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Abstract Objectives Health behaviors are influenced by

an array of factors at the individual, household, community

and societal levels. This paper examines the relative con-

tribution of child’s characteristics, mother’s attributes,

household profiles and community factors on the proba-

bility that a child will receive the full series of diphtheria–

pertussis–tetanus vaccines (DPT3) as a proxy for full

immunization. Methods We used data from a 2004

household survey conducted in three northern Nigeria

states: Borno, Kano and Yobe. We estimated multilevel

models with fixed effects specified at the individual,

household and community levels, and random effects at the

community level. Results Overall, only 16.0% of the

children aged 12–35 months had received DPT3. The data

show that a significant amount of the variation in DPT3

uptake occurs at the community level. The most significant

predictors of the uptake of DPT3 are found at multiple

levels and include child’s place of birth, presence of an

immunization card, mother’s ideation, mother’s decision-

making power and perceived social approval of immuni-

zation. The data further show that significant community-

level variations in immunization uptake remain even after

individual and household factors have been considered.

Conclusions The data reveal that childhood immunization

is influenced by norms and unmeasured factors at the

community level in addition to factors operating at the

level of the individual child and the household. Strategies

for improving the uptake of immunization should include

culturally appropriate interventions that target multiple

levels of influences. Improving parental attitudes towards

immunization without addressing the issue of community

norms is not likely to yield significant results.
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Introduction

With an under-five mortality rate of 194 per thousand, Nigeria

ranks very low in terms of child survival and the overall well-

being of children. Significantly contributing to the poor health

outcomes among Nigerian children is low uptake of immu-

nization. Childhood immunization coverage in Nigeria is

among the lowest in the world. In 2005, an estimated 25% of

one-year-old children had received the third dose of DPT [1].

This national average hides considerable regional disparities

within the country. The results of the 2003 Demographic and

Health survey (NDHS) show that immunization coverage is

considerably lower in the northern states than in the south [2].

For example, whereas DPT3 coverage was 67.8% in the

south-west and 58.5% in the south-east, it was 5.8% in the

north-west and 9.1% in the north-east. Similarly, the percent

of children who have completed their immunization schedule

was 44.6 and 32.5% respectively in the south-west and the

south-east compared to only 6.0 and 3.7% in the north-east

and the north-west, respectively.

The Nigerian government continues to demonstrate a high

level of political will to address the problems associated with

low level of immunization uptake in the country. Local

NGOs and international donor agencies have made consid-

erable contribution to support governmental efforts to boost

immunization uptake. Yet, childhood immunization situa-

tion remains critical in Nigeria and thousands of children die

unnecessarily every year.
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The barriers to effective uptake of childhood immuni-

zation in Nigeria are multiple and include both supply and

demand elements. The demand side factors include a

generally low level of health service utilization, high

transportation cost to services and a lack of community

ownership of immunization programs fostered by a poor

understanding of immunization, suspicions, myths, and

rumors [3]. On the supply side, immunization programs are

fraught with insufficient number of immunization facilities,

poor road networks, poor health infrastructure, inadequa-

cies in vaccine supply and distribution, poor provider

skills, and inadequate funding. Traditionally, efforts to

boost immunization uptake in Nigeria and elsewhere in

Africa have tended to privilege the supply side while

paying only marginal attention to demand side factors [4].

Experience has shown that supply side improvements alone

are not enough to bring about dramatic changes in the level

of immunization coverage. Service availability does not

necessarily translate into higher coverage [5].

A relatively large body of literature has looked at the

factors associated with the demand for childhood immu-

nization in developing countries. Most studies relied on

household surveys and looked at how mother and house-

hold characteristics affect child immunization. Most of

these studies have looked at fixed effects at the individual

and household levels although a few studies also examined

community fixed effects [6]. Probably due to the complex

data requirements, rare are the studies that look at random

effects, particularly at the community level. Moreover, at

the individual level, most studies merely looked at socio-

demographic characteristics. Very few studies examined

the role of psychosocial characteristics, an important lapse

considering abundance of theoretical support for, and the

wealth of empirical evidence documenting the importance

of cognitive, emotional and social interaction variables for

health behaviors [7–11].

Almost invariably, previous studies have found a strong

positive correlation between maternal education and child

immunization although the studies differ in their findings

regarding the substantive nature of the correlation [12–16].

Gage et al. found that in both urban and rural areas of

Nigeria and Niger, maternal education significantly

increases the likelihood of full immunization [17]. In

addition, the authors found that maternal education tended

to mediate the relationship between household structure

(e.g., nuclear as opposed to extended family structure) and

immunization. In their study on Gambia, Cassell et al.

found that higher maternal education was associated with

lower incidence of immunization defaulting [4]. While

most studies found that the odds of child immunization

increase consistently with maternal education, others have

demonstrated that the relationship is not so clear-cut.

For example, Streatfield et al. documented a U-shaped

relationship between maternal education and immunization

in Indonesia with children born to mothers with primary

education being less likely to be immunized than those

whose mothers have post-primary education or are illiter-

ates [18]. Others have found that the strong relationship

between maternal education and child immunization tends

to disappear when other variables paternal education or

other variables are accounted for [19].

A few studies have focused on maternal employment

status and found a strong link with child immunization.

The evidence in this respect generally indicates the positive

effects of mother’s working status on the completion of the

immunization schedule [12]. Other studies however found

that children of women who work outside the home tend to

complete their immunization schedule later than those

whose mothers work at home [20].

Other individual-level variables that have been found to

be correlated with child immunization include parental

characteristics such as paternal education, paternal occu-

pation, mother’s age, and place of residence. For example,

Luman et al. found that children born to younger mothers

were less likely to be immunized than those born to older

mothers [15].

A few studies have included some characteristics of the

child, including age, gender, place of birth and presence of

an immunization card. In general, evidence from these

studies suggests that children born in a health facility and

those who have an immunization card are more likely than

others to have completed the immunization schedule [16,

21–23]. Regarding the gender of the child, much of the

evidence suggests that in places where there is strong son

preference, female children are comparatively less likely to

be immunized [23–25] although a few studies have found a

comparatively lower level of immunization for male chil-

dren [26].

Two household characteristics often found in the liter-

ature to be correlated with child immunization are

household structure and socio-economic status. Existing

literature suggests that children from poor households are

less likely to be immunized than their peers from wealthier

households [17, 27, 28]. The limited findings relating

household structure to immunization indicate that nuclear

families are worse off in terms of child immunization [17].

Probably due to the complexity of data required for

assessing the role of community factors in child immuni-

zation uptake, relatively few studies have analyzed the

predictive value of community variables. The community

variables examined in most of these studies relate to

physical characteristics (such as level of urbanization or

proximity of a health facility) or the socio-economic envi-

ronment [25, 29]. Other studies did not explicitly include

any community-level variables but simply treated commu-

nity as a source of random variation in immunization uptake
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thereby examining the role of community heterogeneity in

child immunization status [19].

This study draws on existing literature to identify the

predictors to include in our models. We conduct a multi-

level analysis using multi-state survey data collected in

2004 to determine the role of measured individual and

household characteristics (fixed effects) and unmeasured

factors (random effects) at the local government area

(LGA). In line with previous studies, we assess the role of

individual socio-demographic characteristics and house-

hold factors in immunization uptake. In addition, we

examine cross-community variations in the relationship

between selected child characteristics and immunization

uptake. In this way, we expect to make a significant con-

tribution to the literature.

Methods

In this paper, we analyze data from a 2004 household

survey on the factors affecting immunization uptake in

Nigeria. Although the survey covered six states (two in the

south and four in the north), we only focused on the

northern states. Nonetheless, we excluded one northern

state (Jigawa) because the level of DPT3 uptake was less

than 1%. The data analyzed in this paper therefore covered

three states in northern Nigeria: Borno, Kano, and Yobe.

During the survey, we collected data from a representative

sample of men and women of reproductive age who have

children under the age of five years. The sample was

selected using a multi-stage sampling approach that

involves successively selecting the study states, LGAs, and

households. In each of the selected households, we selected

one female respondent and (in half of the sampled house-

hold) the male head of household. The survey tool included

questions that allow female respondents to provide details

about the immunization status of the under-5 children.

The interviews followed standard ethical procedures.

Verbal consent was obtained from the respondents prior to

interviewing them. Respondent’s privacy was protected

through private face-to-face interview with no third party

present, use of experienced and trained interviewers, no

identifiers in the questionnaire and limited access to com-

pleted questionnaires.

The unit of analysis in this paper is the child aged 12–

35 months. We decided to focus on this age range as

opposed to the more conventional 12–23 months because

most children in northern Nigeria start and complete their

immunization schedule late. Some women have more than

one child in this age range. However, in order to minimize

over-representation of women with more than one young

child and minimize bias due to woman’s individual fixed

effects, we limit the analyses here to one child per woman.

When a woman has more than one child in the 12–

35 months age range, we randomly select one child for

inclusion in the analyses. A total of 1,472 children aged

12–35 months were included in the analyses.

The dependent variable that we examine in this paper is

the receipt of the full series of diphtheria–pertussis–tetanus

vaccines (DPT3). DPT3 is often used as an indicator of full

immunization coverage [1, 30, 31]. In this paper we define

the dependent variable as a binary variable that takes the

value of 1 if the child has received DPT3 and 0, otherwise.

Much of the information on DPT3 immunization in this

study derives from verbal reports: whereas 31.7% of the

children aged 12–35 months reportedly have an immuni-

zation card, interviewers were able to sight the card for

only 2.4% of the children. Although it is easy to argue that

verbal reports are biased by memory lapse, many scholars

have argued that caregivers’ reports are acceptably accu-

rate and warned that failure to take verbal reports into

account may result in significant sample attrition and lead

to overestimation of immunization rates [14, 32].

The independent variables included in the estimated

model are as follows:

Child’s characteristics: Place of birth (modern health

facility versus non-health facility), age of the child in

months; and, whether or not the child reportedly has an

immunization card.

Mother’s socio-demographic characteristics and psy-

chosocial profiles: current age, education and religion

(Moslem versus Christian). The mother’s psychosocial

profiles that we included in the estimated models are the

following:

• A measure of childhood immunization ideation (defined

as ways of thinking; [33]) derived from knowledge about

immunization, perceived social approval of immuniza-

tion, perceived self-efficacy to overcome opposition

from spouse to child immunization, perceived self-

efficacy to overcome transportation-related obstacles to

child immunization, perceived response efficacy of

specific childhood vaccines, personal advocacy in favor

of polio immunization, discussion about child immuni-

zation with significant others, and the perception that

one’s religion supports child immunization. These

psychosocial variables cohere (Cronbach’s alpha =

0.73) indicating that they collectively measure the same

underlying disposition towards immunization;

• Indicator of the mother’s conjugal power measured as

an index for contribution to household decision-making

(mean: 2.6; range: 0–12); and,

• Perception that most people in one’s community favor

child immunization.

Household characteristics: Gender of the head of

household and household socio-economic status are the
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two household level variables included in the analyses.

Socio-economic status is measured through household

living conditions and ownership of specific goods, includ-

ing type of floor of dwelling unit (finished versus

rudimentary), type of toilet facility, and whether or not

household has the following: electricity, a refrigerator,

radio, television, cellular phone, motorcycle and car. The

items have a Cronbach’s alpha of 0.765. In the estimated

models, we split the indicator of socio-economic status into

five quintiles to denote very poor, poor, medium, rich and

very rich, respectively (Table 1).

Community random effects: In this paper, the commu-

nity is defined as the local government area (LGA). In

Nigeria, the LGA is the third tier of government after the

state and the federal governments. The provision of pri-

mary health care, including immunization services,

devolves on the LGA. Moreover, the residents of an LGA

have many things in common, including social services

(health facility, schools, markets, etc.), language, cultural

practices, values, and norms. Therefore treating the LGA as

a community is justified. We did not explicitly include any

community level variables in the estimated models but

model community effects as random, that is, representative

of the general community context. Treating community

effects as random enables us to assess the extent to which

DPT3 uptake cluster by community.

Evidently, data on child immunization implicitly reflect a

multilevel structure with children being nested in households

and households in communities. It therefore is intuitively

logical to analyze the data within a multilevel framework that

assesses the fixed effects of the predictors at all levels, as well

as the random effects due to the community of residence.

Sociological and econometric literature abounds with dis-

cussion about the importance of using multilevel models for

nested data such as those analyzed in this paper [34]. Tra-

ditional linear regression models assume independence

among the respondents within each cluster and equal vari-

ance among the various clusters in a dataset. However, when

a dataset has a nested structure, the units within the same

cluster are very likely to be similar, and different clusters

cannot be assumed to have equal variance [35]. Failure to

take the multilevel structure of the data into consideration

might result in biases in estimation of the regression

parameters and their standard errors [34].

The estimated multilevel models have the following

general specifications:

logit pijk

� �
¼ bo þ b1Xijk þ b2Q2k þ eijk þ ek

The fixed part of the model is given by bo + b1Vik +

b2Q2k, where bo is overall intercept of the model, b1Vijk is

the vector of coefficients (b1) and predictors (X) at level 1

(individual children), b2Q2k is the vector of coefficients

(b2) and predictors (Q2) at level 2 (parental/household).

The random component of the model is given by eik + ek,

where eik is the random variation of DPT3 immunization

across individual children and ek is the random variation

across communities.

To justify the investment of time and energy in a mul-

tilevel model, we start by doing an ANOVA-type

multilevel model that includes no predictors (an empty

model) to see if there is significant random variation in

DPT3 immunization at the community level. If the results

of this baseline model show an insignificant random vari-

ation at the community level, the use of multilevel

modeling is not justified and a simple logistic regression

model could be used. In addition to this baseline model, we

estimated three explanatory models. Model 1 included only

the child’s characteristics while model 2 contains mother’s

socio-demographic and psychosocial profiles in addition to

the child’s characteristics. In model 3, we included

household characteristics in addition to the variables

included in model 2. The models were estimated using the

gllamm command in STATA [36].

Testing the hypothesis that the variance of the random

effects equals zero was not based on Wald tests since the

null value is on the border of the parameter space [37].

Instead, we computed a log-likelihood ratio chi-square

statistic that compares a particular model with a similar one

in which the random effects have been constrained to be

zero and evaluated the significant of the test statistic using

one-sided P-values (Table 3).

Results

Overall, only 16.0% of the children aged between 12 and

35 months had received DPT3. There are considerable

variations by state: from 10.9% in Yobe to 21.5% in Kano

State. DPT3 uptake also varies considerably by the child’s

characteristics, the mother’s profiles, and household char-

acteristics, as Table 2 shows.

The results of the empty model are presented in Table 3.

As indicated by the magnitude and the significance of the

variance, there is considerable unobserved variability in

DPT3 uptake across LGAs. The intra-class correlation

coefficient derived from this empty model further show

that a significant proportion of the total variance in DPT3 is

accounted for by the LGA in which individuals reside. In

other words, there is a high level of clustering in DPT

uptake within LGAs.

We now turn to the results of the explanatory models.

The model containing only the child’s characteristics

(Model 1) explains about 8.7% of the variance in DPT3

uptake. The results show that children born in a health

facility are more than three times as likely as those born at

home or in a non-health facility to obtain DPT3. Children
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with immunization cards are two and a half times as likely

to be immunized as those without an immunization card. In

contrast, the child’s age is an insignificant predictor. This

model shows that community level random effects are

significantly different from zero.

With maternal socio-demographic and psychosocial

characteristics introduced in Model 2, the community level

Table 1 Selected characteristics children aged 12–35 months

Explanatory variables Percent/

value

Child’s characteristics

Percent distribution by place of birth

Health facility 29.55

Home/Other 70.45

Percent distribution by reported ownership of immunization card

Yes 31.73

No 68.27

Average age of child in months (range: 12–35) 25.5

Mother’s socio-demographic and ideational characteristics

Age group

\20 years (RC) 10.33

20–29 52.24

30–39 27.04

40+ 10.39

Education

None (RC) 78.46

Primary 8.97

Post-primary 12.57

Religion

Christian (RC) 6.73

Moslem 93.27

Average score on immunization ideation (range: 0–31) 11.12

Percent that perceived that most people in community

favor immunization

Yes 22.55

No 77.45

Average score for conjugal decision-making power

(range: 0–12)

2.72

Household characteristics

Household socio-economic status

Very poor 30.37

Poor 16.03

Medium 17.46

Rich 23.44

Very rich 12.70

Gender of head of household

Male (RC) 94.09

Female 5.91

Number of observations 1472

Source: DFID/PATHS Survey on the Factors Influencing the Uptake

of Immunization in Nigeria, Nov/Dec 2004

Table 2 Percent of children aged 12–35 months that received DPT3

by selected individual, maternal and household characteristics

Characteristics Percent that received

DPT3

Pearson X2/

P

Child’ place of birth

Health facility 31.95 116.27/

0.001

Home and others 9.35

Child’s age

12–23 months 15.58 0.852/0.356

24–35 months 17.78

Immunization card

Child has a card 27.19 63.30/0.001

Child does not have a

card

10.84

Mother’s age group

\20 years 5.92 15.82/0.001

20–29 years 15.73

30–39 years 19.09

40+ 19.61

Mother’s education

None 13.33 48.32/0.001

Primary 15.15

Secondary+ 33.51

Mother’s decision-making power

Low 13.74 59.17/0.001

Medium 29.09

High 8.05

Mother’s religion

Moslem 14.20 50.79/0.001

Christian 41.41

Mother perceived that immunization is the norm in the community

Yes 30.66 8.52/0.001

No 11.49

State of residence

Borno 15.25 21.26/0.001

Kano 21.55

Yobe 10.93

Household socio-economic status

Very poor 5.81 76.70/0.001

Poor 17.37

Medium 15.56

Rich 19.71

Very rich 32.62

Gender of head of household

Male 16.82 10.88/0.001

Female 3.45

Number of observations 1472 –

Source: DFID/PATHS Survey on the Factors Influencing the Uptake

of Immunization in Nigeria, Nov/Dec 2004
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Table 3 Parameter estimatesa (odds ratio) for the multilevel model for the uptake of DPT3 immunization—Children aged 12–35 months

Explanatory variables Model 0b Model 1c Model 2d Model 3e

Fixed effects

Child’s characteristics

Child’s place of birth

Home/other (RC) 1.00 1.00 1.00

Health facility 3.41*** 2.45*** 2.54***

Child’s age in months 0.98 0.98 0.98

Child has immunization card

No (RC) 1.00 1.00 1.00

Yes 2.51*** 2.25*** 2.10***

Mother’s socio-demographic and ideational characteristics

Age group

\20 years (RC) 1.00 1.00

20–29 2.38* 2.42*

30–39 2.88** 2.83*

40+ 2.81* 2.69*

Education

None (RC) 1.00 1.00

Primary 0.58� 0.55*

Post-primary 1.11 0.92

Religion

Christian (RC) 1.00 1.00

Moslem 0.62� 0.56*

Immunization ideation

Low (RC) 1.00 1.00

High 6.21*** 6.04***

Score for conjugal decision-making power (range: 0–12) 1.28*** 1.22**

Square of score for conjugal decision-making power 0.97*** 0.97**

Perceived that most people in community favor immunization 3.75*** 3.61***

Household characteristics

Household socio-economic status

Very poor (RC) 1.00

Poor 2.15**

Average 1.82�

Rich 1.44

Very rich 2.58**

Gender of head of household

Male (RC) 1.00

Female 0.20**

Random effects

LGA level variancef 1.71*** 1.29*** 3.64*** 1.28**

Rho—Intra-class correlation .342 .281 .525 .280

Log likelihood -616.4 -562.9 -467.1 -456.8

AIC 1236.87 1135.89 964.19 953.68

Log likelihood Ratio Test (V2)g – 106.98*** 191.69*** 20.51***

McFadden Pseudo-R2 – 8.67% 24.2% 25.9%

Source: DFID/PATHS Survey on the Factors Influencing the Uptake of Immunization in Nigeria, Nov/Dec 2004. RC = reference category. Standard errors of
random effects are in parentheses
a The parameters for predictors (fixed effects) are reported as odds ratio; for random effects, the parameter is the variance
b Empty model with no covariates
c Baseline model with child’s characteristics alone
d Model with child’s characteristics and mother’s socio-demographic and ideational characteristics
e Full model with child’s characteristics, mother’s socio-demographic and ideational characteristics, and household variables
f Significance of random effects evaluated by comparing the model with a similar one in which random effects have been constrained to be zero
g Compared to the preceding model

* P B 0.05

** P B 0.01

*** P B 0.001
� P B 0.1
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random effects remain significant. Moreover, the fixed

effects of the child’s characteristics appear to be statisti-

cally independent of maternal characteristics. The results

of the likelihood ratio test indicate that maternal charac-

teristics are jointly significant in predicting childhood

immunization. Nonetheless, in this model, mother’s age is

the only socio-demographic characteristic that is a signifi-

cant predictor. In contrast, all the psychosocial predictors

included in this model are significant.

Turning our attention to the full model (Model 3), we

find that the introduction of household characteristics

further increases the predictive power of the model

significantly. Moreover, the presence of household char-

acteristics in the model does not appear to reduce the

significance of the child’s or maternal characteristics in

any noticeable way. The model confirms that the inde-

pendent effects of mother’s age are such that children

born to young mothers (aged less than 20 years) are the

least likely to be immunized. The relationship between

childhood immunization and maternal education is also

significant and indicate that children whose mothers have

primary education are less likely to be immunized than

those whose mothers are illiterates. Religion is also a

significant predictor of childhood immunization with

Islamic religious affiliation being associated with lower

odds of immunization. The mother’s psychosocial profiles

are strong predictors of child immunization. Children

born to mothers with high immunization ideation are

about six times as likely to have received DPT3 as those

whose mothers demonstrated a low level of ideation. The

relationship between mother’s conjugal power and child

immunization is curvilinear and not at all as expected.

The magnitude and direction of the estimates for the

measure of conjugal power and its squared value seem to

indicate that while moderate levels of conjugal power is

beneficial for child immunization, higher levels of con-

jugal power is not necessarily an advantage. In contrast,

the positive relationship between perceived social

approval of childhood immunization and the uptake of

DPT3 is as expected.

Household socio-economic status is strongly correlated

with child immunization although the expected dose-

response relationship is absent. The data nonetheless show

that poor households are significantly less likely to

immunize their children compared with wealthier house-

holds. Furthermore, living in a household headed by a

woman constitutes a significant disadvantage for child

immunization.

Finally, even in the full model, community random

effects remain significant, indicating that unobserved fac-

tors operating at the community level help to drive the

uptake of immunization.

Discussion

This paper used data from a household survey to assess the

roles of child-related, maternal, household and community

factors in the uptake of DPT3. The findings confirm our

general working hypothesis that the uptake of immuniza-

tion is dependent on factors that operate at various levels.

The positive influence of a facility-based birth is in

congruence with existing literature on child immunization.

Studies that have examined the influence of the child’s

place of birth on the probability of immunization have

consistently yielded strong positive effects [16, 22, 24].

This finding lends credence to the importance of promoting

antenatal care and use of appropriate health care facilities

for delivery and postnatal care. It also underscores the need

for appropriate strategies for promoting child immuniza-

tion among women who do not use health facilities for

antenatal, delivery and postnatal care. This recommenda-

tion is particularly pertinent in a country like Nigeria where

the majority of children are born at home or at other non-

medical facilities.

This study joins previous studies in finding a positive

relationship between immunization status and the posses-

sion of an immunization card. It is useful to note that the

relationship may be spurious or genuine. It is possible that

the relationship simply reflects the results of memory lapse

on the part of caregivers whose children do not have an

immunization card. It is also possible that the presence of an

immunization card serves as a valuable cue for the caregiver

to take a child for immunization. While ascertaining the

exact nature of the observed relationship is beyond the

scope of this paper, it indicates the need for strengthening

the quality of immunization services, ensuring that children

who come for services are provided with appropriate

immunization cards and educating caregivers on the need to

keep the immunization card in a safe place.

The strong effects of mother’s ideation and perceived

norms even after household factors are introduced into the

model underscore the importance of maternal knowledge

and attitudes. This finding points to the relevance of

interventions that seek to positively influence maternal

cognitive and emotional processes as a way of increasing

the uptake of childhood immunization. In this respect

interventions should target caregiver’s understanding of

vaccine-preventable diseases, the timing of various vac-

cines, response efficacy of vaccines and the required

number of immunization visits. Strategically designed

messages and activities should also seek to increase care-

giver’s perceived self-efficacy to overcome relevant

logistic obstacles to immunization, encourage discourse

about immunization and build social support for immuni-

zation. The finding also suggests that interventions that
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showcase fully immunized children in the community as a

way of promoting the notion that immunization is a com-

munity norm are relevant.

The curvilinear relationship between maternal conjugal

decision-making power and child immunization is curious.

Indeed, it is not clear why the positive relationship between

conjugal power and child immunization is reversed at

higher levels of conjugal power. Nonetheless, a few studies

have found a similar relationship in sub-Saharan Africa

[38]. One possible explanation could be that in a society

where gender norms generally limit the participation of

women in household decision-making power process,

women with high conjugal power tend to be those who live

away from their husbands and have limited access to

substitute caregivers with whom to share the responsibility

of household chores and childrearing thereby making

limited time available for them to take their children for

immunization. The possibility of a positive link between

the presence of substitute caregivers in the household and

child immunization status is supported in literature. For

example, Coreil found that the opportunity cost of taking

children for health care services is greatest in single-adult

households in Haiti [39]. Further research is needed to

understand the mechanisms through which maternal con-

jugal power influences child immunization.

The data show that community level random effects

remain significant after controlling for predictors at the

child, maternal and household levels, indicating that

immunization uptake significantly depends on community

context. The implication of this finding is that effective

strategies to promote immunization should adopt an eco-

logical perspective and address relevant community

contextual factors. Such strategies should engage the

community stakeholders in identifying contextual factors

hindering immunization uptake, ascertaining the resources

that foster positive immunization practices and designing

and implementing appropriate interventions.

There are a few limitations of this study that deserve

mention. First, the analyses were based on cross-sectional

data thereby making causal inference problematic. There is

a need to verify the validity of the observed relationships

using longitudinal data obtained at more than one point in

time. Second, due to data availability constraints, the

estimated models did not include variables explicitly

measured at the community level. We could have included

community measures aggregated from individual respon-

ses. While such an approach is commonly used in literature

[40–42], there have been concerns that inferring group

effects from aggregated individual responses can lead to

atomistic fallacy or the error of inferring causal relation-

ships at a higher level based on data collected at a lower

level [43, 44]. Third, treating the LGA as a community for

immunization purposes is subject to criticism. Indeed,

while people residing in a community can be seen as

sharing health infrastructure, social norms, religion, and

traditional practices, it can be argued that a smaller geo-

graphic unit (a ward, for example) provides a better basis

on which to examine clustering effects. Nonetheless, the

survey design does not allow us to conduct analyses at the

ward level.

In summary, this paper has demonstrated that immuni-

zation uptake is influenced by factors at various levels:

child, maternal, household and the community. Effective

strategies to promote immunization uptake will have to

engage the community while addressing the child, maternal

and household factors that hinder full immunization.
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