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ABSTRACT
Nigeria has made remarkable progress against polio, but 2 wild polio virus cases were reported in August
2016; putting an end to 2 y without reported cases. We examined the extent of geographical disparities in
childhren not vaccinated against polio and examined individual- and community-level predictors of non-
vaccination in Nigeria. We applied multilevel logistic regression models to the recent Nigeria Demographic
and Health Survey. The percentage of children not routinely vaccinated against polio in Nigeria varied
greatly and clustered geographically, mainly in north-eastern states, with a great risk of spread of
transmission within these states and potential exportation to neighboring states and countries. Only
about one-third had received all recommended 4 routine oral polio vaccine doses. Non-vaccinated
children tended to have a mother who had no formal education and who was currently not working, live
in poorer households and were from neighborhoods with higher maternal illiteracy rates.

Introduction

As recently as 2012, Nigeria accounted for more than half of all
polio cases worldwide.1 However, due to concerted efforts by
all levels of government, civil society, religious leaders, polio
partners and thousands of dedicated health workers and com-
munity volunteers, Nigeria successfully stopped wild poliovirus
transmission for 2 y. Between July 2014 and July 2016, Nigeria
brought the world one major step closer to ending a disease
that has paralysed millions of people worldwide. This monu-
mental achievement was, however, short-lived because in
August 2016 2 cases of wild polio virus were detected in chil-
dren in Borno State in the north eastern part of the country.2,3

It is critical that we seize this opportunity to intensify immuni-
sation and surveillance efforts to end polio for good and ensure
that future generations of children are free from this devastat-
ing disease.1 This requires continued vigilance to protect the
gains and ensure that the current transmission in Borno is
interrupted and does not spread to other parts of Nigeria and
neigbouring countries. Immunisation activities must continue
to interrupt the transmission in Borno and surveillance must
be strengthened to be able to rapidly detect potential re-intro-
duction or re-emergence of the virus in any parts of the coun-
try. Since the poliovirus can lurk in sewage and elsewhere, and

since there can be up to 200 asymptomatic cases of the disease
for every paralytic one,4 there is no telling how many human
virus reservoirs are still at large in Nigeria.

Minimising the risk of polio can be assisted by recognizing
the geographical distribution of non-vaccinated children and
identifying areas of high risk for non-vaccination. Policy mak-
ers and researchers often want to know the distribution of a
disease incidence by geographical region or associated environ-
mental factors.5 The need to map spatial variation in polio risk
in Nigeria is more important now than ever.6 Such a focus is
consistent with the National Routine Immunization Strategic
Plan, NRISP (2013–2015)7 was set-up to improve delivery of
routine immunization services in a collective, organized man-
ner to reduce the number of unimmunised children in all local-
ities; and to mobilizing the resources needed to provide high-
quality immunization services using the Reaching Every Ward
(REW) strategy. The vision of the Nigeria National Primary
Health Care Development Agency is to achieve and sustain
interruption of polio virus transmission, with special focus
on the most vulnerable, high risk and insecure populations. In
2017, the National Polio Eradication Emergency Plan
(NPEEP)8 outlines key strategic priorities to ensure that inter-
ruption of poliovirus transmission is achieved and sustained,
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by: (1) sustaining resilience; 2 increasing access to vaccination
in security challenged areas and internally displaced popula-
tions; 3 enhancing Supplemental Immunisation Activities qual-
ity in prioritized vulnerable areas; 4 ensuring robust outbreak
response across all states; 5 enhancing routine immunization; 6

intensifying surveillance; 7 strengthening cross border collabo-
ration; and8 polio transition planning. A geographical risk anal-
ysis would also help to identify states and communities that
have relatively high proportions of children who have received
no polio vaccines, indicative of polio immunity gaps, which
may in turn lead to the development and implementation of
more effective geographically differentiated intervention
programmes. In this regard, mapping and investigating risk
variations in children not vaccinated against polio is an invalu-
able tool. Furthermore, mapping the variation in risk can help
improve the targeting of scarce resources for public health
interventions. This information would be useful for both
micro-targeting future programmes and identifying locales
where progress has been made to investigate interventional,
socio-economic, and cultural conditions that may have contrib-
uted to the apparent progress.

As Nigeria continues to grapple with a range of program and
policy challenges related to childhood immunisation, we believe
that one important element in changing the status quo is a
comprehensive and relevant evidence base that would equip
states in the country to take informed actions. Without
comprehensive information about the current patterns of non-
vaccinated and undervaccinated children, and factors associ-
ated with failure to complete the full series of recommended
vaccines, it is hard to plan substantial public health
programmes that would improve the childhood immunisation
program in the country. Much research in Nigeria has focused
on individual compositional factors associated with childhood
immunisation coverage9-11 Indeed, we found no published
studies that had examined contextual factors associated with
childhood polio non-vaccination. This neglect is important
given the central role of neighborhoods in forming parental
habits,12-17 as they shape individual opportunities and expose
residents to multiple risks and resources over the life
course.18,19 Therefore, the purpose of this study was to examine
individual- and contextual factors associated with childhood
polio non-vaccination in Nigeria. In addition, we used explor-
atory spatial analysis to identify Nigerian states with unusually
high percentages of polio non-vaccinated children.

Results

Sample characteristics

The summary characteristics of the included sample is shown
in Table 1. Among 5,734 children aged 12 to 23 months
included in this study, 52% were male. Most of the children
were residing in rural areas. Half of the mothers were aged 25
to 34 years, and 48% of them had no formal education. Most
(71%) of the mothers were currently working, and about
one-third of them had no access to media (television, radio or
newspaper). Only about one-third of children were vaccinated
with all the 4 recommended doses of oral polio vaccine (i.e. at
birth, 6 weeks, 10 weeks and 14 weeks), almost half were

undervaccinated against polio and one in 5 have received none
of the 4 doses. However, the percentage of non-vaccinated chil-
dren varied greatly across the 37 states, ranging from zero per-
cent in Ekiti to 67% in Borno State (Fig. 1). The proportion of
non-vaccinated children were similar for either sexes (male vs
female). Non-vaccinated children were more likely to come
from poorer households compared with children from the
richer households.

Spatial distribution and autocorrelation

The spatially smoothened percentile map is shown in Fig. 2.
Nine states had the percentage of polio nonvaccinated children
between 0% and 7.5%; 10 states had a medium prevalence of
polio non-vaccination, between 7.5% and 15%; 9 states had a
high prevalence of polio non-vaccination, between 15% and
25%; and 9 states had a very high prevalence of polio

Table 1. Summary of characteristics of the Nigerian Demographic and Health Sur-
vey, 2013.

Non-vaccinated

Variable
Unweighted
sample size

Weighted
Percentage(95% CI) No Yes p-value

Polio vaccination
Non-vaccinated 1,173 21.3 (19.5 to 23.2)
Under vaccinated 2,785 48.6 (46.7 to 50.6)
Fully vaccinated 1,796 30.1 (28.3 to 32.0)

Individual-level
Sex 0.327

Female 2,744 48.0 (46.5 to 49.5) 78.1 21.9
Male 3.010 52.0 (50.5 to 53.5) 79.3 20.7

Age (in years) 0.0002
15–24 1,613 28.8 (27.4 to 30.3) 74.4 25.6
25–34 2,842 48.9 (47.3 to 50.5) 81.1 18.9
35–49 1,299 22.3 (20.9 to 23.7) 79.1 21.9

Wealth index 0.0001
Poorer 1,866 33.6 (30.9 to 36.3) 66.8 33.2
Middle 1,885 31.3 (29.0 to 33.4) 77.7 22.3
Richer 2,003 35.1 (32.8 to 37.5) 91.1 08.9

Education 0.0001
No education 2,607 47.6 (45.0 to 50.2) 67.6 32.4
Primary 1,116 18.0 (16.7 to 19.4) 82.7 17.3
SecondaryC 2,301 34.4 (32.3 to 36.7) 92.0 08.0

Employment status 0.0001
Current working 3,816 71.1 (69.2 to 72.8) 82.6 17.4
Not working 1,938 28.9 (27.2 to 30.7) 69.3 30.7

No media access 0.0001
No 4,106 67.2 (65.2 to 69.2) 84.4 15.6
Yes 1,648 32.8 (30.8 to 34.8) 67.2 32.8

Neighborhood-level
Place of residence 0.0001

Urban 1,922 35.9 (33.5 to 38.2) 85.9 14.1
Rural 3,832 64.1 (61.7 to 66.5) 74.7 25.3

Geopolitical region 0.0001
North Central 862 13.9 (12.4 to 15.6) 82.2 17.8
North East 1,169 17.3 (15.7 to 19.1) 53.7 46.3
North West 1,753 35.5 (33.2 to 37.8) 79.1 20.9
South East 550 09.3 (07.9 to 10.9) 92.2 07.8
South South 722 10.0 (08.9 to 11.3) 89.7 10.3
South West 698 13.9 (12.3 to 15.6) 88.8 11.2

Poverty rate 0.0001
Low 2,965 50.6 (47.2 to 54.0) 87.4 12.6
High 2,798 49.4 (46.0 to 52.7) 69.8 30.2

Unemployment rate 0.0001
Low 2,946 51.0 (47.0 to 55.0) 85.6 14.4
High 2,808 49.0 (45.0 to 53.0) 71.6 28.4
Illiteracy rate 0.0001
Low 2,951 51.2 (48.1 to 54.3) 88.7 11.3
High 2,803 48.8 (45.7 to 51.8) 78.7 21.3
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non-vaccination i.e., 25% to 70%. As shown in Fig. 2, there is a
strong positive correlation between percentage of non-vacci-
nated childhood and maternal illiteracy rate. The ‘excess’ haz-
ard map depicted in Fig. 3 shows distribution of the excess risk,

which was a ratio of the observed number over the expected
number of non-vaccinated children. Five states marked in blue
had lower rates than expected, as shown by risk values less than
0.5. In contrast, 4 states in red had rates higher than expected,

Figure 1. Percentage of non-vaccinated (for polio) children by State, Nigeria 2013.

Figure 2. Bivariate map of spatially smoothed percentile map of percentage of non-vaccinated (for polio) children and maternal illiteracy rates by State, Nigeria 2013.
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with risk values greater than 2. Figure 4 shows results of global
spatial autocorrelation analyses for polio non-vaccinated chil-
dren. The results of Local Moran’s I show statistically signifi-
cant spatial autocorrelation (Moran’s I D 0.499, p D 0.001).
Fives states in North East Nigeria belong to High-high (hot-

spot) clusters. These are states with high percentages of polio
non-vaccinated children compared with similar neighboring
states. The states marked in green belong to Low-low (cold-
spot) clusters, mainly from the southern part of Nigeria. These
are states with low percentages of polio non-vaccinated

Figure 3. Excess risk map of non-vaccinated (for polio) children by State, Nigeria 2013.

Figure 4. Spatial autocorrelation cluster map for non-vaccinated (for polio) children by State, Nigeria 2013.
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children compared with similar neighboring states. Adamawa
state is the only Low-high cluster state in North Est Nigeria,
potentially an outlier. In other words, Adamawa is a state with
a low percentage of polio non-vaccinated children and a high
percentage of neighboring states with substantial proportions
of non-vaccinated children. The other states marked in white
are locations with no statistically significant autocorrelation.

Special- and common-cause variations

As shown in Fig. 5, there is a wide variation in the non-
vaccination rate between the 37 states. The funnel plot identi-
fies 20 (54%) states within the 99% control limits indicating
common-cause variation. Six (16%) states were above the upper
control limit (higher than the average) and 11 (30%) states were
below the lower control limit (lower than the average),
indicating special-cause variation.

Factors associated with non-vaccination against polio

The results of different models are shown in Table 2. In the
fully adjusted model controlling for the effects of individual-
and neighborhood-level factors, we found that household
wealth index, maternal educational attainment, maternal
employment status, geopolitical region and neighborhood illit-
eracy rate were significantly associated with children being
non-vaccinated against polio. Children from the poorer house-
holds were 88% more likely to be non-vaccinated compared
with children from the richer households (OR D 1.88, 95% CrI
1.29 to 2.74). Children of mothers with no formal education
were 178% more likely to be non-vaccinated compared with
children of mothers with secondary or higher education (OR D
2.78, 95% CrI 2.07 to 3.70). Children of mothers not currently
working were 46% more likely to be non-vaccinated compared
with children of mothers currently working (OR D 1.46, 95%
CrI 1.21 to 1.76). Compared with children from South East
Nigeria, children from North East Nigeria were 4 timestimes

more likely to be non-vaccinated for polio (OR D 4.27, 95%
CrI 1.23 to 12.04). Children living in neighborhoods with high
illiteracy rates were almost twice as likely to be
non-vaccinated (OR D 2.46, 95% CrI 1.91 to 3.33).

Neighborhood effect and clustering

As shown in Table 2, in Model 1 (unconditional model), there
was a significant variation in odds of non-vaccination against
polio across the states (s2 D 1.66, 95% CrI 0.94 to 2.85) and
across the neighborhoods (s2 D 1.38, 95% CrI 1.07 to 1.78).
According to the intra-state and intra-neighborhood correla-
tion coefficient, 26.2% and 48.0% of the variance in odds of
being non-vaccinated against polio could be attributed to the
state- and neighborhood-level factors, respectively. Results
from the median odds ratio (MOR) also confirmed evidence of
neighborhood and state contextual phenomena shaping child-
hood non-vaccination against polio.

From the full model (Model 4), it was estimated that if a
child moved to another neighborhood or another state with a
higher probability of childhood non-vaccination, the median
increase in their odds of being non-vaccinated would be 2.46
(95% CrI 1.96 to 3.33) and 2.57-fold (95% CrI 2.22 to 2.95)
respectively. As judged by the proportion change in variance
between the full and empty models, more than half and almost
one third of the variance in the odds of non-vaccination across
the states and neighborhoods respectively were explained by
individual- and neighborhood factors.

Discussion

Main findings

Drawing upon multilevel and spatial analyses perspectives, in
this paper we have offered an alternative to more traditional
ways of thinking about the variations and factors associated
with childhood polio vaccination coverage in Nigeria. In

Figure 5. Funnel plot showing common- and special-cause variations in childhood unvaccination for polio in Nigeria.
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particular, we have demonstrated that individual and neighbor-
hood contexts in which children live are associated with their
immunisation status. We found that there is wide variation in
the burden of polio non-vaccinated childhren in Nigeria, with
almost half of the states showing evidence of special-cause var-
iation which merits further investigation to identify possible
causes. More importantly, the findings uncover new evidence
about geographical clustering in children who have not
received any of the 4 routine doses of oral polio vaccines.
About 26% and 48% of the variation in non-vaccinated
childhren is conditioned by differences between neighborhoods
and states, respectively. For example, if a child moves from
areas with a low percentage of non-vaccinated children to

another neighborhood or another state with a higher probabil-
ity of children being non-vaccinated, their odds of becoming
non-vaccinated would increase by about 146% and 157%,
respectively. It is instinctual that people from the same neigh-
borhood may be more similar to each other in relation to their
attitudes and opportunities toward childhood immunisation
than to others from different neighborhoods.20 On these
grounds, we might conclude that there is some evidence for a
possible neighborhood and state contextual phenomenon shap-
ing a common childhood vaccination status. These findings
underscore the need to implement public health prevention
strategies not only at the high-risk children level, but also
high-risk neighborhoods.

Table 2. Individual compositional and contextual factors associated with polio unvaccination, Nigerian Demographic and Health Surveys data, 2013.

Model 1a Model 2b Model 3c Model 4d

OR (95% CrI) OR (95% CrI) OR (95% CrI) OR (95% CrI)

Fixed-effect
Individual-level factors
Male (vs female) 0.97 (0.82 to 1.13) 0.97 (0.83 to 1.13)
Age (completed years)
18–24 1 (reference) 1 (reference)
25–34 1.11 (0.88 to 1.37) 1.09 (0.86 to 1.36)
35C 0.98 (0.80 to 1.19) 0.99 (0.80 to 1.21)

Wealth index
Poorer 2.19 (1.56 to 3.01) 1.88 (1.29 to 2.74)
Middle 1.85 (1.42 to 2.38) 1.69 (1.27 to 2.21)
Richer 1 (reference) 1 (reference)

Education
No education 3.26 (2.32 to 4.40) 2.78 (2.07 to 3.70)
Primary 1.99 (1.46 to 2.60) 1.94 (1.47 to 2.52)
Secondary or higher 1 (reference) 1 (reference)

Current not working 1.50 (1.24 to 1.81) 1.46 (1.21 to 1.76)
No media access 1.19 (0.99 to 1.43) 1.16 (0.96 to 1.39)
Neighborhood-level factors
Geopolitical region
North Central 2.40 (0.55 to 5.83) 2.64 (0.73 to 7.81)
North East 4.36 (0.90 to 12.21) 4.27 (1.23 to 12.04)
North West 1.12 (0.37 to 3.98) 1.10 (0.32 to 2.93)
South East 1 (reference) 1 (reference)
South South 2.29 (0.62 to 6.13) 2.60 (0.92 to 6.49)
South West 1.95 (0.42 to 5.56) 2.33 (0.53 to 7.79)

Rural (vs urban) 1.44 (1.03 to 1.90) 1.12 (0.80 to 1.54)
High (vs low) poverty rate 1.61 (1.13 to 2.20) 1.12 (0.77 to 1.62)
High (vs low) unemployment rate 1.46 (1.10 to 1.90) 1.27 (0.97 to 1.64)
High (vs low) illiteracy rate 3.36 (2.29 to 4.81) 1.92 (1.29 to 2.75)
Random effects
State-level
Variance (95 CrI) 1.66 (0.94 to 2.85) 0.98 (0.55 to 1.71) 0.95 (0.50 to 1.69) 0.89 (0.46 to 1.59)
VPC (%) 26.2 (17.8 to 36.0) 18.7 (12.0 to 27.3) 17.9 (10.8 to 26.4) 17.3 (10.3 to 25.8)
MOR (%, 95% CrI) 3.42 (2.52 to 5.00) 2.57 (2.03 to 3.48) 2.54 (1.96 to 3.46) 2.46 (1.91 to 3.33)

Explained variation (%) reference 41.0 (40.0 to 41.9) 42.5 (40.6 to 47.2) 46.4 (44.2 to 51.3)
Neighborhood-level
Variance (95 CrI) 1.38 (1.07 to 1.78) 0.96 (0.72 to 1.27) 1.08 (0.81 to 1.42) 0.98 (0.70 to 1.28)
VPC (%, 95% CrI) 48.0 (37.9 to 58.5) 37.1 (27.7 to 47.5) 38.1 (28.4 to 48.6) 36.2 (26.0 to 46.6)
MOR (%, 95% CrI) 3.07 (2.68 to 3.57) 2.55 (2.24 to 2.93) 2.69 (2.36 to 3.11) 2.57 (2.22 to 2.95)

Explained variation (%) reference 30.5 (28.9 to 33.0) 22.2 (20.6 to 24.3) 29.4 (28.0 to 34.9)
Model fit statistics
DIC 4600 4513 4564 4502
Sample size
State-level 37 37 37 37
Neighborhood-level 890 890 890 890
Individual-level 5,754 5,754 5,754 5,754

aModel 1 – empty null model, baseline model without any explanatory variables (unconditional model)
bModel 2 – adjusted for only individual-level factors
cModel 3 – adjusted for only neighborhood-level factors
dModel 4 – adjusted for individual-, and neighborhood-level factors (full model)
OR – odds ratio, CrI – credible interval, MOR – median odds ratio, VPC – variance partition coefficient, DIC – Bayesian Deviance Information Criteria
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Comparison with other studies

As household wealth decreases, the percentage of non-vacci-
nated children increases. The influence of poverty on child
immunisation has been well documented.21 Although polio
and other childhood vaccines are administered free of charge to
children in Nigeria, the inability of mothers to raise money for
transport to the immunisation center could constitute an obsta-
cle to vaccination uptake for children. This is a challenge that is
likely to be faced by women living in the remote communities.
The issue of lack of transport fare for poor women can be taken
care of by organizing regular outreach vaccination sessions in
under-served areas. Maternal education is an important corre-
late of immunisation uptake. The proportion of non-vaccinated
children is higher among non-educated women compared with
those who are educated. This finding has been reported in pre-
vious studies.22,23 Results further showed that women’s employ-
ment status is associated with child non-vaccination.24

Children of non-working mothers are more likely to be non-
vaccinated compared with children of working mothers. This
may be attributed to the fact that working mothers have the
financial means to reach the facility where the vaccines are
administered. They may also be exposed to information on vac-
cination through interactions at their places of occupation. The
neighborhood has been described to influence childhood
immunisation.25 This was revealed in our study in that children
living in the North East Region are more likely to be non-vacci-
nated compared with children in the South East Region of the
country. More so, children living in neighborhoods with high
rates of illiteracy are more likely to be non-vaccinated.

Policy implications

The study revealed that most children not vaccinated against
polio in Nigeria live in the northern part of the country. This
part is home to: all the 9 states with very high percentages (25%
to 70%) of non-vaccinated children; the 4 states with observed
number of non-vaccinated children greater than the expected
number, and; all the 5 states regarded as the hot spots for non-
vaccination against polio. These states also have numerous
camps of internally displaced persons that have poor public
health settings which mostly do not cater for the need of the
children.26 It is importan to note that at the time of survey,
“much of Borno was under the control of the terrorist group
Boko Haram and vaccinators had been unable to reach hun-
dreds of thousands of children thus disrupting the surveillance
of the virus.”2 This puts this part of the country in the top pri-
ority for targeted interventions to make Nigeria a polio-free
country. The success recorded in the southern part of the coun-
try may, in the long run, be overshadowed by the poor state of
polio vaccinations in the north if appropriate interventions are
not implemented. Polio transmission could become more wide-
sepread in the north and transmission could be exported to the
currently polio-free southern part.

We identified Borno, Yobe, Gombe and Bauchi as the states
with high percentages of polio non-vaccinated children when
compared with other states. There is a need to further explore
the risk factors for non-vaccination that are peculiar to these
areas. These states may require both universal and targeted

approaches to tackling polio non-vaccination. This in effect
will help prevent ‘prevention paradox’ that is associated with a
universal approach. One of these states, i.e., Borno State, has an
ongoing outbreak of wild polio virus transmission. States such
as Ekiti, Edo and Lagos appear to have the lowest percentages
of polio non-vaccinated childhren in Nigeria. Inference that
could be drawn from this finding is that there are ‘special prac-
tices’ from these states that could be identified as good practice.
This should also warrant further investigation to identify what
these practices are.

The substantial progress in polio edradication efforts in
Nigeria would have been impossible without the support
and commitment of donors and development partners.
Their continued support, along with continued domestic
funding from Nigeria, will be essential to interrupt polio
transmission in Nigeria and render Africa polio-free. As
long as polio exists anywhere, it’s a threat to children every-
where. The 2 recent cases of wild polio virus in Nigeria par-
ticularly highlight the need to prioritise immunisation of
children in hard-to-reach areas such as the Lake Chad
region, which includes North East Nigeria and spans several
countries and is often affected by conflict and large popula-
tion movements. Reaching these children requires vaccinat-
ing populations as they move in and out of inaccessible
areas and using local groups and organisations, such as reli-
gious institutions and community based organisations, to
negotiate access for vaccination teams. Nigeria has experi-
ence in implementing similar interventions, known as the
“hit and run strategy,”3,27 which should be rolled out more
extensively in the north-eastern states.

Limitations and strengths of this study

Our findings should be considered in light of the following
potential limitations. We did not have longitudinal neigh-
borhood measurements, which may generate selection bias;
therefore, these relationships should be interpreted as asso-
ciations only.13,28 In addition, demographic and health sur-
veys do not collect data on household income or
expenditure, the traditional indicators used to measure
wealth. The assets-based wealth index used here is only a
proxy indicator for household economic status, and it may
not produce results identical to those obtained from direct
measurements of income and expenditure.29,30 Another
important limitation is that the study did not assess the
delivery of oral polio vaccines during supplementary immu-
nisation activities (SIAs), which are also crucial part of the
polio endgame. Our study focused only on polio vaccina-
tion. We did not incorporate an assessment of the possible
effect of interactions between knowledge of vaccines gener-
ally, and whether families that have received other vaccines
are more likely to vaccinate their children against polio sig-
nificantly more. Further research using structural equation
modeling approach may be necessary to assess such interac-
tion or moderating effects. Finally, there may be potential
reporting bias due to education status of mothers. It is pos-
sible the childhood polio vaccination status was more accu-
rately reported in households with higher economic status
and superior literacy.
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Despite these limitations, the study’s strengths are significant. It
is a large, population-based study with national coverage and high
response rates. Demographic and health surveys have some
important advantages when compared with other surveys. They
are nationally representative, allowing for conclusions that cover
the entire nation. The 2013 NHDS was designed to provide popu-
lation and health indicator estimates at the national, zonal, and
state levels. The sample design allowed for specific indicators to be
calculated for each of the 6 zones, 36 states, and the Federal Capital
Territory, Abuja. In addition, with the 3-stage sampling survey
design, selection bias and increased sampling error and reduction
in precision were minimised using stratification, multistaging and
the systematic selection of households from each cluster. We
explored the variation in childhood polio non-vaccination by using
an innovative ‘within-data analysis triangulation method’. We
used 3 analytical methods to analyze data from the survey - multi-
level, funnel plots and spatial cluster analyses. This facilitated the
validation and reliability of analyses through cross verification of
methods used. In addition, there are advantages to studying factors
associated with childhood non-vaccination using a multilevel
approach; neighborhood level analyses identify social, cultural,
and economic contexts in which an individual lives and experien-
ces ‘healthy’ behavioral outcomes. Understanding the relative con-
tribution of individual, community and societal factors is
important for policymakers to design and target public health
interventions. Finally, the Bayesian approach we adopted has the
additional advantage of being able to produce a far more robust
estimate with better properties and yields unbiased estimates.31,32

In conclusion, the percentage of children who have not
received routine oral polio vaccines varied greatly across
Nigeria and clustered geographically, mainly in the northern
part of the country, thereby increasing the risk of transmitting
polio virus to both non-vaccinated and undervaccinated chil-
dren. Furthermore, individual-level and community contextual
characteristics were independently associated with childhood
vaccination status, suggesting that interventions to reduce
childhood polio non-vaccination should focus on high-risk
groups of people as well high risk places.

Methods

Study setting

Nigeria covers a total area of about 923,768 km2s. It is the 32nd
largest country in the world in terms of land mass and the most
populous country in Africa with a recent estimate of its popula-
tion as 140,431,790.33 About 68% of the Nigerian population
lives in rural areas. There are 374 identifiable ethnic groups in
Nigeria with varying languages, customs and cultures.33 The
largest ethnic groups are the Yoruba, Hausa/Fulani and Igbo
which collectively account for about 68% of the population.33

Nigeria is divided into 37 states and further divided into 774
local government areas (LGAs) all within 6 geopolitical zones
(South West, South South, South East, North West, North Cen-
tral and North East). The sampling frame for this study was
made up of a list of all enumeration areas (clusters)33 estab-
lished by the General Population and Housing Census con-
ducted in 2006 i.e., the census that preceded the survey on
which this study is based.

Study design and sampling technique

This study was based on secondary analyses of cross-sectional
population-based data from the 2013 Nigeria Demographic
and Health Survey.33 The survey33 was conducted to collect
data on demographic, environmental, socioeconomic, and
health issues (family planning, infertility, immunisation, nutri-
tional and health status of children, their mothers and the
fathers). The sample for the 2013 NDHS was nationally repre-
sentative and covered the entire population in the country. The
most recent the list of enumeration areas (EAs) prepared for
the 2006 Population Census of the Federal Republic of Nigeria
was used as the sampling frame. The participants were selected
using a stratified 3-stage cluster design consisting of 904 clus-
ters, 372 in urban areas and 532 in rural areas (Box 1). A repre-
sentative sample of 40,680 households was selected for the
survey, with a minimum target of 943 completed interviews per
state. In the first stage, 893 localities were selected with proba-
bility proportional to size and with independent selection in
each sampling stratum. In the second stage, one EA was ran-
domly selected from most of the selected localities with an
equal probability selection. In the third stage of selection, a
fixed number of 45 households were selected in every urban
and rural cluster through equal probability systematic sampling
based on the newly updated household listing. All women age
15–49 who were either permanent residents of the households
in the 2013 NDHS sample or visitors present in the households
on the night before the survey were eligible to be interviewed.
In a subsample of half of the households, all men age 15–49
who were either permanent residents of the households in the
sample or visitors present in the households on the night before
the survey were eligible to be interviewed.

Data collection

Data collection procedures have been published elsewhere.33

Data were collected by conducting face-to-face interviews with
women and men who met the eligibility criteria. Among all eli-
gible individuals and households, participation rates were 98%
for household, 98% for women and 95% for men.33 Each
woman was asked to provide a detailed history of all her live
births in chronological order, including whether a birth was

Box 1. Nigeria NDHS 3-Stage Cluster Sampling

Stage Approach Outcome

1st Stage
Selection of
localities

� Sampling frame:2006 National
census Enumeration Areas (EA)

� Stratification of states into
urban /rural

� Independent selection in each
stratum with probability of
selection proportional to size.

893 localities nationally

2nd Stage
Selection of
EAs/clusters

� Random selection of EAs (equal
probability selection).

� Mapping and household listing
of selected clusters.

� Household lists as Secondary
sampling units (SSU).

904 clusters based on
EAs 372 (urban) and
532 (rural)

3rd Stage
Selection of
households

45 Households selected in each
rural /urban cluster

40,680 Households
(Urban 16,740, Rural
23,940)
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single or multiple, assigned sex of the child, date of birth, sur-
vival status, age of the child on the date of interview if alive and
age at death of each live birth, if the child was not still alive.

Ethical consideration

This study is based on an analysis of existing survey data with
all identifier information removed. The survey was approved
by the Ethics Committee of the ICF Macro at Calverton in the
USA and by the National Health Research Ethics Committee in
the Federal Ministry of Health in Nigeria. All study participants
gave informed consent before participation and all information
was collected confidentially.

Outcome variable

We defined non-vaccinated child for polio as a binary variable
that takes the value of 1 if a child aged 12 to 23 months has not
received any of the 4 routine doses of oral polio vaccine (polio
0 at birth, polio 1 at 6 weeks, polio 2 at 10 weeks and polio 3 at
14 weeks) and 0, otherwise.

Determinant variables

Individual level factors

The following individual-level factors were included in the
models: sex of the child (male versus female), mother’s age
in completed years (15 to 24, 25 to 34, 35 to 44 or 45 or
older), mothers’s educational attainment (no education,
primary, secondary or higher) and mother’s employment
status (currently working or not). Access to media such as
radio, television or magazine (yes vs. no). NDHS did not
collect direct information on household income and expen-
diture. We used NDHS wealth index as a proxy indicator
for socioeconomic position. The methods used in calculat-
ing NDHS wealth index have been described elsewhere.30,34

Briefly, an index of economic status for each household
was constructed using principal components analysis based
on the following household variables: number of rooms per
house, ownership of car, motorcycle, bicycle, fridge, televi-
sion and telephone as well as any kind of heating device.
From these criteria the NDHS wealth index tertiles (poor,
middle and rich) were calculated and used in the subse-
quent modeling.

Neighborhood-level factors

We used the term neighborhood to describe clustering within
the same geographical living environment. Neighborhoods
were based on sharing a common primary sample unit within
the NDHS data. The sampling frame for identifying primary
sample unit in the NDHS is usually the most recent census.
The unit of analysis was chosen for 2 reasons. First, primary
sample unit is the most consistent measure of neighborhood
across all the surveys,35 and thus the most appropriate identifier
of neighborhood for this cross-region comparison. Second, for
most of the NDHS conducted, the sample size per cluster meet
the optimum size with a tolerable precision loss.36

The following neighborhood-level factors were included in
the models: place of residence (rural or urban area), geopolitical
region (North Central, North East, North West, South East,
South South or South West) neighborhood poverty-, illiteracy-
and unemployment rates. We categorised neighborhood pov-
erty-, illiteracy- and unemployment rates into 2 categories (low
and high), to allow for non-linear effects and provide results
that were more readily interpretable in the policy arena.
Median values served as the reference group for comparison.

Descriptive analyses

In the descriptive statistics the distribution of respondents by
key variables were expressed as percentages. All cases in the
NDHS data were given weights to adjust for differences in
probability of selection and to adjust for non-response to pro-
duce the proper representation. Individual weights were used
for descriptive statistics in this study, using Stata 14 for
Windows.37

Multilevel modeling approaches

Given the hierarchical structure of the sample and the
binaryoutcome, a logistic multilevel modeling approach was
adopted.38 A 3-level model with a binary response (y, non-vac-
cinated for polio or not) for child i living in community j in
state k of the form:

pijk : yijk »Bemoulli.1;pijk/ (1)

The probability was relatedto a set of categorical predictors,
X; and a random effect foreach level, by a logit-link function as

logit.pijk/D log½pijk 6 .1¡pijk/�D b0 C bXijk C u0jk C v0k (2)

The linear predictor on the right-hand side ofthe equation
consisted of a fixed part (b0 C bXijk) estimating the conditional
coefficients for the explanatory, and 2 random intercepts attrib-
utable tocommunities (u0jk) andstates (v0k) with each assumed
to have an independent and identicaldistribution and variance
estimated at each level.

We constructed 4 models. The first model, an empty or
unconditional model without any explanatory variables, was
specified to decompose the amount of variance that existed
between state and neighborhood levels. The second model
contained only individual-level factors, and the third model
contained only neighborhood-level factors. Finally, the fourth
model simultaneously controlled for individual-, and neighbor-
hood-level factors (Full Model).

Fixed effects (measures of association)

The results of fixed effects (measures of association) were
reported as odds ratios (ORs) with their 95% credible intervals
(CrIs). Bayesian statistical inference provides probability
distributions for measures of association (ORs), which can be
summarized with 95% credible intervals (95% CrI), rather than
95% confidence intervals (95% CI).
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Random effects (measures of variation)

The possible contextual effects were measured by the intraclass
correlation (ICC) and median odds ratio (MOR). We measured
similarity between respondents in the same neighborhood and
within the same state using ICC. The ICC represents the per-
centage of the total variance in the probability of reporting
childhood unvaccination for polio that is related to the neigh-
borhood- and state-level, i.e., measure of clustering of odds of
reporting childhood unvaccination for polio in the same neigh-
borhood and state. The ICC was calculated by the linear thresh-
old (latent variable method).38 Following the ideas of Larsen
et al. on neighborhood effects,39 we reported the random effects
in terms of odds. The MOR measures the second or third level
(neighborhood or state) variance as odds ratio and estimates
the probability of childhood unvaccination for polio that can
be attributed to neighborhood and state context. MOR equal to
one indicates no neighborhood or state variance. Conversely,
the higher the MOR, the more important are the contextual
effects for understanding the probability of childhood
unvaccination for polio.

Multilevel model fit and specifications

We checked for multi-collinearity among explanatory variables
examining the variance inflation factor (VIF),40 all diagonal ele-
ments in the variance-covariance (t) matrix for correlation
between -1 and 1, and diagonal elements for any elements close
to zero. None of the results of the tests provided reasons for
concern. Thus, the models provide robust and valid results.
The MLwinN software, version 2.36, was used for the analy-
ses.41,42 Parameters were estimated using the Markov Chain
Monte Carlo procedure.41 The Bayesian Deviance Information
Criterion was used as a measure of how well our different mod-
els fitted the data. A lower value on Deviance Information
Criterion indicates a better fit of the model.43

Common- and special-cause variations

We generated scatter plots of performance, as a percentage,
against the number of non-vaccinated children (the denomina-
tor for the percentage). The mean state performance and exact
binomial 3 sigma limits were calculated for all possible values
for the number of cases and used to create a funnel plot using
the method described by Spiegelhalter.44,45 If a state lies with
the 99% CI, it has crude unvaccination rate that is statistically
consistent with the average rate (common-cause variation). If a
state lies outside the 99% CI, then it has crude unvaccination
rate that is statistically different from the average rate
(special-cause variation).

Geographical mapping and variations

For conducting a GIS (geographic information system)-
based analysis on the spatial distribution of non-vaccinated
children for polio, the state-level polygon map was
obtained, on which the state-level point layer containing
information regarding latitudes and longitudes of central

points of each county was created. All non-vaccinated chil-
dren for polio were geocoded and matched to the state-level
layers of polygon and point by administrative code. Spatial
rate smoothing was performed using empirical Bayes
approach. Smoothing geographically-defined data can
uncover unexpected features, patterns, or gradients that one
might not otherwise detect from a display.46,47 Geographi-
cally-defined data are often amenable to smoothing, since
data in one region are likely affected, to a greater or lesser
extent, by data in neighboring regions.46,47 Smoothing bor-
rows neighboring information in a flexible way to permit
exploratory analyses and provide indications of possible pat-
terns that one might otherwise find difficult to
detect.46,47,48,49 In addition, smoothing can reduce attention
to unusual values or outliers.46,47,48,49 Based on prevalence
of unvaccination for polio, all states were grouped into
quartiles-based categories: low-prevalence area (1st quartile);
medium-prevalence area (2nd quartile); high-prevalence
area (3rd quartile); and very high-prevalence area (4th
quartile). The 4 categories of state were color coded on
maps. To assess the risk of polio non-vaccinated children in
each state, an excess hazard map was produced. The map
represents the ratio of the observed number of non-vacci-
nated children for each state over the expected number of
non-vaccinated children. A likelihood function was used to
test for elevated risk within the state in comparison with
risk outside the state. The likelihood function for any given
state was proportional to:

d
n

� �
d

½D¡ d�
½D¡ n�

� �
D¡ dð ÞI (1)

where D is the total number of non-vaccinated children, d is
the number of non-vaccinated children within the state and n
is the expected number of non-vaccinated children. The indi-
cator function I() is 1 when non-vaccinated children in the
state are more than expected; otherwise it is 0. The excess risk
is a non-spatial measure, which ignores the influence of spa-
tial autocorrelation.50

Spatial autocorrelation analysis

The Local Indicators of Spatial Association (LISA) was used
as a measure of the overall clustering and is assessed by a
test of a null hypothesis51,52 Local measures of spatial asso-
ciation provide a measure of association for each unit and
help identify the type of spatial correlation. The nature of
spatial autocorrelation between states so they can be cate-
gorised into 4 groups:

� High-high: high value of non-vaccinated children in a
state, neighboring states have high values of non-vacci-
nated children (‘hot-spot’).

� Low-high: low value of non-vaccinated children in a state,
neighboring states have high values of non-vaccinated
children (spatial outliers).

� Low-low: low value of non-vaccinated childrenin a state,
neighboring states have low values of non-vaccinated
children (‘cold-spot’).
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� High-low: high value of non-vaccinated children in a
state, neighboring states have low values of non-vacci-
nated children (spatial outliers).

After computing the appropriate statistic from the
smoothed rates, a Monte Carlo Randomisation (MCR)
procedure was used to recalculate the statistic from the
randomized data observations to generate a reference dis-
tribution using 999 permutations. The p-values were com-
puted by comparing the observed statistic to the
distribution generated by the MCR process and signifi-
cance level was set as .001. The Exploratory spatial data
analysis (ESDA) was performed through the GeoDa soft-
ware.53 GeoDa provides a very user-friendly environment
to implement ESDA methods and is freely downloadable.54
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