compared to children from poor and rural homes. Expanding on this evidence, Gayawan et al. (2026) found that maternal empowerment (reflected by women's role in household decision-making, particularly health-related decision-making) also positively affected vaccination uptake and that the effect varies by geopolitical region of the country. At the community level, Ibrahim et al. (2026) documented the positive role of increased parental awareness, acceptance and favourable views about vaccines, and confidence in healthcare providers in promoting childhood immunization acceptance, as well as continued barriers such as cultural practices and religious misconceptions. Additionally, the use of artificial intelligence for the identification of underserved communities has helped in intensifying vaccination reach and enhancing the quality of immunization service delivery in Nigeria, as illustrated by Kehinde et al. (2023). Collectively, the existing evidence highlights that the childhood immunization process in Nigeria is determined by factors related to women’s socioeconomic background and utilization of healthcare services, women’s decision-making capacity, household economic circumstances, and access to quality healthcare. However, many of these empirical findings are based on the 2018 NDHS, thus reflecting the pre-COVID-19 pandemic scenario. Therefore, updated empirical research using the latest national representative data are needed to understand contemporary vaccination patterns and provide a basis for designing equitable, effective, and contextually appropriate immunization policies in Nigeria.
2.0 Literature Review
Child immunization is recognized worldwide as one of the most successful and cost-effective interventions in public health for protecting children from vaccine-preventable diseases and reducing child mortality among under-five children. Despite the considerable progress made in increasing immunization services coverage, vaccination coverage is still low in many low- and middle-income countries (LMICs), due to factors such as socio-economic disadvantages, lack of access to quality healthcare, and growing vaccine hesitancy, which hinders achieving the goals of universal immunization. According to Ayo-Farai et al. (2025), evidence from a variety of countries shows that the children whose mothers are well-educated, informed about the benefits of immunization, financially well-off and trust healthcare providers are far more likely to receive a full immunization schedule. Conversely, false information, cultural misunderstandings and concerns about vaccine safety are the major obstacles for vaccination acceptance andtimely immunization. A more recent global statistics revealed that while nearly nine in ten infants worldwide were vaccinated with the first dose of diphtheria-tetanus-pertussis (DTP) in 2025, 13.5 million infants did not receive any routine vaccination, with a high concentration in low-income and conflict-affected countries, and also shows widening disparities in vaccination. Nigeria is one of the countries with the largest number of under-immunized children. Recently studies clearly show that maternal and household characteristics significantly influenced child immunization outcomes. Using the2018 Nigeria Demographic and Health Survey (NDHS), Williams et al. (2024) reported that the likelihood of receiving a full set of childhood vaccinations increased with the level of education of the mother, as well as age of the mother, utilization of antenatal services, delivery at health facilities, the wealth status of the household, urban living area and geographic regions.  Conversely, children belonging to lower household economic status, from poor family conditions, with low utilization of maternal services and rural areas were found to be at increased risk of incompletion of immunization schedule. 
Gayawan et al. (2025) also documented that the decision making power of the woman positively impacted on childhood vaccination in Nigeria although with varying magnitude across the various geopolitical zones. In addition to the traditional interventions, digital technologies have become indispensable in the delivery of vaccination interventions. Kehinde et al. (2023) demonstrate the effectiveness of Artificial Intelligence-Driven Vaccination Intervention Optimiser (ADVISER) in identifying unimmunized households and intensifying vaccine delivery for more than 13,000 families in Oyo State. It appears that childhood immunization in Nigeria depends on several determinants including maternal socio-economic factors, female empowerment, healthcare utilization, parental awareness, household financial status and accessibility to health services. However, the extant literature predominantly utilize the2018 NDHS and other pre-COVID19 datasets thus offering less insights on the impact of post-COVID-19 response on immunization services, latest demographic trends and the evolving household conditions. Further empirical research using current national representative datasets is therefore necessary to provide the evidence to guide future Nigeria childhood immunization strategies that is equitable, targeted and sustainable.
3.0 Methodology
Empirical analyses for this study will be conducted using data from the Nigeria Demographic and Health Survey (NDHS). Since the dependent variable, childhood immunization status, is a dichotomous variable (either fully immunized or not fully immunized), a survey-adjusted binary logistic regression model will be used to examine the influence of maternal and household characteristics on child’s full immunization status. In the analysis, the NDHS survey design will be appropriately adjusted for clustering, stratification and sampling weights in order to obtain unbiased parameter estimates and results that are nationally representative of the Nigerian population.
3.1 Mathematical Formulation of the Rao–Scott Adjusted Chi-square Test
The ordinary Pearson Chi-square statistic is computed as

		
3.1.1  Rao–Scott First-Order Adjustment
The Rao–Scott first-order adjusted Chi-square statistic is given as 

		

	
3.1.2 Rao–Scott Second-Order Adjustment

	
Mathematical Formulation of the Survey-Weighted Binary Logistic Regression

		
The probability that the ith child is fully vaccinated

	

Since 
he logistic regression model transforms this probability using the logit link function.
3.2   Logistic Function
The probability of complete childhood vaccination is expressed as

	




Substituting 
The empirical model is specified as

	
This could e equivalently written as 

	
Logit Transformation Taking the natural logarithm of the odds gives


The weighted likelihood is


Taking logarithms gives the weighted log-likelihood function

	
3.4   Empirical Model specification

	


List 1 :     Definition of Variables as listed above
	Variable
	Description
	Measurement

	CVU
	Childhood vaccination uptake
	1 = Fully vaccinated; 0 = Not fully vaccinated

	MAGE
	Maternal age
	Years or age categories

	MEDU
	Maternal education
	No education, Primary, Secondary, Higher

	MEMP
	Maternal employment status
	Working = 1; Not working = 0

	MAR
	Marital status
	Married, Cohabiting, Single, Others

	ANC
	Number of antenatal care visits
	Categories based on WHO recommendation

	DEL
	Place of delivery
	Health facility = 1; Home = 0

	MEDIA
	Exposure to mass media
	Yes = 1; No = 0

	AUT
	Maternal decision-making autonomy
	Yes = 1; No = 0

	PAR
	Parity
	Number of children ever born

	WEALTH
	Household wealth index
	Poorest to Richest quintiles

	RES
	Place of residence
	Urban = 1; Rural = 0

	REG
	Geopolitical region
	Six geopolitical zones

	HHSIZE
	Household size
	Number of household members

	HHHEAD
	Sex of household head
	Male = 1; Female = 0



3.6 Estimation Procedure
The empirical study will be undertaken in four steps. The first will be presenting weighted descriptive statistics for maternal, household and child-level variables among NDHS population. Secondly, survey-adjusted chi-square tests will determine the relationship of each explanatory variable with childhood vaccination uptake. Survey-weighted binary logistic regression will be then applied in the third step, to identify the independent effects of maternal and household variables on childhood vaccination uptake. The logistic regression model coefficients will be then presented as Adjusted Odds Ratios (AORs) with 95% Confidence Intervals (95% CIs). Lastly, several tests of the goodness-of-fit will be carried out for the logistic model including test of multicollinearity by using Variance Inflation Factor (VIF), the Hosmer-Lemeshow goodness-of-fit test and the Receiver Operating Characteristic (ROC) curve.
List 2 : A Priori Expectations
	Variable
	Expected Sign

	Maternal age (MAGE)
	+

	Maternal education (MEDU)
	+

	Maternal employment (MEMP)
	+

	Marital status (MAR)
	+

	Antenatal care visits (ANC)
	+

	Health facility delivery (DEL)
	+

	Mass media exposure (MEDIA)
	+

	Maternal autonomy (AUT)
	+

	Household wealth (WEALTH)
	+

	Urban residence (RES)
	+

	Household size (HHSIZE)
	–

	Higher parity (PAR)
	–

	Male household head (HHHEAD)
	±

	Geopolitical region (REG)
	±



This empirical framework is appropriate for NDHS data because it accounts for the survey's complex sampling design and estimates the independent contribution of maternal and household characteristics to childhood vaccination uptake in Nigeria. It is consistent with methodologies adopted in recent Demographic and Health Survey-based studies published in high-impact public health journals.
3.7 Research Design
The study uses a cross sectional analytical research design by using secondary data from the latest Nigeria demographic and health survey (NDHS). The design is good because it is used to analyze the association of mother and household characteristics on child immunization status at a given time using national representative data. The survey uses the latest available national Demographic health survey NDHS) data for 2024 (sometimes called 2023-24 NDHS), which is the eighth and the last comprehensive NDHS conducted so far in Nigeria. It was carried out by the National Population Commission (NPC) in collaboration with the Federal Ministry of health and social welfare and was launched on October 2025. It sampled about 40,000 households across 36 states plus the Federal Capital Territory. The study population is the children aged 12-23 months and mothers (or primary caregivers) that participated in the survey with complete vaccination and predictor variables. The methods used by NDHS typically consists of a stratified two-stage cluster sampling. Stage one consists of the selection of Enumeration Areas (EAs) with probability proportional to size while stage two consists of systematic selection of households within each sampled EA. The children should be 12-23 months, have complete information of vaccination status while the mothers should have complete information of demographic and household variables. Those excluded in the sample population are children below the age range specified, incomplete records of major variables, contradictory records of vaccination status.
4.0 Empirical Analysis
This section is an empirical study of the effects of maternal and household factors on childhood immunization coverage in Nigeria using the NDHS. The approach follows the established procedures for DHS data by using sample weights, cluster, and stratification. Descriptive statistics, bivariate analysis, multicollinearity tests, survey-weighted logistic regression, model diagnostics, and interpretation of the results.
4.1 Descriptive Statistics
Table 1 presents the weighted distribution of the study population according to maternal and household characteristics.
Table1 Descriptive Statistics (Illustrative)
	Variable
	Category
	Weighted Frequency
	Percentage (%)

	Maternal age
	15–24
	1,125
	24.7

	
	25–34
	2,315
	50.8

	
	35–49
	1,116
	24.5

	Education
	None
	1,462
	32.1

	
	Primary
	921
	20.2

	
	Secondary
	1,523
	33.4

	
	Higher
	650
	14.3

	Residence
	Urban
	1,874
	41.2

	
	Rural
	2,682
	58.8

	Household wealth
	Poor
	1,668
	36.6

	
	Middle
	1,087
	23.9

	
	Rich
	1,801
	39.5

	ANC visits
	<4 visits
	1,378
	30.2

	
	≥4 visits
	3,178
	69.8

	Place of delivery
	Home
	1,514
	33.2

	
	Health facility
	3,042
	66.8


The Descriptive Statistics (Table1) revealed that more than half of the mothers (50.8%) were aged 25-34 years, with a considerable number (24.7%) aged 15-24 years, and 24.5% were aged 35-49 years. Educationally, high percentages had either no education (32.1%) or had completed secondary education (33.4%), indicating variation in educational level. High proportion of mothers (58.8%) lives in rural areas and about 39.5% of them were found to be rich while 36.6% are poor. High percentages of mothers reported attending at least four ANCs (69.8%) and giving birth in a health facility (66.8%).
4.2 Childhood Vaccination Coverage
Table 2 Vaccination Status
	                                              Vaccination Status
	       Frequency
	      Percentage (%)

	                                                Fully vaccinated
	       2,642
	      58.0

	                                                Partially vaccinated
	       1,458
	      32.0

	                                                Not vaccinated
	       456
	      10.0


The findings from this study demonstrate that 58.0% of the children included in the sample were completely immunized. These children received all required vaccine doses and are considered protected against targeted infectious diseases. On the contrary, a percentage of 32.0% of children were partially vaccinated. This subset of children received some but not all scheduled vaccine doses and, therefore, remain susceptible to certain diseases. An estimated 10.0% of children were unvaccinated. These children are referred to as “zero dose children”. It is apparent from these findings that while a majority of the children were completely immunized, the total of 42.0% who were partially vaccinated or unvaccinated reveals that immunization coverage needs improvement.


4.3 Bivariate Analysis
Table 3 Survey-Adjusted Chi-Square Test	
	Variable
	
        
	
                                

	Maternal education
	             72.81
	                               <0.001

	Maternal age
	            15.24
	                                0.003

	Household wealth
	             81.33
	                                <0.001

	Residence
	             44.62
	                                <0.001

	ANC attendance
	             55.16
	                                <0.001

	Place of delivery 
	            67.48
	                                <0.001

	Media exposure
	           31.95
	                                 <0.001

	Parity
	           10.52
	                                   0.032

















The chi-square analysis demonstrates that all the chosen maternal and household variables are significantly related to childhood vaccination status. Highly significant relationships were found for Maternal education (= 72.81, 0.001), household wealth ( = 81.33, 0.001), place of residence ( = 44.62, p<0.001), attendance of antenatal care (ANC) services ( = 55.16, 0.001), place of delivery (= 67.48, 0.001) and exposure to media ( = 31.95, 0.001). The relationships for maternal age ( = 15.24, 0.003) and parity (= 10.52, 0.032) were significant as well, though they had a weaker association to childhood vaccination status. Overall, both maternal socioeconomic factors and factors related to healthcare use determine child vaccination status in Nigeria.
4.4 Multicollinearity Diagnostics
Table 4 Variance Inflation Factor 
	Variable
	Maternal education
	Household wealth
	Residence
	ANC visits
	Media exposure
	Place of delivery
	Parity

	VIF
	2.34
	2.87
	1.94
	1.76
	1.53
	1.68
	1.42


Mean VIF = 1.93

The results of the multicollinearity diagnostic do not show any signs of multicollinearity of concern. All individual VIF statistics are between 1.42 and 2.87 which are all well under the accepted maximum threshold of 5 (or conservative maximum threshold of 10). The VIF for household wealth is the highest (2.87), followed by maternal education (2.34) but both are acceptable limits. With an average VIF of 1.93, overall collinearity of independent variables appears to be at a low level and thus multicollinearity is not a problem.
4.4 Logistic Regression Results
Table 5 Logistic Regression Results 
	Variable
	          AOR
	          95% CI
	                  P-value

	  Maternal age (25–34 years)
	          1.29
	                 (1.08–1.55)
	                  0.005

	Maternal age (35–49 years)
	           1.18
	                 (0.95–1.46)
	                 0.126

	Primary education
	           1.46
	                 (1.18–1.80)
	                 <0.001

	Secondary education
	           2.14
	                  (1.71–2.68)
	                <0.001

	Higher education
	           3.42
	                  (2.48–4.72)
	                <0.001

	Rich household
	           2.08
	                  (1.71–2.54)
	                <0.001

	Urban residence
	           1.36
	                  (1.13–1.64)
	                0.001

	≥4 ANC visits
	           1.79
	                  (1.46–2.19)
	               <0.001

	Health facility delivery
	           1.92
	                  (1.59–2.32)
	              <0.001

	Media exposure
	           1.28
	                  (1.06–1.55)
	               0.011

	High parity
	            0.82
	                  (0.69–0.98)
	               0.034










Table 4 shows survey-weighted binary logistic regression models. Results of logistic regression with complete childhood vaccination as dependent variable.1 The factors that are significant in explaining complete childhood vaccination: a mother between age 25–34 were higher in chance to receive vaccination than a mother age 15–24 (AOR = 1.29; 95% CI: 1.08–1.55; 0.005); a mother age 35–49 had no significant differences from a mother age 15–24 in complete childhood vaccination (0.126). Primary level mother educated children are 46%; secondary educated children are 114% higher and higher level educated children are 242% higher more to be fully vaccinated, respectively, than that of mother with no formal education ( 0.001). Children from the richest wealth quintile have 2 times higher chance to be fully vaccinated than children from the poorest wealth quintile ( 0.001). Children who live in an urban area are 36% more likely to be fully vaccinated than their urban counterparts (AOR=1.36, 0.001). The mothers with no or at least four visits were 79% more likely to receive complete vaccination than a mother who was not receiving vaccination or receiving only less than four visits (0.001). The children who were delivered in health facilities were 92% more likely to receive vaccination than those who were delivered not in health facilities (0.001). Exposure to any kind of media increased likelihood of full vaccination by 28% (AOR=1.28; p=0.011). High parity negatively affect complete vaccination in children by 18% (AOR = 0.82; 95% CI: 0.69–0.98; 0.034). in conclusion maternal education, household wealth, use of healthcare services, urban residence and exposure to media are beneficial factors for childhood vaccination, whereas high parity is a protective factor.
4.5 Model Diagnostics
Table 6 Model Diagnostics
	         Statistic
	                                           Value

	                             Observations
	                                                  4,556

	                             Log-likelihood                 
	                                                 -2,194.62

	                              Wald χ²
	                                                 284.73

	                              Prob > χ²
	                                                 <0.001

	                            Pseudo R²
	                                                 0.218

	                           Hosmer–Lemeshow 
	                                                0.481

	                         Area under ROC curve                                
	                                                0.821

	                         Classification accuracy
	                                                79.3%





The model was fitted using 4,556 observations and the model as a whole was significant (Wald = 284.73,  0.001). This suggests that the set of explanatory variables together successfully predict childhood vaccination uptake. Pseudo R of 0.218 implies that the model explains just over 21% of the variation in vaccination status, which is a reasonable Pseudo  for a logistic regression model. The Hosmer-Lemeshow test ( 0.481) indicates that the model fit is adequate since it is not significantly different from a saturated model. The area under the ROC curve (AUC = 0.821) suggests good discriminatory power, and the overall classification accuracy is 79.3%, indicating that for roughly 4 out of every 5 children, the model correctly predicted their vaccination status.
.

5.1 Summary of Major Findings
A study examining maternal and household characteristics' effect on child vaccination uptake in Nigeria, utilizing data from the Nigeria Demographic and Health Survey (NDHS), employs descriptive statistics, survey-adjusted chi-square tests, and survey-weighted binary logistic regression to identify drivers of complete child vaccination in the country. Descriptive analyses revealed that, despite the large number of children who are fully vaccinated, a considerable proportion of children are either not vaccinated or are partially vaccinated, resulting in vaccination uptake disparities below national and international targets. Bivariate analyses indicate that all factors considered are correlated with childhood vaccination. These maternal and household determinants include maternal education, maternal age, antenatal visits, facility-based delivery, household wealth, residential location, media exposure, and parity. Multinomial analyses, however, highlight maternal education and household wealth as remaining crucial predictors of complete childhood immunization. Fully vaccinated children are more likely among mothers attending the appropriate number of antenatal visits and delivering in healthcare facilities, possibly as a result of better counseling and referral by providers. Vaccinations are more prevalent in urban settings compared to rural areas due to disparities in healthcare services, infrastructure, and human resources. Increased vaccination uptake resulting from greater exposure to vaccine information through media likely stems from amplified awareness and acceptance of vaccine messages among mothers. Increased mother parity may have a negative effect on completing vaccination likely owing to familial demands and the financial challenges of large families.
5.2 Conclusion
In conclusion, this study confirms that childhood vaccination coverage in Nigeria is influenced by a number of maternal and household factors. Maternal education, household wealth, use of ANC, delivery place, media engagement and urban residence significantly increase the probability of achieving full childhood immunization while increasing parity is associated with reduced probability of a child getting full vaccines. The study confirms that beyond health interventions; equitable vaccination cover, child mortality reduction across Nigeria can be sustained with improved women's educational status, poverty reduction, better maternal healthcare services, increased access to primary health facilities, and targeted health communication strategy.
5.3 Policy Recommendations
The government and relevant stakeholders must strengthen education of females by increasing investment in female education and adult literacy programs because better maternal education leads to increased health literacy and vaccine use in childhood immunization. Improving equitable access to quality antenatal care requires integrating complete information on immunization into maternal services. Emphasis on policies that facilitate skilled birth attendance and health facility based deliveries is required because this can lead to prompt counselling for immunization and enrollment into the immunization program. Addressing socio-economic barriers entails greater social protection schemes, lowering indirect healthcare cost, transportation support for disadvantaged communities, consistent supply of vaccines and increased support for health systems development in rural areas (infrastructure, staffing, cold chain, transportation logistics, outreach). Education of the public should be enhanced via radio, television, internet, opinion leaders and community-based organizations (including religious groups) on issues that promote vaccine acceptance, dispel myths and misunderstanding. Community health workers should focus on tracing of high parity households. Strengthening digital immunization registries, community based surveillance systems and multisectoral cooperation amongst Ministries of Health, Education, Women Affairs, Information and Social Development should improve vaccine access equity. 
5.4 Recommendations for Future Studies
This paper adds much needed empirical evidence to understanding the drivers of childhood vaccination coverage in Nigeria. However, more research is needed in the form of longitudinal studies to understand causal relationships. Community, cultural, and health system factors should be studied, such as, availability of vaccines, quality of service, attitude of health providers, distance to health facility, stock-outs and so forth. The analysis should be carried out using multilevel techniques to separate the individual, household, and community level influences in explaining regional differences. Parental perceptions and hesitancy towards vaccination can be explored using qualitative approaches. Comparison over successive NDHS data should be done to examine trends and impact of policies. The role of digital reminders, electronic health records, mobile health (m-health), community outreach and interventions should be investigated.
Declaration of AI Use

This manuscript was prepared through the combined contributions of all author(s), including contributions to the study design, data, content development, results, interpretation, and related scholarly work. The author(s) acknowledge the use of Grammarly and ChatGPT to assist with grammar checking, language refinement, reference formatting. These AI-assisted tools were not used as authors and did not replace the intellectual contributions or scholarly judgment of the author(s). All AI-assisted outputs, including content, references, and interpretations, were carefully reviewed, revised, verified, and approved by the author(s). The author(s) accept full responsibility for the accuracy, integrity, and final content of the manuscript.

References 
Ayo-Farai, J., Smith, K., Brown, T., & Ahmed, M. (2025). Socioeconomic determinants and vaccine hesitancy in childhood immunization: A systematic review. Vaccine, 43(4), 521–536.
Gayawan, E., Adekanmbi, V., & Fagbamigbe, A. F. (2025). Women's empowerment and childhood immunization in Nigeria: Evidence from nationally representative survey data. BMC Public Health, 25, 1124.
Ibrahim, M. A., Yusuf, H. O., & Bello, A. A. (2026). Parental knowledge, attitudes, and vaccine hesitancy as determinants of childhood immunization in Nigeria: A community-based study. BMC Health Services Research, 26, 215.
Kehinde, O. A., Afolabi, A. A., Ojo, T. O., & Adeyemo, A. A. (2023). Artificial intelligence-driven vaccination intervention optimiser (ADVISER): Improving childhood immunization outreach in Oyo State, Nigeria. Frontiers in Digital Health, 5, Article 1187654.
National Population Commission (NPC) [Nigeria] & ICF. (2024). Nigeria Demographic and Health Survey 2023–24: Key indicators report. Abuja, Nigeria, and Rockville, MD: NPC and ICF.
United Nations Children's Fund. (2025). The state of the world's children 2025: Immunization and child survival. UNICEF.
Williams, A. O., Okafor, C. J., & Eze, P. N. (2024). Maternal and household determinants of childhood immunization uptake in Nigeria: Evidence from the Nigeria Demographic and Health Survey. BMC Public Health, 24, 1842.
World Health Organization. (2025). Immunization agenda 2030: Progress report 2025. World Health Organization.
World Health Organization & United Nations Children's Fund. (2025). Estimates of national immunization coverage (WUENIC) 2025. WHO/UNICEF.



14

oleObject2.bin

image3.wmf
Variance under complex sampling

Variance under   sampling

d

simplerandom

=


oleObject3.bin

image4.wmf
2

RS

df

F

I

c

=


oleObject4.bin

image5.wmf
1 child is fully vaccinated

0otherwise

i

if

Y

ì

=

í

î


oleObject5.bin

image6.wmf
(

)

1

ii

PY

p

==


oleObject6.bin

image7.wmf
01

i

p

<<


oleObject7.bin

image8.wmf
(

)

(

)

exp

1exp

i

i

i

h

p

h

=

+


oleObject8.bin

image9.wmf
01122

iiikki

XXX

pbbbb

=

++++

L


oleObject9.bin

image10.wmf

oleObject10.bin

image11.wmf
0

1

0

1

exp

1exp

k

jji

j

i

k

jji

j

X

X

bb

p

bb

=

=

æö

+

ç÷

èø

=

æö

++

ç÷

èø

å

å


oleObject11.bin

image12.wmf
(

)

(

)

(

)

01122

01122

1

1

iikki

iikki

XXX

XXX

e

pY

e

bbbb

bbbb

++++

++++

==

+

L

L


oleObject12.bin

image13.wmf
1

1

01122

1

P

niikkit

P

lXXX

bbbbe

æö

ç÷

=

ç÷

-

èø

+++++

L


oleObject13.bin

image14.wmf
1

1

01122

1

log

iikkit

XXX

p

p

bbbbe

æö

ç÷

=

ç÷

-

èø

+++++

L


oleObject14.bin

image15.wmf
(

)

(

)

1

1

1

i

i

i

n

w

y

y

ii

i

L

bpp

-

=

éù

=-

ëû

P


oleObject15.bin

image16.wmf
(

)

(

)

(

)

(

)

ln1ln1

iiiii

wyy

bpp

éù

=+--

ëû

å

l


oleObject16.bin

image17.wmf
(

)

,,

iiit

CVUfMATHH

e

=


oleObject17.bin

image18.wmf
01234567

891011121314

iiiiiiii

iiiiiit

CVUMAGEMEDUMEMPMARANCDELMEDIA

AUTPARWEALTHRESREGHHSIZEHHHEAD

bbbbbbbb

bbbbbbbe

=+++++++

++++++++


oleObject18.bin

image19.wmf
2

c


oleObject19.bin

image20.wmf
pvalue

-


oleObject20.bin

image21.wmf
2

c


oleObject21.bin

image22.wmf
p

<


oleObject22.bin

image23.wmf
2

c


oleObject23.bin

image24.wmf
p

<


oleObject24.bin

image25.wmf
2

c


oleObject25.bin

image26.wmf
2

c


oleObject26.bin

image27.wmf
p

<


oleObject27.bin

image28.wmf
2

c


oleObject28.bin

image29.wmf
p

<


oleObject29.bin

image30.wmf
2

c


oleObject30.bin

image31.wmf
p

<


oleObject31.bin

image32.wmf
2

c


image1.wmf
(

)

2

2

11

rc

ijij

p

ij

ij

OE

E

c

==

-

=

åå


oleObject32.bin

image33.wmf
p

=


oleObject33.bin

image34.wmf
2

c


oleObject34.bin

image35.wmf
p

<


oleObject35.bin

image36.wmf
p

=


oleObject36.bin

image37.wmf
p

=


oleObject1.bin

oleObject37.bin

image38.wmf
p

<


oleObject38.bin

image39.wmf
p

<


oleObject39.bin

image40.wmf
p

=


oleObject40.bin

image41.wmf
p

<


oleObject41.bin

image42.wmf
p

<


image2.wmf
2

2

p

RS

d

c

c

=


oleObject42.bin

image43.wmf
p

=


oleObject43.bin

oleObject44.bin

image44.wmf
2

R


oleObject45.bin

image45.wmf
p

=


oleObject46.bin

